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Abstract 
 

This report provides brief descriptions for sixteen new GRI RD&D products commercialized in 
2003 and two enhancements of previously introduced products. The economic benefits are 
quantified for eighty-one items commercialized between 1999 and 2003 that are known to have 
produced significant economic benefits for their users. The calculated ratio of the benefits to gas 
customers to total GRI costs incurred in 1999 through the end of 2003 was 8.0 to 1. 
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Introduction 
 
Between January 1, 2003 and December 31, 2003, sixteen GRI RD&D results were placed in commercial 
service. In addition, enhanced versions of two previously commercialized items were placed in use*. 
Those items are listed in Table 1, and brief descriptions of the eighteen items are included in Appendix A. 
With these new additions, some 133 GRI RD&D results have entered the commercial marketplace during 
the 5-year period between January 1999 and December 2003. The full list of the 133 items is included in 
Appendix B. As one measure of the value of the GRI RD&D program, the economic benefits accruing to 
users of 81 out of the 133 products can be compared to the total outlays of GRI during the past five years. 
This paper highlights the new GRI products that have entered the market during the past year and presents 
the results of the benefit-to-cost analysis of GRI's RD&D results during the past five years. 
 
Notable additions to the list of GRI RD&D results placed in commercial service in 2003 include: 
 
• Upgrades to the National Fuel Gas Code relating to the requirements for combustion air supply and 

corrugated gas vent connectors. 

• A software tool to estimate critical information such as annual or monthly loads and costs associated 
with air-conditioning, heating, and on-site power generation for commercial buildings. 

• A low-NOx, high-heat-transfer industrial burner that provides significantly higher heat transfer to 
furnace loads, higher furnace efficiency, and lower flame and combustion products temperature. 

• Paralleling switchgear for distributed generation systems that reduces the barriers to installing gas-
fired DG equipment.  

• A report on the safety of vacuum excavation equipment used to remove soil from holes that are being 
dug by distribution companies. 

• Evaluation of alternate methods for removing cyanide wastes from former manufactured gas plant 
sites. 

• A chemical fingerprinting methodology for enhanced environmental forensic analysis to characterize 
complex manufactured gas plant wastes. 

• A software package to evaluate potential adverse environmental effects of pipeline crossings of 
streams. 

• Technology to improve the quality of the cement used to seal the annulus between the casing and 
surrounding rock in gas wells.  

• Development of produced water atlases for 10 major gas-producing states and a handbook on actual 
produced water management practices and disposal economics for 26 basins. 

• A comprehensive report on the gas potential of the Lewis shale formation of the San Juan Basin in 
Colorado and New Mexico. 

* For tangible products (hardware, software) we interpret “commercialized” to mean that the product is 
commercially available, economically viable without subsidies, and has been sold in meaningful 
quantities. For the less tangible reports and other information products, we require that the products 
have been used in a commercial enterprise and have generated demonstrable economic benefits to the 
users. “Enhanced” products have been augmented in a commercially significant way, with or without 
GRI support. The augmentation may be a technical improvement in a product line, expansion of a 
product catalog, or expansion of the product market into new areas not available to the original 
product at its time of introduction. 
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Table 1.  GRI RD&D Results That Have Been Placed in Commercial Use in 2003 
 

RESIDENTIAL 
1. Upgrades to the National Fuel Gas Code 

 
COMMERCIAL 
2. Building Energy Analyzer 
 
INDUSTRIAL 
3. Low-NOx Combustion System for Glass Furnaces * 
4. Low-NOx, High-Heat-Transfer Burner 
5. LNG Interchangeability in Burners 

 
POWER GENERATION 
6. Distributed Generation Switchgear 
7. Guidebook to Gas-Fired Distributed Energy Technologies 

 
DISTRIBUTION 
8. Safety of Vacuum Excavation Operations 
9. Gas Distribution Construction Guide 
10. Removing Cyanide Wastes from MGP Sites 
11. Chemical Fingerprinting for Enhanced Environmental Forensic Analysis 

 
PIPELINE 
12. Gas Leak Measurement Device (Hi-Flow Sampler) * 
13. Environmental Effects of Pipeline Crossings of Streams 
14. Standard for Coriolis Meters 

 
EXPLORATION AND PRODUCTION 
15. Cement Pulsation Technology 
16. Analysis for Radium in Marine Sediments 
17. Produced Water Atlases and Handbook 
18. Gas Resource and Production Potential of the Lewis Shales 

 
* Enhancement to a previous product. 
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Benefits Results 
 
Between January 1999 and December 2003, one hundred and thirty-three GRI RD&D results were placed 
in commercial service. The full list of the 133 items placed in commercial use is included in Appendix B. 
This report focuses on evaluating the benefits of 81 of the 133 GRI RD&D items that are known to have 
produced significant quantifiable economic benefits for their users. The 81 items are listed in Table 2. 
Benefits to product users in typical applications were calculated by comparing the economics of the GRI-
sponsored products with the economics of products that would have been used in the absence of the GRI 
product. Product cost and performance data were obtained from product vendors, from field test results, 
or from product users. The measure of product benefit is the net present value of the incremental cash 
flow to the user (cost savings minus incremental cost) over the product lifetime using a real discount rate 
of 5% (above inflation). The GRI Baseline1 national average projections of energy prices were used, 
when appropriate, to estimate cost savings. Total benefits were calculated by multiplying the unit benefits 
by the sales projected by product vendors from the first year in which the product was sold through 2008. 
The results are shown in Table 2. A range of product sales is shown to protect proprietary vendor sales 
projections. 
 
As shown in Table 2, calculated economic benefits for the 81 items are estimated to be between $3.4 and 
$5.9 billion. Table 3 shows the expected value of benefits, at about $4.9 billion, and the breakdown of the 
economic benefits by sector. We estimate that the 81 items account for most of the economic benefits that 
would be calculated for the entire set of 133 products. Omitted items often offer significant benefits to 
their users, but have not achieved widespread use as have the 81 high impact items. In addition, some of 
the omitted items are designed to produce benefits that are not easily expressed in economic terms. For 
example, RD&D results provide test methods for new gas equipment, technologies to meet existing or 
anticipated air emissions requirements, and information that is useful to the gas industry in developing 
gas resources and delivering the gas to consumers. 

