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Disclaimer 
&) 

The following report is a work prepared for Brookhaven National Laboratory and the 
Department of Energy by Lone Star Energy Company. TXU Alternative Fuels Division . In no 
event shall either the U . S . Government or Lone Star Energy Company AFD have any 
responsibility or liability for any consequences of any use. misuse. inability to use. or reliance 
upon the information contained herein, nor does it either warrant or otherwise represent in any 
way the accuracy. adequacy. efficacy. or applicability of the contents herein . 
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Introduction 

Project Backzround 

u 

Blue Fuels Group. L PAone Star E n e m  Company Background Statement 

Blue Fuels Group, L.P. (formerly Lone Star Energy Company), is a subsidiary of Blue 
Energy and Technologies, L.L.C., which was formed in August 2000, by the merger of Natural 
Fuels Company, formerly a division of Colorado Public Service Company, and Lone Star Energy 
Company, formerly a division of TXU (Texas Utilities). Combined the new company has 
designed an built over 70 compressed natural gas (CNG) stations for clients in Texas and 
Colorado, and 2 liquefied natural gas (LNG) stations for Dallas Area Rapid Transit (DART), the 
public transit agency for the Dallas MetropoIitan area. Blue Fuels Group, L.P. is the current 
supplier of LNG to DART, El Paso Sun Metro, Houston MetropolitanTransit, Greater Austin 
Transit Authority, H-E-B Grocers of Houston, Texas A & M University and Southwest Research 
Institute in San Antonio/ 

Lone Star Energy Company’s (LSEC), TXU Gas Company - Altemative Fuels Division, 
was selected for this contract due to the variety of services it provides in the natural gas vehicle 
fuel market (refer to Attachment A for more information). LSEC has been a leader in the 
building of fueling facilities for the last 10 years and has completed the design and construction 
of over 25 CNG stations, 3 LNG stations and 1 LCNG station. LSEC is a CNG retailer and 
designs and builds CNG fueling fkcilities. LSEC is also a LNG retailer, transports LNG, 
designdbuilds LNG and LCNG fueling facilities and operates a vehicle conversion center, 
TranStar Technologies. 

bj 

LSEC is known in the industry for its expertise in developing and building liquefied and 
compressed natural gas (LCNG) fbeling facilities. The company possesses the experience and 
expertise necessary to develop documentation of the review and planning process for the 
developing and siting of LCNG facilities. In addition, North Star Inc. (Northstar), a sub 
consultant to LSEC on this Advance Fueling hfiastructure Project, is also an experienced and 

signer and builder of LNGLCNG facilities. North Star has recently completed a 
facility in California and has projects under construction in Arizona (refer to attachment B for 
more information). 

The Task 1A report details the steps involved in the planning, review and permitting 
processes of building a station. Areas where difficulties typically arise are stated in order to 
inform the applicant of the process and facilitate the successfbl building of future fbeling 
facilities. A summary of the planning, review and permitting requirements encountered in the 
construction of recent LSEC and North Star projects is included in this report to provide a real- 
world illustration of the facility development process. 

Imptementation of Advrmced LCNG Fueling Infrastructure in Texas along the I-35NAFTA Clean Corridor Project 
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One of the critical barriers to advancing natural gas as a transportation fuel is the 
development of adequate networks of fueling facilities. The building of one fueling site requires 
a substantial capital investment ranging from $200,000 to $3,000,000. Improving the economic 
viability of LNG or CNG for transportation use requires that the cost of building new fueling 
facilities be minimized. One method of doing this is to reduce the high incremental costs 
associated with unanticipated delays in the planning, review, permitting and final acceptance 
phases of such a construction project. The permit process can be very slow due to the 
administrators and regulating agencies lack of experience with the development of LNGLCNG 
fueling facilities combined with a lack of documentation of planning, zoning and code 
enforcement practices for LNGLCNG facilities. Any additional delays and associated costs 
incurred by the facility builder dramatically impact the project economics. The facility has to be 
complete and operational typically in advance of the vehicle(s) delivery and any delays results in 
lost sales and extended capital outlay with limited incoming revenues. 

The natural gas industry recognizes the need to establish a standard approach to obtaining 
the necessary approvals for fueling facility development. Compressed natural gas is increasingly 
being used as a vehicle fuel around the world. In the United States it is gaining acceptance due 
to its economic, energy security and emissions benefits. 

Natural gas has been liquefied for several decades for storage in peak shaving facilities, 
to transport stranded gas and to remove impurities, particularly nitrogen. Recently with 
advances in engine technology, LNG has become a serious alternative vehicle fuel particularly 
for heavy-duty vehicle applications. 

u 

In order to increase the economic viability of the fueling site, both CNG and LNG can be 
dispensed from the same facility. Vaporizing the LNG at high pressure produces the CNG with 
less energy required thm compressing the natural gas fiom the pipeline. At sites where LNG 
fueling is required it is typically more economical to add the LCNG capability than to install a 
CNG compressor. By expanding the universe of vehicles that can refuel at these facilities to 
include heavy-duty vehicles, the station economics can be improved. 

Because of the increase in fueling capabilities and the inherent cost savings, more 
facilities are building built to dispense both CNG and LNG. The following is a list of U.S. LNG . 
and LCNG facilities (by State and year started as of February 2000) developed and fleets 
deployed that will fuel at those facilities: 

Implementation of Advanced LCNG Fueling Inrastructure in Texas along the 1-35/NMA Clean Corridor Project 
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b/ 
Coaches 

126 LNG & Pickups & 

- 

Idaho National 
Engineering 
Lab 

CNG 

Greater Austin 
Transportation 
Houston Metro 

Sun Metro 

LW’S 
No 

Dallas Area 
Rapid Transit 

1995 

DFWAirpOrt 
Area 1E 

Total NGVs Fi 

5 LCNG 40’ Transit 
35 LNG 40’ Transit 
20 CNG 40’ Transit 
30 LNG 25’ Transit 
20 LNG Paratransit 
25 CNG Trolley 
28LNG& L W s &  

IdahoFalls I 1994 I7LNG I Motor 1 Yes I 

Dallas TX 
CNG SUPPfl 

1997 140LNG . 40’Transit No 

Dallas TX 

I AustinTX 1 1992 I28LNG 1 25’ Transit 

1996 5 LCNG Honda Civics Yes 

I 1 I I 

I I Yes Houston 1992 I SLNG I 40’ Transit 

El Paso TX -i Yes 

I 1 I 1 

eling from either LNG or 1209 
LCNG 

LNG Production and Deliverv 

LNG is produced by reducing the temperature of natural gas to an approximate 
temperature of minus 260 degrees Fahrenheit. The majority of the LNG production facilities in 
the U. S. are peak shaving operations or gas processing operations where high levels of nitrogen 
and other heavier hydrocarbons are removed from the gas stream. These facilities are typically 
located in unpopulated areas. 

LNG is typically delivered to the site in 10,000- lon cryogenic transports. The fkd is 
either pump offloaded or more commonly the fuel is pressure transfened into the fueling station 
storage vessel. Some stations are equipped with pumps to offload the LNG transport, others use 
the dispensing pumps for offloading and some transports are equipped with pmps. 

LNG is delivered into a LNG vehicle storage tank by means of a LNG fueling pump. The 
pump is usually a multistage centrifugal pump installed in a vacuum jacketed sump commonly 
referred to as a dewar. The fuel is delivered in liquid form at up to 40 to 50 gpm with the 
delivery pressure limited to 90% of the relief valve set point of the vehicle tank, which is 

Implementation of Advanced LCNG Fueling Infastructure in Texas along the I - 3 5 N A k A  Clean Corridor Project 
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typically 235 psig. The vehicle is inferred to be full when the LNG delivery rate decreases to a 
preset point, typically 5 to 7 gpm. 

u 

CNG Production and Deliverv 

The typical CNG station is located in near proximity to an existing natural gas 
distribution main. The station consists of an inlet gas meter valve train, natural gas compressor 
(either gas engine drive or electric drive), CNG storage vessels, priority and sequence control 
valves, CNG dispenser, controller and optional card reader for access control and billing. The 
natural gas is received from the distribution main at line pressure, which is typically available up 
to 20 psig but can range up to 800 psig. 

The higher the minimum available gas main pressure the less compressor horse power is 
required of the natural gas compressor to elevate the inlet gas pressure to the storage pressure, of 
up to 5,000 psig. The minimum pressure available from the gas main must be confirmed to 
assure that the compressor is properly sized. The gas is stored in high-pressure vessels and the 
pressure differential between the storage vessels and the vehicle is used to allow the gas to free 
flow into the vehicle. The CNG flow is stopped when the maximum allowable vehicle pressure is 
reached. The gas pressure is measured at the dispensing hose and when the temperature 
compensated correct fill pressure is reached, the gas flow authorization valve is closed. The total 
fill pressure is not to exceed 125% of the fuel system rated pressure (i.e., 3,750-psig for a 3,000 
psig rated vehicle system) and the upper limit pressure target is based on the ambient 
temperature and automatically controlled so that as the gas cools, the vehicle tank pressure will 
return to the correct operating pressure. 

LCNG Production and Deliverv 

0 

The LNG is delivered to the main LNG storage vessel as described above. The LNG 
liquid is pumped to the desired LCNG storage pressure (up to 5,000 psig) and vaporized by 
adding heat. The heat source can be ambient vaporizers or a boiler assisted glycol heat 
exchanger. The gas is warmed to approximately 20 degrees below the ambient temperature. The 
pump injection unit or a high-pressure wick-type odorizer adds Mercaptan to the gas prior to 
delivery to the CNG storage vessel(s). The LCNG is then stored and dispensed the same as the 
CNG systems described above. 

Implementation of Ahanced LCNG Fueling Infrastructure in Texas along the I-3SflAFTA Clean Corriabr Project 
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Executive Summary 

Inherent Features of LCNG Systems 

U 

m Lower Horsepower - The work performed by an LCNG pump to compress liquid natural 
gas is a fiaction of the work required to compress natural gas vapors. For example, a 3- 
gpm LCNG pump produces CNG at a rate of 250 scfin using a 25 horsepower electric 
motor compared to approximately 150 hp required to drive a compressor with a 20 psi 
inlet pressure and a comparable flow rate. Lower horsepower requirements mean lower 
operating costs. 
Consistent Fuel Purity - LNG as delivered to the station is normally of higher and more 
consistent fuel purity. As a result, CNG produced from LNG shares these fuel 
composition benefits. Natural gas vehicles can then be tuned to run with improved he1 
efficiency and reduced emissions. 
Lower Gas Temperatures - CNG produced fiom LNG is approximately 2OoF cooler than 
ambient temperatures. This lower gas temperature helps preclude the phenomenon of 
compression heating during CNG vehicle fueling. On hot days, this allows CNG vehicle 
tanks to be more completely filled. 

Task 1A - Siting of LCNG FueIing FaciIities 

Request Statement 

"One of the critical barriers to advancing natural gas as a transportation fuel is the 
development of adequate networks of fueling stations. Improving the market viability of 
liquefied natural gas (L") requires that such costs as those associated with the building of new 
fueling facilities be minimized. Currently, high incremental costs are associated with 
unanticipated delays in the planning and permitting phase of a project and other additional costs 
incurred as a result. Local administrators and regulating agencies lack experience with these 
types of projects. Moreover, the lack of information regarding planning, zoning and code 
enforcement practices prevent their making informed decisions in a timely and consistent 
manner. 

There is a great deal of interest by the natural gas industry to establish appropriate and 
necessary planning documents for use by fire marshals and environmental and building 
permitting agencies. Consequently, it is important that the current review and planning process 
for siting of new liquefiedlcompressed natural gas (LCNG) fueling stations be documented. 
Hurdles and constraints should be clearly detailed so that specific improvements on the process 
can be addressed. A summary of the planning, permitting and agency requirements that were 
encountered in the construction of the Dallas-Fort Worth Airport LCNG Project will be included 
as a part of the interim report". 

Implementation of Advmrced LCNG Fueling Infiasiructure in Tern dong the I-3.5NAmA Clean Corridor Project 
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LNG Saturation CoiZ - An ambient heat exchanger is typically installed so that 
the saturation pressure of the liquid can be raised to meet the pressure required of 
the vehicle engine. The LNG fueling pumps are typically used to circulate LNG 
through the ambient heat exchanger until the desired set point is reached. 

k, 

LCNG High Pressure Pump - A positive-displacement reciprocating pump 
capable of generating high discharge pressures. LNG is drawn from the storage 
tank into the pump and discharged, as a liquid, at rates of 1 to 4 gpm and 
pressures of 4000-6000 psig. These rates produce gas flows of 85 to 320 scfm. 

LCNG High Pressure Vaporizer - With high pressure liquid supplied &om the 
LCNG pump, an ambient air heat exchanger or glycol heat exchanger with a gas 
fired boiler vaporizes and superheats the product to temperatures just below 
ambient. 

CNG Odorizer - CNG must be odorized when used as a vehicle fuel. Since LNG 
is not available with odorant, Mercaptan must be added. The device is either a 
very small high-pressure direct injection system or a high-pressure wick type 
odorizer. 

CNG Storage Vessel - Nearly all CNG stations use some form of gas storage 
either to augment vehicle fill rates, allow for a buffer volume between LCNG 
pump cycles or to minimize CNG compressor sWstops. Vessels are rated for up 
to 5000 p i g  and are either spherical or cylindrical in design and constructed of 
carbon steel. Spherical tanks typically range in size tiom 40 to 60 inches in 
diameter, and cylindrical tanks typically range from DOT 3A bottles to 20-inch 
diameter by 20 feet in length. CNG storage is commonly set up as a cascade, 
which means that a portion of the storage tanks are designated as high, medium, 
and low pressure banks. 

Priori@Sequence VaZve AssembZy-- The priority automatic control valves are 
used to direct the flow of gas from the compressor or heat exchanger to the 
appropriate CNG storage vessel(s) or directly to the vehicle fuel tank(s). The 
cascaded storage vessels are filled tiom the highest-pressure bank to the lowest 
pressure bank. The sequence valves control the ff ow from the storage vessels into 
the vehicle. The vehicle is filled beginning from the lowest pressure storage 
vessels up to the highest-pressure storage vessels and then directly filled from the 
compressor or heat hanger if needed. 

Implementation of Advanced LCNG Fueling Infrastructure in Texas along the I-354UFT.A Clean Corridor Project 
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CNG Dispenser - Commercially available CNG dispensers are used at LCNG 
facilities. The dispensers can range from a simple single hose fill post to two hose 
cabinets with a card reader in the dispenser similar to modem gasoline dispensers. 
The gas is typically measured by a Coriolis effect mass flow meter. Many are 
equipped with automatic control valves to sequentially draw gas from cascaded 
CNG storage tanks. 1 

LNG Dispenser - As of this Writing, at least five different LNG dispensing 
systems are available from as many manufacturers. The assembly consists of a 
control valve assembly, volumetric meter or Coriolis mass flow meter and cool 
down recirculation capability. The dispensers are equipped with various 
authorization and user interface controls ranging from simplistic one button start 
to liquid crystal displays that provide instructions and information to the user. 

Controller - ‘As with the LNG dispensing systems, each station packager offers a 
unique control system. All use commercially available Programmable Logic 
Controllers (PLCs) with proprietary programs. The LNG dispenser panel is 
typically located adjacent to the LNG storage vessel. The CNG dispensing, LNG 
dispensing and LCNG production are controlled by a PLC panel located in an 
enclosure 15 - 75 feet fiom the classified area. 

Card Reader - Some systems use a card reader to control access to the LNG or 
CNG fueling. The fueling information is gathered electronically from the card for 
billing or fleet management purposes. 

u 

ksi 

ApproachIOrganization 

Pem9tt& Process 

The permitting process for a LNG / LCNG facility is no different than any other 
construction project, in that a building permit must typically be obtained from the local 
goveming authority. The added requirement of obtaining the approval of the local Fire 
Department and State Agency is required in some cases, since the permit is for a specialized 
vehicle fieling system. The process includes the following: 

0 Pre-design planning at the job site to consider 

J Above Ground vs. Under Ground 
J Vertical Vs Horizontal 

0 Tank Selection: 

13,000-gallon m i h u m  to accept full 10,000-gallon transport loads 
J Conditioning tank(s) required 
J Design Pressure(s) required 
J Total volume of storage required 
J Total number of dispensing hoses 

Implementation of Advanced LCNG Fueling Infrashucture in Texas along the I-35NAFTA Clean Corridor Project 
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0 Siting: 
L) 

J Property Line setbacks 
J Clearance to adjacent structures 
J Flame propagation studies 
J Overhead power lines 

J Access for transport to offload 
J Location of storage relative to dispensing area 
J Availability of electric and telephone service 

TrafficPatterns 

Building Trade Permits for civil, mechanical, and electrical work will also typically be 
required. The list of documents required for submittal to obtain the building and trade 
permits will typically include: site plans showing distance to property lines, proximity to 
buildings, traffic patterns, landscaping, utilities, etc. Equipment specific items to be 
shown on site plans or other drawings include: . LNG storage vessel(s) size, location and specifications . LNG spill containment calculations, type of construction and area . LNG and LCNG pump capacity(s) 

LNG dispenser@) location and specifications . LCNG vaporization equipment location and specifications 
CNG storage vessel(s) size, locations and specifications 

8 CNG dispenser@) location and specifications 
= System schematic (process & instrumentation diagram) complete with 

pressure ratings for pipe and equipment . Seismic calculations for structures and foundations (only required for 
Seismic areas) . Electrical schematic . Fire protection equipment 

9 . Methane detection devices and system operational sequence 
Emergency shut down (ESD) devices . Life safety features 

t4 

0 Trade permits are typically required for each area of the work. Most municipalities 
require that a subcontractor must be licensed for the type of work performed and a 

for the project must be obtained before a trade permit will be issued. 

0 The local authorities may require an environmental review. EPA and State 
environmental guidelines must be met. Local authorities should be contacted to determine 
the requirements; referral to County or State Agencies may be necessary. Environmental 
reviews have not typically been a problem in permitting LNG or CNG fueling facilities 
but the proper department reviews must be obtained. 

Implementation of Advanced LCNG Fueling Infiasiructure in Teras along the I-35NAk'A Clean Corridor Project 
W 

Cnntrnrt Niimhm nFcAf O9-QQrHllO17- nnE Chirnun Owrntinnr 



Blue Fuek Group L. P. Page I 4  of 62 

i 

W 

0 An operating permit or Certificate of Occupancy may be required by the local 
authorities prior to operation of the facility. The governing authority provides the CO or 
operating permit after all code inspections are complete and approved. 

Approval of State Agency, i.e. Railroad Commission of Texas or California Pressure 
Vessel Division (OSHA), may be required. 

0 It is the responsibility of the applicant to assure that all permits, inspections and 
approvals are obtained. 

Approach 

Local administrators and regulating agencies typically lack previous experience with 
these types of projects and the best approach is to first personally Visit the individual responsible 
for plan review at the local fire department. The building permit individuals will typically defer 
judgment to the fire department regarding the fueling syste&. Be prepared to offer a tactrl 
education in LNG properties, CNG properties and LCNG equipment. Also document all 
information and directions received complete with the name and title of individual providing the 
information, for future reference if needed. It is very important to determine if you are reviewing 
the project with appropriate individual. Each local government has accepted either the Uniform 
Fire Code or the NFPA Standards or variations thereof to be the governing regulation. In 
addition, the project must incorporate the requirements of any local codes into the design. 

It cannot be overemphasized that the better the presentation of the idormation regarding 
planning, zoning, life safety and code requirements, the more likely that code officials will 
provide their decisions in a timely and consistent manner. As the authority having jurisdiction, 
the fire department may chose to follow any or all of the NFPA Standard recommendations. The 
fire department may go beyond the scope of the standards, before feeling at ease with the station. 

The compilation of a document that would educate and inform code officials and design 
engineers on appropriate and necessary planning documents for use by Fire Marshals, 
Environmental and Building Permit agencies would be beneficial. Consequently, it is important 
that the cuxi-ent review and planning process for siting of new LCNG fueling stations should be 
documented. 

As more natural gas fueling facilities are constructed and operated it will become easier and 
more timely to obtain the necessary approval of governing authorities. As more stations are 
designed, permitted and constructed, the costs associated with the building of new fueling 
facilities should be reduced. The high incremental costs associated with unanticipated delays in 
the planning and permitting phase of a project will be reduced as code officials and design 
engineers become more familiar with the LNG vehicle fueling systems. The hardware costs of 
these facilities will also be reduced as the competition for equipment supply is increased and the 
efficiency of the designs is improved. 

Implementution of Advanced LCNG Fueling Infimmcture in Texas along the I - 3 5 M . A  Clean Corridor Prdect 
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Hurdles and Constraints 

Lack of Standard Repialutions 

Until the adoption of "PA 57 in 1996, the only code for LNG storage or refueling 
stations was NFPA 59A, which was written for large storage facilities used in peak shaving 
applications. Many of the requirements in NFPA 59A are not needed for the greatly reduced 
storage volumes associated with LNG vehicle fueling systems. Even though NFPA 57 is more 
specifically designed to address the smaller scale storage associated with LNG vehicle fueling 
facilities, there are still unfamiliar areas that concern officials and therefore, are likely to slow 
down the permitting process. 

Amount of Gas Stored at the Site 

Using LNG requires larger amounts of gas storage on-site compared to CNG facilities. A 
minimum storage vessel size of 13,000 LNG gallons is needed to allow for full 10,000-gallon 
transport loads to be delivered. The difficulty arises in locating the storage vessels on sites with 
limited area due to building and property line setback requirements. 

Some fire department officials have required vapor dispersion models to consider a vapor 
cloud ignition in case of a major spill of LNG, due to the LNG vaporhation rate of 600 to 1. For 
example, 1 cubic foot of LNG if released will rapidly produce 600 cubic feet of natural gas. The 
gas cloud will hug the ground until the vapor reaches a temperature of minus 140 degrees F. 

Odorized Gas 

industry standards do not require odorant to be added, as with pipeline natural gas. The LNG in 
liquid form is a challenge to odorize because at the low temperature the odorant has a tendency 
to settle out of the liquid Even if the LNG is odorized the greater challenge is to have the 
odorant attach to the gas vapor when the LNG is vaporized. The LNG stations and LNG vehicles 
therefore have methane detection systems to alert operators that a methane leak is present. 

Coot Down 27me 

LNG is a colorless, odorless, combustible gas that is typically 98% plus methane and 

The time required to cool down and bring the LCNG system on line can be up to 20 
minutes, particularly when fueling is intermittent. The time to bring the LCNG system online 
must be reduced to no more that a few minutes, to assure that a vehicle can be completely filled 
directly from the heat exchanger when the CNG storage is depleted 
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Ventinx 
u 

Heat gain into the main LNG storage tank must be minimized. Frequent starting and 
stopping of the LCNG system, to replenish the CNG storage, can increase the head pressure in 
the main storage tank to the point that the tank must be vented. 

Fire E d p m n t  

LNG fueling facilities are sometimes required to install expensive automatic fire 
suppression systems, either dry chemical or high-expansion foam. The emphasis should instead 
be on prevention of releases and rapid response to unexpected releases. 
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LNGLCNG Projects 
L J  

The following is a summary of the planning, permitting and agency requirements that 
were encountered in the construction of recent LNGLCNG Projects at Dallas-Fort Worth 
International Airport, Hanis Ranch Feeding Company, and Empire Caterpillar: 

DaIIas-Fort Worth International Airport 
LNGLCNG Station 
American Airlines Maintenance Facility 
DFW Airport, Area 1E 

Project Description 

The DFW Airport Board and American Airlines (AA) agreed to a two-year project, 
which began in September 1995, to test the feasibility of LNG in the airport service vehicles. 
American Airlines converted 5 bag tractors, 5 pick up trucks and the DFW Airport Board 
converted 2 pick up trucks and 2 buses to operate on LNG. The conversions were performed by 
TranStar Technologies, a division of Lone Star Energy Company. 

A 6,000-gallon horizontal LNG tank and single hose LNG pump/dispenser module were 
mounted on an 8 fi. wide x 36 R long x 9.S.ft high steel skid by Drexel/Hydra Rig. 
DrexellHydraRig is an e@pment manufacturer located in Fort Worth, Texas. The module was 
installed in the parking lot area of the AA Maintenance Facility and fueled AA vehicles for the 
test period of 24 months. 

A grant was obtained from the Gas Research Institute by HydraRig in 1996 to install a 
high pressure LCNG pump and glycol vaporizer loop to produce LCNG. LSEC provided and 
installed the CNG storage and dispensing portion of the system including the CNG storage 
vessel, CNG dispensing controls, CNG dispenser, card reader, gas fired boiler, odorizer and fuel 
island canopy. The LCNG system was placed into service in December 1996 and remains in 
service today. The lessons learned fiom LSEC's first LCNG fueling system are included in Task 
IB Features of User Friendly LCNG Faciliv. 

Svstem Descrivtion 

The original system consisted of a 6,000-gallon horizontal tank, manufhtured by MM;,, 
installed on a structural steel skid. The LNG dispensing panel, LNG fueling pump and fueling 
hoses were installed in an enclosure at the end of the storage tank. A roll up door was installed to 
secure the equipment when not in use. A separate enclosure was constructed 75 feet from the 
dispensing area to house the non-rated electrical equipment including 
drive for the LNG fueling pump and the PLC controller for the system. 
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The single stage centrifugal pump is capable of delivering 40 gpm of LNG at up to 150 
psig. The unit is equipped with an ambient air saturation coil and two LNG fieling hoses. One 
hose is equipped with a high flow (50gpm) nozzle and the other is equipped with a low flow 
(10gpm) nozzle. Moog manufactured the nozzles and the 10-gpm nozzles were used to fill the 
17-gallon tanks on the bag tractors. The results of the fieling nozzles and flow rates will be 
fiuther discussed in Task 1B. 

h,r 

LCNG capabilities were added as a inlet gas for boiler is taken form LNG storage trail 
head pressure vapor development project with the Gas Research Institute. A high-pressure 
LCNG pump and a glycol heat exchanger were added in the existing enclosure at the LNG 
storage tank. The controller enclosure was enlarged to accommodate the gas-fired boiler and 
make up tank for the glycol loop. Inlet gas for boiler is taken from LNG storage tank head 
pressure vapor. The controls were modified to operate the LCNG equipment and CNG storage 
and dispensing operations. The LNG fbeling pump (3hp, 3 phase, 120 hz, 460 v) is used to 
provide LNG to the LCNG high-pressure pump (25 hp, 3 phase, 60 hz, 46Ov) to ensure that the 
LCNG pump does not lose prime. A 25,000 scf, 60-inch spherical CNG storage vessel, high- 
pressure injection odorizer, priority/sequence valves, CNG dispenser, card reader and fuel island 
canopy were installed. The CNG vaporization rate of the system is approximately 300 scf per 
minute. The LCNG is cunently providing CNG to the DFW Airport Board’s‘fleet of vehicles and 
is also open to the public. The United States Postal Service utilizes this site and the total 
average CNG volume sold per month is approximately 2400 gge’s. 

Permitting Process 

The DFW Airport Board is incorporated as a municipality and the Auport Board staff is the 
governing authority at DFW Airport. The departments are organized as a typical municipality. A 
review was required by the environmental department and a building permit had to be obtained 
fiom the permit section, for which project approval had to be obtained from the Fire Marshal. 
The timeline of events is as follows: 

The first DFWLNG Evaluation Project Meeting was held March 30,1995 with the DFW 
Airport Board personnel, American Airlines personnel, Lone Star Energy Company and 
DrexeWydraRig personnel. 