                                                           
1 P.D. Holtberg, J.C. Cochener, "Baseline Projection Data Book: 2001 Edition of the GRI Baseline Projection of U.S. 
Energy Supply and Demand to 2020," GRI-01/0002.1 and GRI-01/0002.2, GRI, March 2001. 
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Table 2. Summary of Benefits of GRI RD&D Results That Have Been Placed in Commercial Use 

in 1999 Through 2003 
 
 

 Sales or Applications 
Projected Through 

2008 (in units) 

Year 
of First 

Sale 

Net Present Value of 
Benefits** 

(Million 2003$) 
 

RESIDENTIAL        
Upgrades to the National Gas Fuel Code  ***  2003 $62.5 to $109.3 
        
COMMERCIAL        
kitchenCOST Software 545 to 1,000 1998/99 $37.3 to $68.5 
Modulating Indirect-Fired Make-Up Air Unit with 

Clean Modulation 1,800 to 3,300 1999 $6.4 to $11.8 
GATC: AERCO Benchmark Boiler 1,350 to 2,700 1999 $26.5 to $53.0 
PITCO Gas Fryers 75,000 to 138,000 1999 $45.7 to $86.6 
AUTOFRY Deep Fat Fryer 2,130 to 4,260 1999 $8.1 to $16.2 
York 600 RT 134a Chiller 60 to 95 2000 $32.7 to $51.3 
Tecogen 150 RT 134a Chiller 65 to 105 2000 $2.2 to $3.6 
        
INDUSTRIAL        
Process Application of Composite Radiant Tubes 39,600 to 68,600 1994/99 $66.6 to $115.4 
High Performance Infrared Burners 125 to 190 1995/00 $612.27 to $918.40 
Natural Gas Cofiring in Biomass-Fueled Stoker 

Boilers 13 to 20 1999 $103.9 to $163.3 
Ultra-Low-NOx Boiler Burner 120 to 180 1999 $62.1 to $93.1 
METHANE de-NOX Reburn Technology 6 to 11 1999 $136.2 to $233.5 
Forced Convection Heater (FCH) Systems – 

Automotive 11 to 19 2000 $14.2 to $23.6 
Oscillating Combustion Burner  125 to 225 2001 $17.0 to $30.4 
Low-NOx Combustion System for Glass Furnaces 11 to 21 1995/03 $69.7 to $127.9 
Low-NOx, High-Heat-Transfer Burner 170 to 300 2003 $31.6 to $56.5 
        
POWER GENERATION        
IR PowerWorks Microturbine Cogeneration 

Systems 2,600 to 4,000 2000 $50.2 to $78.9 
Advanced High-Output Gas Engine-Generator 

(Caterpillar 3500 Series) 40 to 60 2001 $12.6 to $21.6 
Distributed Generation Switchgear  ***  2003 $3.0 to $4.7 
        
TRANSPORTATION        
NGV Cylinders Types 1 and 2 28,500 to 69,700 1999 $5.5 to $13.4 
Advanced NGV Fueling Dispenser 80 to 170 2002 $1.2 to $2.6 
        
DISTRIBUTION        
Plastic Pipe Across (and on) Bridges 4,125 to 8,660 1995/99 $63.2 to $132.8 
DrillPath Software for Directional Drilling 

Operations 110 to 160 1996/99 $2.4 to $3.6 
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 Sales or Applications 
Projected Through 

2008 (in units) 

Year 
of First 

Sale 

Net Present Value of 
Benefits** 

(Million 2003$) 
 

Starline 2000 Renewal Technology 135,300 to 248,000 1999 $1.9 to $3.5 
Guided Mole 20 to 40 1999 $4.6 to $8.0 
Gas Holder Manual of Practice 7 to 12 1999 $6.3 to $11.5 
One-Step Paving 230 to 430 2000 $3.4 to $6.7 
Soil Compaction Supervisor 470 to 820 2000 $19.4 to $33.9 
Self-Loading, High-Efficiency Trailer for Coiled PE 

Pipe 22 to 43 2001 $70.8 to $141.7 
Cold-Mix Restoration of Pavement Cuts 130 to 330 2001 $9.4 to $24.4 
Imaging Underground Utility Structures 900 to 1,650 2001 $6.4 to $11.7 
Comparative Evaluation of PE Pipe Materials 55 to 110 2001 $50.1 to $100.3 
Directional Drilling for Plastic Pipe under Railroad 

Crossings 46 to 100 2001 $12.6 to $27.2 
PE LIFESPAN FORECASTING 135 to 250 1994/01 $83.7 to $154.9 
Pipe Splitting Tool 15 to 30 1998/02 $9.5 to $19.0 
Gas Distribution Cost Database 450 to 800 2002 $11.8 to $21.0 
Assessment of PVC Pipe 4,300 to 9,500 2002 $20.0 to $44.1 
Plastic Pipe Informational Web Site  ***  2002 $4.3 to $7.9 
Worker Exposure to Hazardous Substances  ***  2002 $5.4 to $16.2 
Safety of Vacuum Excavation Operations 50 to 160 2003 $2.6 to $8.3 
Gas Distribution Construction Guide 22,500 to 54,000 2003 $2.9 to $6.9 
Removing Cyanide Wastes from MGP Sites 6 to 14 2003 $4.6 to $11.9 
Chemical Fingerprinting for Enhanced 

Environmental Forensic Analysis 185 to 290 2003 $49.5 to $77.8 
        
PIPELINE        
Breeze Haz Environment and Safety Offsite 

Consequence Modeling Software 3,000 to 5,300 1999 $14.0 to $24.4 
Emeritus Report B31.8 Code, Federal Pipeline 

Safety Regulations  ***  2000 $19.2 to $57.7 
Elastic Wave Vehicle Tool  ***  2000 $67.6 to $146.5 
API 14.1 Gas Sampling Standard.  5 to 11 2001 $5.0 to $10.9 
Ultrasonic Meter Installation Effects 2,500 to 5,000 2001 $65.4 to $130.7 
Orifice Meter Operational Effects 20 to 40 2001 $38.0 to $70.7 
DamageExpert Software 35 to 75 2001 $61.4 to $133.0 
Satellite Radar Interferometry Measurement of 

Slope Movement 20 to 45 2001 $48.8 to $105.8 
AIRCalc Software 145 to 265 2001 $79.4 to $145.5 
Predicting the Integrity of Storage Caverns in Thin 

Salt Beds 3 to 9 2002 $0.4 to $1.2 
ASME Standard for Pipeline Integrity Management  ***  2002 $5.0 to $10.8 
NACE Standard for Direct Assessment of Pipeline 

Corrosion  ***  2002 $0.7 to $1.7 
Reference Manuals of Best Practices for Horizontal 

Directional Drilling and its Effect in Wetlands 75 to 250 2002 $2.0 to $6.5 
Best Environmental Practices for Pipeline 

Construction 600 to 1,200 2002 $2.6 to $5.2 
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 Sales or Applications 
Projected Through 

2008 (in units) 

Year 
of First 

Sale 

Net Present Value of 
Benefits** 

(Million 2003$) 
 

Gas Leak Measurement Device (Hi-Flow 
Sampler)  30 to 120 2000/03 $4.6 to $18.4 

Environmental Effects of Pipeline Crossings of 
Streams 745 to 1,150 2003 $45.4 to $71.3 