On April 25,1995 design review meeting was held at the LNG site to determine the siting 
requirements. 

LNG Sales Contract and leases were signed in June, 1995. 

Revised site plans and containment volume calculations were submitted on June 20,1995. 

Vehicles were converted to dedicated LNG supply in August and September of 1995. 

ccrd 
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Electrical Inspection of the LNG system was conducted on September 26, 1995. 

LNG Fueling system was ready for operation on October 17,1995. 

Final Inspection of the construction was completed on October 25,1995 for the Installation of a 
Temporary LNG Fueling System. The work was found to be satisfactory and in compliance with 
the codes and standards adopted under the DFW Construction and Fire Prevention Standards 
Resolution. Certificate of Occupancy was issued on October 27, 1995. 

The Railroad Commission of Texas “Regulations” for LNG were not in affect at this time so 
RCT approval was not required for this project. 

The installation of the LCNG system was started after the LNG fueling system was 0perati0~1. 
A construction application for the LCNG addition was filed with the DFW Arrport Development 
Department on August 15,1996. 

Environmental impact review was completed for the Permit Application No. 96-275 on 
September1 1,1996. The review required that all coatings to be in compliance with the Texas 
Natural Resources Conservation Commission regulations and that Material Safety Data Sheets 
(MSDS) sheets for all paints and coatings were to be provided. 

A meeting was held on October 09,1996 to discuss T M  96-275 American’s 1E Addition of 
CNG to Existing LNG system. LSEC and Drexel/HydraRig personnel explained the proposed 
system to the DFW review personnel. 

The application received a Structural Review, Building’Fire Review, Mechanical and Electrical 
Review. Approval w8s granted for the Concrete Construction and Underground Utilities only on 
October 9,1996. Demolition began while additional details that were requested and changes to 
the electrical and mechanical drawings were under review. The pre-construction meeting was 
held on October 15,1996. The Mechanical, Ektrical and BuildingRire approvals were obtained 
on October 16,1996. 

Structural inspection approval was obtained on October 31,1996. 

MechanicayBuilding inspection was performed on November 06,1996. 

Electrical Inspection was performed November 23,1996. 

A separate Certificate of Occupancy was not required because the addition of LCNG was an 
alteration to the existing LNG facility. The system was made operational on December 11,1996. 
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DFWPruiect Photos 
w 
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Harris Ranch 
LNG Truck Fueling Station 
Coalinga, California 

Project Description 

Harris Ranch is a large agri-business company specializing in the feeding, slaughter and 
packaging of beef cattle. Harris Ranch has distinguished itself as a provider of premium quality 
beef products, both fresh and cooked. Committed to improving the air quality, Harris decided in 
1998 to purchase twelve class-8 trucks to replace existing diesel units. After selecting Caterpillar 
electronic dual-fuel engines and Freightliner chassis, Harris Ranch began the process to procure 
the refueling station. 

Northstar, hc. of Evanston, Wyoming was selected to construct a LNG station at their 
feedlot under a turnkey designhuild contract. The contract was awarded April 1,1999 and the 
first truck was fueled July 3 1,1999. 

Svstem Descdution 

A 16,400-gallon LNG storage tank fiom Process Engineering Incorporated in Plaistow, 
New Hampshire was used. Origdly sized as a 13,000-gallon tank, the volume was increased in 
order to anticipate the forthcoming code requirements of California’s OSHA Title 8. The 
particular requirement to be met is a minhum 10% ullage space. A working volume of 14,800 
gallons thus gives the station operator more flexibility in scheduling LNG deliveries of 10,000 
gallons. 

The LNG storage tank feeds a centrifugal pump that is submerged in a vacuum jacketed 
dewar, which can be isolated fiom the storage tank. The dewar is mounted on a prefabricated 
skid complete with control valves, a meter run, a heat exchange coil, pneumatic controls, 
transmitters, and an electrical junction box. 

The submerged pump is used to transfer fuel to the vehicles. An ACD model TC-34, 
1x2~6 two stage; can transfer LNG at 30-40 gpm at 80-90 psi head pressure. The mount of 
pump head available is critical to overcome the pressure in the vehicle tank and initiate a single 
hose fill of the vehicle tanks. 

The LNG delivered to the vehicle is measured by a Rosemoynt model 8800A vortex- 
shedding meter. In conjunction with a temperature probe, the metering system continuously 
corrects for product density variations and at 
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The fan assisted ambient air heat exchanger is used to saturate the entire contents of the 
L4 

LNG tank after it has been refueled In short, the saturation process adds heat to the product to 
raise the normal boiling point. The higher boiling point then provides the pressure in the vehicle 
tank whereby fuel is delivered to the engine. The Caterpillar dual fuel engine requires a 
minimum saturated pressure of 110 psig. 

This Cryogenic Machinery model C-C pump has dimensions 1% x 3 x 12, and transfers 200 gpm 
at 90-psi head. 

A second cryogenic pump was installed to assist in the offloading of a transport trailer. 

Permitting Process 

The site is not located within a municipality so the governing authority was Fresno 
County. A pre-construction meeting was held in Fresno, California, to acquaint county and other 
government officials with LNG as a vehicle fuel, the proposed fuel station equipment, and 
proposed safety systems. The requirement for an air quality permit from the San Joaquin 
Pollution Control District was waived. Due to the large amount of space available to site the 
equipment, fire detection and suppression equipment were not required by the Fire Department. 

was submitted to the Building Department, both of the County of Fresno. Public Works & 
Development Services reviewed overall site considerations such as parking, traffic flow, water 
runoff, etc. The Building Department divided up plans to be reviewed by Zoning, Civil, 
Mechanical, Electrical, and Fire Department officials. All permits were received in June, 1999. 

County building inspectors performed regular inspections. As an outcome of the final 
Fire Department inspection, local fire companies were invited to tour the station and become 
familiar with k n o w n ~ ~ d s  and existing safety systems. 

A set of plans was submitted to Public Works & Development Services, and a second set 

ki 
I 

I 
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Harris Ranch Project Photos 
u 
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Empire Caterpillar 
LNG Truck Fueling Station 
Phoenix, Arizona 

Project Description 

equipment. To combat the effect of diesel emissions in the Phoenix area and advance the 
implementation of Caterpillar electronic dual-fuel engines, Empire PS plans to make available in 
excess of 150 class-8 trucks. Trucks will be available on either a lease or purchase basis. 

Northstar, Inc. of Evanston, Wyoming was selected to provide two LNG fueling stations 
under turnkey desigdbuild contracts. The first is located at 5164 W. Roosevelt in Phoenix, just 
off the intersection of Interstate 10 and 51“ Avenue. The permitting process for the Phoenix site 
is described below. The second site is in Mesa, Arizona on Empire PS’s property, just off the 
intersection of Highway 60 and Country Club Drive. Both stations will be operational in 
February 2000, and will be open for other LNG fleets on a card-lock basis. 

Svstem Description 

The LNG equipment supplied is very similar to the Harris Ranch station as described 
above. The major difference is that the transport offload pump and the vehicle-fueling pump 
have been combined into one. The new 1 SX2.5~6 two-stage pump is a “ported out” version of 
the previous model. The submerged pump provides higher flows for transport offloading, as well 
as relatively higher discharge pressures for vehicle fueling. 

LI 

Empire Power Systems (Empire PS) is the Arizona Dealer for Caterpillar engines and 

i 

Located adjacent to a card-lock conventional fuels terminal, the LNG station is in an 

Empire Power Systems added LCNG capabilities. 

excellent location for commercial fleets. 

Permim’ng Process 

consuming. Fortunately, the design team that was formed as a result of the Harris Ranch project 
was better prepared to generate the information reqhed. 

t 

Acquiring permits for an LNG station fiom the City of Phoenix was rigorous and time 
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44 ’  

L, 

The City was contacted to determine what permits would be required. Prior to breaking ground, 
pennits for: 

Grading, 
Dust (Mancopa County) 
Right-of-way (driveways), 
Landscaping, 

Fire Hydrant, 
Building & Safety (Civil, Mechanical, Electrical), and 
Fire Department had been secured. 

Pavement, @ng and drainage drawing 
Landscaping drawings 
Equipment foundation drawing 
Equipment layout drawing 
Electrical power distribution drawings 
Seismic and wind load calculations 

Fire protection review 
Fire protection drawing showing gas detection, flame detection, and safety systems 

Several items from the Fire Department review augmented the recommendations of 
NFPA 59A. For example, in addition to the gas detection and fire detection devices being 
supported for 24 hours with a back up power supply, all alann-annunciating devices were 
required to be able to operate for 24 hours as well. 

The definition of “adequate water supply” is left to the local authority. A fire hydrant 
across the street was deemed insufficient, so a water line was branched off to a new hydrant 
within the property line. 

signage, 

To accomplish this, Northstar prepared drawings, calculations, and reports as follows: 

, Process and instrumentation diagram 

Since the station was to be unm an a~tcxnatic telephone call out device was 
required in the event of an alarm or other operational problem. In the event of an dam, the auto- 
dialer informs an alarm monitoring company, which in turn notifies the local 91 1 network. 
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Em&e Phoenix Proieci Photos 
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Closing Statement Task 1A 

Education of the local authorities in regards to LNG and LCNG was necessary in every 
case. Knowledge base of projects is growing and NFPA standards now available have 
improved the permitting process. There have been no fatalities to date associated with 
natural gas as a vehicle fbel and no station accidents with large releases of 
the comfort level is increasing. However, it can still be a challenge and ti 
to permit a facility in an area unfamiliar with LNG or LCNG. Environmental permitting 
and Fire Department reviews are still subject to interpretation. Hopefully, the siting and 
permitting process for the three LNGLCNG projects as described in this report will 
improve the siting and permit process for future facilities. 
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Percent of Pemnt of 
NetFuel Unsold 
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The data fiom February and March 2000 represents baseiine LNG and CNG delivery and sales 
LJ 

information. It demonstrates that 36,473 pounds of LNG were delivered by tanker truck during 
the two-month period. From the beginning of the baseline period to the end of the period, the 
tank was drawn down an additional 1050 pounds. Thus, Net LNG Used is 37,523 pounds. Net 
Fuel Dispensed is also determined by adding two components. The first, LNG Dispensed to 
Transport Tractors is 1797 pounds and it used to fuel the LNG delivery transport tractors. The 
second component, CNG Dispensed describes LNG that has been compressed, flashed to gas, 
and odorized; 21,462 pounds of LNG were vaporized and sold as CNG. Net Fuel Dispensed is 
23,260 pounds. Thus, Unsold Gas is a significant difference (14,264 pounds) between the Net 
LNG Used and Net Fuel Dispensed. This Unsold Gas makes up 38% of Net LNG Used. We 
estimate that the high pressure LNG pump and gas fired boiler started about 7 times each day 
during this fueling cycle. 

One of the goals of this project was to reduce the amount of Unsold Gas. Unsold Gas is 
primarily made of two components: vented gas and gas used to fuel the glycol boiler for the 
vaporizer. The vented gas during the Baseline period is estimated to be about 5751 pounds, 
40% of Unsold Gas. The reduction in the amount of vented gas is a prime focus of the 
Improvements Completed section. LNG delivery procedures, control system modification, 
and hardware additions were made to reduce the amount of vent gas. 

Improvements Completed 

CNG Production Control System - The Opt0 Controller was upgraded to the Windows NT 
version of Cyrano called Factory Floor. Factory Floor includes many enhancements including 
compatibility with Microsoft Office, a built in MMI (Man-Machine Interface) package and 
server package. A completely new Strategy was written to take advantage of all the sensors in 
the system, This resulted in more precise monitoring of shutdowns and system operation. A 
MMI was developed by Lone Star Energy Company for station technicians to use for 
troubleshooting. The MMI gives the technicians a Graphic display to represent station operation. 
Although it works well for onsite nnel, it requires special software for monitoring the 

-., 

u.. 

cial software a Cyber node 1 
Internet server fiom Concur System Technology was attached to the controller. This allows ' 
transfer of information to be viewed on any computer with a web browser. The server can be set 

sive or active mode. In active mode the server transmits continually to the Internet. 
e wishing to view the information could simply type the URL into the web browser. In 

passive mode a dial-up connection woutd have to be made to the web server. Once it is 
connected, the web browser can be started and the URL entered The web server also allows 
control of system variables (CNG Start Pressure, LNG Pump Speed, etc.) and viewing of any 
system parameter. 
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The existing LCNG station at DFW Airport has not been retrofitted with the new double acting- 
reciprocating pump as stated in the original request. In order to meet the CNG fbeling needs of 
DFW Auport’s dedicated CNG vehicles, and due to recurring problems, the existing triplex 
mono-block LCNG pump provided by Hydra Rig was replaced in May of 1999 by three separate 
high pressure cold-ends manufactured by ACD. Each cold-end is a positive displacement piston 
and cylinder assembly and is adapted to the warm-end individually. A small plastic poppet, 
similar to a compressor valve, on each cylinder directs the high-pressure LNG to the heat 
exchanger. The separate configuration of the three cold-ends allows for the replacement and 
repair of one cold-end at a time. The upgrade was completed in May of 1999 prior to DFW 
receiving five dedicated CNG Honda Civics when reliability of the LCNG station became even 
more crucial to the DFW CNG program. The extended delivery time of the preferred double 
acting reciprocating low inlet pressure pump and the associated piping modifications, did not 
allow for the installation. Because the dedicated vehicles have been fieling exclusively at this 
site, the system has not been available for any further modifications which require the system to 
be off line for more than a couple of hours at a time. 

AIthough the new three-piece pump has performed more reliably than the original triplex, it has 
not operated flawlessly. The cold ends are prone to poppet and piston failure. If the cold ends 
are allowed to heat to ambient temperature, the poppets have a tendency to leak. Also, if cold- 
ends are run even briefly without liquid, the piston seals and poppets will fail. 

id 

In order to increase the amount of storage available to the customer, Lone Star Energy Company 
installed a pressure regulator manifold on each CNG hose. This addition allowed the CNG 
system start and stop pressures to be raised to 4100 psig and SO00 psig, respectively. Each 
manifold consists of two regulators and two pressure gauges. Each regulator has the buffer 
pressure as its inlet pressure. One regulator is a low-flow adjustable self-venting regulator. Its 
discharge controls the outlet pressure of the second high-flow type regulator through a dome- 
load input port. See Attachment D for a schematic of the regulator system. 

The addition of pressure regdators for each CNG hose at the valve panel helps assure that 
allowable vehicle fill pressure will not be exceeded The regulator system on Hose 1, the 3000- 
psig hose, is set to 3500 psig maximum. The regulator system on Hose 2, the 3600-psig hose, is 
set to about 4100 psig maximum. The addition of the regulators allows the storage pressure to be 
increased so that the system can dispense more fuel (about 14 WE) before the LCNG pump 
start pressure is reached Previously, the LCNG pump started after only about 7 GGE was 
dispensed. The higher storage pressure allows most 3600 psig vehicles to be filled completely 
from the storage vessel. It also has the added benefit of decreasing the number of starts and 
stops and increasing run time after the LCNG pump is started 
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In addition to equipment improvements, Lone Star Energy Company made fuel delivery process 
changes in Spring 2000 to minimize the necessity to vent the LNG tank. We began to order fuel 
from Pioneer's plant in Satanta, Kansas for almost weekly delivery to the DFW site. Previously, 
most of the deliveries were made less frequently and sourced from Amoco's Chocolate Bayou 
plant. Pioneer's LNG is typically about minus 255 degrees Fahrenheit at a saturation pressure of 
5 psig. Amoco's LNG is minus 235 degrees Fahrenheit at a saturation pressure of about 30 pig. 
During the time these process changes were made, CNG sales were also increasing. See the 
updated fueling data on following page@) for more details on the positive and negative impact of 
this change and all of the changes made. 

L/ 
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MetFud Unsold 
Added Qar 

The Updated Fueling data can be used to make several observations and conclusions about the 
changes that were made during the Spring of 2000. Also affecting station operation is the fact 
that August’s CNG k l s  sales are double that of Febnrary 2000. 

The increase has resulted in better operation for several reasons. First, the station uses more 
LNG, which reduces the LXG on-site inventory time between product delivery and dispensing to 
vehicles. The shortened inventory time means that the LNG gains less heat in the LNG storage 
before it is used resulting in less venting of the LNG storage tank. Heat is also gained in the 
LNG storage tank during the cooldown process. Thus, increased fuel sales result in less time 
between starts and stops. The system is generally colder during startup because less time has 
lapsed since the last run, which also results in reduced tank venting. 

During June a regulator was added to each hose and the program changes were made that raised 
the CNG system start pressure to 4100 psi and the stop pressure to 5000 psi. Now the system 
starts &er approximately 14 gge’s are dispensed as compared to the 7 gge’s that previously 
started the Unit. This change allows more fbel to be dispensed before the pump is restarted and 
therefore the pump runs longer each time it operates and the number of starts is reduced. During 
the last month of this period, we estimate that the pump started only nine times each day to 
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dispense about 150 GGUday. For the baseline period the estimate is seven times per day for 
about 65 GGWday. Because the pump is started fewer times each day, the pump is cooled down 
fewer times each day. Thus, less heat is required for pump cool-downs and less heat is added 
during pump cool-downs to the LNG tank. This change and the increase in fuel sales have 
practically eliminated the need for venting the LNG tank. 

Lessons Learned from Existing LNG & LCNG Systems 

Dispensing Systems - The largest LNG tank that could be installed on the bag tractors was a 17- 
gallon tank manufactured by MVE. The fast filling of small volume tanks had not been done 
commercially in the past and several problems were encountered. The 10 GPM Moog low flow 
nozzles did not perform satisfactorily. The tanks developed head pressure quickly when fueling 
and due to the low amount of fuel delivered the head pressure was not easily collapsed. 

u *  

Filling of overpressure vehicles in a single hose' fill at this site is a challenge due to the single 
stage pump having a differential head capability of only 90 psig. E a  vessel to be fbeled is at a 
higher pressure than the total pump discharge pressure, then the vehicle tank must be vented to 
start the liquid flow into the tank. If the vent line is left open on the vehicle during fueling, the 
liquid can freeze the nozzle to receptacle. 

The vehicle vessel Pressure Relief Valve for the MVE tanks is set at 235 psig so the pump 
discharge pressure cannot exceed 210 psig v- 
The existing LNG pump is not in a dewar. The pumps currently used in the design of LNG 
fueling stations are vertical multistage centrifugal units in a flooded dewar, which reduces the 
cool down time, and provide additional pressure lift 

The LNG meter needs to properly cold soaked to eliminate two-phase flow through the meter. 

LNG Hoses - The insulated hoses'are very stiff and hard to handle especially when cold The 
stainless steel braids on the exterior of the hose began to abraid and unravel because of contact 
with concrete and metal surfaces. Canvas covers were added to protect the exterior SS braid of 
the hoses. For additional hose flexibility we are now using insulated super-flex hoses in canvas 
covers without the outer SS braid. VJ hoses are still used at one site but will'be expensive to 
repair if damaged from pull-aways. 

Controls - Saturation bulbs are now used to directly read saturation pressure in the storage tank. 
Fuel temperature at the dispenser can also be used to verify saturation pressure dispensed into the 
vehicle. 

LNG Nozzles - The results of the heling nozzles and flow rates (40 to 50 gpm). Moog LNG 
nozzles are now manufactured by J.C. Carter. 
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LCNG Pressure switch was added at LCNG pump discharge in attempt to assure that the pump is 
operating. 

High humidity often causes problems with ice formation on the nozzle seal faces, resulting in 
difficulty in attaching and removing the fitting. Ice formation can also cause leaks during fuel 
transfer. Safety protection for the user should include both freeze and splash protection. 

This was the first time that the low flow Moog nozzle had been used and the first time that the 
17-gallon LNG tanks had been used in a vehicle application. 

I, 

Recommendations 
Improvements Needed 

CorztroZs - The LCNG production sequence of operation is still limited in its ability to monitor 
the LCNG pump for fault conditions. The high pressure pump consists of three separate cold 
ends that are individually prone to loss of prime and vapor lock, which can result in higher 
temperature and vibration. A temperature sensor should be added to each cold end to detect 
overheating. The tri-piex pump should also be retrofitted with a vibration switch to shut off the 
pump if vibration is detected due to loss of fluid flow. 

CNG dispensing is currently controlled by the Micro Monitor panel. Although the system works 
well most of the time, moving sequencing control to the Opt0 System Controller would allow 
precise monitoring and historic trending of the dispensing sequencing and flow rates through 
each CNG hose. Historic trending is important because it allows troubleshooting of customer- 
reported dispensing problems. 

Dispenser systems - Improvements are needed in the operation of the LNG dispensing systems in 
order to improve the customer interface similar to facilities serving conventional fuels. Current 
CNG dispensers feature credit card access controls and dispenser technology that is now 
comparable to conventional fuel systems. LNG dispensing systems need to incorporate these 
user-fiiendly features. In addition, the information interface with the customer during the LNG 
fueling process must be improved. The current LNG systems do not adequately inform the 
operator if there is a problem during the fuel transfer, and how to respond. 

Coo2 Down Process - One of the problems with the current LCNG systems is the cool down time 
required before LCNG production can begin. Some LNGLCNG systems utilize the LNG 
transfer pump to ensure prime of the LCNG high-pressure pump, The cool down time is thus 
extended due to the additional steps required to cool down the two pumps, pipe, valves and 
fittings. Another problem with using the LNG transfer pump to supply the LCNG pump is that 
the LNG fueling and the LCNG production cannot be performed concurrently. 

tbj; 
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Centrrfigul Pumps - Improvements need to be made to the control system to ensure the 
centrifugal pumps are primed properly prior to start up, and that safety shut downs are effective 
in stopping the pump prior to experiencing damage if the flow of LNG is stopped. Discharge 
pressure must be adequate to overcome vehicle tank pressure for single hose fills. 

u 

High Pressure WVG Pump - The most unreliable part of the LCNG system has proven to be the 
high-pressure LNG pump used to provide LCNG. If the pump is not properly cooled prior to 
start up the positive displacement pump can be damaged. Pump removal and repair can be 
expensive and time consuming. The sensitivity of the high pressure pump to liquid temperature 
affirms the need for the additional controls described in the controls portion of this section. 

Nozzles - LNG liquid and vent nozzles need to be improved for ease of handling, reliability, and 
safety-protection. In comparison, CNG fueling nozzles have been standardized, are fairly 
reliable, are easy to operate and have a good safety record. 

Odorization - Odorized LNG would eliminate the need for an odorant injection system for the 
LCNG. The need for methane detectors at the station and on the vehicles would also be less 
critical. 

Cool Down Time - The time required to cool down and bring the LCNG system on line can be up 
to 20 minutes, particularly when fueling is intermittent. If the pumps are not properly cold 
soaked prior to operation the pumps will lose prime, and the pump seals could potentially be 
damaged The time to bring the LCNG system online must be reduced to no more than a few 
minutes to ensure that a vehicle can be completely filled directly fiom the pump when the CNG 
storage is depleted 

. Frequent starting and Venting - Heat gain into the main LNG storage tank must be mmmmd 
stopping of the LCNG system to replenish the CNG storage can increase the head pressure in the 
main storage tank to the point that the tank must be vented. -' 

Fire Equipment - W G  fueling facilities are sometimes required to install expensive automatic 
ik suppression systems, either dry chemical or high-expansion foam. The emphasis should 
instead be on prevention of releases and rapid response to unexpected releases. 

Further recommendations as to how to make future LNG and LCNG fueling facilities more user- 
fiiendly, reliable and cost effective, include: 

. .  . 

The inherent feature of producing relatively cooler gas fiom LCNG systems is not being 
Wly utilized Future control systems could more carefully control gas tempemtures such 
that CNG vehicles could be more completely filled without need of excess fueling 
pressure. 
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8 Future LCNG pumping arrangements could consider submerging the LCNG pump in a 
liquid dewar, similar to current LNG centrihgal pumps. This could even further reduce 
pump start times and prolong service life. 

9 For LNG fueling, the pressure requirement of the vehicles with the highest engine 
operating pressure determines the saturation pressure at which the entire station must 
operate. A reliable mefhod to vary the saturation pressure of delivered fuel needs to be 
developed. 

u 

Refer to Task IC LCNG Station Design Details forjkrther details. 
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LNG SuppZy Pump - The LNG supply for vehicle fueling is provided by a 30 gpm cryogenic 
single stage centrifugd transfer pump manufactured by ACD (see attachment E). The single 
stage centrifugal pump is 3hp, 3 phase, 120 hz, 460 v and capable of delivering 40 gpm of LNG 
at up to 150 psig. The pump design requires that the pump be flooded and cooled for about two 
and one half minutes prior to start. 

'c) 

Control system - the dispenser panel is rated Class I Diyision I Group D and is located in the 
equipment enclosure at the end of the LNG storage vessel. The display prompts the operator of 
the LNG system and displays LNG @Ions dispensed. The PLC panel is not rated for the 
hazardous environment and is therefore installed in a separate enclosure approximately 75 feet 
from the LNG fueling. Alarm lights and the message display indicate pump operation. 

LNG Metering - The LNG is metered by a Coriolis effect mass flow meter manufactured by 
Micro Motion Model number RFT 9712-1PNG and Sensor Serial Number 18691, Model No. 

. The pulses,fiom the mass flow meter are converted to liquid gallons based on a fwtor of 
3.53 pounds per gallon. The volume dispensed is shown in LNG gallons on the digital display at 
a rate of 100 pulses per pound. 

Fuel hoses - Two cryogenic insulated hoses 12 feet long to transfer fuel to the vehicle were 
installed. One is equipped with the 10 gpm low flow Moog LNG nozzle to fuel the 17 gallon 
tanks that were installed on the bag tractors. The other hose is equipped with a 50 gpm Moog 
LNG nozzle to refill the larger vehicle vessels The hoses are 1 % inches inside diameter and 2 % 
inches outside diameter with a SS outer braid. A vent return hose fiom the vehicle to the storage 
vessel is provided to initiate fill of the vehicles at high pressure that the pump cannot overcome. 

, 

Suturution Coil - Ambient air saturation coil to automatically condition the storage tank to assure 
NPSH for the transfer pump and to raise the saturated pressure of the liquid LNG to meet the 
vehicle requirements. The saturation pressure is calculated by the PLC based on the temperature 
of the LNG. 

Pipe, Valves and Fittings - Piping shall be of sufficient she to affect an eficient transfer of 
cryogenic firel fiom the storage tank to the vehicle. The active piping is vacuum jacketed All 
components on the main skid are explosion proof rated Class I, Division I, Group D. 

Control valves 
Modulating valves 
Pressure transmitters 
Temperature transmitters 
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LCNG Equipment Details 

CNG Dispenser - Two hose CNG dispenser manufactured by Fueling Technologies Inc. includes 
two Coriolis effect ABB K-Flow mass flow meters, Model K-4OCNG, rated for 40 pounds of 
flow per minute. The dispenser is equipped with one Sherex 3000 psig nozzle and one Sherex 
3600 psig nozzle. Digital display reads in CNG gge's based on 5.66 pounds of natural gas per 
gallon. 

LNG High Pressure Pump - The high-pressure pump raises the Liquid Natural Gas to a pressure 
of 5000 psig maximum and the high-pressure liquid is then vaporized and flashed into gaseous 
form. The original pump was a triplex unit driven by a 25 hp, 3 phase, 460V motor. The 1750 
RPM speed of the motor is reduced to about 475 RPM by a 3.688 reduction gear box. The shaft 
of the reduction box is attached to a warm end, which converts the rotational motion into 
reciprocating motion via crank-shaft and rod configuration. Originally this system was used to 
drive a Hydra-Rig designed triplex pump. The triplex pump is a single unit pump that consists of 
three positive displacement pistons that operate in separate cylinders bored into one block. The 
pistons are not staged; they work in parallel. Each compresses the liquid fiom inlet pressure up 
to 5000 psig. When one piston fails, the entire triplex assembly has to be taken out of service for 
repair or replacement. Due to recurring ptoblems with this arrangement, the single-piece triplex 
pump was replaced with the three independent cold endes in May of 1999. See the 
Improvements needed section for details. 

LNG Vaporizer - Glycol assisted heat exchanger rated for 5000 psig was installed in the 
equipment enclosure at the storage vessel. The existing enclosure for the non-rated LNG 
equipment was enlarged to accommodate a natural gas fired 3 15,000 Btu input boiler. The boiler 
is used to heat the glycol mixture to 140 degrees Fahrenheit, which is circulated through the 
LNG vaporizer. The boiler is supplied with gas fiom the top of the LNG storage tank 
downstream of the odorizer. A heat exchanger manufactured by Artic Fox was installed to raise 
the gas temperature for the boiler gas inlet. The glycol loop consists of a 1 19 gallon capacity 
expansion tank and a glycol recirculating pump which is 1.5 hp, 3-40 gpm with a 230 psig 
maximum working pressure. The system is connected to the LNG vaporizer with underground 
1.5 inch diameter copper (type K) supply 

Odorant injection system - The system is designed to withdraw Mercaptan fiom a five gallon 
150 psig vessel and inject the Mercaptan into the gas line downstream of the vaporizer at up to 
5000 psig. According to NFPA 52 and the Texas Railroad Commissions Regulations for 
Compressed Natural Gas, vaporized gas must be odorized prior to entering the high-pressure 
storage vessel, When the high-pressure LCNG pump begins to compress liquid, the Opt0 
controller opens a solenoid valve that allows a pressure to be applied to the odorant pump 
through a pneumatic timer. The drive gas is routed through the adjustable timer, which can be 
set to cycle up to 50 times per minute. The pneumatic timer is currently adjusted to about 5 
cycles per minute and the timer controls the 50:I ratio, 1 cc odorant pump to inject the 
Mercaptan into the gas stream. 
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CNG storage vessel - The 60” diameter carbon steel CNG storage sphere, manufactured by 
Cherco is rated for 23,677 standard cubic feet capacity (approximately 190 gallons of CNG) at 
5000 psig. It is constructed to ASME Section VIII, Division 2 standards, and maximum storage 
pressure is 5500 psig. 

CNG Production Conh.ol System - The control system consists of an Opt022 LC32SX PC-Based 
controller with eight analog input‘output and forty-eight digital inputloutput. The definition of 
each input/output point is listed in the strategy database (see Attachement P). This controller 
handles LNG pumping and LCNG delivery to the pressure vessel for storage. LNG Pump speed 
is governed by a Variable Frequency Drive, which allows precise control of pump speed. All 
other pumps are controlled with motor starters for OdOff  operation. Dispenser sequencing is 
controlled by a Paragon Model MB2 by Micro - Monitor, Inc. through a Fueling Technologies, 
Inc. CNG dispenser. The Opt022 controller strategy (Program) was written in the Cyrano 
control language, a DOS based flow chart language. The strategy is owned by a third party and 
8s configured has no provision for remote or local access for monitoring or troubleshooting. 
Alarms and messaging is handled by set of alarm lights on the controller front panel or 
messaging on the 4x20 &splay located on the LNG dispenser panel, Information is very limited 
and program documentation is nonexistent. 

The CNG Production Sequence of Operation follows: Compressed Natural Gas (CNG) 
production begins when the CNG storage pressure drops below 3100 psig and the CNG 
SWStop switch is turned to Start. Cooldown of the low pressure LNG (Liquid Natural Gas) 
pump (P-1) begins by the opening of the LNG Pump Suction Valve (V-3) and the LNG 
Recirculation Valve (V-5) to allow LNG to gravity feed into the LNG pump. After the LNG 
pump has cold soaked for six minutes, the pump begins operating at approximately 3000 RPM. 
The pump continues to run at this speed for two additional minutes. 

M e r  the eight minute LNG pump cooldown time is complete. The LNG Recirculation valve 
closes, the Triplex Recirculation, Triplex Pump priming and Triplex Suction valves open. LNG 
is pumped through the LCNG High pressure pump and back to the top of the LNG storage tank 
in order to cool the LCNG pump, which is a seven minute timed process. After the cooldown 
timer has expired the LCNG pump is turned on. After 60 seconds the Triplex Recirculation is 
closed and pressurized LNG is diverted through the vaporizer, where it flashes to a gas. The gas 
continues on into the storage vessel. CNG production stops when the CNG storage pressure 
reaches 3600 psig. 

CNG production can be stopped by sing the Emergency Shutdown Button (ESD) or 
automatically by the control system. The controller monitors the current draw on the LCNG 
pump motor. If cment drops below a user defined set-point the controller will stop the CNG 
production sequence and light the Loss of Prime light. 

lmplemeniation of Advanced LCNG Fueling I.astmcture in Texas along the I-35flAbTA Clean Corridor Project 

rnntrnrt Niimhw l3E-Arf i7-QWHI In1 7- l3OF rhirnun Omrntinnr 



Blue Fuels Group L.. P. Page 47 of 62 

bd 

Card Access Controller - An AutoGas Systems, Inc. Island Master 144A card reader was 
installed on the cng fueling island to control the CNG dispenser. When the customer inserts his 
card, the card reader verifies a valid card and sends an authorization signal to the dispenser. 
During fueling, the Card Reader receives and records flow data from the dispenser flow meter. 
The data is collected daily via telephone lines using a personal computer loaded with AutoGas 
Site Management S o h e  then used for monthly customer billing. 

CNG Dispenser - The Fueling Technologies, Inc dispenser houses the flow meter assemblies and 
authorization valve for each hose. Of the two hoses on the dispenser is capable of dispensing 
CNG to 3600 psi. Current configuration has one hose established for 3600 psi vehicles and the 
other for 3000 vehicles. The NGVl 3000 psi nozzle fits on the 3600 psi vehicle recepticle. For 
safety reasons, the NGVl 3600 psi n o d e  does not mate with 3000 psi vehicle recepticles, 
however. Once the authorization signal is received and the handle switch on the dispenser is 
lifted the authorization valve in the dispenser for that hose opens. The handle-on signal is sent to 
the CNG sequencing p e l .  

CNG Sequencing Panel - The Micro Motion, Inc. Paragon Model MI32 panel monitors and 
controls CNG fueling of the vehicle. After the panel receives the handlesn signal fiom the 
dispenser, the controller compares vehicle pressure to target pressure and bank pressure. If the 
vehicle is under target pressure, the controller opens the buffer valve between the bank and the 
vehicle hose and then gas begins to flow. The controller periodically (30 seconds is the setting 
we have used) closes buffer valve for several seconds (4 seconds) to compare vehicle pressure to 
target and bank pressure. If the vehicle pressure is at or above the target pressure, the MB2 
controller will stop fueling. If the vehicle pressure is near, within 350 psi of, the bank pressure 
and the vehicle is not yet at target pressure, the MB2 panel will open the direct fill valve to 
complete fueling. Because the original design of the valve panel, this is, really a buffer fill 
because gas is directed to both the storage tank and the vehicle storage at the same time. An 
improvement to this system will be discussed in the Improvements section of this report. The 
MB2 panel allows the technician to adjust all of the timing and pressure settings described 
above. During start-up, we adjusted these settings to provide for an accurate and fast fill. 

1 the flow of the gas fiom the vaporizer to the 
storage vessel or directly to the vehicle. The priority and sequence valves are %” air-actuated 
quarter-turn valves manufactured by SVF. The valve part number is P3666DB and the actuator 
part number is HS20-2C. 

ce Valves - Installed to 
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lj 
Task 1D - LCNG Facility Costs 

The objective of this task is to document a baseline of information on the total costs of building 
an LNG and LCNG fueling facility 

tlontosccaanm 
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Msnifod Cold4  Suction Vent 
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Lone Star EnerPv Company Backmound Statement 

Business and Operations Profile 

The Company is the Alternative Fuels Division (“AFD” or the “Company”) of TXU Gas 
Company (‘‘“XU Gas’’), a wholly owned subsidiary of TXU Cop and formerly known as Lone Star 
Energy Company. TXU is an investor-owned holding company for energy services companies 
headquartered in Dallas, Texas. The ?xu system includes companies engaged in domestic and 
international electric and natural gas utility services, energy marketing, telecommunications and 
other energy-related services. TXU owns and operates more than 29,000 megawatts of 
electricity generation, serves 8.5 million customers primarily in Texas, the United Kingdom, and 
Australia, has proforma annual revenues of $17 billion and assets of $40 billion. 

The Company is a nationally recognized market leader in the development and 
commercialization of natural gas fuels and related services for the transportation market. Its 
customer base includes major public and private sector fleets in the Texas region. The 
Company’s primary market area includes large metropolitan areas‘where compliance with the 
EPA’s air quality standards is a priority, including emissions reduction fiom mobile sources. 

Products and services provided by the Company include retail and wholesale CNGlLNG 
he1 distribution and transportation, public and private infiastructwe development services and 
vehicle conversions and services. Contracts are currently in process with federal, state and local 
agencies to further market and technology development. 

Transtar Technologies. L.L.C. 

Transtar was fonned in December 199 1 to provide ~ t ~ ~ a l  gas vehicle conversions and equipment 
services. Based in a 20,000 square foot conversion facility near downtown Was, TranStar 
provides equipment sales and warranty service, turnkey vehicle conversions and dxiver and 
mechanic training programs. Transtar has been associated with the conversion of more than 3,000 
vehicles to natural gas service since June 1992. TranStar is known for making objective 
equipment recommendations based first on customers’ needs. TranStar also provides full-service 
upfitting for pickups, cargo vans and cab/chassis for commercial, industrial, agricultural and 
personal uses as an extension of the vehicle conversion business.’ Upfitting meets the needs of 
specific projects with product lines consisting of flat beds, cranes, service bodies, dump bodies, 
van bodies, tool boxes, cargo van shelving, ladder racks and lift gates. 

FleetStar of Texas. L.C. 
Also foxmed in November 1991, Fleetstar provides public CNG fueling facilities and 
computerized fleet management services. Recently, all new CNG fueling stations have been 
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b constructed and operated by AFD outside of the Fleetstar partnership. AFD and Fleetstar 
combined currently own and/or operate 2 1 public and private CNG fueling stations in the greater 
DFW area and one in Waco. These stations, four of which are owned by Finastar, are 
automated, unattended card-access stations open 24 hours per day to fleets and other users. 

Products and Services 

The Company’s products and services are a key component to solving its service area’s growing 
pollution problem. Motor vehicles emit more than 50% of all hazardous air pollutants and are a 
major source of greenhouse gases, contributing nearly 60% of carbon-based emissions in the 
Dallas-Fort Worth Metroplex. 
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CNGLNG Fuels 
’cy, 

Am) is the sole provider of CNG fuel in the four-county region of the Dallas-Fort Worth 
Metroplex and the primary supplier of LNG fuel and related services in Texas. Today, it is 
estimated that more than 4,000 vehicles purchase nearly 9 million gasoline gallon equivalents of 
CNG and gallons of LNG annually in the Company’s market a r b  

The Company is the area’s sole provider of publicly accessible natural gas fueling stations. The 
enterprise owns in whole or in part 20 stations in the Metroplex and Waco. Additionally, the 
Company supplies fuel to 17 private LNG and CNG fueling stations, many of which it 
COIlStlUCtf3d. 

In addition, the Company is the prime contractor to construct two major LNG storage and 
dispensing systems (one 60,000 gallon and one 40,000 gallon) for Dallas Area Rapid Transit 
(“DART”) in Dallas and to supply LNG for a five-year period. During 1999, the Company 
completed state-of-the-art fueling infrastructure projects valued at $4 million for DART and the 
Fort Worth Transit Authority. A number of additional projects are under development for major 
customers. 

Credit Card Pavment and Tracking Svstem Credit Card Pavment and Tracking Svsten 

Through FleetStar, AFD has licensing rights to a fuel management system, called the AutoGas 
Site Management System (“SMS”), which offers easy-to-use card-activated pumps and 
comprehensive monthly managem 

The SMS is a software system designe on an BM, or IBM-compatible, personal 
computer. SMS communicates via remote modem (on-site communication by PC) with the card 
reader/control unit at each site. It provides a means of defining and sending site-unique 
idormation to, and retrieving site-generated information from, the card reader/control unit. The 
card reader/control unit interfaces with the other components at the site. In essence, SMS 
provides an automated method of selling fuel and gathering the information needed to receive 

Implementation of Advanced LCNG Fueling Itzjktructure in Tews aiong the I-35/nTAFTA Clean Corridor Project 

Conaact Number 9889 - Brookhaven Nm*onal Labs 

r e p a  tracking fuel costs and usage. 

I 
I I 
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Vehicle Conversion and Upfitting 

In Transtar, the Company owns the area’s leading source of expertise capable of converting 
diesel and gasoline engines to the use of LNG or CNG. 

Transtar provides natural gas vehicle conversions including equipment sales and warranty service, 
turnkey vehicle conversions and driver and mechanic training programs. 

The conversion business was a requirement initially because there were no OEM NGV models 
available to fleet customers. As a result, the Company was required to be in the conversion 
business to ensure that customers would have quality installation and maintenance services. In 
recent years, OEMs have begun offering a larger selection of lightduty NGV models each year. 

Transtar also provides M1-service upfitting for pickups, cargo vans and &/chassis for 
commercial, industrial, agricultural and personal uses as an extension of the vehicle conversion 
business. Upfitting meets the needs of specific projects with product lines consisting of flat beds, 
cranes, service bodies, dump bodies, van bodies, tool boxes, cargo van shelving, ladder racks and 

gates. 
Service Area 

The Dallas-Fort Worth Metroplex and other major metropolitan markets in Texas are in various 
stages of non-allzhment relating to compliance with EPA air quality r e w e n t s .  In Dallas-Fort 
Worth specifically, 50% of emissions come from on-road mobile sources and another 34% come 
fiom off-road mobile sources, indicating that the fast-growing area will only improve its air quality 
status through initiatives including increased use of clean-burning alternative fuels. 

EmDlo yees 

The Company’s mmagement/employee team has been with the business over its nine-year 
development cycle and is believed to be a key asset of the business. This 23-member team has 
more than 150 years of combined work experience in numerous fields, including construction 
and operations, engineering, mechanical, and electrical and technical fields. In addition, the 
team brings with it a full complement of accounting, administrative, clericaVsecretarial and 
marketing and sales staff 

Licenses and Permits 

Certain individual employees are required to hold 
by the Texas Railroad Commission. The Company and its affiliates hold the following licenses 
fiom the State of Texas and the Texas Railroad Commission: 

Lone Stat Energv Company 

Railroad Commission of Texas-CNG License No. 00102 Expires February 28,2001 

Implementation OfAdVrmced LCNG Fueling Ieastructure in Texas along the I-3SNAlTA Clean Corridor Project 

Conpact Number 9889 - Brmkhaven National Labs 

certified 
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Railroad Commission of Texas-LNG License 

TranStar Techmlo@es, LL C I 

State of Texas Motor Vehicle Converter’s 
License Renewal Pending 

Railroad Commission of Texas-CNG License No. 00106 Expires February 28,2001 

FledSiar of Teras, LLC 

Railroad Commission of Texas-CNG License No. 00096 Expires February 28,2001 

No. 105 15 Expires October 3 1 2000 
Renewal Pending 

bd 

No. 00 1 8 Expires October 3 1,2000 

Implementation of Advanced LCNG Fueling I.astrucrure in Texas along the I-35NAFTA Clean Corridor Project 

1 1 Contract Number 9889 - Brookhawn Natioml Lubs 





NORTHSTAR, INC 
LJ P.O. Box 1342 

Evanston WY 82931 

180 Mountain View Drive 
Evanston WY 82930 
307/789-5088 Phone 
307/789-8062 Fax 

Dear Prospective Client: 
Thank you for your interest in Northstar LNG equipment! We feel that Northstar is in a 
unique position to provide you a successful turnkey LNG project. With five years of 
experience in LNG equipment and operations, our company strengths are in: 

Securing Permits and Regulatory LNG Equipment Design & 
Approval Manufacturing 

= Site Improvements = Cryogenic Equipment Installation 
LNG Station Maintenance = Operational Training 

Enclosed are a list of professional references and a photo album of Northstar LNG projects. 
Our best advertising comes from our previous customers -- we encourage you to call any of 
the references listed for an evaluation of our work. 
LNG equipment and service is our primary business. To expand our company capabilities, we 
have teamed with General Physics Corporation and Gage-Babcock & Associates to form 
CryoNetwork. This alliance allows us to provide LNG facilities on a design-build basis 
including civil, mechanical, electrical, and fire protection engineering. An attached letter 
M e r  explains the advantages of this team approach. Our web site under construction is 
www. cyonetwork. corn. 

grand opening of one of two LNG 
installations for Empire Power Systems 
in Phoenix. More photos and a project 
description are in the pages that follow. 
The photo at top is the NorthStar crew 
at our shop in Evanston, Wyoming 



NORTHSTAR INC. 
GAG&BABCOCK 8rASSOCIA"Es 

Fire Prorexion, life Safety, & M y  

WELCOME TO CRYONETWORK! 

CryoNetwork is a team of companies dedicated to providing successful 
alternative fuel project design / build services. CryoNetwork is made up of 
Engineering firms, consultants, and equipment suppliers known for their 
professional expertise, superior quality of work, and ability to work as a n  
integrated team. CryoNetwork team members are: 
General Physi rthStar Inc. Gage-Babcock & Assoc. 
Escondido CA Evanston W San Francisco CA 

This unique team of cryogenic professionals has the ability to provide design / 
build services for: 
P LNG and CNG Vehicle Refueling Facilities 
> Natural Gas  Vehicle Maintenance Facilities 
> Cryogenic Systems for Atmospheric Gases  (Nitrogen, Oxygen, and Argon) 
> Recertification / Refurbishment of Existing Cryogenic Facilities 
By combining our individual company talents, we can provide a wide range of 
services such as: 
J Project Planning 
J Facility Design 
J Regulatory Compliance 
J Fire Protection Engineering 
J Equipment Fabrication & Installation 
J Facility Maintenance & Operation 
J Safety Education 
J Natural G a s  Vehicle Specification & Conversions 
For more information on CryoNetwork, visit our web page (under construction) 
a t  www.crvonetwork.com or contact: 

Mike Mackey 5 Tom Chrisfield 
General Physics Corporation Northstar, Inc. 
2430 Vineyard Avenue, Suite 103 P O  Box 1342 
Escondido CA 92029 Evanston WY 82931 
7601233-9880 95Z953-6261 I 7601233-9881 fax tomchrk?;charler.net 

http://www.crvonetwork.com
http://tomchrk?;charler.net
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Post OfKce Box 1342 
Evanston WY 82931 
phone (307)789-5088 
Fax (307)789-8062 
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Qualifications 
Northstar has experience in the design, f ibridon,  installation, operation and maintenance of LNG and 
LCNG fueling ficilities. NorthStar has had the opportunity to work with some of the leading 
companies that have been mvolved m LNG fuel supply and LNG equipment such as Applied LNG 
Technologies, Amom, Empire Power Systems, LNG Energy, Lockheed Martin (INEEL), Lone Star 
Energy, MK Rail, Pickens Fuel Corp., and S a  Fe Rail Road. In the five years NorthStar has bew 
dedicated to the LNG business, the company has grown from performing equipment installations, to 
providing station operation & maintenance, to manufichrring equipment, to executing aunkey LNG 
station packages. NorthStar is uuique in the LNG business, with the ab- to: . Prepare Civil, Electrical, & Mechanical 

. Secure Building Permits . Perform Site Improvemats 

. Manufacture and Install Engineered LNG 

= Perfbrm Commissimbg and Training 
= Provide Superior Atter Sales Service 

Drawings systems 

References 
ATCNANCOM Lockheed Martin (INEEL) 
Donald Roose, Maintenance Manager 
Phone 480/966-7744 Phone 208/526-2075 

Applied LNG Technologies 
Steve Bartlett 
Phone 806B55-5679 x267 Phone 214/573-3854 

Empire Power Systems 
Mike Shannon Jim Harger 
Phone 602.1333-5601 one 562493-2804 

Harris Ranch Feeding Co. 
Manny DeLaOssa 
Phone 877/999-1812 Phone 915/534-5874 

Kevin Brown, Fleet Technical Supervisor 

Lone Star Energy 
Stan Taylor, Construction & Engr. Manager 

Pickens Fuel Corp. 

w m.. r 

Metro Transit 
Wes Swenson, Maintenance Chief 

Northstar Contact List 
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Lj Project Experience 

City of Tulare Tulare, California 

LNG / LCNG Fuel Station September 2000 -May 2001 (projected) 
The CryoNetwork team of General Physics and NorthStar has been selected to install new natural gas 
fueling equipment fbr the City of Tulare. City vehicles, local school buses, and local trucking firms will 
benefit fiom this public / private partnership. ‘he drawings below are representative of the equipment 
to be installed at Tulare. 

W: . ~. ... ,. 

Pickens Fuel Corp. Thousand Palms, California 
LNG Fuel Station September 2000 - March 2001 (projected) 
Liquefied natural gas will s Thousand MInS. 
S d m e  is repmerbg 3-5 transit buses / coaches to LNG. In partnership with PFC, public fueling will 

- be provided as well. The Station will also be a link along the Interstate Clean Fuels Transpor&at.ia 
Comdor (ICTC) between Phoenix, AZ and Los hgeles, CA. 

Waste Management will locate two new Mack roll-off trucks and repower seven existing roll-off trucks 
with Cwnmins 8.3C engines. These nine LNG trucks will also fuel at the PFC / S 

Pickens Fuel Corp. Corona, California 

LNG Fuel Station September 2000 - February 2001 (projected) 
Northstar is thrilled to have been selected by Pickens as a prefened vendor for new liquid natural gas 
fueling projects. Waste Management of the Inland Empire will locate 20 new and 14 repowered refbse 
haulers at their fhcilrty in Corona. 

*e ahmati= fuel Plaza at s d J m e  n-ansit 

b, 
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Applied LNG Technologies 
LNG Fuel Station 

Phoenix, Arizona 
April 2000 - July 2000 

An ALT WAC skid had been m service at the ATCNANCOM location since spring 1999. With an 
ever increasing number of transit vehicles operated by ATCNANCOM, the original equipment had a 
difEcult time keeping up with f i ekg  demand. ALT had the foresight to provide a second concrete pad 
for future expansion. Northstar installed this Fleet Station and fueled the entire fleet less than three 

operator messages and alarm status are displayed. 
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Empire Southwest 
LNG / LCNG Fuel Stations 
I 

~ 

Northstar was contracted by Empire Southwest, parent company of Empire Caterpillar, to provide two 
tumkey LNG facilities fbr trucks to be operated in the Phoenix area. The goal is for at least 200 trucks 
to be converted by Empire using Caterpillar Electronic Dual-Fuel engines. Both the site below, and the 
Mesa location on Empire's service lot, will be open fix card-key public access. Northstar provided all 
design work and secured p e d .  Site improvemm and installatian of equipmexrt were completed in 
February 2000. High-pressure LNG pumps have been added at both locations to produce and dispense 
CNG for public fueling. 

Phoenix and Mesa, Arizona 
August 1999 -February 2000, August 2000 

and 
and 
Jeff 
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Harris Ranch Feeding Company 
LNG Fuel Station 

c, 
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Coalinga, California 
April - August 1999 

Northstar fUrnished a tumkey LNG facdity to fbel a portion of HRFC’s truck fleet. Northstar 
provided detailed designs, secured permits, prepared the site, provided & installed all process 
equipment, commissioned the equipment, and provides a me-year performance warranty. From date of 
cmtract award to the first vehicle fueled was four months. The statim is the 5rst in California to 
comply with pendhg CNOSHA Title 8 regulations. 
Twelve 1999 Freightliner Century Class chassis have been upfitted with Caterpillar Electronic Dual- 
Fuel C-12 410 horsepower agines. The first LNG statim an the Intentate 5 Clean Transportation 
Corridor, this site is within a mile of I-5 at the highway 145 exit. Card-key public access is available. 
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Ham's Ranch Feeding Company 

The Northstar Fleet Station dispensing system is designed to support a single-hose fill with no mpor 
returned to the station. Dispensing rates of 30-50 gpm are typical. For those instances of high vehicle 
tank pressure due to non-use of the vehicle or a first fill, a vent hose is available. Northstar uses a 
stainless steel fill hose selected fir its combdm 
of strength and flexibiltty. 

"he dispenser operation has been kept as simple as 
possible. The operator authorizes the fuel 
management system by swiping a card, attaches the 
LNG fill hose, and pushes the Start button. The 
control system will automatically t e e a t e  &el 
flow when the tank is full. Gallons of fuel 
dispensed and price are displayed, along with 
messages to prompt the operator or warn of an 
alarm condition. The color display is much easier to 
read than this photo shows. 

Coalinga, California 
LNG Fuel Station (continued) April - August 1999 

i 

Sun Metro Transit El Paso, Teras 
LCNG Pump Replacement August 1999 

Northstar replaced an existing LCNG pump with a new ACD model 2GAPD duplex pump capable of 
8 gpm flow at 5000 psig discharge. The new pump saves approximately an hour of CNG bus fuelmg 
time each night, and off-Site heling is no longer required. With a service contract f h m  Sun Metro f i r  
pump rebuilds, Northstar is able to provide a kee-year equipment warranty. 

..- L!, 

Phoenix Transit 
LNG Pump Addition 

Phoenix, Arizona 
August 1999 

Northstar added a 25O-gpm LNG pump to allow for faster offload of LNG transports and reduced tank 
d g .  Northstar provided detail drawings, secured all required p e d ,  and installed & 
commissioned the pump. 

Tempe Transit Tempe, Arizona 

Under contract with Pickens Fuel Corp., Northstar installed an LNG fbe1 station using customer- 
supplied storage tanks. Site improwma were performed by PFC. Northstar designed and fabricated 
the LNG dispensing system including cantrols. ' h e  facility c u d y  fueIs more than 50 buses with an 
average daily use of 3800 gallons of LNG. The fleet is expected to grow to 108 vehicles. 

Lone Star Energy Dallas, Texas 
December 1998 - March 1999 

NorthStar fabricated two LNG pump skids to allow Lone Star to support firture LNG fuel station 
opportunities. Incorporating a submerged centrifugal pump fiom ACD, these skids can provide fie1 to 
vehicles at rates of 30-50 gpm. Packaged as a skid, the units allow for rapid installation m the field. 
'Ihe units are nearly identical to pump skids at Tempe, Harris Ranch, and Empire. 