Standard for Coriolis Meters 115 to 230 2003 $6.2 to $12.4 
        
EXPLORATION AND PRODUCTION        
Unconventional Natural Gas Database 110 to 190 1999/01 $10.4 to $18.3 
Downhole Gas/Water Separation CD-ROM 75 to 130 1999 $8.8 to $15.2 
Advanced Crosswell Seismic Source 200 to 400 1999 $33.7 to $66.8 
High Power VSP Mechanical Seismic Source 520 to 750 1999 $25.4 to $37.0 
Advanced Stimulation Technologies CD-ROM 45 to 80 1999 $5.5 to $10.0 
Coiled Tubing Standards 3 to 5 1999 $15.7 to $30.3 
GRI–MSTR Software and Report to Predict 

Toxicity of Produced Water Discharged to the 
Marine Environment 280 to 440 1999 $12.5 to $19.7 

Glycol Dehydrator Emissions Calculation Program - 
GLYCalc 4.0 720 to 1,330 1992/00 $76.0 to $140.7 

ProTreat Software for Amine Gas Treating 
Applications 45 to 75 2000 $136.1 to $226.9 

Cased Hole Resistivity Tool 800 to 1,300 2000 $12.3 to $20.0 
Cased Hole Pressure Tool 725 to 1,245 2000 $106.5 to $182.6 
Well Siting in Carbonates – EGI Report 90 to 140 2000 $72.2 to $108.3 
Portfolio of Emerging Natural Gas Resources – 

Rocky Mountain Basins 480 to 720 2000 $110.6 to $165.9 
Mercury Contamination Training Workshop 300 to 500 2000 $3.0 to $5.1 
New Gas Exploration Concepts 65 to 100 2001 $280.8 to $441.2 
StreamAnalyzer Software 370 to 820 2001 $80.3 to $176.6 
Enhanced Seismic Spectral Processor     200 to 330 2002 $35.0 to $56.8 
Cement Pulsation Technology 670 to 1,340 2003 $23.9 to $47.9 
Analysis for Radium in Marine Sediments 12 to 24 2003 $3.3 to $6.6 
Gas Resource and Production Potential of the Lewis 

Shales 45 to 70 2003 $32.1 to $48.2 
        

TOTAL     $3,402  $5,934 
(million of 2003 dollars, 5% discount rate)        

 
____________________ 
* Enhancement to a previous product for a new market application. 
** Net present value calculations based on a real discount rate of 5% (excluding inflation), stated in 2003 

dollars. 
*** Benefits are based on user feedback about technical and market influence of the RD&D items. 
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Table 3. Total Expected Benefits by Sector 
 
 Quantified 

GRI RD&D 
Results 

Net Present 
Value of Benefits 

(Million 2003$) 
• Residential 1 $104 
• Commercial 7 $256 
• Industrial 9 $1,360 
• Power Generation 3 $94 
• Transportation 2 $15 
• Distribution 22 $760 
• Pipeline  17 $772 
• Exploration and Production  20 $1,582 

TOTAL 81 $4,943 
 

 
GRI RD&D Costs 

 
Between January 1999 and December 2003, GRI outlays totaled $530 million. For comparison to the 
RD&D benefits calculated above, the cost cash flow stream was converted to an equivalent net present 
value lump sum expenditure at the beginning of 2003. As with the benefits calculation, a 5% real discount 
rate was used in the net present value calculation. The calculated equivalent cost was $619 million. These 
costs include all outlays made by GRI during the past 5-year period, not just the costs incurred to produce 
the 133 RD&D products. Consequently, a portion of the calculated cost will yet generate benefits as 
additional products are commercialized in the future. 
 
 

Benefit-to-Cost Ratio 
 
Dividing the calculated benefits by the costs results in a calculated benefit-to-cost ratio range of 5.5 : 1 to 
9.6 : 1 (benefits of $3.4 to $5.9 billion divided by outlays of $619 million) with an expected value of  
8.0 : 1 ($4.94 billion divided by $619 million). In a similar analysis carried out in 2003 for RD&D items 
placed in commercial use between 1998 and 2002, the calculated ratio of the benefits to gas customers to 
total GRI costs incurred during the same period was 8 to 12. 
 
 

Conclusions 
 
GRI's planning and budget allocation process strives to put in place a program with the maximum ratio of 
benefits to RD&D costs for the mutual benefit of the gas customer and the gas industry. The economic 
evaluation of GRI's commercially successful RD&D results have consistently shown that benefits far exceed 
the costs of the RD&D program. 
  
Analysis of the benefits of approximately 81 of the 133 GRI RD&D items placed in commercial service 
between January 1999 and December 2003 shows that GRI RD&D will return about $8.0 for every dollar 
invested in GRI during the same period. In addition to the fact that only a portion of GRI's commercialized 

                                                           
2 A.D. Bournakis, " Benefits of GRI RD&D Results That Have Been Placed in Commercial Use in 1998 
Through 2002," Gas Research Institute, May 2003, GRI-03/0106. 
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RD&D items are included in the benefits calculation, all of the costs of GRI's operations during the 1999 to 
2003 period have been included in the calculation of the benefit-to-cost ratio. 
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Appendix A 
GRI RD&D Results That Have Been Placed in Commercial Use in 2003 

 
 
RESIDENTIAL 
Upgrades to the National Fuel Gas Code: GRI research led to recommendations for the 2002 National 
Fuel Gas Code (NFGC), published by the National Fire Protection Association in 2003, relating to the 
requirements for combustion air supply and corrugated gas vent connectors. These recommendations 
were intended to improve installation practices and energy efficiency. GRI’s recommendations for 
appliance air requirements were to: 1) remove the designation of “unusually tight construction,” because 
all new homes have what was previously considered unusually tight construction; 2) increase the required 
volume of rooms containing natural-draft gas appliances from at least 50 cubic feet per thousand Btu per 
hour of gas input to at least 52.5; and 3) specify a required volume of at least 37.5 cubic feet per thousand 
Btu per hour of gas input for rooms containing fan-vented appliances. GRI’s recommendations for 
corrugated vent connectors were: 1) corrugated connectors to be equivalent to normal vent connectors and 
should both be oversized and have long-radius bends; 2) oversized corrugated connectors should be 
designed to avoid sudden expansions or contractions at the connections; and 3) flexible chimney reliners 
should have a design capacity 15% less than comparable Type B gas vents. The adoption of GRI’s 
recommendations will allow greater flexibility in placing appliances in homes and will help reduce 
construction costs. Many installations that formerly required outdoor air to be ducted to the appliance will 
no longer require that expensive ducting. 
 