LNG Fueiing Equipment July 1998 - Mw& 1999 

I 
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Dallas Area Rapid Transit Dallas, Texas 
LNG Fueting Equipment January & December 1998 

Under contract with Lone Star Euergy, NorthStar designed and fabricated two LNG pump skids to 
provide bus fueling for DART at the Northwest and South Oak Cliff sites. Each skid f w e s  three 
submerged LNG pumps, and supports three LNG dispensers with flow rates of 40-60 gpm per vehicle. 

u 

1 

, ... 
. . ,  
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Dallas Area Rapid Transit 

Design services for equipment layout 
South Oak Cliff went into operation on May 16,2000, and sets the LNG transit station standard for: 
J Functionality J SafelySystems J Appearance 
J Flexibility of Operation J Controlsystem J EaseofMaintenanm 

Dallas, Teras 
January & December 1998 

s piping were provided at both sites. -l-IIe ~~ at 

L, 
g Equipment (continued) 

Capability 
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IflC SEALESS PUMP U 

1 X2X4.5 

VARIABLE SPEED, 
CONTINUOUS DUTY 
PUMP 

MODEL AC132 

ACD, the leading worldwide supplier of cryogenic pumps, 

25 years experience in designing and building transfer pumps 

The 1 x 2 x 4.5, AC-32 pump is hermetically sealed with an 

Specifications 
liquid Pumped: 

ow Range 

presents a reliable solution for LNG refueling applications. 
Featuring a sealess, leak-proof, variable speed, electric motor 
driven centrifugal pump. ACD's design incorporates more than 

for LNG, LPG, liquified ammonia, oxygen, nitrogen and other 
cryogenic fluids. 

electric motor and centrifugal pump operating on a 
shaft. No mechanical seal or other dynamic sealing device 
used. Advance heat-transfer techniques allow the motor t o  
flooded with the fluid to be pumped. Another key 

of proprietary, chillstabilized steel for reliable perf 
harsh environments. These bearings have an except 
lightweight and strong retainer with a self-lubricati 
The pump is made from aluminum for durability and long life. 
The impeller is pressure balanced providing minimal axial , 

thrust. A spiral type inducer is employed in the inlet to ensure 
proper fluid velocity distribution and boost for minimum 
NPSHR. 

LNG 

4-52 GPM 

Differential Pressure Range 

I bearings which are  angular-contacVpre-loaded an 

230 or 460 VAC, 3PH, 60Hz -Horse Power 

LNG FILL0 G STATION BUMPS 
Bulletin No. ACD-C-101 
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Material Safety Data Sheet 

Chevron Antifreeze 

MSDS: 7425 Revision #: 2 Revision Date: 11/17/99 

Click Product Test Data to search database. 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

CHEVRON Antifreeze ( EHL 1 

PRODUCT "BER(S) : CPS698420 

COMPANY IDENTIFICATION EMERGENCY TELEPHONE NUMBERS 

CHEVRON PRODUCTS COMPANY HEALTH (24 hr) : (800)231-0623 or 
First Floor, 43/45 The Promenade (510) 231-0623 (International) 
Cheltenham TRANSPORTATION (24 hr): CHEMTREC 
Gloucestershire, GL50 1LE (800) 424-9300 or (703) 527-3887 
United Kingdom Emergency Information Centers 
TELEPHONE: +44 (0) 1242 266700 are located in U.S.A. 

Int'l collect calls accepted 

PRODUCT INFORMATION: CONTACT YOUR LOCAL SALES REPRESENTATIVE FOR TECHNICAL 
INFORMATION OR ADDITIONAL MSDS REQUESTS. 

2. COMPOSITION/INFORM&TION ON INGREDIENTS 

100.0 % CHEVRON Antifreeze ( EHL 1 

CONTAINING 

COMPONENTS AMOUNT LIMI T/QTY AGENCY/TYPE 

ETHYLENE GLYCOL 
Chemical Name: ETHYLENE GLYCOL 
CAS 1 0 72 1 1 > 90.00% C 50 ppm ACGIH TWA 

125 mg/m3 OSHA CEILING 
5,000 LBS CERCLA 302.4 RQ 

COMPOSITION COMMENT: 
All the components of this material are on the Toxic Substances Control 
Act Chemical Substances Inventory. 

3. HAZARDS IDENTIFICATION 

http://library.cbest.chevron.com/lubes/. . ./9de096333d12bel2882569b500 129674?0penDocumen 5/9/0 1 

http://library.cbest.chevron.com/lubes
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! 

- HARMFUL OR FATS IF SWALLOWED 
- MAY CAUSE RESPIRATORY TRACT IRRITATION IF INHALED - POSSIBLE BIRTH DEFECT HAWUiD - MAY CAUSE BIRTH DEFECTS 

BASED ON ANIMAL DATA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IMMEDIATE HEALTH EFFECTS 
EYE : 
Not expected to cause prolonged or significant eye irritation. 
SKIN: 
Contact with the skin is not expected to cause prolonged or significant 
irritation. Not expected to be harmful to internal organs if absorbed 
through the skin. 
INGESTION: 
Toxic; may be harmful or fatal if swallowed. See Section 11 for 
additional information. 
INHALATION : 
The vapor or fumes from this material may cause respiratory irritation. 
Breathing this material at concentrations above the recommended exposure 
limit may cause central nervous system effects. 
SIGNS AND SYMPTOMS OF EXPOSURE: 
INGESTION: May result in nausea, vomiting, diarrhea, and in severe cases, 
collapse, shock and death. Central nervous system effects may include 
headache, dizziness, nausea, vomiting, weakness, loss of coordination, 
blurred vision, drowsiness, confusion, or disorientation. At extreme 
exposures, central nervous system effects may include respiratory 
depression, tremors or convulsions, loss of consciousness, coma or death. 
Respiratory irritation: may include coughing and difficulty breathing. 
REPRODUCTION AND BIRTH DEFECTS: 
Contains material that may cause birth defects, if swallowed, based on 
animal data. 
11 for additional information. 
TARGET ORGANS: 
Contains material that may cause damage to the following organ(s1 
following repeated ingestion: >Kidney< >Liver< Risk depends on duration 
and level of exposure. See Section 11 for additional information. 

Risk depends on duration and level of exposure. See Section 

4 .  FIRST AID MEASURES 

EYE : 
No sDecific first aid measures are required because this material is not 
expected to cause eye irritation. 
if worn, and flush eyes with water. 
SKIN: 
No specific first aid measures are required because this material is not 
expected to be harmful if it contacts the skin. As a precaution, remove 
clothing and shoes if contaminated. 
or clean contaminated clothing and shoes before reuse. 
INGESTION: 
If swallowed, do not induce vomiting. Give the person a glass of water or 
milk to drink and get immediate medical attention. 
mouth to an unconscious person. 
INHALATION : 
Move the exposed person to fresh air. 
respiration. If breathing is difficult, give oxygen. Get medical 
attention if breathing difficulties continue. 

As -a precaution remove contact lenses, 

Wash skin with soap and water. Wash 

Never give anything by 

If not breathing, give artificial 

5. FIRE FIGHTING MEASURES 

http://library . cbest. chevron. com/lubes/. . ./9de0963 3 3d 12be 1 2 8 82569 b5OO 129674?0penDocumen 5/9/0 1 
~ - ~ ~ ~-~~ _______ ~ - _ _  ~ _ _  
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FIRE CLASSIFICATION: 
Classification (29 CFR 1910.1200): Not classified by OSHA as flammable or 
combustible. 

FLASH POINT: 257F (125C) 
AUTOIGNITION: NDA 
FLAMMABILITY LIMITS ( %  by volume in air): Lower: 3.2 Upper: 15.3 
EXTINGUISHING MEDIA: 

NFPA RATINGS: Health 2; Flammability 1; Reactivity 0. 
FIRE FIGHTING INSTRUCTIONS: 
This material will burn although it is not easily ignited. 
involving this material, do not enter any enclosed or confined fire space 
without proper protective equipment, including self-contained breathing 
apparatus. 
COMBUSTION PRODUCTS : 
Normal combustion forms carbon dioxide and water vapor; incomplete 
combustion can produce carbon monoxide. 

b/ FLAMMABLE PROPERTIES: 

C02, Dry Chemical, Foam and Water Fog. 

For fires 

6. ACCIDENTAL RELEASE MEASURES 

CHEMTREC EMERGENCY NUMBER (24 hr) : (800) 424-9300 or (703) 527-3887 

ACCIDENTAL RELEASE MEASURES: 
Stop the source of the leak or release. Clean up releases as soon as 
possible, observing precautions in Exposure Controls/Personal Protection. 
Contain liquid to prevent further contamination of soil, surface water or 
groundwater. 
sorbent materials or pumping. Where feasible and appropriate, remove 
contaminated soil, Follow prescribed procedures for reporting and 
responding to larger releases. 

International Collect Calls Accepted 

Clean up small spills using appropriate techniques such as 

u- t .-'' 
7. HANDLING AND STORAGE 

Container is not designed to contain pressure. Do not use pressure to 
empty container or it may rupture with explosive force. Empty containers 
retain product residue (solid, liquid, and/or vapor) and can be dangerous. 
Do not pressurize, cut, weld, braze, solder, drill, grind, or expose such 
containers to heat, flame, sparks, static electricity, or other sources of 
ignition. 
should be completely drained, properly closed, and promptly returned to a 
drum reconditioner, or properly disposed of. Wash thoroughly after 
handling. Do not breathe vapor or fumes. 

They may explode and cause injury or death. 

Do not taste or swallow. 

Empty containers 

8. EXPOSURE CONTROLS/PERSONAL PROTECTION 

GENERAL CONSIDERATIONS: 
Consider the potential hazards of this material (see Section 31,  
applicable exposure limits, job activities, and other substances in the 
work place when designing engineering controls and selecting personal 
protective equipment. 
adequate to prevent exposure to harmful levels of this material, the 
personal protective equipment listed below is recommended. The user should 
read and understand all instructions and limitations supplied with the 
equipment since protection is usually provided for a limited time or under 
certain circumstances. 

ENGINEERING CONTROLS 

If engineering controls or work practices are not 

htt p://library . cbest. chevron. com/lubes/, . ./9de0963 33d 1 2 be 12 8 82569 b5OO 1 296 74?0penDocumen 5/9/0 1 
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Use process enclosures, local exhaust ventilation, or other engineering 
controls to control airborne levels below the recommended exposure limits. 

PERSONAL PROTECTIVE EQUIPMENT 

No special eye protection is normally required. 
possible, wear safety glasses with side shields as a good safety practice. 
SKIN PROTECTION: 
No special protective clothing is normally required. 
possible, select protective clothing depending on operations conducted, 
physical requirements and other substances. 
protective gloves include: <Natural Rubber> <Nitrile> <Polyvinyl Chloride 
(Also referred to as "Vinylv1 or "PVC")> 
RESPIRATORY PROTECTION: 
Determine if airborne concentrations are below the recommended exposure 
limits. If not, wear a NIOSH approved respirator that provides adequate 
protection from measured concentrations of this material. Use the 
following respirators: Organic vapor plus dust mask filter. Use a 
positive pressure, air-supplying respirator if there is potential for 
uncontrolled release, exposure levels are not known, or other 
circumstances where air-purifying respirators may not provide adequate 
protection. 

LJ EYE/FACE PROTECTION: 
Where splashing is 

Where splashing is 

Suggested materials for 

9. PHYSICAL AND CHEMICAL PROPERTIES 

PHYSICAL DESCRIPTION: 

pH : NDA 
VAPOR PRESSURE: NA 
VAPOR DENSITY 

NA 
>165C 

Colorless (when not dyed). 

u (AIR=1): 
BOILING POINT: 
FREEZING POINT: NDA 
MELTING POINT : NA 
SOLUBILITY: Soluble in water. 
SPECIFIC GRAVITY: NDA 
DENSITY: NDA 
VISCOSITY: 21 @ 20c CPS 

10. STABILITY AND REACTIVITY 

HAZARDOUS DECOMPOSITION PRODUCTS: 
No data available. 
CHEMICAL STABILITY: 
Stable. 
CONDITIONS TO AVOID: . 
No data available. 
INCOMPATIBILITY WITH OTHER MATERIALS: 
No data available. 
HAZARDOUS POLYMERIZATION : 
Polymerization will not occur. 

11. TOXICOLOGICAL INFORMATION 

EYE EFFECTS: 
The eye irritation hazard is based on an evaluation of the data for the 
components. 
SKIN EFFECTS: 

h/ 

http://library.cbest.chevron.com/lubes/. . ./9de096333d 12be 12882569b500 129674?0penDocumen 5/9/0 1 
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The skin irritation hazard is based on ar, evaluation of the data for  the 
components. 
ACUTE ORAL EFFECTS: 
The acute oral toxicity is based on an evaluation of the data for the 
components. 
ACUTE INHALATION EFFECTS: 
The acute respiratory toxicity is based on an evaluation of the data for 
the components. 
ADDITIONAL TOXICOLOGY INFORMATION: 
This product contains ethylene glycol (EG). The toxicity of EG via 
inhalation or skin contact is expected to be slight at room temperature. 
The estimated oral lethal dose is about 100 cc ( 3 . 3  02.1 for an adult 
human. Ethylene glycol is oxidized to oxalic acid which results in the 
deposition of calcium oxalate crystals mainly in the brain and kidneys. 
Early signs and symptoms of EG poisoning may resemble those of alcohol 
intoxication. Later, the victim may experience nausea, vomiting, weakness, 
abdominal and muscle pain, difficulty in breathing and decreased urine 
output. When EG was heated above the boiling point of water, vapors 
formed which reportedly caused unconsciousness, increased lymphocyte 
count, and a rapid, jerky movement of the eyes in persons chronically 
exposed. When EG was administered orally to pregnant rats and mice, there 
was an increase in fetal deaths and birth defects. Some of these effects 
occurred at doses that had no toxic effects on the mothers. We are not 
aware of any reports that EG causes reproductive toxicity in human beings. 

12. ECOLOGICAL INFORMATION 

ECOTOXICITY: 
No data available. 
ENVIRONMENTAL FATE : 
This material is expected to be readily biodegradable. 

13. DISPOSAL CONSIDERATIONS 
~~ ~ 

Place contaminated materials in disposable containers and dispose of in a 
manner consistent with applicable regulations. 
environmental or health authorities for approved disposal of this 
material. 

Contact local 

14. TRANSPORT INFORMATION 

The description shown may not apply to all shipping situations. 
Consult 49CFR, or appropriate Dangerous Goods Regulations, for 
additional description requirements (e.g., technical name) and 
mode-specific or quantity-specific shipping requirements. 

W T  SHIPPING NAME: NONE 
DOT HAZARD CLASS: NONE 
DOT IDENTIFICATION NUMBER: NONE 
DOT PACKING GROUP: N/A 
ADDITIONAL INFO: ETHYLENE GLYCOL - - NOT HAZARDOUS BY U.S. DOT 

ADR/RID HAZARD CLASS - NOT APPLICABLE 

'b/ 15. REGULATORY INFORMATION 

http://library.cbest.chevron.com/lubes/. . ./9de096333dl2be 12882569b500 129674?0penDocumen 5/9/0 1 
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SARA 311 CATEGORIES: 1. Immediate (Acute) Health Effects: YES 
2. Delayed (Chronic) Health Effects: YES 
3 .  Fire Hazard: NO 
4. Sudden Release of Pressure Hazard: NO u 5. Reactivity Hazard: NO 

REGULATORY LISTS SEARCHED: 

01-SARA 313 
02=MASS RTK 
03=NTP Carcinogen 
04=CA Prop 65-Carcin 
05-CA Prop 65-Repro Tox 
06=1ARC Group 1 
07=IARC Group 2A 
08=IARC Group 2B 
09=SARA 302/304 
1O=PA RTK 

ll=NJ RTK 
12=CERCLA 3 02.4 
13=MN RTK 
14=ACGIH TWA 
lS=ACGIH STEL 
16=ACGIH Calc TLV 
17=0SHA PEL 
18=DOT Marine Pollutant 
19=Chevron TWA 
20=EPA Carcinogen 

22=TSCA Sect 5(a) (2) 
23=TSCA Sect 6 
24=TSCA Sect 12 (b) 
25=TSCA Sect 8 (a) 
26=TSCA Sect 8 (d) 
27=TSCA Sect 4 (a) 
28=Canadian WHMIS 
29=0SHA CEILING 
30=Chevron STEL 

The following components of this material are found on the regulatory 
lists indicated. 

ETHYLENE GLYCOL 
is found on lists: 01, 02,10,11,12,13,14,28,29, 

EU RISK AND SAFETY LABEL PHRASES: 
R22: Harmful if swallowed. 
R20: Harmful by inhalation. 
R61: 
553: Avoid exposure - obtain special instructions before use. 
S20: 
S46: If swallowed, seek medical advice immediately and show this 
container or label. 
52: 
WHM I S CLASS I FI CAT I ON : 
Class D, Division I, Subdivision B: Toxic Material 
-Acute Lethality 
Class D, Division 2, Subdivision A: Very Toxic Material 
-Teratogenicity and Embryotoxicity 

May cause harm to the unborn child. 

When using do not eat or drink. 

Keep out of reach of children. 

16. OTHER INFORMATION 

NFPA MTINGS: Health 2; Flammability 1; Reactivity 0; 
HMIS RATINGS: Health 2*; Flammability 1; Reactivity 0; 
(0-Least, 1-Slight, 2-Moderate, 3-High, 4-Extreme, PPE:- Personal 
Protection Equipment Index recommendation, *- Chronic Effect 
Indicator). These values are obtained using the guidelines or 
published evaluations prepared by the National Fire Protection 
Association (NFPA) or the National Paint and Coating Association 
(for HMIS ratings). 

REVISION STATEMENT: 
This revision updated Sections 3, and 15. 

ABBREVIATIONS THAT MAY €-LAVE BEEN USED IN THIS DOCUMENT: 
TLV - Threshold Limit Value TWA - Time Weighted Average 
STEL - Short-term Exposure Limit 
RQ - Reportable Quantity PEL - Permissible Exposure Limit 
C - Ceiling Limit CAS - Chemical Abstract Service Number 
NDA - No Data Available NA - Not Applicable 

TPQ - Threshold Planning Quantity 
'b, A1-5 - Appendix A Categories ( )  - Change Has Been Proposed 

http://library.cbest.chevron.com/lubes/. . ./9de09633 3dl2be 1 2882569b500 129674?0penDocumen 5/9/0 1 
~ ~ ~ ~ ~~~~ 

~~~~ 
~ ~ _ _  ~~ 

~~ ~ 
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Prepared according to the OSHA Hazard Communication Standard 
(29 CFR 1910.1200) and the ANSI MSDS Standard (2400.1) by the Toxicology 
and Health Risk Assessment Unit, CRTC, P.O. Box 1627, Richmond, CA 94804 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The above information is based on the data of which we are aware and is 
believed to be correct as of the date hereof. 
be applied under conditions beyond our control and with which we may be 
unfamiliar and since data made available subsequent to the date hereof may 
suggest modification of the information, we do not assume any responsibil- 
ity for the results of its use. 
condition that the person receiving it shall make his own determination 
of the suitability of the material for his particular purpose. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Since this information may 

This information is furnished upon 

THIS IS THE LAST PAGE OF THIS MSDS 

http://library.cbest. che~on.com/lubes/. . ./9de096333d 12bel2882569b500 1 29674?0penDocmen 5/9/0 1 
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c6/ MATERIAL SAFETY DATA SHEET 

LlQUlFlED NATURAL GAS (LNG) 

MSDS No. 10858000 
ENGLISH 

1.0 CHEMlCAL PRODUCT AND COMPANY IDENTIFICATION 

PRODUCT NAME: LlQUlFiED NATURAL GAS (LNG) 

MANUFACTURERISUPPLIER: EMERGENCY HEALTH INFORMATION: 

200 East Randolph Drive 
Amoco Oil Company 

Chicago, Illinois 60601 U.S.A. 

1 (800) 447-8735 

1 (800) 424-9300 CHEMTREC (USA) 

(312) 856-3907 

EMERGENCY SPILL INFORMATION: 

OTHER PRODUCT SAFETY INFORMATION: 

- ~~~ 

2.0 COMPOSlTlONllNFORMATION ON INGREDIENTS 

Component - CAS# Range % by Wt. 
Methane. . 74-82-8 95-100 
Ethane 74-84-0 e2 

(See Section 8.0, "Exposure Controls/Personal Protection", for exposure guidelines) 

3.0 HAZARDS IDENTIFICATION 
w 

EMERGENCY OVERVIEW: Danger! Extremely flammable. Compressed gas. At very high concentrations, can 
displace the normal air and cause suffocation from lack of oxygen. Liquid can cause burns similar to frostbite. 

POTENTIAL HEALTH EFFECTS: 

EYE CONTACT 

SKIN CONTACT: 

INHALATION: At very high concentrations, can displace the normal air and cause suffocation from lack of 

INGESTION: Ingestion of liquid can cause burns similar to frostbite. 

Extremely cold material; can cause burns similar to frostbite. 

Liquid can cause burns similar to frostbite. 

oxygen. See "Toxicological Information' section (Section 11.0). 

I 
I HMlS CODE: (Health:l) (F1ammability:rl) (Reactivity:O) 

I NFPA CODE: (Health:l) (Flammability:4) (Reactivity:O) 

- 
issued: September 19, 1995 



LlQUlFlED NATURAL GAS (LNG) ' 
MSDS NO. 1085aooo 

Page 2 of 5 

4.0 FIRST AID MEASURES 

EYE Contact with liquid: Immediately flush eyes with plenty of water for at least 15 minutes. Then get 

SKIN: Contact with liquid: Immediately flush with plenty of tepid water (105-115°F; 41-46°C). 00 NOT USE 

INHALATION: 

INGESTION: Get immediate medical attention. 

b/ 
immediate medical attention. 

HOT WATER. Get immediate medical attention. 

tion if not breathing. Give oxygen if breathing is difficult. Get immediate medical attention. 
If adverse effects occur, immediately remove to uncontaminated area. Give artificial respira- 

5.0 FIRE FIGHTING MEASURES 

FLASHPOINT -306"F(-188"C) (closed cup) 

. UEL: Not determined. 

LEL: Not determined. 

AUTOIGNITION TEMPERATURE: Not determined. 

FLAMMABILITY CLASSIFICATION: Extremely flammable. Compressed gas. 

EXTINGUISHING MEDIA: 

UNUSUAL FIRE AND EXPLOSION HAZARDS: 

Stop flow of gas if possible: if not, allow to burn. Do NOT direct water into liquid 
spill. Dry chemical can be used. 

Product gives off vapors that are heavier than air which can 
travel considerable distances to a source of ignition and flashback. Extinguishment of fire before source of 
vapor is shut off can create an explosive mixture in air. Extremely flammable vapor/air mixtures form.. 

+*a,-- 

FIRE-FIGHTING EQUIPMEM: 

PRECAUTIONS: Keep away from sources of ignition (e.g., heat and open flames). Use with adequate venti- 

HAZARDOUS COMBUSTION PRODUCTS: Burning can produce carbon monoxide and/or carbon dioxide and 

Firefighters should wear full bunker gear, including a positive pressure self- 
contained breathing apparatus. 

lation. 

other harmful products. 

6.0 ACCIDENTAL RELEASE MEASURES 

Remave or shut off all sources of ignition. Wear respirator and spray with water to disperse vapors. 
I 

7.0 HANDLING AND STORAGE 

HANDLING: Do not breathe vapors. Ground and bond all lines and equipment. 

STORAGE Outside storage is recommended. Store in cool, dry, well-ventilated area. Do not store in areas 
containing flammable or combustible products. Do not store at or above 120°F (49°C). Store away rrom 
heat, ignition sources, and open flame in accordance with applicable regulations. 

SPECWL PRECAUTIONS: Avoid strong oxidizers. 

Issued: September 19,1995 
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Page 3 of 5 

8.0 

EYE: Do not get in eyes. Wear chemical goggles. 

SKIN: 

INHALATION: If ventilation is inadequate, use supplied- air respirator approved by NIOSH/MSHA. 

ENGINEERING CONTROLS: 

EXPOSURE CONTROLS I PERSONAL PROTECTION LJ 

As needed to prevent contact with liquid -wear gloves, impervious clothing and face shield. 

Control airborne concentrations below the exposure guidelines. 

EXPOSURE GUIDELINES: 

Component - CAS# Exposure Limits 

Methane 74-82-8 ACGlH TLV-TWA: simple asphyxiant 

Ethane 74-84-0 ACGIH TLV-TWA: simple asphyxiant 

-~ ~ 

9.0 CHEMICAL AND PHYSICAL PROPERTIES 

APPEARANCE AND ODOR: Gas. Colorless. 

pH: Not determined. 

VAPOR PRESSURE: Not determined. 

VAPOR DENSITY: Not determined. 

BOILING POINT: -260°F(-1620C) (approximate) 

MELTING POINT -297"F(-l83"C) (approximate) 

SOLUBILITY IN WATER: Negligible, below 0.1%. 

SPECIFIC GRAVITY (WATER=l): Not determined. 

~ ~ 

10.0 STABILITY AND REACTIVITY 

STABILITY: 

CONDITIONS TO AVOID: 

MATERIALS TO AVOID: 

Burning can be started easily. 

Keep away from ignition sources (e& heat, sparks, and open flames). 
I 

Avoid chlorine, fluorine, and other strong oxidizers. 
I 

I .  HAZARDOUS DECOMPOSITION: None identified. 

~ HAZARDOUS POLYMERIZATION: Will not occur. 

11.0 TOXICOLOGICAL INFORMATION 

ACUTE TOXICITY DATA: 

EYE IRRITATION: Testing not conducted. See Other Toxicity Data. 

SKIN IRRITATION: Testing not conducted. See Other Toxictty Data. 

DERMAL LD50  Testing not conducted. See Other Toxicity Data. 

L, 

Issued: September 19, 1995 
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ORAL LD50: Testing not conducted. See Other Toxicity Data. 

INHALATION LC50 Testing not conducted. See Other Toxicity Data. 

OTHER TOXICITY DATA: 

This material is an asphyxiant. Asphyxiants may reduce the oxygen concentration in the air to dangerous 
levels. Symptoms of lack of oxygen include increased depth and frequency of breathing, air hunger, 
dizziness, headache, nausea or loss of consciousness. 

No component of this product at levels greater than 0.1% is identified as a carcinogen by ACGIH or the 
International Agency for Research on Cancer (IARC). No component of this product present at levels 
greater than 0.1% is identified as a carcinogen by the U.S. National Toxicology Program (NTP) or the U.S. 
Occupational Safety and Health Act (OSHA). 

12.0 ECOLOGICAL INFORMATION 

Ecological testing has not been conducted on this product. 

13.0 DISPOSAL INFORMATION 

Vent vapor at a safe location. Insure dissipation of gas below the lower explosive limit. Consult local ordi- 
nances for compliance. 

w 4-5 .. 
14.0 TRANSPORTATION INFORMATION 

US. DEPT OF TRANSPORTATION 
Shipping Name 
Hazard Class 
Identification Number UN1972 

Natural Gas, Refrigerated Liquid 
2.1 

I 

IEITERNATIONAL INFORMATION: 

Sea (IMOAMDG) 
Not determined. Shipping Name 

Not determined. 
Air (ICAO/IATA) 

Shipping Name 

European Road/Rail (ADWRID) 
Shipping Name Not determined. 

Canadian Transportation of Dangerous Goods 
Shipping Name Not determined. 

o-( 

Issued: September 19, 1995 
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~~ 

15.0 REGULATORY INFORMATION 

NS 102AI103 HAZARDOUS SUBSTANCES (40 CFR PART 302.4): This product is not reportable 

SARA TITLE 111 SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR PART 355): This product is not 

SARA TITLE 111 SECTIONS 3111312 HAZARDOUS CATEGORIZATION (40 CFR PART 370): 

SARA TITLE 111 SECTION 313 (40 CFi? PART 372): This product is not regulated under Section 313 of SARA and 

under 40 CFR Part 302.4. 

regulated under Section 302 of SARA and 40 CFR Part 355. 

defined as hazardous by OSHA under 29 CFR Part 1910.12W(d). 

40 CFR Part 372. 

This product is 

U S .  INVENTORY (TSCA): Listed on inventory. 

OSHA HAZARD COMMUNICATION STANDARD: Flammable gas. Compressed gas. Contains a component 
listed by OSHA. Contains a component listed by ACGIH. 

WHMIS CONTROLLED PRODUCT CLASSIFICATION: A, B1, 

EC INVENTORY (EINECSIELINCS): In compliance. 

JAPAN INVENTORY (MITI): 

AUSTRALIA INVENTORY (AICS): 

KOREA INVENTORY (ECL): Not determined. 

CANADA INVENTORY (DSL): 

PHILIPPIN E INVENTORY (PICCS): Not determined. 

Listed on inventory. 

Listed on inventory. 

All of the components of this product are listed on the DSL. 

16.0 OTHER INFORMATION 

Prepared by: 

Environment, Health and Safety Department Issued: September 19.1995 
Supersedes: October 25, 1994 

This material Safety Data Sheet conforms to the requirements of ANSI 2400.1. 

This material safety data sheet and the information ntains is offered to you in good faith as accurate. We 
have reviewed any information contained in this data sheet which we received from sources outside our 
company. We believe that information to be correct but cannot guarantee its accuracy or completeness. Health 
and safety precautions in this data sheet may not be adequate for a// individuak andlor situations. It is the 
user's obligation to evaluate and use this product safely and to comply with all applicable laws and regulations. 
No statement made in this data sheet shall be construed as a pennission or recommendation for the use of any 
product in a manner that might infringe nty is made, either express or implied. 

Issued: September 19, 1995 
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t4JlTERIXL SAFETY DATA SHEET 

-. 

SELTIOX I - Ident i f icat ion 

Material Name : 

Description : 

Natural Gas 

Fuel gas delivered i n  pipelines 
* 

Other Designations: Methane o r  other appropriate rem 

Supplier: Lone S ta r  Cas Company 

. 
SEffIOS II - Ingredients 

(1) Satural  gas may vary considerably i n  its composition. I t  i s  
pr incipal ly  methane ( typical ly  808 o r  more) with decreasing concentra- 
tions of the  higher saturated hgarocaroons. Natural gas may a l so  con- 
t a i n  natural .  occurring noncombustible gases such as nitrogen, carbon 
dioxide and helium. 

' r  

-. SECTION IE - Physical Data 

Relative Density of Yatural Gas: 0.55 t o  0 .SO (Air = 1.0) at  14.65 ps ia  
and 6OoF 

Appearance: Colorless and t a s t e l e s s  

Odor: Odorless i n  tne natura l  s ta te .  However, federal  and s t a t e  regula- 
t i ons  require the  addition of a malodorant t o  s k e  the gss readi ly  
derectable ar a concentration of at least 10'' of the lower flam- 
mable limit i n  a i r  as a warning agent. X t r ace  Of nerca?tans 
(less than 10 ppm) is added for  t h i s  purpose. 

SECTIOX 11' - Fire and Explosion Data ' 

Auto Icnit ion Tcmn. Flammable L i m i t s  i n  .-\ir- - - 
4.S 13.5 

Ignition can Occur bctwecn thc lower and upper flmmablc l h i t s  
which express perccnt of natural gas i n  t h c  air .  Natural sas withotit 
suff ic icnt  a i r  or  with too much a i r  w i l l  not hurn o r  explode. 
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.. 

Extinguishing Cledis: Flame can be ext inguished with C02, d ry  cnemical,  
o r  halo carbon gas .  
explosion e x i s t s  if t h e  flame is  ext inguished without 
stopping the  flow o f  gas  and/or cool ing t h e  surroundings 
and el iminat ing t h e  i g n i t i o n  sources.  

A hazard from r e i g n i t i o n  o r  

Use water spray  
to cooi  surroundings and exposures. 

SECTIOK V - Heal th  Hazard Information 

- Natural gas is non-toxic; however, it acts as a simple asphyxiant  
by d i sp lac ing  o r  p a r t i a l l y  d isp lac ing  t h e  a i r  r equ i r ed  t o  support  l i fe .  

First Aid: Remove v i c t i s  t o  f r e sh  a i r , a n d ,  if brea th ing  has s topped,  
begin  mouth-to-mouth r e s u c i t a t i o n  and g e t  medical a id .  

SECTIOX VI - R e a c t i v i t y  Data 

Natural  gas  is gene ra l ly  s t a b l e ,  non-corrosive and non-polynerir ing,  
bu t  r e a d i l y  mixes wi th  air wnen re leased  t o  create a c'ornbustible otmos- 
phere. Some o t h e r - s t r o n g  oxidizing agents  with which it can mix and burn 
OT explode i n  confined a r e a s  a r e  ch io r ine ,  bromine p<entaf luoride,  oxysen 
d i f l u o r i d e  and n i t rogen  t r i f l u o r i d e .  I t  will i g n i t e  spontaneously when 
mixed with c h l o r i n e  dioxide.  

' .  

- 
W" 

, 
SELTIOX V I I  - Leaks and DisDosal Proccdures 

._...-. .. 
.. 

I Evacuate area, provide o p t i m n  expiosion .proof v e n t i l a t i o n .  Shut 
Report leak t o  Lone off supply, remove or eliminate i g n i t i o n  sources .  

Stat cas Campany. Piinor te3ks c3n be de tec t ed  with soap s o l u t i o n  a p p l i e d  
at  suspected l e a k  po in t s .  , SEER USE X FLUIE TO DETEC? L E A S .  

1 
I 

, 

.. 
( i )  - NOTE: This shce t  covers  "Natural Cas" ns a genera l  commodity €or 

cmployce ' ' r i sh t  t o  know" information only.  
f i c a t i o n s  w i l l  vary t o  some cx ten t  from a r e a  t o  area. 
for reasons o €  process con t ro l  * morc s p e c i f i c  d a t a  is rcqi i i rcd 
3s t o  com?osition, pressure o r  o t h c r  f a c t o r s ,  t h e  u s e r  must 
Contact Lone S t a r  Cas Company. 

The exact  s p c c i -  
I 

Lf 
LJ 

I 
1 
I 
I 





. . A- =- Natural Gas Odorizing, Inc. 

MATERIAL SAFETY DATA SHEET 

1. CHEMICAL PRODIJCT AND COMPANY IDENTlFlCATlON 

MSDS NUMBER : M36045 ISSUE DATE : 01-01-98 

PRODUCT NAME : BP CAPTAN 

Manufactarer's Natural Gas Oddzing, Inc 
Name and 
Address : BaylOWn, TX 77522-1429 

24 HOUR EMERGENCY TELEPHONE : 1-800-733-3665 OR 972-404-3228 

TO REQUE" AN MSDS : 1-800-6994970 

CUSTOMER SERVICE : 1-281-424-5568 

3601 Decker Drive, P.O. Box 1429 

PRODUCT USE : 

CHEMICAL NAME : Mixture 

CHEMICAL FORMULA : Complex Mixture 

Natural Gas Odorizer 

SYNONYMS/COMMON NAMES : Mercaptan 

2. COMPoSITION/INFORMATION ON XNGREDIENls 

CAS NUMBER / NAME 
75-66-1 2-Proganethiol, 2-methyl-. 

EXPOSURE &LIMITS PERCENTAGE 
ND TLV:Not Established WT 75-80 

PEL:Not Established VOL 

COMMON NAMES: 
tert-BUTYL MERCAPTAN 
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2. COMPOSITION/INFORMATION ON INGREDIENTS (Continued) 

75-33-2 2-Propanethiol 

EXPOSURE LIMITS 
PEL:Not Established 
TLV:Not Established 

PERCENTAGE 
VOL ND 
WT 14-22 

COMMON NAMES: 
ISOPROPANETHIOL 
ISOPROPYL MERCAPTAN 

107-03-9 1-Propanethiol 

EXPOSURE LIMITS 
PEL:Not Established 
TLV:Not Established 

COMMON NAMES: 
NORMAL PROPYL MERCAPTAN 

PERCENTAGE 
VOL 
WT 

ND 
2-7 

513 -53 - 1 2-Butanethiol 

EXPOSURE LIMITS 
PEL:Not Established 
TLV:Not Established 

PERCENTAGE 
VOL 
WT 

ND 
0-3 

COMMON NAMES: 

L i s t e d  On(List Legend Below) : 

SEC-BUTYL MERCAPTAN 

00 12 22 23 5 1  . - _ _ - - . - - - - - - - - -  

L I ~ T  LEGEND 
00 TSCA INVENTORY 
16 NJ WORKPLACE HA2 SUBSTANCE LST 
22 CANADIAN DOMESTIC SUB LIST 50 PHILIPPINES INVENTORY (PICCS) 51 EINECS 

12 PA HAZARDOUS SUBSTANCE 
19 PA REQUIREMENT- 3% OR GREATER 
23 NJ REQUIREMENT- 1% OR GREATER 

3. HAZARDS IDENTIFICATION 

8 FLAMMABLE LIQUID. . 
I 
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3. HAZARDS IDENTIFICATION (Continued) 

.... 
u 

POTENTIAL HEALTH EFFECTS 
ROUTES OF ENTRY: 
Eyes, Inhalation, Skin, Ingestion. 

TARGET ORGANS: 
Eyes, Skin, Central Nervous System, Respiratory Tract, Kidneys. 

IRRITANCY: 
~ l l  routes of exposure. 

SENSITIZING CAPABILITY: 
None known - 
REPRODUCTIVE EFFECTS 
None known. 

CANCER INFORMATION: 
Not known to be carcinogenic. 

SHORT-TERM EXPOSURE (ACUTE) 

INHALATION 
vapor and/or mist may cause upper respiratory tract irritation, 
nausea, and dizziness depending on concentration and duration of 
exposure. 

EYES 

May be irritating. 

- 

SKIN: 
May be irritating. 

INGESTION: 
May be irritating to the gastrointestinal tract. 

May be harmful by ingestion. 

REPUTED EXPOSURE (CHRONIC) 
See Toxicology Section of the MSDS (Section 11). 

SYNERGISTIC MATERIALS: 
None known. 

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE. 
None known. 
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4. FIRST AID MEASURES 

E r n :  
IMMEDIATELY flush eyes w i t h  a directed stream of water fo r  at least 15 
minutes, forcibly holding eyelids apart to ensure complete irrigation 
of all eye and lid tissue. 
ATTENTION. 

IF IRRITATION PERSISTS GET MEDICAL 

SKIN: 
Wash thoroughly with soap and water. Wash clothing before reuse. IF 
IRRITATION OCCURS, GET MEDICAL ATTENTION. 

INHALATION: 
Remove to fresh air. If breathing is difficult, have trained person 
administer oxygen. If respiration stops, have a trained person 
administer artificial respiration. GET MEDICAL ATTENTION IMMEDIATELY. 

INGESTION: 
DO NOT INDUCE VOMITING. This material is not soluble. DO NOT GIVE 
FLUIDS. If spontaneous vomiting is inevitable, PREVENT ASPIRATION.by 
keeping the victims head below the knees. GET IMMEDIATE MEDICAL 
ATTENTION. A qualified physician can perform gastric lavage only when 
the airway (trachea) has been secured to prevent aspiration. 

NOTES TO PHYSICIAN: 
None known. 

C. 

5. FIRE FIGHTING MEASURES 

Flash Point: -16OF ( -26.7OC) 

MethoU: Setaflash 

Autoignition Temperature: Not Established 

Upper: 10% (estimate) 
Lower: 1.7% (estimate) 

FLAMMABLE LIMITS IN AIR, BY % VOLUME 

EITINGmHING MEDIA: 
Water may be 

ineffective, but should be used to keep fire-exposed containers cool. 

FIRE FIGHTING PROCEDURES: 

. Dry chemical, carbon dioxide, foam, water fog or spray. 

Evacuate all unnecessary personnel. Shut down motors, pumps, 
electrical service and eliminate all sources of ignition. 
spray to keep fire exposed containers cool to avoid pressure buildup. 
Wear NIOSH/MSHA approved positive pressure self-contained breathing 
apparatus and full protective clothing. 

Use water 
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5. FIRE FTGHTING MEASURES (Continued) h/ 
- 

FIRE AND EXPLOSION HAZARD; 
Flammable vapors, being heavier than air, may travel long distances 
along the ground before reaching a source of ignition and f lashing 
back. 

SENSITMTY TO MECHANICAL IMPACT: 

N o t  sensitive. 

SENSITMTY TO STATIC DISCHARGE 
Electrostatic charge may build up during hanallng. Grounding of 
equipment is recommended. 

6. ACCIDENTAL RELEASE MEASURES 

PERSONAL PRECAUTIONS: 
Evacuate unnecessary personnel and eliminate all sources of ignition. 

People performing the cleanup shoula have full protective equipment 
including a NIOSH/MSHA approved positive pressure self-contained 
breathing apparatus. 

Wear personal protective equipment as aescribed in Exposure 
Controls/Personal Protection (Section 8) of the MSDS. 

ENVIRONMENTAL PRECAUTIONS 
Contain liquids and prevent discharges to streams or sewers, control 
or stop the loss of volatile materials to the atmosphere. Large leaks 
may require environmental consideration and possible evacuation. Do 
not apply water to the leak. Spills or releases should be reported, 
if required, to the appropriate local, state and federal agencies. 

METHODS FOR CLEANING Up: 
Shut off all sources of potential sparking or open flame. 

Absorb in dry, inert material (sand, clay, sawdust). 

Avoid discharges to 6ewer6 and streams. 

c- 

7. HANDLING AND SrORAcE 

HANDLING 

Avoid breathing vapor, use with adequate ventilation. Wear NIOSH/MSHA 
approved respiratory protection if there is potential for exposure 
above the exposure limits. 

i 

C.. 

Do not get in eyes, on skin or clothing. LJ 
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7. HANDLING AND STORAGE (Continued) 

Keep away from sources of ignition. The vapors can travel to an 
ignitionLsource and flash back causing a flash fire. 

SPECIAL MIXING AND HANDLING INSTRUCTIONS: 
Keep container closed except when transferring material. 

Use w i t h  adequate ventilation. 

Do not reuse containers. 
remain in containers. 

Toxic and explosive product residues may 

STORAGE: 
Store in a cool, dry, ventilated area away from heat, sparks and 
flame. 

8. EXPOSURE CONTROLS/PERSONAL PROTECI'ION 
- 

ENGINEERING CONTROLS: 
Use vapor and explosion proof equipment. 

PERSONAL PROTECTION 

RESPIRATORY: 
For emergencies and unknown concentrations, use NIOSH/MSHA approved 
positive pressure self-contained breathing apparatus. Utilize 
respiratory protective equipment in accordance with 29CFR 1910.134 
(Respiratory Protection) . 

EYEPACE: 
Wear chemical safety goggles plus full face shielU to protect against 
splashing when appropriate (ANSI 287.1). 

SKIN: 
Wear chemical resistant gloves such as rubber, neoprene or 
vinyl .  

OTHER: 
Emergency shower and eyewash facility should be in close proximity 
(ANSI 2358.1). 

9. PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Water white liquid, gassy odor 

Odor Threshold: 2-methyl-2-propane thiol-0.008 ppb, 2-propane- 

Specific Gravity (waterill: 0.808 @ 60QF 

thiol - 0.024 ppb 
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9. PHYSICAL AND CHEMICAL PROPERTIES (Continued) 

I 

b, 
Vapor Pressure: 6.4 psia 43 100°F 

vapor Density (Airxl) : 3.0 

Density: 6.73 lbs. gal. @ 60°F 

Evaporation Rate: N o t  Determined 

'ti Volatiles by Wt: 100 

Boiling point: 138O - 155OF 
Freezing Point: <-SOOF 

Melting Point: Not Determined 

Solubility in Water (% by wt.) : Negligible 

gH: Not Determined 

Octanol/Water Partition Coefficient: Not Determined 

Therm81 Decomposition Temperature: Not Determined 

Other: Corrosion-Copper strip (24 hr. immersion test) 

VOC (g/l. by wt. 1 : Not Determined 

negligible 

10. STABILITY AND REACTIVITY 

CHEMICAL STABILITY: 
X STABLE UNSTABLE 

REACTS wrm: 
X OXIDIZERS METALS 

OTHER 
NONE 

- ATR 
WATER ACXDS 

- - 
ALKALIS - - X HEAT - 

HAZARDOUS POLYMERIZATION 
OCCURS X WILL NOT OCCUR - 

COMMENTS: 
None. 

HAZARDOUS DECOMPOSITION PRODUCTS: 
Hydrogen sulfide. 

Products of combustion include sulfur dioxide. 
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11. TOXICOLOGICAL INFORMATION 

75-66-1 thmpancthiol, 2-methyl- 
ACUTE ORAL LDSO : (rat) 4729 mg/kg 

ACUTE DERMAL LD50 : (rabbit 1 20.8 g/kg 

I 

ACUTE INHALATION LC50 : (rat, 4 hrl 2 2 , 2 0 0  ppm 

PRIMARY EYE IRRITATION: (rabbit) slight 

Inflammatory lesions in t h e  lungs were seen in subchronic tests in 
rats, Also seen was muscle weakness, lung and thorax effects and 
respiratory depresson. 

A subchronic (90) day inhalation study with tertiary butyl mercaptan 
in rats resulted in mild kidney effects (proximal tubular nephrosis) 
at concentrations from 10 ppm to 200 ppm. 
75.3392 2-Propancthiol 
ACUTE ORAL LDSO : (rat) 

ACUTE INHALATION LC50 : (rat) 

107-03-9 1-Pmpanethial 
ACUTE ORAL LDSO : (rat) 1790 mg/kg 

ACUTE INHALATION LCSO : (rat, 4hr) 7300 ppm 
(mouse, 4hr) 4010 ppm 

PRIMARY EYE IRRITATION : (rabbit) severe 

.. .-. 

12. ECOLOGICAL INFORMATION 

2-Propanethfol, d-methyl= 
ECOTOX DATA 

No data available 

TERRESTRIAL ECOTOX DATA 
Wildlife: LC50 (lnhal.) (Mouse a8 surrogate) 16,500 ppm/4hr 

I 
I 

I 
tD50 (oral) (Rat a6 surrogate) 4,729 rng/Rg 

ENVIRONMENTAL FATE DATA 

There is very limited information available on the environmental fate 
and effects of this material. This compound has been found to exhibit 
l o w  toxicity to rodents. Due-caution should be exercised to avoid the 
accidental release of this material to  aquatic or terrestrial 
environments. 

No data available 

. 

ctd 
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12. ECOUX;ICAL INFORMATION (Continued) 

75.33-2 t-PropantUliol 
AQUATIC ECOTOX DATA 
Fish: 
BCF estimates based on Kow are 5.9 and 8.3 

TERRESTRIAL ECOTOX DATA 
No data available 

ENVIRONMENTAL FATE DATA 
Abiotic: 
Air (1/2 Life) estimate based on OH radical reaction is 9 hours. 

water(l/2 Life) estimate based on volatilization from river is 2.7 hrs 

Water(l/2 Life) estimate based on volatilization from pond is 32 hrs. 

There is very limited information available on the environmental fate 
and effects of this material. This gaseous material occurs in nature 
as a byproduct of biological activity. Models predict low potential 
for bioaccumulation. Due caution should be exercised to avoid the 
accidental release of this material to aquatic or terrestrial 
environments. 

10743-9 1-Propanethiol 
AQUATIC ECOTOX DATA 
Fish: 
BCF model estimate based on Kow is 12 

Invertebrate: 
LC50 (96 hr) (Water flea - magna) 60 ug/t 

LD50 (Oral) (Rat as surrogate) 1,790 mg/Kg 

LCSO (Inhall (Rat as surrogate) 7,300 ppm/hr 

ENVIRONMENTAL FATE DATA 
Abiotic: 
Air (1/2 Life) estimate based on OH radical reaction is 8 hours 

Water (1/2 Life) estimate for a model river/pond i s  2 .7 /32  hours 

Koc model estimate based on Kow is 200 

There is little information available on the environmental fate and 
effects of this material. This compound is found in nature in manure 
gas, crude oil, and plant volatiles. It has exhibited moderate 
toxicity to the Rat in laboratory tests. It was highly toxic to the 
water flea in a single experiment. There is insufficient data to asses 
biodegradability. If released to Water or dry Soil, it should rapidly 
volatilize to the atomsphere. However, the estimated soil adsorption 
coefficient indicates a moderate gotential to sorb to organic carbon. 
This compound is considered slightly soluble in water. The estimated 
BCF suggests that this material should not bioaccumulate in aquatic 
organisms. Caution should be exerciaed to prevent the accidental 
release of this material to the environment. 

TERRESTRIAL ECOTOX DATA 
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12. ECOLOGICAL INFORMATION (Continued) 

51333-1 2-Butanethiol 

AQUATIC ECOTOX DATA 
No data available 

TERRESTRIAL ECOTOX DATA 
No data available 

ENVIRONMENTAL FATE DATA 
No data available 

There is no information available on the environmental fate and 
effects of this material. Due caution should be exercised to avoid 
the accidental release of this material to aquatic or terrestrial 
environments. 

13. DISPOSAL CONSIDERATIONS 

Ensure that all responsible federal, state, and local agencies receive 
groper notification of spill and disposal methods. 

Dispose of in accordance with federal, state and local regulations- . 

14. TR4YWORT INFORMATION 

DOT PROPER SHIPPING NAME: Flammable Liquid, NOS 
(t-Butyl Mercaptan, Propyl Mercaptans) 

DOT HAZARD CLASS: 3 

DOT IDENTIFICATION NO: UN1993 

DOT PACKING GROUP: 11 

DOT HAZARDOUS SUBSTANCE: Not Applicable 

DOT MARINE POLLUTANT (SI : Propanethiols 
Butyl Mercaptan 

ADDITIONAL DESCRIPTION REQUIREMENT: Not Applicable 

15. REGULATORY INFORMATION 

US, FEDERAL REGULATIONS 
OSHA Standard 29 CFR 1910.1200 requires that information be provided 
t o  employees regarding the hazards of chemicals by means of a hazard 
communication program including labeling, material safety data sheets, 
training and access to written records. We request that you, and it 
is your legal duty to, make all information in this Material Safety 
Data Sheet available to your employees. 

b, 
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15. REGULATORY INFORMATION (Continued) 

To aid our customers in complying with regulatory requirements, SARA 
Title I11 Hazard Categories for this product are ind ica ted  below. 
the word 81YESg' appears next to any category, this product may be 
reportable by you under the requirements of 40.CFR.370. Please 
consult those regulations for details. 

TSCA: 

All components of this product that are required t o  be on the TSCA 
inventory are listed on the inventory. 

b/ 

If 

SARAmTLE III HAZARD CATEGORIES 
Immediate (Acute) Health: YES 
Delayed(Chronic) Health: Sudden Release of Pressure NO 

YES 

HMIS HAZARD RATINGS: 
HEALTH HAZARD: 2 FIRE HAZARD: 3 REACTIVITY: 

STATE REGUWTIONS: 
See Section 2 .  COMPOSITION/INFORMATION ON INGREDIENTS list legend for 
applicable state regulation. 

INTERNATIONAL REGUWTIONS 
Consult the regulations of the importing country. 

CANADk 
WHMIS Hazard Class: B2 

Reactive Hazard NO 

Fire Hazard: - 

0 

.-c 

16. OTHER INFORMATION 

For additional non-emergency health, safety or environmental 
information telephone ( 9 7 2 )  404-2405 o r  write to: 

Occidental Chemical Corporation 
Product Stewardship Department 
5005 LBJ Freeway 
P.O. Box 809050 
Dallas, Texas 75380 
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16. OTHER INFORMATION (Continued) 

MSDS LEGEND: 

ACGIH - American Conference of Governmental Industrial Hygienists 
CAS = Chemical Abstracts Service Registry Number 

CEILING - Ceiling Limit (15 Minutes) 
CEL - Corporate Exposure Limit 
OSHA = Occupational Safety and Health Administration 

PEL - Permissible Exposure Limit (OSHA) 
STEL - Short Term Exposure Limit (15 Minutes) 

TDG = Transportation of Dangerous Goods (Canada) 

TLV = Threshold Limit Value (ACGIH) 

TWA = Time weighted Average (8 Hours) 

WHMIS - Worker Hazardous Materials Information System (Canada) 
8 = See Section 3 Hazards Identification - Repeated Exposure(Chronkc) 
XMPORTANT: The information presented herein, while not guaranteed, 
was prepared by competent technical personnel and is true and accurate 
to the best of our knowledge. BO WARRANTY OF MERCHANTABILITY OR 

not intended to be all-inclusive as to the manner and condition6 of 
use, handling and storage. Other factors may involye other or 
additional safety or performance considerations. While our technical 
personnel will be happy to respond to questions regarding safe  
handling and use procedures, safe handling and use remains the 
responsibility of the customer. No suggestions for use are intended 
as, and nothing herein shall be construed as a recommendation to 
infringe any existing patents or violate any federal, state or local 
laws, rules, regulations or ordinances. 

Information 

FITNESS FOR PURPOSE, OR OF ANY OTHER KIND, EXPRESS OR IMPLIED, IS MADC 
REGARDING PERFORMANCE, STABILITY OR OTHERWISE. This information is 

17. WARNING LABEL INFORMATION 

SIGNAL WORD: 

DANGER 

HAZARD WARNINGS: 
Flash Point: -16OF (-26.7"C) 

FLAMMABLE LIQUID. 

PRECAUTIONS: 
Liquid, vapors or mist may be irritating to eyes, skin and respiratory 
tract. 
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17. WARNTNG LABEL TNFORMATION (Continued) 

FIRST AID 
EYES: 
IMMEDIATELY flush eyes with a directed stream of water for at least 15 
minutes, forcibly holding eyelids apart to ensure complete irrigation 
of all eye and lid tissue. 
ATTENTION. 

IF IRRITATION PERSISTS GET MEDICAL 

SKIN: 
Wash thoroughly with soap and water. Wash clothing before reuse. 
IRRITATION OCCURS, GET MEDICAL ATTENTION. 

IF 

INHALATION: 
Remove to fresh a i r .  If breathing is difficult, have trained person 
administer oxygen. If respiration stops, have a trained person 
administer artificial respiration. GET MEDICAL ATTENTION IMMEDIATELY. 

INGESTION: 

DO NOT INDUCE VOMITING. This material is not soluble. DO NOT GIVE 
FLUIDS. If spontaneous vomiting is inevitable, PREVENT ASPIRATION by 
keeping the victims head below the knees. GET IMMEDIATE MEDICAL 
ATTENTION. A qualified physician can perform gastric lavage only when 
the airway (tracheal has been secured to prevent aspiration. 

IN CASE OF SPXU OR LEAK! 
Avoid discharges to sewers and streams. 

Shut off all sources of potential sparking or open flame. 

Absorb in dry, inert material (sand, clay, sawdust). 