COMMERCIAL 
Building Energy Analyzer: The Building Energy Analyzer, developed by GRI, is a software tool 
that aids heating, ventilation, and air-conditioning (HVAC) professionals in tailoring economic analyses 
for several types of facilities. The program allows users to estimate critical information such as annual or 
monthly loads and costs associated with air-conditioning, heating, and on-site power generation for 
commercial buildings. The Building Energy Analyzer compares the performance of a wide variety of 
HVAC technologies, such as standard- and high-efficiency electric chillers, variable-speed electric 
chillers, absorption chillers, engine-driven chillers, on-site power generators, thermal storage, heat 
recovery, and desiccant systems. It estimates annual or monthly loads and costs associated with air-
conditioning, heating, power generation, thermal storage and cogeneration systems for a given building 
and location. It performs quick-to-use economic analysis for the customer’s utility rates, location, and 
building type. Additional features include: templates for each of the 15 most typical commercial building 
types; capability to handle complex utility rates; weather data for 233 cities; ability to perform life-cycle 
cost analysis on building cooling, heating, and power generation (BCHP) equipment. The software 
program is compatible with Windows® 95, 98, 2000, and XP and ME systems. Version 2.0 of BEA was 
released in 2003. The program with a complete manual in PDF format is distributed by GTI, with user 
support, maintenance, and upgrades provided through GTI’s InterEnergy Software Project. 
 
INDUSTRIAL 
* Low-NOx Combustion System for Glass Furnaces: Regenerative glass furnaces use extremely high 
air-preheat temperatures, which result in very high uncontrolled emissions of NOx. These furnaces are 
being placed under stringent regional and state regulations. GRI developed a furnace system that cost-
effectively reduce NOx emissions from regenerative glass melters to less than 2.5 pounds per ton of glass. 
The new combustion technology, called oxygen-enriched air staging (OEAS), uses a unique method of 
introducing combustion air to control NOx formation. In a first combustion stage, the amount of 
combustion air through the firing ports is limited to decrease the oxygen available in the flame's high-
temperature zone. This reduces NOx formation but leads to high concentrations of carbon monoxide and 
unburned hydrocarbons. Oxygen-enriched air is injected into the furnace in a second stage near the exit 
ports to complete the combustion. OEAS has been successfully retrofitted to endport container-glass 
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furnaces with flint and amber glass production capacities of 135 to 320 tons per day. NOx levels were 
reduced by 50-70%. The OEAS technology has now been adapted to operate similarly on sideport 
furnaces, which are used for nearly 65% of U.S. glass production. Endport and sideport furnaces are 
similar in concept, but significantly different in physical design and flame characteristics. OEAS has been 
successfully retrofitted to seven endport container-glass furnaces and three sideport container-glass 
furnaces. NOx was reduced by 50 to 70% on endport furnaces, with no adverse impacts on other 
emissions, furnace performance, or glass quality. OEAS technology applied to three sideport furnaces 
reduced NOx by 40% to as much as 70%. GRI licensed OEAS technology to Combustion Tec, the glass 
division of Eclipse Combustion. In 2003, Combustion Tec began marketing OEAS for endport and 
sideport glass furnaces. 
 
Low-NOx, High-Heat-Transfer Burner: Two serious problems with high-temperature combustion 
processes, such as glass melting, are their intrinsically low efficiency and high emissions of NOx. 
Efficiency is low because of the high energy content of the combustion products leaving the process. NOx 
emissions are high because NOx yield increases as combustion temperature increases. The use of 
recuperative heat exchangers to increase efficiency and the use of post-process NOx emissions control 
equipment are costly solutions to the problems. Both problems could be mitigated by using oxygen 
instead of air to support the combustion. However, although oxy-gas firing has been implemented 
commercially to some extent, oxy-gas flames emit less thermal radiation than is desired for high process 
productivity. GRI developed a new oxy-gas burner that increases flame radiation by forming soot in the 
flame and then consuming the soot before it leaves the furnace. The High-Luminosity burner provides a 
preheating zone at the burner inlet to form soot, a fuel-rich flame zone to radiate heat to the furnace load, 
and a fuel-lean zone to burn out the soot. The soot radiation increases the effectiveness of heat transfer 
within the furnace and cools the flame, thereby reducing NOx formation. The new burner provides 
significantly higher heat transfer to furnace loads, higher furnace efficiency, lower flame temperature, 
lower combustion products exit temperature, and significantly lower NOx emissions. The high-luminosity 
burner can be used in conjunction with other NOx reduction techniques, including combustion 
modifications and oxygen-enriched air staging. The burner is an easily installed, low-cost process 
modification that can, in oxy-fuel applications, increase process and energy efficiency by up to 10 percent 
while emitting 50 percent less NOx than conventional oxy-gas burners. Test results showed a 4.5 percent 
increase in total heat transfer, which corresponds to a 10 percent decrease in fuel use. Combustion Tec 
Division of Eclipse™, Inc. licensed the technology and began marketing the burner to the glass industry 
in 2003 under the brand name Primefire® 400. 
 
LNG Interchangeability in Burners: GRI evaluated the sensitivity of selected burners to compositions 
typical of LNG that is rich in heavier hydrocarbons. With LNG poised to play an increasingly important 
role in U.S. natural gas supplies, one of the issues of interest to the gas industry is the degree to which 
natural gas from LNG is interchangeable with pipeline quality gas in terms of its performance in 
combustion equipment, especially if heavier hydrocarbon components become more concentrated during 
handling. The heavier hydrocarbons would increase the density, heating value, and flame speed of the 
gas. If these increases are large enough, they may adversely affect the performance of some gas burners. 
The selected burners represent a variety of U.S. residential appliances. This study replicated previous 
methods that were used to study interchangeability to demonstrate their applicability to LNG, identified a 
set of indices that can be used to predict combustion behavior, investigated several ways to reduce the 
heating value of LNG, and related the performance of a specially designed test burner to the performance 
of a variety of residential appliances. The R&D determined interchangeability indices for natural gases 
used in the U.S. and for a range of anticipated world LNG imports to the U.S. It determined that, for the 
residential burners studied, expected LNG compositions are adequately interchangeable with U.S. 
pipeline gases if their heating value and density are suitably adjusted by dilution with air or nitrogen. 
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POWER GENERATION 
Distributed Generation Switchgear: GRI developed paralleling switchgear for distributed generation 
(DG) systems that offer lower capital costs; plug-and-play simplicity; integration with leading natural gas 
engine-generator set manufacturers; conformity with basic electric utility interconnection requirements; 
conformity with existing or projected industry standards; and remote monitoring, communications, and 
control functions. Consolidating system functions reduced the number of components, and this reduction 
in components led to a smaller footprint, lower material costs, and less engineering. In addition to cost 
reduction, the new switchgear has more features, and this makes gas-fueled DG systems more attractive. 
The switchgear offers the widest array of communication capabilities found in DG systems today. The 
cost of switchgear was reduced from $75-$100 per kilowatt to $40-$60 per kilowatt. This was 
accomplished by reducing the number of components in the generator control section by 40-60%, 
reducing the space required for mounting the generator controls by 50%, reducing the engineering time by 
30%, and reducing sheet metal and bus bar by 40-70%. The results of this R&D have significantly 
reduced the barriers to installing gas-fired DG equipment. The switchgear became commercially available 
from GE Zenith Controls in 2003 under the name Entellysis®. 
 