FIRE: 
Evacuate all unnecessary personnel. Shut down motors, pumps, 
electrical service and eliminate all sources of ignition. use water 
spray to keep fire exposed containers cool to avoid pressure buildup. 
Wear NIOSH/MSHA approved positive pressure self-contained breathing 
apparatus and full protective clothing. 

HANDLING AND STORAGE 
Avoid breathing vapor, use with adequate ventilation. 
approved respiratory protection i f  there is potential for exposure 
above the exposure limits. 

Do not get in eyes, on skin or clothing. 
Keep away from sources of ignition. The vapors can travel to an 
ignition source and f la sh  back causing a flash fire. 

Store in a cool, Ury, Ventilated area away from heat, sparks and 
flame. 

DISPOSAL: 
Dispose of in accordance with federal, state and local regulations. 

Wear NIOSH/MSHA 

- u 
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b/ 17. WARNING LABEL INFORMATION (Continued) 

Ensure that all responsible federal, state, and local agencies receive 
proper notification of spill and disposal methods. 

INFORMATION REQUIRED BY FEDERAL, STATE OR LOCAL REGULATIONS: 

This Product Contains: 
CAS# NAME 
75-66-1 2-Propanethiol, 2-methyl- 

75-33-2 2 -Propanethi01 

107-03 -9 1-Propanethiol 

513 -53 -1 2-Butanethiol 

VOC (g/l. by w t . )  : Not Determined 

Contains no photochemically reactive material in accordance with Rule 
443 of the South Coast Air Quality Management District. 

HMIS RATING: HEALTH 

LABEL NUMBER: 1097M36045 

2 FLAMMABILITY 3 REACTIVITY 0 

F o r  Industrial Use Only 
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Odorization Team June24, 1996 

.. . 

ODORIZA~ON SYSTEM C A L W T I O N S  SHEET 

Injection Rate Calculations 4J 

Desired Injection Per Million Cubic Feet : (C) 1:Q.13. 6, .J "I . I G 

Pounds of Odorant Per Day : (D) 3W+; ? b y  
Gallons of Odorant Per Day : (E) , OS77 7 7Pii$fi~b 
Calculated CC's of Odorant Per Day : (F) 2 I f<. 1 %I 

CC's of Odorant Per Minute : (G) I 5. c( ~ I;r b- .I Ll 
CC's of Odorant Per Stroke of Pump : (H) 

Pump Strokes Per Day : (J) 

]Flaw ComputerButput-Scale Factor Calculation 

[D/A=E] 
[Ex 3786 = F] 
[F/144O=G] 
[G/H=I] 

(".c 
p ~ m p  Strokes Per Minute : 0 .\ 5 +~AouG..-, i~,l N [Ix144o=Jl 

[B/J=K] 

Co~ected Volume output Pulse Scale Factor : (IC) 

Sight Feed Indicator Based Measured Concentration Calculations 

Drops per minute through Sight Feed Assembly (L) b x . 1  =MJ Pints per Day (M) wx472=N]  

Measured CC's of Odorant Per Day : (N) 

Pump Eficiency Calculation 

Measured CC's of Odorant Per Day : (N) 
Calculated CC's of Odorant Per Day : (F) 
Percentage Pump EfEcieacy : (0) 

-- [ N / F x  lOO=O] 

Formulas 

B x C = D  
F / 1440 = G 
B/J=K 
N / F x  100=0  

D / A = E  E x  3786 =F 
G / H = I  Ix144O=J 
Lx.1 =M Mx472=N 

INJCALCS.WPS Reynolds Equipment Company Page 1 



Odorization Team 
. -  

Base Reference Standards 

472 CC's Per Pint 
3786 CC's Per Gallon 
Rejmlds R-12 Ginc 85-16) = .2 CC's Per Stroke 
Reynolds R-25 (Linc 85-1 1) = .8 CC's Per Stroke 

Williams DSP-125 = .1 CC's Per Stroke 
Williams DSP-250 = .8 CC's Per Stroke 
Williams DSP-500 = 3.2 CC's Per Stroke 

Reynolds R-59.@!?.3S,lZ).= 3.3 CCs-Per SEOk-- 

June24,1996 

Notes : 

1) Pump volumes are listed at fidl stroke, a'shgle digit increase or decrease on the 
micrometer is equal to one stroke per minute respectively. 

2) Reynolds series pumps are &@dy effected by increases pipeline pressure. As the 
pipeline pressure increases, the pump output volume decreases. 

3) Make note of the Percentage Pump Efficiency (F) at start up or at the service interval and 
use that n u m k  as a base for fbture system pedormance evaluations. 

For example,-an R-25 pump should operate at .8 CC's per stroke, however, under 900 psi 
of pipeline pressure the volume per stroke output will be slightly lower. At start up, use the 
Pump Efficiency Formula to determine you best volume output, at pressure. Compare this 
value to fiture readings to determine true pump efficiency. 

4) If your system is equipped with a Positive Displacement Howmeter, allow for a 5 to 10 
percent deviance between the Sight Glass calculations and the Meter readings. The Meter 
readings will be the most accurate. 

_ .  
._ . - - ..._____...________ - . .. - . ~ -  - - ._ - . 

INJCALCS.WPS Reynolds Equipment Company Page 2 
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ilYSlCAL AND CHEMICAL PROPERTIES (Continued) 
r 

vapor Pressure: 6.4 psia @ l O O O F  

vapor Density (Air=l) : 3.0 

Density: 6.73 lbs. gal. @ 600F 

Evaporation Rate: Not Determined 

U 

% Volatiles by Wt: 100 

Boiling Point: 138O - 1550F 
Freezing Point: < - S O O F  

Melting Point: Not Determined 

Solubility in Water (% by wt.) : Negligible 

pH: N o t  Determined 

Octanol/Water Partition Coefficient: Not Determined 

Thermal Decomposition Temperature: Not Determined 

other: Corrosion-Copper strip (24 hr. immersion t e s t )  
negligible 

voc (g/l. by wt.) : Not Determined k.' 
IO. STABILITY AND REACTIVITY 

CHEMICAL STABILITY: 

- X STABLE UNSTABLE 

REACTS WIm 

- AIR - X OXIDIZERS METALS 
- X HEAT 

OTHER 
NONE 

- ACIDS 
ALKALIS 

- WATER - - - 
HAZARDOUS POLYMERIZATION; 

occms X WILL NOT OCCUR - 
COMMENTS; 
None. 

HAZARDOUS DECOMPOSITION PRODUCTS 
Hydrogen sulfide. 

Products of combustion include sulfur dioxide. - 
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Sfandard Equipment 
High Limit Control 

water temperature. 
m Immersion thermostat - directly senses 

I Circulating Pump mounted. 
I Individual inlet and outlet temperature gauges. 
I 150 PSI ASME Temperature & Pressure Relief Valve. 

Galvanized Jacket. 
I Built in draft hood. 
I Gas valve with built in manual shut off. 
I High-gloss acrylic paint 
I High Efficiency Stainless Steel Burners. 
m Light weight Loch-Heatw ceramic tile combustion 

I ASME certified to 160 PSI working pressure. 
m National Bgard Certified. 
I AGA design certified for closet installation. 

I AGA design certified for alcove installation. 

chamber. 

(Models 090 through 180). 

(Models 225 through 500). 

Optional Features 
I Flow Switch 
I Vent Damper 
W Combustible Floor Shield (except 399,500) 

I Low Water Cut Off (Probe Type) 
I Pump Delay 

Spark Ignition (F-9) Models 090 through 270 
I Modulating Gas Valve and Spark Ignition (M-9) 

Manual Reset High Limit 

Dimensions and Specifications 

Firing Control Systems 
F-1 Standing pilot, thermocouple supervision, 

standard equipment. (Models 090 through 270). 
F-9 Electronic pilot supervision, spark ignition, 

4 second main gas shutdown, standard 
equipment. (Models 31 5 through 500). 

M-9 Same as F-9 with modulating gas valve.* 

c -) . -* 

1%' flanged connections for ease of installation. 

Jl v f *Natural Gas only 

7- 
I 
I 

17" 

I 
I 

I 

1 

A- 

@ L--LENGTH I --J I 

FRONT VIEW 
UmmdeLlComh. 
rrlhmA€Boklnd 
Pm%umuau*cods s.aon w. 160 PSL .-in, ;- 8" -, 

Recovery based on actual heater performance at 82% 
(Change " N  to "L" to denote LP.) 
Notes: 
a. Pump pre-mwnted /wired on all PM modds. 
b. Inlet and Outlet 

1W N.P.T. 090 through 500. 

*/2' -.Models 090 through 180. 
Y4' - Models 225 through 500. 

d. All models approved for Natural 8 LP. 

b/ s. Gas Valve inlet (LP.) 

Lochinvar Corporatic 
2005 Elm Hill Pike - In Nashville. TN 37210 

SIDE VIEW 

printed in U.SA 
mho 5M 3194 

28" 

i - _... 



Lochlnvar Water Heater Corporation 
Nashville, Tennessee 37210 0 (615) 8896900 
Telex Number 55-5161 0 FAX: 615-059403 
Detroit, Michl an 48227 0 (313) 273-9500 
FAX. 313-273-b 
Dallas, Texas 75234 0 (214) 484.8677 
FAX. 214-247.iaii 

COPPER-FIN-THE MODERN, ENERGY EFFICIENT HOT WATER BOILER 
The LOCHINVAR Copper-Fin Hot Water Boiler utilizes a heat exchange principle unlike conventional 
fire tube, water tube or cast iron sectional boilers. In the Copper-Fin Boiler, water is circulated through 
integrally-finned copper tubes which terminate in porcelainized cast-iron headers. This constant circula- 
tion of water provides several decided advantages not found in other type boilers: 

A. Controlled uelocity scouring uction provided by the constant circulation of boiler water through the 
heat exchanger tubes. This prevents the build-up of lime, scale and sludge, maintains peak heat 
transfer efficiency. 

B. A higher “U” factor. Coefficient of heat transfer is up to 10 times that of free (no velocity) 
convection. 

C. Higher thermal conductivity. All-copper heat exchanger tubes have a thermal conductivity approx- 
imately 8V2 times greater than cast iron boiler sections or steel tubes found in other types of boilers. 

. D. Precise water tempemture control is achieved through continuous circulation through the heating 
system. 

The integrally finned exterior (dry-side) of the copper heat exchanger tubes corresponds with other heat 
transfer sections of the heating system, such as finned baseboard radiation or wall convectors. Since water 
absorbs heat about 8 times faster than it can be extracted from the atmosphere of the combustion chamber, 
the exterior (dry side) heat exchanger fins are spaced 7 per inch and are designed to provide the proper 
amount of surface area to offset the difference in heat transfer rates between the dry and wet sides of the 
tubes. 
All tubes of the Copper-Fin heat exchanger are on a horizontal plane to the combustion chamber, with each 
tube exposed to the same amount of heat. Contrast this with multi-tube and cast iron sectional boilers in 
which the upper layers of tubes or upper sections are furthest removed from the heat source, lowering the 
efficiency of these heat exchange surfaces. 
Because the Copper-Fin Boiler contains a very low volume of water, response to demand for heat is 
practically instantaneous. For the same reason, at burner shut-down there is no wasteful temperature 
over-shoot. 
The low water content of the Copper-Fin Boiler contributes substantially to the safety of the system 
because fewer BTU’s (energy) are stored in the water than in other type boilers. Another safety considera- 
tion is utilization of an  open, atmospheric type burner rather than a forced draft type combustion chamber, 
this design simplicity reduces maintenance costs and increases equipment life expectancy. 
LOCHINVAR Copper-Fin Boilers are ideal as the heat source for dual temperature heating-cooling 
systems. The stress-free design permits the exchanger to “float” when subjected to the shock of rapid 
temperature changes. Because they are copper, the finned exchanger4ubes are not subject to rusting-out 
from the condensation which may result from low operating temperatures. 
The Copper-Fin Boiler requires only a fraction of the floor and head space required by conventional fire 
tube, water tube or cast iron sectional type boilers. Additionally, its light weight makes Copper-Fin ideal 
for penthouse or other weight sensitive areas. 

BOILER COMPARISON 

CB-HE-1 

COPPER-FIN HEAT EXCHANGER HORIZONTAL STEEL WATER 
TUBE CROSS SECTION 



Lochlnvar Water M e r  CorpodOn 
Narrhvllle, Tennessee 372lO 0 (61s) 089-8900 
Telex Number 55-5161 0 FAX: 615805.1403 
Detroit, Michigan 48227 0 (a31 273-9500 
FAX: 313-273-4326 
Dallas. Texas 15234 0 (214) 484-8677 
FAX: 214-247-1411 

LOW WATER TEMPERATURE SYSTEMS 

A number of hydronic boiler applications call for system water temperature operation in the range of 60" to 1 10" 
F. Several of the more typical of these applications are: Water Source Heat Pump Systems; Greenhouse Soil 
Heating and Irrigation Systems; Process or Manufacturing Operations. 
Installations such as these, while increasingly common, often present problems resulting from boiler condensation, 
thermal stresses, and poor overall system efficiency. Copper Fin boilers are particularly adaptable to applications 
of this type for several reasons: 

1. Copper-Fin is an instantaneous boiler, requiring virtually no heat-up time, and having no temperature 
"overshoot." Result? High system efficiency ! 

2. Copper-Fin's unique steel frame construction prevents the transfer of heat exchanger thermal stresses 
to other boiler components-reducing wear and tear, while increasing equipment life expectancy. 

3. Copper-Fin's compact, simple design and low boiler mass permits condensation-free operation to tem- 
peratures as low as 60" F. 
The piping illustration and instructions in Fig. 1 details a simple bypass arrangement which will allow 
the system to be operated at any temperature above 60" F, without condensation forming in the boiler. 
Condensation is prevented by simply regulating the flow balancing valve so as to divert sufficient water 
flow through the boiler to maintain water temperature at approximately 120" F, while allowing the system 
to operate at design temperature (as low as 60" F) See Fig. 1. 

For Low Temperature Operation Proceed As Follows: 

Low Water Temperatdrt3 . - 
Systems 

WSHP-1 

1. Select proper size boiler (without modulation). 
2. Set boiler control thermostat at desired system temperature. 
3. Start system and adjust balancing valve until boiler temperature rise stabilizes 

4. Operate boiler until desired system operating temperature is achieved. Check 

Note: Closed Loop Systems may require an ex- 
pansion tank, water feeder, air vents, and/or other 
components not furnished with the boiler. 

at approx. 50°-60" F differential. (Minimum Outlet Temp. 120" F) 

out all components for proper operation. 

Fig. 1 



I .  



Fluid = Methane 

"-essure Temp Density Vsound Entropy Enthalpy Compress 
[lb/ft3] [ft/s] [Btu/lb-F] [Btu/lb] [l/psi] 

-219 . 6 24 . 26 3619. 1.328 -90.07 0.27203-04 [FI vi 14 
5.00 

Fluid = Methane 

Pressure Temp Density Vsound Entropy EnthalEy Compress 
[lb/ft3] [ft/s] [Btu/lb-F] [Btu/lb] [l/psi] 

2155. 1.886 144.3 0.13933-03 
[psi1 IF1 
4015. 40.00 14.10 

'cis): ... , . - 



Fluid = Methane 

Yessure 
u s i  1 

3215. 
3215 
3215. 
3215 
3215. 
3215. 
3215. 
3215. 

3215. 
3215. 
3215. 
3215. 
3215 . 
3215. 
3215. 
3215. 
3215. 
3215. 

3215. 

3215. 

3215. 

3215 

3215. 

3215 

' u:;:;: 
3215. 
3215. 
3215. 
3215. 
3215. 

Temp 
IF1 
-208.0 
-207.9 
-207.8 
-207.7 
-207.6 
-207.5 
-207.4 
-207 . 3 
-207.2 
-207 . 1 
-207.0 
-206.9 
-206.8 
-206 . 7 
-206 . 6 
-206.5 
-206 . 4 
-206.3 
-206.2 
-206 . 1 
-206.0 
-205 9 
-205.8 
-205.7 
-205.6 
-205 . 5 
-205 . 4 
-205 . 3 
-205.2 
-205.1 
-205.0 

Density 
[ lb/ft3] 
25.32 
25.32 
25.31 
25.31 
25.31 
25.30 
25 . 30 
25.29 
25.29 
25.28 
25.28 
25.27 
25 . 27 
25 . 27 
25.26 
25.26 
25.25 
25.25 
25 . 24 
25 . 24 
25.23 
25.23 

25.22 
25.22 
25.21 
25 . 21 
25 . 20 
25 . 20 
25.20 
25.19 

25.23 

Vsound 

4273. 
4271. 
4270. 

4267 . 
4266 . 
4264. 

4261. 
4260. 
4259 . 
4257. 
4256 . 
4254 . 
4253 . 
4252 . 
4250. 
4249 . 
4247. 
4246 . 
4245. 
4243 
4242 . 
4241. 
4239 . 
4238 . 
4236. 
4235 . 
4234 

ft/s 1 

4268 

4263 0 

4232 
4231. 

Entropy Enthalpy 
[Btu/lb-F] [Btu/lb] 
1.320 
1.320 
1.321 
1.321 
1.32-1 
1.322 
1.322 
2.322 
1.323 
1.323 
1.323 
1.324 
1 . 324 
1.324 
1.324 
1.325 
1.325 
1.325 
1.326 
1.326 
1.326 
1.327 
1.327 
1.327 
1.328- 
1.328' 
1.328 - 
1 . 329 
1.329 
1.329 
1.330 

-68 . 68 
-68.60 
-68.52 
-68 . 44 
-68.35- 
-68.27 
-68 . 19 
-68.11 
-68.03 
-67.95 
-67.87 
-67.79 
-67 . 71 
-67.63 
-67 . 55 
-67.46 
-67.38 
-67 . 30 
-67.22 
-67.14 
-67.06 
-66.98 
-66.90 
-66.82 
-66.74 

d -66.65 
-66.57 
-66.49 
-66.41 
-66.33 
-66.25 

Compress 

0.16863-04 
0.16873-04 
0.16893-04 
0.16913-04 
0.16923-04 
0.16943-04 
0.16963-04 
0 . 1697m4.. 
0.16993-04 
0.1701E-04 
0.17023-04 
0.17043-04 
0.17053-04 
0.17073-04 
0.17093-04 
0.17103-04 
0.17123-04 
0.17143-04 
0.17163-04 
0.17173-04 
0.17193-04 
0.17213-04 
0.17223-04 
0.17243-04 
0.17263-04 
0.17273-04 
0.17293-04 
0.17313-04 
0.17323-04 
0.17343-04 
0.17363-04 

[l/PSi 1 



Fluid = Methane 

'ressure Temp 
u s i  3 [ F l  

3215. 10.00 
3215. 
3215. 
3215. 
3215. 
3215. 
3215 . 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 
3215. 

11.00 
12 . 00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20 . 00 
21.00 
22.00 
23.00 
24 . 00 
25.00 
26.00 
27.00 
28 . 00 
30 . 00 
32.00 
33.00 
34.00 
35.00 

29.00 

31 00 

-- 
3215. 36 e 00 
3215 . 37.00 
3215. 38 . 00 
3215. 39.00 
3215. 40.00 
3215. 41.00 

3215. 43.00 
3215. 44.00 
3215. 45.00 

3215 . 47 . 00 
3215 . 48.00 
3215. 49.00 
3215. 50 . 00 
3215. 51.00 
3215. 52.00 
3215 . 53 . 00 
3215. 54.00 
3215 . 55.00 
3215. 56.00 
3215. 57 . 00 
3215. 58 . 00 
3215. 59 . 00 

60 . 00 
61.00 
62.00 3215. 

3215. 63 . 00 

3215. 42.00 

3215. 46.00 

u;:: 
3215 . 64 00 

Density Vsound 
[lb/ft3] [ft/s] 
13 . 73 1961 . 
13.67 1957. 

13.57 1949. 

13.46 1941. 
13.41 1937 
13.36 1934. 
13 . 31 1930. 
13.26 1927. 
13.21 1923. 
13.16 1920. 
13.11 1916. 
13 . 06 1913. 
13.01 1910 . 
12 . 96 1907 . 
12 . 91 1904 
12 . 86 1901. 
12.81 1898 . 
12.76 1895 . 
12 . 72 1892. 
12 . 67 1889. 
12.62 1886 . 
12.57 1884. 
12 . 53 1881. 
12.48 1879. 
12.43 1876. 
12.39 1874 . 
12 . 34 1871 . 
12 . 29 1869. 
12.25 1867. 
12.20 1864 . 
12.16 1862. 
12-11 1860. 
12.07 1858 . 
12 . 02 1856 . 
11 . 98 1854 . 
11.94 1852. 
11 . 89 1850 . 
11.85 1848 . 
11 . 81 1846. 
11.76 % 1845. 
11 . 72 1843. 
11 . 68 1841 . 
11.64 1840 . 
11 . 59 1838. 
11.55 1836. 
11.51 1835. 
11 . 47 1833 . 
11.43 1832 . 
11.39 1831. 
11.35 1829. 
11.31 1828. 
11 . 27 - 1827. 
11.23 1825. 

13.62 1953. 

13.52 1945 

Entropy Entha 1 py 
[Btu/lb-F] [Btu/lb] 
1.867 124.2 
1.869 125.1 
1.871 126.1 
1.873 127.0 
1.875 127 .-9- 
1.877 . 128.9 
1.879 129.8 
1,881 130.7 
1.883 131.7 
1.884 132.6 
1 . 886 133.5 
1 . 888 134.4 
1 . 890 135.4 
1.892 136.3 
1 . 894 137.2 
1 . 896 138.1 
1.898 139.0 
1 . 900 140.0 
1.902 140.9 
1.904 141.8 
1.905 142.7 
1 . 907 143.6 . 
1.909 144.5 
1.911 145 . 5 
1 . 913 146.4 
1.915 147.3 
1.917 148.2 
1.918 149.1 
1 . 920 150.0 
1.922 150.9 
1 . 924 15J . 8 
1.926 152.7 
1 . 927 153.6 
1.929 154.5 
1.931 155.4 

1.935 157 . 2 
159.0 1.938 

1 . 940 159.9 
1 . 942 160.8 
1 . 943 161-7 
1.945 162.6 
1 . 947 163.5 
1 . 949 164.3 
1.950 165.2 
1 952 166.1 

1.955 167.9 
1.957 168.8 
1 . 959 169.6 
1.960 470.5 
1.962 * 171.4 
1.964 172.3 
-1.966 173.2 

1 . 933 156 3 

1.936 158 1 

1 954 167 0 

Compress 
[ VPSi 1 
0.18793-03 
0.18923-03 
0.19063-03 
0.19193-03 
0.19323-03 
0.19453-03 
0.19583-03 
0.1971E-03 . 
0.19843-03 
0.19973-03 
0.20093-03 
0.20223-03 
0.20343-03 
0.20473-03 
0.20593-03 
0.20713-03 
0.20833-03 
0.20953-03 
0.21073-03 
0.21193-03 
0.2131E-03 
0.21423-03 
0-21533-03 
0.21653-03 
0.21763-03 
0.21873-03 
0.21983-03 
0.22093-03 
0.22203-03 
0.22303-03 
0.22413-03 
0.22513-03 
0.22613-03 
0.22713-03 
0.22813-03 

0.23013-03 
0.23113-03 
0.23203-03 
0.23293-03 
0.23393-03 
0.23483-03 
0.23573-03 
0.23663-03 
0.23743-03 
0.23833-03 
0.23923-03 
0.24003-03 
0.24083-03 
0.24163-03 
0.24243-03 
0.24323-03 
0.24403-03 
0.24483-03 
0.24553-03 

0.22913-03 



3215. 65.00 
3215. 66.00 
32150 67.00 
3215. 68.00 

(Ls215 69 . 00 
3215. 70.00 

Fluid = Methane 

Pressure Temp 
CFI ' [psi] 

40.00 
41 . 00 
42.00 
43 . 00 
44.00 
45 . 00 
46.00 
47.00 
48.00 
49.00 
50 . 00 
51 . 00 
52.00 
53.00 
54 . 00 
55.00 
56 . 00 
57.00 
8.00 
9.00 
0.00 
61 . 00 
62.00 
63.00 
64.00 

-65.00 
66 . 00 
67.00 
68 . 00 
69.00 
70 . 00 
71.00 
72.00 
73 . 00 
74.00 

76.00 
77.00 

75 00 

78 . 00 
79.00 
80.00 
81.00 
82-00 
83.00 

LA::: 
86.00 
87 . 00 
88.00 

-234.0 
-233 . 3 

* -232.6 
-232.0 
-231 . 3 
-230.7 
-230.1 
-229 . 4 
-228.8 
-228 . 2 
-227.6 
-227 . 0 
-226 . 5 
-225 . 9 
-225.3 
-224.8 
-224 . 2 
-223 . 7 
-223.2 
-222 . 6 
-222 . 1 
-221.6 
-221 . 1 
-220.6 
-220 . 1 
-219.6 
-219.1 
-218.6 
-218.2 
-217.7 
-217 . 2 
-216.8 
-216.3 
-215 . 9 
-215.4 
-215 . 0 
-214.6 
-214.1 
-213.7 
-213.3 
-212 . 9 
-212 . 4 
-212.0 
-211 . 6 
-211 . 2 
-210 . 8 
-210.4 
-210.0 
-209 . 6 

174.0 0.24633-03 11.19 1824. 1 . 967 
11.15 1823. 1 . 969 174.9 0.24703-03 
11 . 11 1822. 1 . 971 175.8 0.24783-03 
11.07 1821 . 1.972 176.6 0.24853-03 
11.03 1820. 1 . 974 177.5 0.24923-03 
11.00 1819. 1.975 178.4 0.24993-03 

Density Vsound 
[lb/ft3] [ft/s] 
25.08 3909. 
25 . 05 3896. 
25.01 3882. 
24 . 97 3869. 
24.93 3856. 
24 . 90 3843. 
24 . 86 3830. 
24.83 3818. 
24 . 79 3806. 
24.76 3794. 
24.72 3782. 
24.69 3770 . 
24.66 3758. 
24.62 3747. 
24 . 59 3735. 
24.56 3724. 
24 . 53 3713. 
24.50 3702 . 
24.47 3691. 
24.43 3681. 
24.40 3670 . 
24 . 37 3660. 
24.34 3649. 
24.31 3639. 
24.29 3629. 

'L+ 24.26- 3619. 
24.23 3609. 
24 . 20 3599. 
24.17 3589 
24 . 14 35800 
24.11 3570. 
24.09 3561 . 
24.06 3551. 
24.03 3542. 
24 . 01 3533. 
23 . 98 3524 
23.95 3515. 
23 . 93 3506 
23.90 3497 . 
23.87 3488. 
23.85 3480. 
23.82 3471 
23.80 3462 
23.77 3454 . 
23.75 3445. 
23.72 3437. 
23.70 3429. 
23.67 3421 
23.65 3412 . 