Guidebook to Gas-Fired Distributed Energy Technologies: There has been an increase in interest in 
on-site generation of electric power systems, also known as distributed energy (DE) systems. DE systems 
that recover and use exhaust heat from the engines to provide other thermal needs at the site are called 
cogeneration systems or combined heat and power (CHP) systems. CHP systems offer users high energy 
efficiency (up to 80%) because they make heat available that would be wasted if the electric power were 
generated at a central power station. Although DE and CHP systems offer very high energy efficiencies, 
they have not had high market penetration. Potential DE and CHP users are not familiar with DE and 
CHP equipment performance and cost. To help overcome the lack of familiarity, GRI cooperated with the 
National Renewable Energy Laboratory (NREL) to publish a definitive guidebook on the performance 
and cost of the various prime mover technologies that can be used to generate power in DE and CHP 
applications. These technologies are reciprocating engines, small gas turbines, microturbines, steam 
turbines, fuel cells, and Stirling engines. The guide was published in 2003 and is available from NREL. It 
describes each of the six technologies, their power generation performance, cost, and emissions 
characteristics. Because some of the technologies have not yet been fully commercialized, the guide also 
predicts the performance and cost that the prime mover technologies will achieve in the future (2010, 
2020, and 2030). 
 
DISTRIBUTION 
Safety of Vacuum Excavation Operations: Vacuum excavation involves the use of equipment to 
remove soil from holes that are being dug by distribution companies. Interest in using it has expanded 
greatly with the introduction of keyhole repair technologies, which depend on vacuum excavation. 
Keyhole repairs often encounter leaking gas in small spaces, and this has raised the question of whether 
vacuum excavation will pose unexpected hazards from ignition of gas-air mixtures in the vacuum hoses 
or the soil collection tank. Vacuum hoses are often made of plastic materials that are inexpensive and 
lightweight. Flow of air and solids through plastic pipes can create static electricity, which could be an 
ignition source. Flying rocks hitting the steel wall of the soil collection tank could also create sparks. GRI 
performed experiments designed with the deliberate goal of causing ignition. The experiments 
demonstrated that both high static electricity voltages and flammable gas-air mixtures can co-exist in the 
hoses and soil collection tanks without ignition occurring. A report, GRI-03/0128, “Vacuum Excavation 
of Potentially Flammable Gases,” was released in September 2003. It gives gas companies confidence 
that vacuum excavation can be accomplished at least as safely as more traditional mechanical excavation. 
It is impossible to prove that ignition cannot occur under any condition that may occur during vacuum 
excavation. If gas company supervisors believe that there is an unacceptably high likelihood of gas 
ignition during a specific vacuum excavation operation, they can use aluminum-coated or other highly 
conductive vacuum hoses and ground both the soil collection tank and the hose. Small amounts of water 
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can also be used to prevent static charge accumulation. The report also contains recommendations for 
maintaining safety during the use of suction techniques to remove water from flooded gas mains. 
 
Gas Distribution Construction Guide: To help LDCs appropriately adopt new construction and repair 
technologies, GRI developed a Web site that describes many commercially available technologies that 
have been developed. It is called the Utility Construction Methods Selection Guide. The site covers many 
trenching and boring technologies for replacing deteriorating gas pipes, pipe lining technologies for pipe 
rehabilitation without replacement, and pipe bursting and splitting technologies for situations where lining 
is not feasible. In general, for each technology, the Guide contains the following sections: introduction, 
general description, advantages, limitations, technical application data, special considerations, application 
trends, U.S. utility experience, and contact information. The Guide describes six case studies in which 
trenchless or “no-dig” methods have been used for rehabilitating or replacing old and deteriorating gas 
mains and service lines. The six case studies cover the following six technologies: Amex® 2000, 
horizontal directional drilling, RENU™, starline®, Swagelining™, and U-Liner. Information on each 
case study is organized into the following sections: introduction, method applied, participating utility, 
application location, technical data, cost and savings data, economic analysis, and contact information. 
The Web site also contains an on-line economic calculator that compares various utility construction 
methods. Based on user inputs, the calculator selects appropriate rehabilitation or replacement methods 
for comparison. The analysis of the selected methods includes total installed cost, annual cost over the life 
of the project, net present value, and life-cycle cost. The Web site was put into operation in 2003 at 
www.gtiservices.org. 
 
Removing Cyanide Wastes from MGP Sites: Cyanide compounds are found in the groundwater at 
many former manufactured gas plant (MGP) sites in the U.S. The cyanide compounds are residues of the 
manufactured gas purification process, which used iron-impregnated solid materials, such as wood chips, 
in purifier boxes to remove hydrogen sulfide from the manufactured gas. The iron compounds in the 
purifier box also removed some cyanide from the product gas. Spent iron compounds were often 
regenerated by spreading them on the ground. Some of the iron compounds remained in the soil and, upon 
contact with water, released cyanide compounds, which later entered the groundwater. Previous studies 
indicate that the dominant forms of cyanide compounds in purifier box wastes are iron cyanide 
complexes, which are highly stable in groundwater and resist natural decontamination by 
microorganisms. Current stringent limitations on allowable concentrations of cyanide in groundwater 
pose a compliance challenge. GRI evaluated alternate methods for removing iron cyanide complexes from 
the treatment plant effluent. The evaluation found that certain anion-exchange resins would adsorb the 
cyanide complexes, with a sorption capacity of up of up to 10% iron cyanide by weight. The resin 
functioned in the presence of high concentrations of sulfate ions, which interfere with the operation of 
most ion-exchange resins. GRI then developed a process based on the anion-exchange resins. The process 
was successfully demonstrated, at full scale, in an MGP waste treatment plant. It is recommended for 
treatment of water that contains up to 10,000 ppb of cyanide compounds. US Filter, in cooperation with 
GTI, is offering the process commercially.  
 
Chemical Fingerprinting for Enhanced Environmental Forensic Analysis: Environmental forensic 
techniques are increasingly used to identify specific wastes, particularly at former MGP sites. However, 
currently, available analytical methods of environmental forensic techniques do not have enough 
conclusive discriminating power to insure scientific accuracy, reproducibility, and overall confidence in 
the use of chemical fingerprinting to characterize complex MGP wastes.  These wastes, primarily dense 
non-aqueous phase liquid tars consisting of polynuclear aromatic hydrocarbon (PAH) compounds, are 
often aged, exceptionally dense, commingled with other wastes, and subjected to weathering over 
extended periods of time. With GRI support, the Gas Technology Institute has used chemical 
fingerprinting to successfully discern tar wastes from wholly different sources, and even to distinguish 
manufactured gas plant wastes from different plant operations. As a service to utility companies and 
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others, GTI is providing fingerprinting, forensic engineering, and technical support for the identification 
of pollutants at particular sites, as well as for the study of process mechanisms. GTI takes a two-tiered 
approach in its environmental forensic services: The first is to characterize the discrete organic pollutants 
(e.g., BTEX, PAHs, PCBs, and endocrine-disrupting compounds) in water, soil, or sediment samples. 
These organic compounds all possess distinct “chemical fingerprints” which often can provide sufficient 
information to determine the origin(s) or source(s) of the contamination. The second tier is to characterize 
or “chemically fingerprint” the complex macromolecular organic matter in the sample matrix itself for 
signatures of various sources (e.g., natural, agricultural, industrial, and anthropogenic). Specifically, 
natural organic matter (NOM) is characterized for water samples, soil organic matter (SOM) is 
characterized for soil samples, and sediment organic matter (SdOM) is characterized for sediment 
samples. This technique has proven to be a sufficient monitoring tool that quantitatively compares 
changes in the organic quality of NOM/SOM/SdOM due to seasonal influence, changes in inputs or 
discharges, as well as treatment. Furthermore, the chemical fragments that are the reflection of these 
influences can be identified, quantified, and compared with other chemical and biological data to establish 
relationships.  
 
PIPELINE 
* Gas Leak Measurement Device (Hi-Flow Sampler): GRI has developed an improved version of the 
Hi-Flow Sampler, an inexpensive instrument for field measurement of leak rates. The Hi-Flow Sampler 
can be used to measure the rate of gas leakage around various pipe fittings, valve packings, and 
compressor seals in natural gas transmission, storage, and compressor facilities. It also measures 
background methane concentration in the air and automatically corrects the leak rate measurement for this 
background methane. The instrument is based on straightforward principles of dynamic dilution and 
concentration measurement. A very large, measured flow of air sweeps the area of the leak, completely 
capturing any gas leaking from the component being tested. The rate of the gas leak is calculated from the 
concentration of methane in the sweep air. The instrument is intrinsically safe for use in Class I hazardous 
locations. It has been approved by the Canadian Standards Association (C22.2 No. 157, June 1992), 
American National Standards Institute (June 27, 2002), and Underwriters Laboratories (UL913-2002). It 
provides data logging and instantaneous leak-rate display, and only minimal operator training is needed. 
In 2003, Bacharach®, Inc. began marketing the Hi-Flow Sampler. 
 
Environmental Effects of Pipeline Crossings of Streams: Regulatory agencies have expressed concern 
about the environmental impact of pipeline water crossing construction on stream and river ecosystems. 
The main issue is the entrainment of sediment during pipeline construction and the effects of the sediment 
on downstream aquatic organisms. Because there were limited data and no field-proven predictive tools to 
quantify the effects of sediment released during water-crossing construction, assessment of impacts has 
been based on professional judgment and consideration of worst-case scenarios. This has led to the use of 
construction methods that were unnecessarily costly and often did not actually improve the degree of 
environmental protection. Because of the large number of pipeline water crossings and the large 
differences in cost among crossing methods, there was a need for scientifically defensible planning tools 
that allow industry to construct cost-effective, environmentally acceptable watercourse crossings. To meet 
this need, GRI developed CROSSING™ software and released it in 1998. It estimates how much the 
release of sediment during in-stream construction affects downstream fish communities. In 2003, 
CROSSING™ version 2.0, a more robust software package, was released. CROSSING™ 2.0 helps gas 
companies and regulators evaluate potential adverse effects of water crossing construction. This enables 
the selection of least-cost construction methods that satisfy environmental goals. Gas consumers will 
benefit from lower cost of pipeline service and from the prompt availability of pipeline service without 
delays in construction caused by unnecessarily extended permitting procedures. 
 
Standard for Coriolis Meters: As part of its continuing search for better gas meters, the gas industry has 
become interested in using Coriolis meters in certain applications. Coriolis meters are of interest because 
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they measure mass flow rate, which can be converted to a “standard” gas flow rate with only knowledge 
of the density of the gas at reference conditions. This is important because it avoids the need to predict the 
density of high-pressure gases with an equation of state and would avoid the errors associated with that 
prediction. Because of the mechanics involved in these meters, they are typically limited in size to pipe 
diameters less than 6 inches. Therefore, they would not be used for mainline meters, but would be used to 
measure gas flow to large customers or small municipalities. Manufacturers developed Coriolis meters for 
gas applications and reported the results of their development efforts, but no comprehensive, independent 
tests results were published. GRI evaluated the suitability of these meters for gas flow measurement, 
based on a test plan developed under the auspices of the American Gas Association. The tests verified that 
some of the meters that have been developed are accurate enough for gas custody transfer measurement. 
The results were incorporated into an American Gas Association report, issued in 2003. This report will 
serve as a standard for the gas industry. It provides a performance-based specification and test methods 
for Coriolis meters intended for natural gas flow measurement. It contains several appendices addressing 
theory, operation, accuracy, research, and test data. 
 
EXPLORATION AND PRODUCTION 
Cement Pulsation Technology: Cement is used to seal the annulus between gas well casings and 
surrounding rock, to insure that gas flows are taken from the intended formation, that the gas does not 
leak into shallower (lower pressure) formations, and that the gas is not contaminated with flows from 
other formations. It has been estimated that the cement in 20% of cemented wells on land fail within the 
first five years and as many as 65% of offshore wells fail within 15 years. Without remediation, the well 
may not reach its full gas production potential, and the annular leakage may present safety issues. GRI 
found that the quality of the cement structure can be improved significantly by vibrating the cement with 
pressure pulses transmitted from the surface immediately after cementing. Applying the pulses from the 
surface is less costly than the chemical additives that are now used to help reduce the occurrence of 
cement integrity problems. This low-cost technology will improve the ability of well cementing 
operations to seal gas zones. It will improve cement quality and decrease well repair costs. The pulsing 
technique was tested in 150 wells in gas fields that have been prone to gas leakage through the cement. 
An estimated $2 million in cement remediation costs was avoided. GRI’s research included modeling to 
understand gas migration in cement and to study pulse propagation, technique effectiveness, and cement 
quality. In 2003 the technique was made commercially available in the U.S. by Reservoir Isolation 
Technical Services (RITS). 
 