Entropy Enthalpy 
[Btuflb-F] [Btu;/rr>l 
1 . 275 -102 . 8 
1 . 277 -102 . 2 
15280 -101.6 
1.282 -101.0 
1 . 285 -100 . 5 
1 . 287 -99.90 
1 . 290 -99.35 
1 . 292 -98.80 
1 . 294 -98.26 
1.297 -97.73 
1 . 299 -97 . 21 
1.301 -96.69 
1.303 -96.18 
1.305 -95 68 
1.307 . -95.18 
1.309 -94.69 
1.311 -94.20 
1.313 -93.72 
1 . 315 -93.25 
1 . 317 -92.78 
1 . 319 -92.32 
1.321 -91 . 86 
1.323 -91 . 40 
1.325 -90.96 
1.327 -90.51 
1.328 -90.07 
1.330 -89 . 64 
1.332 -89.21 
1.334 -88.78 
1.335 -88 . 36 
1.337 -87.94. 
1.339 -87 . 53 
1.340 -87.12 
1.342 -86 . 71 
1.344 -86 . 31 
1 . 345 -85 . 91 
1 . 347 -85 . 51 
1.348 -85.12 
1.350 -84.73 
1.352 -84.34 
1.353 -83.96 
1.355 -83 -58 
1.356 -83.20 

-82 . 83 1.358 
1.359 -82.46 
1.360 -82.09 
1 . 362 -81.73 
1 . 363 -81.36 
1.365 -81 . 00 

Compress 
c VPSi 1 
0.21593-04 
0.21823-04 
0.2205E=uT 
0.22273-04 
0.22503-04 
0.22723-04 
0.22953-04 
0.23173-04 
0.23403-04 
0.23623-04 

0.24073-04 
0.24293-04 
0.24523-04 
0.24743-04 
0.24963-04 
0.25193-04 
0.25413-04 
0.25633-04 
0.25863-04 
0.26083-04 
0.26303-04 
0.26533-04 
0.26753-04 
0.26983-04 
0.27203-04 
0.27433-04 
0.2765E-04 
0.27883-04 
0.28113-04 
0.28333-04 
0.28563-04 
0.28793-04 
0.29013-04 
0.29243-04 
0.29473-04 
0,29703-04 
0.2993E-04 
0.30163-04 
0.30393-04 
0.30623-04 
0.30853-04 
0.31083-04 
0.31323-04 
0.31553-04 
0.31783-04 
0.3202E-04 
0.32253-04 
0.32493-04 

0.23843-04 





I C  

HIGH FUlW SMALL-COMPACT. HIGH PRESSURE CAPmILITY 
TYPICAL AP P LI CAT1 0 N S 

Master or Station Fleguldtor 
Component Testing 

High Flow Purge Systems 
Research Laboratories 

Manifold Regulator 
Industrial Applications 

Pneumatic or Hydraulic %st Consoles 

TESCBM 
C O R ~ O L A T I O N  

1NDUSl7UAL CONTROU DIVISION 
126 16 Industrial Boulevard 

Elk Rlver. Minnesota 55330-2491 

(612) 241-3238 FAX (6 t 2) 241-3224 b 





IN-UNE 

FILTER 

CUNeMNAL 

I I  
HIGH PRESSURE CAPABILlly EXCELLENT SE"rMTY SELFLVENTING 

TYPICAL APPLICkTIONS 
Calibration Ki t s  

Airline Charging Carts 
Chemical Plants 

Manufacturing Processes 
Research and Development Laboratories 

TESCBM 
C O I I O R A T I O N  

INDUSTRIAL CONTROLS DIVlslOhJ ' 
1261 6 Industrial Boulevard 

Elk fUver. Minnesota 55339.2491 
(612) 241-3238 F A X  (612) U1-3224 



OXYGEN SERVlCE 
Speclficarions of materials In regulators used for oxygen sewice is the 
USER'S RESPONSIBIUW. Cleaning for oxygen ServIwtO 3000 PSlG can be 
supplied byfestorn it rdditional cos. Ueaningforre~icr rbwe3000 PSlC 
may be performed 10 the Uerk rpeclflcstiont through an ourside IOUKC. 

SPECIFICNIO N S 
RUIO MEDIA - All gases compatible with materials of construe- 

Maximum rated inlet prctsure {Scaldess) . , @.ooO PslG (700 bar) 

Outtar Oressure rang=' . , . . , .0-606.0-900, 10-1500.15-2500, 
.oow) 60-8000PSlG 

10-3'5. 0-55,.69-105, 1.03-¶75, 1 . 7 e  end 3.45-415 bsrl. 

dbn:For other media, consult factory. 

r) + (*la MI Maximum axed inlet pressure 16rass). .... .6,090 

Proof PrgutJn ........................... .150% Ma*lmum opewting 
aunt pressure .......................... .a% Maximum operatinp 
Materials ....................... .8Odv- 6- ar303SDInletS S t d  

Ennna- Brass or Plated Brass ACCESSORIES (Optional at  Extra Cost) 
GAUGES! Consult Accessories Section 
CYLINDER CONNECTIONS - Order by CGA connection number. The most 
popular ere CGA3JO (Hydrogen). CGA 540 IOxvgan), CGASBO INirrogen) 
and CGP 530 IAir). 

7J 
b a r d  mpa? kit &.oh a d  petall;d .......................... P/N 38F1 &&4 soft goo& wt mndard mod&). ............................. P/N 389-12 

Muhipla nm kit me uralog page) .................... s1aaX%--)(x 'r .> 
wein v&& service tool ....................................... *PIN 6W-3 

CONSULT FACTORY FOR KITS ON MOOlF1CATIOnrS. 

................................ Panel moundng brscket a#embly P/N 1929  

eu L& 

Braas Models: 2OMicGn INom.) Filter - Bronze 
Main \hbe S e a  - VespelWVern Valva Sear - KeI-F* 

Scats - 8una.N 
Back-uo Rinas - Teflon' 

Piim - 306 SerGs Sttinless 

Ambient operating and fluid media tamperstura -4O.F to + 166'f 
&low capscity ............................................. C, = .06 

I-4QC u) t 7FC) 
Leakagt., .............................................. Bubbledgnr 
Weigh (w/o gaug& ....................... :. ...... 4 % Ibs. (2.15 tp.1 
Pons .......................... .YyNprinla~olxlerrndssuga porn 
Meximum operating torQue ..................... .OO 1b.A 146 kpm) 

 ON^: Regukmn vent to zero PSIG (zem bar) in ell pratsun mngts. 

ORDERING INFORMATION 
44-1 11%- 

I BASIC SERIES NUMBER 1J 
1-BRce 
2-303 SraMe%s Steel 

OVTLlETPRESSURE 
RANGE 

1-0-500 PSlG 10-35) 

3- 10-1500 PSlG 1.69-1051 
4- 15.2500 PSlG (1.03.1751 
5-25-4000 PSI0 (l.72*2801 
6-50-6000 PSlG (3.05-015I 

2-0400 PSIG 10.55) 

STANDARD MODIFICATIONS 
~ d d  suffix"OO1" to Dart number for Viton-As 0-Rings and Non- 

m 
5 c 'a 
0 

Venting. 
Add auftix "002" to 
nrndard rnadal w i f i b r  removed 
Add suffix "009" to part number for Vfion-A@ W n g s  and Teflon@ 

rt number for non-trtnthg modification of the . 

! 





STANDARD EOUIPMENT SPECIFICATION 
Skid Mounted Liquid Natural Gas Station 

Ambient Conditioning System u 

1 .o 

2.0 

DATE: OCTOBER 24,1994 STANSPEC NO. 519 

SCOPE OF WORK 
1.1 The scope of tbis specification is to define a temporary LNG Fueling Station 

which mibe moved to any desired location on a standard drop deck trailer 
with a 48" tall (max.) x 36 ft. long lower deck. 

3.0 

CONSTRUCT1 ON 
2 1 All .components of tbe station will be mounted on a steel skid 8 f t  wide x 36 f t  

long x 9.5 R high. The major campoaents wouldbe: 
2 1.1 .5,000 gallon horizontal cryogenic tank 
21.2 30 GPM ayogemc pump 
21.3 LNG Bspensing and metering system 
21.4 Fluid conditioning and control module 
The controller is mounted on a separate detachable skid, which is to be remotely 
located loo' fiom the main skid and cormected with an ambilical and Piping. 

. .  

2 2  

ONENT IIESCRIrnON 
3.1 5,OOO gallon cryogedc storage vessel 

3.1.1 Double wall vacnum insulated cryogenic vessel. 
3.1.2 Net volume - 5,OOO gallons with 5% ullage 
3.1.3 Liquid level indicator 
3.1.4 Stapdard fill and vent ComeCtiOas 
3.1.5 Relief valves 

3.1.7 Pump suction connection 

i 

3.1.6 9ocvotrycock 

Pumpretwnconnectian 
Gas return COmKdion 

3.2 1 Capable of 30 GPM @ 60 
3.22 Secondary pressure transfer 

3.3.1 Valving to permit recirculation of liquid back to storage tank or direct 

3.2 30 GPM Cryogemc Pump 

3.3 LNGDispeaser I 

it to the vehide. 

vehicle with indication of net fuel delivered to the vehicle. 
3.3.3 Back pressure valve to maintain vehicle tank pressure. 
3.3.4 Control panel I to control the complete station. 

flow. meters to measure and vapor out of the 



u 
3.3s 

3.3.6 

3.3.7 

3.3.8 

stanspec #519 
I .  Page2of3 I . .  

There will be two (2) uyogenic hoses 12 ft long to 
vehicle. These hoses will be insulated. The o d e  cannection to 
vehicle will be applied by the customer. 
Control systemwill be capable of autuinatidly umciitiouing the stmage 
tank to optimum pressure conditions to assate adequate NPSH for the 
transfer pump. 
m e  system  hall be c a w e  of fueling a veige at 60 PSI with a now 

: i  rate of 30 GPM. 
The vent return hose from the vehicle &all be equipped with a liquid 
sensor to sense a full vehicle tank and to p&ent circulation of liquid 
thrn the vent system of the dispenm$. 

# 3.4 . conditioning 

3.5 Skid \ 
3.4.1 Capable of amditioning he1 to any &sited saturation level. 

3.5.1 The skid is constructed of steel and designed wcb that it can be loaded 
and unloaded over the rolling tailboard of an oilfield trailer or lifted 
directly using a fom point sling. 
Length ........................ 36 f L  
Wldh... .................... 8 R  

Weight (empty) .......... 36,000# Approx. 
Height.; ...................... 9.5 ft. 

3.6 Piping 
3.6.1 The piping shall be of snffident size to affect an efficient transfer of 

ayogenic fuel from the storage tank to the vehicle. The active piping 
shall be vamm jacketed. 

3.7 codes 
3.7.1 NFPA59A 
3.7.2 ASME Sedan VIII, Divssim 1 
3.7.3 ASME B31.3 
cantroller Skid 
3.8.1 Thisskidwillcontainth~contrallerandmotorswitchinggear. Itmnst 

onwillbe I 

Voltage 460 120 

Ffequency , 6oHz 
Power 5Kw 30 Amgs 

3 1 
60 

phase 

W 



c -: @ 
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stanspec #519 
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., 

4.1 

4.2 AU compcments shall be demd, primed, d p a i n & & i & ~ ~  
4.3 

All components on the main skid shall be explosion proof to Class I, 
Group D. \ 

Unit shall be completely tested with LN, pri& to s;hipment 1 : 

i 
i 1 
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Description G4LC32SX I Classic SX Cortmller 

Description Part 

The G4lC32SX is a cost effective, high performance controller designed 
to work within the Opt0 22 family of rugged, compact controllers and I/O 
units. A 32-bit 68020 microprocessor supports up to four serial ports, a 
selectable ARCNETpot anda high speed local port fw flexible communication. 

Programming is accomplished with Opt0Concrol or Cyano Opt0 22’s 
revolutionary flow chart based programming languages. Programs are 
transportable across the entire line of Opt0 22 processors. 

G4LC32SX 
C 

SNAP 8 MODULE RACK 
WITH SNAP BRAIN 

SNAP-B12MC 
SNAP 12 MODULE RACK 

WITH SNAP BRAIN 

SNAP-Bl6M 
SNAP 16 MODULE RACK 

WTH SNAP BRAIN 
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Description (CONT.) 

Interface Adapter Cards 

G4LC32SER 
G4LC32ARC 

SOFTWARE 
The G4LC32SX is designed to work in combination with FactoryFloor, Opto 22's new suite of Windows %-bit software. which 

O p t o C a i ~ ~ l ,  a graphical, flowchart-based development envimnment for control solutions 
OptoDisplay, a graphical, mukimendia operator interface package 
OptoSeNer, a robust data sewr that connects the controller network with the PC-based Factorynoor network. 

G4LC32SX configuration and development are performed thmugh OptoControl on a PC workstation. OptoControl is an easy to 
use, selfdocumenting cam1 environment that uses a plain English command set and a long tagname database that is shared by all 
Factofloor components. The G4lUZSX also wads with Opto 22s classic 1Wt software: Cyano, Mistic MMI and Mistic Data 
Sewer (MDS.) 

delivers total contml to i n d m l  automation customers. FactoryFloor consists of three integrated mmponents: 

COMMU NICATl ON OPTIONS (STANDARD) 
The G4Lmsx base unit has the following mmmunication ports: 

2 fullduplex combined RS232 orRS42U485 serial ports, 300-1 15kM 
1 Mistic local bus port 1.44 MB/s 

Two interface cards are available to increase ywr communication options. 
INTERFACE OPTIONS (ADAPTER CARDS) 

Function 

2 RS2321Rs-485 hgh speed serial ports 

ARCNET and 2 RS-485 ports 



EnNTROLLERS 
CLASS8 C 

G4PS245AfW 

G4PS245B 

~~ 

DATA SHEEB 

120 VAC Factory M~ttual Approwd 

220 VPC 

'C naoe 3!!i 
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Description (CONT.) 

110 CONNECTIVITY 
The RSQ22/485ports can be used as a serial link to communicate with remote digital and analog I/O units. Up to4096 I/O points 

can be connected to each communication poh Additional serial ports can be obtained with the 64LC32SER or G4LmARC. 

MEMORY EXPANSION OPTIONS 
The RAM can be used to store a user's control strategy (program) and data. The flash memory (ROM) stores a kernel (operating 

system) and can be used to store a control strategy permanently. The use of flash technology allowsthe user to remotely download 
new firmware offered try opt0 22. 

RAM: Base, 256K 

ROM: Base, 256K 

Expansion: 1 M. &n/264R4M4M 

kpansion: 1 M. Buy G4LC32FlM 

POWER SUPPLIES 
Three power supplies are available. They supply enough power to operate the G4LC32SX base unit and seven I/O units (bricks.) 

P-r Supply Voltage Model Number I 
G4PS245A Il20VPC I 



CONTROLLERS 
CLASSIC 

Real-time cbck 

Power requirements 

Typical operating temperam 

Storage temperatwe 

Hunldity 

Software 

i O P T 0  22 
DATA SHEET 

bus port 

Cbddcaiendar, Epson 62421A with battery back 

5 VDC f 0.1 Q 2.0 A 

0' C to 70' C 

O'C 03 70'C 

5% 03 95% relatie hunidlty 

FactoryFloor (OptoControl, OptODisplay and OptoseNer) 
Classic Soitware (Cyano, Mistic MMl MDS) 

1 

Form 588880128 

Specifications 

System monitws 
Host communicatios 

RAM battesly backup low 
Operating temperature 

32-bit Motorola 68020 processor CPU EEE fbatfngpoint math 

CPU cbck frequency 16.67 MHz 

Detect communication emfs from processor, Yo, etc. 
Detect main power supply operation 
Detects program corruption (check wm RAM test) 
Detects temperature 

Via RS-485 ports, using Opto 22 Yo YO 

2 combined RS-232 or RS4851422 port I Via daughter cards: wdigmble serial ports, ARCNET Locel 
Communication 



CONTROLLERS ,+$:.tBb *+ 
.** .* '0. 

t . .  
CLASSIC i O P T 0  22 u 

DATA SHEET 
F o ~  588-9801 28 

Dimensions 

-5.50' (139.7mm)- 

.. ,. (266 

paoe 515 

i0 
0 0  
g :  
0 

0 

0 0  
g o o  

:0 
0 

0 
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FactoryFlooP takes you 
a quantum leap ahead in 
your search f o r  total conerol 
of the manufacturing 
enterprise. To solve the 
toughest control automation FactoryFloor takes advantage of the power of Microsoft 
problems, or build the Windows. 95, Microsoft Windows NT- and Microsoft Office 
easiest to use, most software products to deliver a complete clienthewer solution 
informative user interfaces, for industrial automation. This reduces training requirements 
or to  expand your and increases productivity. The power of the Windows 
manufacturing systems programming standards means ease of integration with other 
connectivity, Opto 22 has a aoolications. 
total control solution called 

FactoryFloor, Opt0 22’s new suite of Windows@ 32-bit 
applications, which is designed to deliver total control to 
industrial automation customers. FactoryFloor consists of three 
integrated components: 

OptoControl’: a graphical, flowchart-based 
development environment for control solutions 
OptODisplay? a graphical multimedia operator 
interface package 
OptoServer: a robust data server that connects the 
controller nelwork with the PC-based FactoryFloor 
network 

Factorytloor offers a 
total control solution from 
programming and debug- 
ging a control system to 
a networked human/ma- 
chine interface, all from 
the same vendor who 
delivers world-class 
control auto-mation 
hardware. 

Ooto 22’s leadership and innovation in industrial 

Opto 22 43044 Business Park Drive *Ternearla, CA92590 9 Phone: (909)695-3000 * (800) 321-0PTO Fax: (909)695-3095 Internet htWww.~toZ.m 
Inside Sales: (800) 452QPTO Product Support (800) TEKQPTO (909) 6953080 Fax: (909) 69H017 E-mail: suppo@opto22.com 

mailto:suppo@opto22.com
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Continue blocks allow you to jump to other areas in the chart. 
A control program consists of any number of flowcharts. OptoControl's 
real-time multi-tasking lets you run up to 30 charts simultaneously. 

three types. 

Opto 22 043044 Business Park Drive *Ternearla, CA92590 Phone: (909)695-3000 (800) 321-0PTO Fax: (909) 695-3095 Internet hHp:/hw.opbZ.m 
Inside Sales: (800) 452-OPTO Product Support: (800) TEK-OPTO (909) 695-3080 9 Fax: (909) 695-3017 E-mail: wppo@opto22.cam 
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OptoControl takes advantage of the graphical Windows 95 
interface to make it easy to understand, configure, design and 
troubleshoot your solution in a distributed client-server 
environment. Some key features that make OptoContml easy to 
use are: 

OptoControl's Strategy Tree provides a graphical tree-like 

OptoControl's flowchart programming environment 
provides a precise, graphical view of your control 

OptoControl's animated debugger makes it easy to step 
through your process and see h a t ' s  happening at every 
point in your control program. 

OptoControl's subroutine builder pmvides extensive code 
reusability by packaging flow charts for later use. 

view of your control system configuration. 

process. i 

ki: +< .:-- 

All these tools can be l i e  and function on your workstation 
at the same time, thanks to Windows' multitasking. 

One of the fundamental advantages of OptoControl is its 
ease of use. Since it is virtually self-documenting, existing 
programs can be easily understood which simplifies and 
streamlines the maintenance process. Every time the program or 
system confquration is changed, the documentation will reflect 
the latest changes. This usabiliv is further enhanced by the use 
of a plain English command set. and a long-tagname database. 

The OptoControl long-tag-name database is shared by all 
FactoryFloor applications and is open and accessible to third- 
party applications using the built-in software developers kit(SDK). 
Eliminating duplicate databases makes the programmer's job 
easier and reduces the margin for enor. OptoControl also uses 
the communications enabling technologies inherent in Windows 
to provide open access to the control system database for third 
party and custom development 

FLOWCHARTING 

Because complex processes are easier to understand using 
graphics and symbols, OptoControl uses a powerful, flowchart- 
based language which lets programmers write programs visually, 
making the design phase much less abstract OptoControl also 
improves communication between design team members already 
familiar with flowcharts by providing a consistent programming 
environment fur control program logic and instructions. 

PROGRAMMING 

OptoControl is designed to make it easy to program your 
control process, unlike conventional methods that simply evolved 
from the old electromechanical wiring layouts for relays. 
OptoControl is easier to leam, easier to use and is designed to 
hamess all the power of Opt0 225 distributed confro1 hardware 
platform. 

Confiuutator 

OptoControl's configurator provides an intuitive user interface 
that graphically documents the control strategy. The flowcham 
are created using a very simple set of drawing tools. Instruction 
insertion and editing is accomplished through the use of standard 
pulldowns, dialogs, and controls that are now a familiar part of 
all Windows-based software packages. 

Using simple objects, programmers lay wt the logic 
of the program by creating a flowchart. Action blocks contain a 
list of things to do, condition blocks contain one or more things 
to test for, connections show the sequence of operations and 
continue blocks allow jumps to other areas in the chaR By 
choosing from menus and assigning long descriptive names to 
l/O points and variables, programmers can add the appropriate 
details to each block. Once VO points and variables are named 
and defined, they go into the OptoControl database and never 
have to be referenced by characteristics again, only by name. 

Opt0 22 043044 Business Park Drive *Ternearla, CA92590 Phone: (909) 6953000 (800) 321-0PTO fax: (909) 695-3095 Internet hmJ/www.wtoZ2.m 
Inside Sales: (800) 452-0PTO Pradud Support: (800) TEK-OPTO * (909) 6953080 fax: (909) 6953017 E-mail: suppo1@opto22.com 

mailto:suppo1@opto22.com
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OptoConwl Animated Debugger 
Form 848-970226 

I b )*.narvrucQ P 

I I  1 I 

I 
Status bar indudes monilon for 
chart state, step mode, and 
breakpoints as well as a timer 
indicating elapsed execution time. 

inhaled debugger supports 
aulostep, single-step, and 
breakpoints for testing, veniying 
and trouble shooting. 

OptoCon&l's open lagname database 
is utilized by all Oplo 22 FactoryFloor 
applications and is easily accessible 
lo third pa$ software packages. 

k ~ y  control object (variables, 
110 points, elc.) can be viewed 
and manipulated in real-lime. 

Command Set and Suhrontines icon. Controllers, I/O points, variables and even the logic itself 
are represented. Using the Strategy Programmes simply 
Point and clickto display or edit system configuration kmS While 
at the same time looking at the flowchart and logic associated 

OptoControl provides programmers with an extensive 
set which handles a variety of data types, including 

integer, floating point, ASCII string, and arrays of each. 
Sophisticated ASCII string handling also provides unprecedented 
control over serial ports. The OptoControl Subroutine Configurator 
lets the programmer create and archiwe subroutine 
then be called up and executed @multiple programs 
by the programmer. Once a subroutine is created it 
integral part of the OptoControl corn 

ATEGY TREE 

the Object. 

ptoC0n~l'S animated, feaLtime debugger makes it easy 
ck Out system configuration 01 f o~~ow the flow of m t r o l  

logic to understand what is happening. The debugger presents 
a tightly integrated user interface that allows the programmer 
to get an application up and running as fast as possible. The 

fie strategy Tree. The sbategv Tree is a hierarchical tree-like and manipulate I/o points and variables while the program iS 

representation of the Opt0 22 control system. Each object running. This mode Of the optoControt environment Weeds 

and troubleshooting tool for maintenance personnel after the 
project is in production. 

The s w m  configuration is graphically presented in programmer may enter break pints, do single *P fundons 

configured as part of the OptoConml strategy has an associated chekoutoftheentireW*m* Itisalsoaverypowerfuldiagnostic 

Opta 22 43044 Business Park Olive *Temecuh, CA92590ePhone: (909) 6953000 * (800) 321-OPTO Fax: (909) 695-3095 Internet httpJM.opto22.com 
Inside Sales: (800) 452-0PTO Produd Support: (600) TEK-OPTO (909) 6953080 Fax: (909) 695-3017 9 Email: suppt@opto22.com 

http://httpJM.opto22.com
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OptoDisplay is a 32-bit Windows-based graphical multimedia 
opeitor interface packagedesigned to wok as part of the “Total 
Control Solution’ provided by Opt0 22‘s FactovFloor suite, In 
addition to OptoDisplay, FactoryFloor includes: 

OptoControl, a graphical flowchart based development 

OptoServer. a robust data server that connects the 

construct your operator interface by designing graphical objects. 
Displays can combine pictures, symbols, bitmaps and 3-D 
graphics from OptoDisplay’s extensive library. Display functions 
can include controller-driven animation and operatordriven 
commands. Operators can also utilize real-time data for trend 
plotting. OptoDisplay is easy to program - just point, click and 
associate. The power of OpmDisplay lies in ib tight integration 

environment 

with the OptoControl software and its ability to monitor and controller network with the PC-based FactoryFloor interact w& oflo world-class hardware. features 

enable you to animate any graphical control object and to 
network. 

associate it with real-world events by choosing a tag name from 
the shared OptoControl database. Use your mouse to select the 
items you want from the OptoConbd strategy and associate them 

‘ * W i s t o r i w l  collection files. 

OptoDisplay gives operators, technicians and engineers the 
information they need at a glance. OptODisplay allows YOU to 

OPrODlSPU4.Y GFUWHICAL n l u L m w H r 8 ~  

, 

Opts 22 43044 Business Park Drive *Terncub, CA92590 *Phone: (909)695-3000 * (800) 321-0PTO Fax: (909) 695-3095 Internet hltp:/h.opto22.m 
Inside Sales: (800) 4524PTO Pmduct SuppoR (800) TEK-OPTO (909) 695-3080 Fax: (BO9) 695.3017 E-mail: support@opto22m 
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OptoServer is the client-server application component of 
FactoryFloor that gathers and serves requested data among the 
clients on the FactotyFloor network. 

The FactoryFloor network consists ofthe hardware controllers 
and the PC-based workstations that control them. Combined with 
Microsoft's communication enabling technologies, OptoServer 
becomes the universal VO server. 

OptoServer i s  fully integrated with OptoDisplay and 
OptoControl and is used in stand-alone applications or within a 
complex clienthewer architecture. OptoServer can also be 
integrated with Minosoft products, third-party packages, and/ 
or user-developed wstDm applications created with tuols such 

as Microsoft Visual Basic? 
OptoServer is another example of how FactoryFloor uses 

Micmsoft Windows-based standards to provide world-class 
support to Opt0 22 customers. FactoryFloor encourages open 
systems solution development by customers, integrators and 
third-party developers. For example, you can use OptoSenrer to 
access FactoryFloor data from custom solutions built with 
Microsoft Access, Microsoft Visual Basic or Micmsoft Excel. 
OptoServer is designed to help you reach out, not to fence you 
in. 

Opto 22 designed OptoServer to be easy to manage with 
features like built-in diagnostics, report by exception and support 
for backup servers. 