Analysis for Radium in Marine Sediments: Environmental concerns arose in regulatory agencies over 
the possible presence of naturally occurring radioactive materials in natural gas. Nuclear reactions of 
naturally occurring uranium and thorium in the rock of producing formations can form radium isotopes 
such as radium-226 and radium-228, which have long half-lives. In addition to long half-lives, these 
isotopes have long biological residence times because they incorporate into living skeletal material. They 
present health risks to gas industry workers because they may be deposited in gas processing equipment. 
To enable accurate assessment of possible risks, GRI investigated methods for determining the 
concentrations of these radium isotopes in produced water, fish, and sediments. The goal was to identify a 
reliable analysis method for measuring concentrations as low as 0.01 picoCuries per gram of material. 
Based on this information a method for inter-laboratory tests was developed. It was found that 
commercial radiochemical laboratories could obtain reliably accurate results with this method. In 
addition, a new, analytical method for seawater was evaluated and found to be accurate and sensitive to 
less than 0.01 picoCuries per gram. A report, GRI/01-0244, “Development, Evaluation, and Validation of 
Radioanalytical Methods for the Measurement of Radium 226 and 228 in Environmental Media Relevant 
to the Offshore Oil and Gas Industry,” was made available in 2003 to gas production companies and 
service laboratories. The research results will help gas companies focus their remediation and control 
efforts on sites that pose true risks. This will enhance worker safety and reduce the overall cost of gas 
production. 
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Produced Water Atlases and Handbook: Changing environmental regulations and subsequent changes 
in permitting processes for produced water disposal are obliging oil and gas producers to modify their 
water treatment and disposal practices, often incurring higher costs. Surface discharge, which is the most 
economical strategy for produced water disposal, is no longer a viable option in many states where 
regulations have increasingly restricted the quality and quantity of water that can be disposed in that 
manner. When surface disposal is not a choice, beneficial use of recycled water becomes a favorable 
option. GRI compiled data to characterize the amount of water produced, production trends, and pertinent 
environmental regulations and analyzed localized produced water management strategies and costs. 
Annual oil, gas, and water production volumes were documented for key fields in each of the oil and gas 
basins in ten states. Producers reporting high volumes of water coupled with high hydrocarbon production 
were identified and interviewed to obtain specific information about their strategies for managing or 
disposing of produced water and the costs associated with those strategies. The data are contained in ten 
atlases, one for each of the following major gas-producing states: Wyoming, Colorado, Utah, New 
Mexico, Montana, Kansas, Oklahoma, Illinois, Michigan, and Louisiana. The research also produced a 
handbook that is a resource for gas producers and provides them with actual produced water management 
practices and disposal economics for 26 basins in ten states. The handbook also describes technologies 
that are used to treat or handle produced water. GRI published the atlases on a single compact disc in 
2003. The Handbook is a separate GRI publication, also published in 2003. 
 
Gas Resource and Production Potential of the Lewis Shale: The Lewis shale formation of the San 
Juan Basin in Colorado and New Mexico has an enormous gas-in-place volume. The properties of the 
reservoir and the mechanisms that control gas production from this formation are not well understood. 
GRI conducted formation evaluation research to quantify the gas-in-place volume stored by sorption, 
compression, and solution mechanisms; the depths of the most permeable rock; and the production 
mechanisms. The research collected and interpreted new data that were needed to improve the analysis of 
the wireline log data that are used to quantify the amount of gas in place and to determine the zones of 
greatest gas deliverability within the Lewis Shale. The research determined in situ gas permeabilities and 
estimated the amount of gas in place and how much of it should be recoverable. Shale gas reservoirs 
extend throughout the Western Cretaceous Basins from New Mexico to Canada. The amount of gas in 
place documented for the San Juan Basin are likely to be present in at least eight western basins. The 
formation evaluation approach implemented and documented during this research is applicable to all of 
these basins. The results of the research were published in a comprehensive report in 2003, GRI-03/0037, 
Final Report: “Lewis Shale Gas Resource and Production Potential”. The information will help E&P 
companies understand this unconventional resource and will serve as a starting point for applying 
improved reservoir characterization technology to the development of the Lewis and other shale gas 
reservoirs. The enhanced understanding will lead to lower exploration costs and increased production of 
natural gas from shale formations. 
 
 
* Enhancement to a previous product. 
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Appendix B 
 GRI RD&D Results That Have Been Placed in Commercial Use in 1999 Through 2003 

 
 
RESIDENTIAL 
 
1. Combo Systems Sizing and Installation Guidelines – 1992/2000 
2. NAECA Water Heater Assessment - 2000 
3. Indoor Emissions from Cooking – 2001 
4. Summary Report of GRI's Venting Research - 2002 
5. Gas Venting Safety Assessment - 2002 
6. Accurate Assessment of Heat Pump Efficiency – 2002 
7. Upgrades to the National Fuel Gas Code - 2003 
 
 
COMMERCIAL 
 
8. GATC Quick Response Activities – 1995/1999 

(Life-Cycle Cost Model for Food Service Technologies) 
9. BinMaker Pro: The Weather Summary Tool – 1997/2000 
10. kitchenCOST Software- 1998/99 
11. Modulating Indirect-Fired Make-Up Air Unit - 1999 
12. GATC: AERCO Benchmark Boiler - 1999 
13. Engine Rooftop Heat Pump (Goettl 15-20 ton) - 1999 
14. PITCO Gas Fryers - 1999 
15. AUTOFRY Deep Fat Fryer - 1999 
16. Analysis of Commercial Sizing and Installation Guidelines - 2000 
17. Gas Cooling Guide − Pro Version - 2000 
18. York 600 RT 134a Chiller - 2000 
19. Tecogen 150 RT 134a Chiller - 2000 
20. Trane Single Effect Horizon Chiller - 2000 
21. Chiller Application Briefs - 2000 
22. Restaurant Kiosk Ventilation and High-Performance Gas Countertop – 2000 
23. Comparison of Radiant and Convective Unit Heaters - 2002 
24. Gas-Fired Commercial Steam Cooker – 2002 
25. Building Energy Analyzer - 2003 
 
 
INDUSTRIAL 
 
26. Process Application of Composite Radiant Tubes (and Case Studies) and Advanced U-Shaped 

Radiant Tubes - 1994/99/2002 
27. Low-NOx Air Staging for Glass Melting/Low-NOx Combustion System for Glass Furnaces 

1995/2003 
28. Industrial Boiler Gas Cofiring (including Biomass) - 1995/99 
29. High Performance Infrared Burners (and Application Tools) – 1995/99 
30. METHANE de-NOX Controls for Stoker Boilers - 1999 
31. Ultra-Low-NOx Burner for Boiler Retrofit - 1999 
32. Forced Convection Heater (FCH) Systems − Automotive – 2000 
33. Oscillating Combustion Burner - 2001 
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34. Radiant Heater Characterization Facility - 2001 
35. Low-NOx Retrofit Burners for Fire-Tube Boilers – 2002 
36. Low-Cost Multi-Gas Continuous Emissions Monitor – 2002 
37. Low-NOx, High-Heat-Transfer Burner 2003 
38. LNG Interchangeability in Burners - 2003 
 
 
POWER GENERATION 
 
39. DGen Pro Software – 1998/99/2000 
40. SOAPP Modules – 1998/99 
41. Microturbines (Capstone and Honeywell) - 1999 
42. Distributed Generation Guidebook for Municipal Utilities - 1999 
43. IR PowerWorks Microturbine Cogeneration Systems – 2000 
44. Advanced High-Output Gas Engine-Generator (Caterpillar 3500 Series) – 2001 
45. Distributed Generation Switchgear – 2003 
46. Guidebook to Gas-Fired Distributed Energy Technologies - 2003 
 
 
TRANSPORTATION 
 
47. Cummins C8.3G Engine – 1996/2001 
48. John Deere 8.1L Engine – 1996/99/2002 
49. MACK E7G Refuse Hauler – 1996/2002 
50. John Deere 6.8L – 1998/99 
51. NGV Cylinders (Types 1 and 2) - 1999 
52. Glass-Fiber-Wrapped Fuel Tanks for NGVs - 2000 
53. Advanced NGV Fueling Dispenser 
54. Best Practices for Medium-and Heavy-Duty NGV Fuel System Design - 2002 
55. Clean Cities Initiative to Evaluate NGV Technology - 2002 
56. Resource Guide for Heavy-Duty LNG Vehicles - 2002 
57. Regional Natural Gas Vehicle Fueling Infrastructure Standards - 2002 
 
 
DISTRIBUTION 
 
58. PE LIFESPAN FORECASTING – 1994/2001 
59. Plastic Pipe Across Bridges – 1995/99 
60. DrillPath Guided Boring Software – 1996/99 
61. Pipe Splitting Tool - 1998/02 
62. TUBIS Software for Repair/Replace Decisions - 1999 
63. Pipe Ovality and Scratch Depth Measurement Device and Guidelines - 1999 
64. Plastic Pipe Repair Techniques - 1999 
65. Starline 2000 Renewal Technology - 1999 
66. Guided Mole - 1999 
67. Gas Holder Manual of Practice - 1999 
68. Precision Pipe Locator - 2000 
69. One-Step Paving - 2000 
70. Bare Steel Maintenance Optimization System (BASMOS) Software - 2000 
71. Soil Compaction Supervisor - 2000 
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72. Self-Loading, High-Efficiency Trailer for Coiled PE Pipe - 2001 
73. Cold-Mix Restoration of Pavement Cuts - 2001 
74. Imaging Underground Utility Structures - 2001 
75. Comparative Evaluation of PE Pipe Materials - 2001 
76. Directional Drilling for Plastic Pipe under Railroad Crossings - 2001 
77. Gas Distribution Cost Database - 2002 
78. Effect of Bomb Blasts on Gas Distribution Equipment- 2002 
79. Assessment of PVC Pipe - 2002 
80. Effect of Utility Cuts on Pavement Quality - 2002 
81. Plastic Pipe Informational Web Site - 2002 
82. Evaluation of the Performance of Carbon Monoxide Alarms - 2002 
83. Worker Exposure to Hazardous Substances – 2002 
84. Safety of Vacuum Excavation Operations - 2003 
85. Gas Distribution Construction Guide - 2003 
86. Removing Cyanide Wastes from MGP Sites – 2003 
87. Chemical Fingerprinting for Enhanced Environmental Forensic Analysis - 2003 

 
 
PIPELINE 
 
88. Clock Spring Composite Pipeline Repair Material – 1995/99 
89. Risk Assessment/Risk Management Guidelines – 1996/99 
90. Breeze Haz Environment and Safety Offsite Consequence Modeling Software - 1999 
91. Emeritus Report B31.8 Code, Federal Pipeline Safety Regulations - 2000 
92. Elastic Wave Vehicle Tool - 2000 
93. Gas Leak Measurement Device (Hi-Flow Sampler) – 2000/03 
94. API 14.1 Gas Sampling Standard - 2001  
95. Ultrasonic Meter Installation Effects -2001 
96. Orifice Meter Operational Effects - 2001 
97. Orifice Plate Installation Effects - 2001 
98. Gas Storage Well Rehabilitation and Damage Prevention - DamageExpert Software -2001 
99. Satellite Radar Interferometry Measurement of Slope Movement - 2001 
100.AIRCalc Software – 2001 
101.Predicting the Integrity of Storage Caverns in Thin Salt Beds - 2002 
102.ASME Standard for Pipeline Integrity Management - 2002 
103.NACE Standard for Direct Assessment of Pipeline Corrosion - 2002 
104.Revegetation of Rights-of-Way in Wetlands - 2002 
105.Reference Manuals of Best Practices for Horizontal Directional Drilling and its Effects in Wetlands - 

2002 
106.Best Environmental Practices for Pipeline Construction - 2002 
107.Integrated Vegetation Management – 2002 
108.Environmental Effects of Pipeline Crossings of Streams - 2003 
109.Standard for Coriolis Meters - 2003 
 
 
EXPLORATION AND PRODUCTION 
 
110.Glycol Dehydrator Emissions Calculation Program – GLYCalc - 1992/2000 
111.Gas Composition Database – 1996/2001 
112.Unconventional Natural Gas Database – 1999/2001 
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113.Nitrogen Removal Requirements Report - 1999 
114.Downhole Gas/Water Separation CD-ROM - 1999 
115.Advanced Crosswell Seismic Source - 1999 
116.High Power VSP Mechanical Seismic Source - 1999 
117.Advanced Stimulation Technologies CD-ROM - 1999 
118.Coiled Tubing Standards - 1999 
119.GRI–MSTR Software and Report to Predict Toxicity of Produced Water Discharged to the Marine 

Environment – 1999 
120.ProTreat Software for Amine Gas Treating Applications - 2000 
121.Cased Hole Resistivity Tool - 2000 
122.Cased Hole Pressure Tool - 2000 
123.Well Siting in Carbonates – EGI Report - 2000 
124.Portfolio of Emerging Natural Gas Resources – Rocky Mountain Basins - 2000 
125.Mercury Contamination Training Workshop – 2000 
126.New Gas Exploration Concepts - 2001 
127.StreamAnalyzer Software - 2001 
128.Enhanced Seismic Spectral Processor - 2002 
129.Evaluating Ecological Impacts at E&P Sites – 2002 
130.Cement Pulsation Technology - 2003 
131.Analysis for Radium in Marine Sediments - 2003 
132.Produced Water Atlases and Handbook - 2003 
133.Gas Resource and Production Potential of the Lewis Shales - 2003 
__________________________ 
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