OPTOSERVERSYSTEM CONFiGURATlON 

Opto 22 -43044 Busmess Park Drive *Temecula, CA92590 Phone: 19091 695-3000 1800) 321-0PTO Fax: 1909) 695-3095 * Internet h~~/wunv..opto22.cam 
Inside Sales: (800) 452QPTO Produd Support: (800) TEKQPTO (909) 6953080 Fax: (909) 695-3017 E-mail: suppo@opto22.m 



S'RATEGY: Amer 
HART: LNG-DISPENSING-CHART 
ATE: 09/14/00 TIME: 13:11:29 PAGE: 1 of 1 COLUMN: 1 

FLG LNG WPENS1(Ki 

ROW: 1 



YRATEGY: Amer 
'HART: LNG PROPERTIES-CHART 
1ATE: 09/lz/OO TIME: 13:11:31 PAGE: 1 of 1 COLUMN: 1 ROW: 1 



YRATEGY: Amer 
HART: LNG SHUTDOWN CHART 
ATE: 09/14/00 TIME: 13:11:32 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

7-- -- I * START f 

=SYSTEM C.D. I 

rl TPLX ALARM C,iART WLL 
RESTART TPLX SD CHART W T  TPLX SD CH 

1 

1 

I 
I 



TRATEGY: Amer 
HART: MESSAGE-TABLE-FILL CHART 
ATE: 09/14/00 TIME: 13:ii:33 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

,TART FILL TABL 

2 TEMP VS DENSITY 



;TWTEGY: Amer 
:HART : Powerup 
)ATE: 09/14/00 TIME: 13:11:34 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

ADD ALL CNG FLAGS 
AND OUTPUTS 

FOR HIGH PRESS STORAGE 
ADD CHART TO CONVERT 
0-SVDC PSI WHERE 
0.5 v = 0 PSI 
4.5 V = 7112 PSI 



;TRATEGY: Amer 
:HART: STATION ALARM CHART 
>ATE: 09/14/00- TIME: 13:11:35 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

WITCHES OPEN 

I T I  



;TMTEGY: Arner 
:HART: TANK SATURATION - CHART 
)ATE: 09/14700 TIME: 13:11:36 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

CHECK FOR CNG CONFLICTS 

FINISH SATURAm I 
LUUIH REFERENCES 

. .  

. . .  

. .  

. .  

. ,, 



'TRATEGY: Amer 
:HART: TRIPLEX-ALARM-CHART 
)ATE: 09/14/00 TIME: 13:11:37 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

. . .  . .  . .  
. .  

. .  . . .  . .  

. .  . .  . .  

. . . . .  
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TFiATEGY: Amer 
‘HART: TRIPLEX ALARM SEARCH CHART 
ATE: 09/14/00- TIME? 13:11738 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

CNG STORAGE PRESSURE 
NOT INCLUMD 



;*TRATE;GY: Amer 
:HART: TRIPLEX-PUMP CHART 
)ATE: 09/14/00 TIME: 13:11:40 PAGE: 1 of 1 COLUMN: 1 ROW: 1 



3ATE;GY: h e r  
HART: TRIPLEX SHUTDOWN-CHART 
ATE: 09/14/00- TIME: 13:11:42 PAGE: 1 of 1 COLUMN: 1 ROW: 1 

rsTi-l NO VARIBlES RESET 

RT ALARM CHARTS -2 START TPU CHRTS & 

. ... - 14: = STOP TbPLEX 

F 
I 

BOILER S.D. 
ONLY 

BLOILER S.D. 
AND LNG S.D. 

STOP ALARM 

CHARTS 



TITIS: Strategy Database 
STIUTZGY: Amer 
DI4TFl: 06/12/00 TIME: 14:33:54 

NDMERTC VARxmzZs 

AVG-TRIPLEX-PRESSURE 

CNG-Hose-l-Fill-Pressute 

CNG-Hose-2-Fill-Pressure 

CNG-Low-Flow-Rate 

CNG-PUMP-MODE 

CNG-Storage-End-PSI 

CNG-Storage-Start-Fill-Pressure 

COMl-CONFIG 

COMl-STATUS 

COM2-CONFIG 

COUNTER-PRIMING-TRIPLEX 
.. I 

CURRENT-rnL-FLow 

PLRG_AGARM_TRIPLEX-SYSTEM 

E’LAG-COOLANT-FLOW 

FLRG~COOLANT~PUM~FLOW_LOSS 

FLAG_EWELING-IN-PROCESS 

E’LAG-H20-HEATER-S-D-CO~~TE 

W-HEATER-WMP_FLOW-LOSS 

PLAG_INSTRUMENT_FAILURE_HP-TPX 

FLRG-INSTRVMENT-FAILVRE_LT-TPX 

FLAG-LNG-DISPENSING-ON 

FW-LOSS-OF-PRIME-TRIPLEX 

FL&G-PRESS-AtRRM_TRIPLEX 

FLAG-TEMP---TRIPLEX 

FLW-TRIPLEX-CmT-ON 

FLAG-WATER-HEATER-mm 

FLOW-INDEX-C-PUMP 

FLOW-INDEXHZo_~ 

FUEL-FLOW-RISING 

GALLONS-DELIVERED 

INDEX 

INDEX-1 

LBS-DELIVERED 

LNG-METER-COUNT 

LNG-PRESSURE 

FLOAT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

FLOAT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

INT 

FLOAT 

FLOAT 

INT 

INT 

FLOAT 

INT 

FLOAT 

RUN- 

RUN 

RUN 

RUN 

RUN 

DWNLD 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

0 

2100 

2700 

0 

0 

4900 

4300 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

8 

1 

3 

2 

77 

1 

6 

3 

11 

13 

4 

5 

3 

4 

6 

5 

10 

4 

5 

6 

9 

3 

13 

7 

4 

2 

2 



LNG-TEMPERATURE 

Loss-of-Prime 

Low-Bank-Callout-PSI 

PRESSURE-TO-HIGH 

PREVIOUS-FUEL-FLOW 

SATURAT ION-PRESSURE 

SATURATION-PRESSURE_lo 

SATURATION-PRESSURZ-~~ 

SATURATION-PRESSW-5 

TABLE-TEMPERATURE 

TABLE-TEMPERA--1 

Time-Puup-Prime 

TIMER-CHECK-EVEL 

TIMER-CNG-STOP 

TIMER-COOLANT-ESD 

TIMER-COOlANT-PUMP-STOP-DELAY 

TIMER-NO-FLOW 

Tizter-hrmp_Primer 

TIMER-PUMP-PRIMING 

TIMER-SYSTEM-COO- 

TIMER-TRIPLEX-CWmm 

TIMER-TRI PLEX-STANDBY 

TOTAL-TRIPLEX-P~SS~ 

TRASH 

FLOAT 

INT 

INT 

INT 

FLOAT 

INT 

INT 

INT 

INT 

FLOAT 

FLOAT 

INT 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

DN TIMER RUN 

DN TIMER RUN 

DN TIMER RUN 

DN TIMER RUN 

DN TIMER RUN 

INT RUN 

DN TIMER RUN 

DN TIMER RUN 

DN TIMER RUN 

DN TIMER RUN 

FLOAT RUN 

INT RUN 

STRING W S  

0 

0 

3000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

=T. UIDTII SECURITY m. COUNT 
lpAME -- 
BRIGHT-SCREEN 0 

GALLONS-DELIVERED-DISPmY 0 

GALLONS-DELIVERED-STRING 0 3 

LBS-DELIVERED-DISPLAY 0 5 

LBSELIVERED-STRING RUN 50 0 3 

MESl-BLANK-LINE-1 RUN 50 0 

MES1-BLANK-SCREEN RUN 50 0 

MES1-CURNT-SAT-PRES RUN 50 0 4 

MES 1-EMERGENCY-S TOP RUN 50 0 4 

MES1-FUELING RUN 50 0 4 

RUN 50 0 

MES1-LOSS-OF-AIR-SUPPLY 

MEs1-Low-FuEL-SUPPLY 

MESl-RESET-SYSTEM 

RUN 50 0 4 

RUN 50 0 4 

RUN 50 0 4 

6 

4 

1 

1 

1 

9 

1 

1 

3 

4 

4 

0 

3 

6 

5 

5 

3 

1 

4 

3 

7 

7 

10 

15 



MES1-SAT-P-B RUN 

MESl-SATURATE-TAW RUN 

MES1-SELECT-NOZZLE RUN 

MES1-START-FUELING RUN 

MESl-START-LNG-SYSTEM RUN 

MESl-SYSTEM-COOLDOWN RUN 

MESl-SYSTEMSTART-UP RUN 

MES1-TANK-FULL . RUN 

MES 2-BLANK-LINE-2 RUN 

MES2-EMERGENCY-STOP RUN 

MES2-FUELING RUN 

MES2-LEAK-DETECTION-- RUN 

MES2-LOSS-OF-AIR-SUPPLY RUN 

MES2-LOw_NEL-SUPPLY RUN 

MES2-PRIME-PUMP RUN 

S2-RESET-SYSTEM RUN 

MES2-SAT-P-B RUN 

MES2-SATURATE-TAW RUN 

MES2-SELECT-NOZZLE RUN 

MESS-START-FUELING RUN 

MES2-START-LNG-SYSTEM RUN 

MES2-SYSTEM-COOLDOWN RUN 

MESS-TANK-FULL RUN 

MES3-BLOWDowN_TAuK RUN 

MES3-CURNT-SAT-PRES RUN 

MES3-EMERGENCY-STOP RUN 

MES3-FUELING RUN 

MES3-LEAK-DETECTION-- RUN 

MES3-LOSS-OF-AIR-SUPPLY RUN 

MES3-LOW-FUEL-SUPPLY RUN 

MES 3-PRIME-PUMP RUN 

MES3-RESET-SYSTEM RUN 

MES3-SAT-P-B RUN 

MES3-SATURATE-TANK RUN 

MES3SELECT-NOZZLE RUN 

MES3-START-FUELING RUN 

MES3-START-LNG-SYSTm RUN 

~S3-SYSTEM-COOLDOWN RUN 

MES3-SYSTEM-START-UP RUN 

MES4-BLOWDOWN-TAlJK RUN 

?’ 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 0 

50 0 

50 0 

50 0 

50 0 

50 0 

50 0 

50 0 

50 0 

50 0 

50  0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



MES4-CURNT-SAT-PRES 

MES4-EMERGENCY-STOP 

MES4-NELING 

MES4-RESET-SYSTEM 

MES 4-SATURATE-TANK 

MES 4-SATUWiTION-P~SSURE 

MES4-SELECT-NOZZLE 

MES4-START-FUELING 

MES 4START-LNG-SYSTEM 

MES 4-SY STEN-START-UP 

REMOVE-CURSOR 

SAT-PRESS-DISPLAY 

SATURATION-PRESSURE_STRING 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

RUN 

____ 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

2 

5 

6 

l'YPE m6TE INIT. SkCURITX REI?- COUNT --- m4m 
LNG-PSIG-VS-SATURATION-Tm FLOAT 152 RUN 0 255 

LNG-TEMP-VS-LBS-C~IC-FOOT FLOAT 82 RUN 0 8 1  

1/0 UNITS 

ISLME: BRICK-1 Ol-DIGITAL_SIME'LE 
DESCRIPTION: 
PIPE : 64 Digital Local Simple PORT: Local 
UlORESS : 101 
tEIAawc: Enabled SECURITY: 0 
REFpwcE COVNT: 16 

mTcBD0G: Disabled 

cm?lNzL #: 0 
lpAMe: V U  VE-SATUIUTION 
DESCRIPTION: 

' PIPE: output 
rEAzlmzS : None I DEFAUL5: Last 
WATcmoG: Disabled LNABLE: Enabled 
SECmcTTY: 0 REFGRENCE COVNT: 11 

CHANNEL #: 1 
Uhm: VJiLVJ%-COIL- I m T  

G4OAC5: 1 2  - 140 VAC 

Enabled 

output 
mTuREs : lone DEEmnIT : Last 
WATCHDOG: Disabled 
SECtlRITft: 0 ~FERENCECOVNT: 15 

CHANNEL x :  2 
mm: VALVE-PRESS- COLLAPSE 
DESQCePTION: 
m: 
s z n T m E S  : None DEFAULT. : Last 
wLTcHM)o: Disabled ENABLE: Enabled 

output MODULE: G4OACS: 12 - 140 VAC 

SECtlRITI: 0 RmEmUcE COUNT: 22 



c"mL I: 
NAME: 
DESCRIPTION: 
TYPE: 
IzATmEs : 
WATCHDOO: 
SECURITY: 

CHAmEL I: 
lQAME: 
DESCRIPTION: 
TYPE: 
FzamRES : 
mAmEDoG: 
SECURITY: 

3 
VALVE-RECIRCULATION-LNG- 

output MODULE: G4OACS: 12 - 140 VAC 
None DEFAULT: Last 
Disabled ZNZBLE: Enabled 
0 RtFERENcE corn: 22 

4 
VALVE-PRESSURE-BUILDING 

output mQDQTx: G4OAC5: 12 - 140 VAC 
None DEFAULT: Last 
Disabled twLaLt: Enabled 
0 REFERENCE COUNT: 15 

CHAmEL I :  5 
roAME: VALVE-FVEL-DELIVERY-LNG- 
DESCRIPTION: 
TYPE: 
m?mmXS : None DmnuLT : Last ~ 

ENABLE: Enabled 9mTcEDoo: Disabled 

output U O D m :  G40AC5: 12 - 140 VAC 

SECURITY: 0 REFEREwcEcotRsT: 9 

LOAME: VALVE-SUCTION-LOW-PRESS-PuMp_ 
DESCRIPTION: 
Txm: output UODIVZE: G40ACS: 12 - 140 VAC 
nEATums :. None DEFAULT : Last 

~ 

WATCBDOO: Disabled mABxz: Enabled 
SECURITY: 0 REFERElocE corn: 10 

cmmEL #: 7 
LWME: L IGET-MANLZAL-RESET 
DESCRIPTION: 
TYPE: 
FEATumS : None DEmnLT : Last 
WATCHDOG: Disabled mABxz: Enabled 

output MODULE: G40ACS: 12 - 140 VAC 

SECURITY: 0 REFERENCECOUNT: 5 

cwmEL #: 8 
KINE: L X G h ' T - E M E R G E N C Y - S ~ ~  
DESCRIPTION: 

MODIVZE: G4OACS: 12 - 140 VAC TYPE: Output 
E!EmuRES : None DEFAULT : Last 
tsATCBDOO: Disabled LNABLE: 
SECURITY: 0 REFERENCE COUNT: 3 

Enabled 

c"EL I :  9 
lpAME: &IGffT"LOV-FCEL-&~L 
DESCRIPTION: 
ma: output 40 VAC 
rEAmmYIS : None 
RAT-: Disabled 
SECURITY: 0 REFERENCE COUNT: 3 

cwmEL #: 10 
ram: L IGHT-LOW-AIR-SUPPL Y 
DESCRIPTION: 
TYPE : output 
FEBrmRES : None Last 
WATCBDOQ: Disabled Enable 

G4OAC5: 12 - 140 VAC 

0 REFER~~CECOVNT: 6 SECURITY: 

cEA?mEL I :  11 
Nam: S WITCH-WUAL- T 

FEATVRES : None DZE'AULT : Last 

SECURITY: 0 REFERENCE corn: 4 

CHARNEL #: 12 

DESCRIPTION: 
TYPE: Input UODIVZE : 

WATCHDOG: Disabled zNaBI2z: Enabled 

G4IAC5: 90 - 140 MC/VAC 

SWITCH-START-LNG- 

W 
IOAME: 
DESCRIP'llION: 



W 

W 

TYPE : Input MODVLE: G4IAC5: 90 - 
rEnTuRES : None DEFAULT : Last 
WA'pCgDoG: Disabled zmiBxz: Enabled 
SECVRTTX: 0 RxFERENcEcouNT: 11 

cEA?WCL I :  13 
NAME: SMTCX_STOP_LNG_ 
DESCRIPTION: 
TYPE: InDut HODVLE: G41AC5: 90 - 

40 VDC/VAC 

40 VDC/VAC 
zzAmREs : None =QLT : Last 
WATCHDOO: Disabled ZtaEm: Enabled 
SECURITY: 0 mmEuENcEcoDm!: 1 

amllNEL I :  14 
IPAME: S WITCH-EMERGENCY-STOP-LNG- 
DtScRfPTION: 
TIpt: Input BfoDuIS: 64IAC5: 90 - 140 MC/VAC 
FEzLTm(ES : None DEFAULT : Last 
VlkTaDoG: Disabled ENABLE: Enabled 
SECURITY: 0 REPERENCE corn: 4 

cEA"EL #: 15 
XmQZ: SWITCH-START- FUEL ING-LNG- 
DESCRIPTION: 
TmE: Input HoDnLt: e4IAC5: 90 - 140 vI)c/vAc 

SECURITY: 0 RXFERmcE COUNT: 2 

nzkmJRES : None DEFAULT : Last 
WATCEDOG: Disabled ENABLE: Enabled 

HAMe: B.RICK-lO2-DIGITAL 
DESCRIPTION: 
TYPE: 64 Digital Multifunction PORT: Local 
ADDRESS : 102 WCHDo(J: Disabled 

ramm~QcoUNT: 16 
EHAaLE: Enabled SEcmITx: 0 

c"eL #: 0 

m: output 

SECURITY: 0 REIZRENCG corn: 7 

c"EL #: 1 
ISAME: S WITCH-START-SATURATION 
DESCRIPTION: 
TYPF,: Input HoDvtE: 64IDC5: 10 - 32 MC/12-32 VAC 
FEATUms : None DEFAULT : Last 

rlAm: VALVE-NOZZLE-SELECTION-LNG- 
DESCRIPTION: 

MOD-: 640AC5: 12 - 140 VAC 
TEhTmES : None DEF?4uLT : Last 
WATCEDOG: Disabled EmBUz: Enabled 

Enabled WnzCBDwi: EKABLt: 
SECURITY: REFERI*1cE covwr: 2 

c"u #: 2 
laulc: 
DESCRIPTIa: 
TYPE: Input 
FErLmmS : None 
WATCHDOG: Disabled 
SECURITX: 

CEaNmL I: 3 
m4m: 
DESCRIPTION: 
TYPE: 
mmREs : 
WATCEDOG : Enabled 
SEECIIRITP: 0 

c"?u I :  4 

04OAC5: 12 - 140 VAC 

m c E  coIRJT: 0 

HAME: SWITCH-LEAK-DETECTION- INPUT 
DES-PTION: 
TIPE : 
FEaTmxS : 
mTcBD00: Disabled ENABLE: Enabled 

Input MOD-: G4IAC5: 90 - 140 VDC/VAC 
None OEPAOLT : Last 



W 

SECURXTY: 

c“EL I :  
ElAME: 
DESCRIPTION: 
TYPE: 
rEATmzS : 
WATCHDOG: 
srCmCITY: 

CXimEr, #: 
rmm: 
DESCRIPTION: 
TYPE: 
rEATuxES : 
WATCBDOG: 
SECURITY: 

c%xnmm I :  
EBME: 
mLsCRTPT1ON: 
TYPE: 
FEATURES : 
WATCHDOO: 
SECURITY: 

CmNNEL #: 
-: 
BESCRTPTION : 
TIIPE: 
FEAmRES : 

0 REFERENCE COUNT: 2 

5 
COU”EJ?-LNG_FLOW-ME TGR 

Input HoDvLt: G4IDCSK: 2.5 - 16 VDC 
C o u n t e r  DEFAULT : L a s t  
D i s a b l e d  ENABLE: E n a b l e d  
0 REEZRENCECOVNT: 3 

6 
S WITCH’PERMISSION 

Input MODUXZ: G4IAC5: 90 - 1 4 0  VDC/VAC 
N o n e  DEIXULT : L a s t  
D i s a b l e d  mABuz: E n a b l e d  
0 RErrmnCE corn: 0 

7 
S~TCH-ACKNOh?LEDGEMEhlT 

output  HOD^: G4OAC5: 12 - 1 4 0  VAC 
N o n e  DEFAULT: L a d t  
D i s a b l e d  m?mIJI: E n a b l e d  
0 ~ C Z C O U N T :  4 

8 
SWITCH-MICROMOTION-1 8 

output )daDvte: G40DC5R: Form A R e l a y  (NO) 
N o n e  DEFAULT : L a s t  
D i s a b l e d  EWABIE: E n a b l e d  
0 REFERWCECOUNT: 2 

9 
SWIrwr_MrcRaMoTION-19 

output MODOLE: G40DC5R: Form A R e l a y  (NO) 
N o n e  DEFAULT : L a s t  
D i s a b l e d  ENABLE: E n a b l e d  
0 ~ C E C O V N T :  2 

cBA#NEL #: 10 
NAME: SWITCH-LOh’’F’UEL_LEVEL-AUWl 
DESCRIPTION: 

I S  : N o n e  DFIFAULT : L a s t  
WATCBDOG: D i s a b l e d  EbmBxE: Enabled 

Input mufz: 6 4 1 x 5 :  10 - 32 Mc/12-32 VAC 
~ TIPE: 

SECURITY: 0 ItEFERmCEcOvNT: 2 

c”EL I: 11 

DESCRIPTION: 
G4IDC5: 10 - 32 VDC/12-32 VAC 

N o n e  DXWAULT : 
D i s a b l e d  

REEI(WCEc0m: 2 I 
c”mL I: 12 I 

D E S C R I P T I ~  : 
m: . Input 90 - 1 4 0  VDC/VAC 
I S  : L a s t  
tsATcBD00: E n a b l e d  
SECmCLrP: REFERMCE COUNT: 1 

#: 13 
#AME: SWITCH-CNG-SYSTEM_ON-OFF 
DEscFuP2IoN: 
TPPE: Input MODULE: G4IAC5: 90 - 1 4 0  VDC/VAC 
rmmmzs : N o n e  DEFAULT : L a s t  
WATCEDQG: D i s a b l e d  PSABtE: E n a b l e d  
SECURITY: 0 ReFERmcE corn: 5 

CHANNEL I :  1 4  



#AME: 
DESCRIPTION: 
TYPE: 
FEATmcts : 
WATCHDOC: 
SECURIm: 

CEAmEIl #: 
lmm: 
DESCRIPTION: 
TYPE: 
rzATm(Es : 
WwXHDoG: 
SEClJ€UTX: 

SWITCH- TRIPLEX-LOSS-OF-PRIME 

Input LdooITLlc: G4IAC5: 90 - 140 VDC/VAC 
None r n U L 4 T  : Last 
Disabled -LE: Enabled 
0 RlwzxzNcE c o w :  1 

15 
SWITCH-CCWLAh'T-PUMF-FLOW 

Input MODULE: G4IDCS: 10 - 32 VDC/12-32 VAC 
None D-ULT: Last 
Disabled ZmmIJZ: Enabled 
0 REFIERE#= corn: 1 

=: BRICK.. 1 03-DIGITAL-SIMPLE 
DESCRIPTION: 
TYPE: 64 Digital Local Simple PORT: Local 
m m E S S  : 103 WLTCHDOG: Disabled 
-LE: Enabled SECURITY: 0 
RtFERGNCE corn: 16 

cm"EL #: 0 
HAME: LIGHT-INSTRUME"rr_FAILVRE 
DESCRIPTION: 
TYPE: 
rEATuRES : None DzrsmLT : Last 
WAl!CHDOG : Disabled ElpABLt: Enabled 
SZCWRITY: 0 RtreRMcEcovNT: 9 

CEAmEIl I: 1 
Ham: L IGHT-CNG-SYSTEM-WY 
DESCRIPTION: 
SYPF.: 

output MOD-: G4OAC5: 12 - 140 VAC 

output MODULE: G4OAC5: 12 - 140 VAC 
FEATIIReS : 
WATCHDOG: 
SECURITY: 

CBANNEL #: 
BAMe: 
DESCRIPTION : 
TYPE: 
FEFimREs : 
tsATcBDoG: 
SEClJ€UTY: 

CRAmEL 1: 
mla: 
DESCRIPTION: 
m: 
FEIITmctS : 
wCBw0: 
SECUS=: 

CRAmEL I: 

None DEFAULT : Last 
Disabled EmBIa: Enabled 
0 - corn: 10 

2 
L IGHT-HIGH_GAs_oISCRARGE_pRESS 

output HaDvLG: G4OAC5: 12 - 140 VAC 
None DEFAULT : Last 
Disabled p9LBLt: Enabled 
0 RlmmENcEcovNT: 9 

3 
LIGHT-LOW-GAS-DISCHARGE- T& 

output HabULE: G40AC5: 12 
None DEFAULT 
Disabled ENABXJE: 
0 

4 

140 VAC 

. 

WaME: LIGHT-LOSS-OF- COOLANT- FLOW 
DESCRIPTION: 
SYPF.: output MODULE: 
FEAmmS : None I DEFAULT: 
WATCHDOG: 
SECURITY: 0 

CEANNEL I :  5 

Disabled ENABLE: .. 

NmE: L IGHT-LOSS-OF-PRIME 
DEScRTpTIa: 
TIPE: output MODULE: G4OAC5: 12 - 140 VAC 
FEATVRES : None DEFAULT: Last 
WATCBMIO: Disabled -: Enabled -~ 
SECURITY: 0 REFERmcEcovNT: 5 

CHANNEL I :  6 
Ham: L IGHT-LEAK-DETECTOR-ALARM 
DESCRIPTION: 
TYPE: output MoDmJE: G4OAC5: 12 - 140 VAC 



lIzATvRtS : None DEFAULT : Last 
WATCBDOO: Disabled EHABIz: Enabled 
SECVRITX: 0 RPSZRENCE COUNT: 2 

CHANNEL t :  7 
nm: LIGHT-CAWION 
DESCRIPTION: 
TYPE: output mDuuE: G4OAC5: 12 - 140 VAC 
XZATuRES : None DEFAVZIT : Last 
WATcgDOo: Disabled -: Enabled 
SECVRTTX: 0 REF&RzNcE COUNT: 10 

m: VALVE-OWRANT_PuMP 

TYPE: output mum: 

SECURITY: 0 RErERzNcE corn: 9 

c"EL t :  9 
taut: VRLVE- TRIPLEX-RECIRCULATION 
DEsQCfPT1ON: 
TI=: 
FEATUSES : None DtFutLT : Last 
WATcgDoo: Disabled ZHABIZ: Enabled 
SECURITY: 0 REFERENeE COUNT: 20 

CHANNEL #: 10 .. 1 
lIAMe: VALVE-ZRIPLEA-PRIMING 
DESCRIPTION: 
rYPE: 
FEATURES : None DEFAOLT : Last 
WATCHDOG: Disabled EwLBLe: Enabled 
SECURITY: 0 S W " c E  COUNT: 13 

CEzaNEL I :  11 
lIAMe: VALVE- TRIPLEX-SUCTION 
DESQCfRION: 
TYPE: 
FzlmmES : None DEFWLT : Last 
t s A T ~ o G :  Disabled 

t :  8 

DESQCfPTION: 
G4OAC5: 12 - 140 VAC 

fEATzIRtS : None DEFAULT : Last 
NATCBDOO: Disabled ENABIa: Enabled 

output MODULE: G4OAC5: 12 - 140 VAC 

output MoDuxa: G4OAC5: 12 - 140 VAC 

output HODvLt: G4OAC5: 12 - 140 VAC 
EMLBf.E: Enabled 

I SECVRTTX: 0 RExzRRJcEc~: 12 

I m: PUMP_~TER_HEATER 

I 

I DESCRIPTION: 

CEzaNEL t :  12 

output MODULE: G40AC5: 12 - 140 VAC I7CpE: 
TEATURES : DEFWLT : Last 
WATCHDOO: EMIBLC: Enabled 

I SEEcmCTflt: COUNT: 14 

DESCRIPTION: 
mPE: 

WATCHDOG : Disabled ZNABIs: Enabled 

M0ZIvI.G: G4OAC5: 12 - 140 VAC 
I FEATURES : None DEFAULT: Last 

REFeRpcEcm: 17 

output )dowte: G4OAC5: 12 - 140 VAC TYPE: 
mms : None DErAuLT : Last 
~ C X D O G :  Disabled ENABLE: 
SECtlRITX; 0 EtEFERENcE COUNT: 

CEmNEL #: 15 

Enabled 

WLME: SWITCH-WATEJ?-HEATER_PW-FLOW 

TYPE : Input MODULE: G4IDC5: 10 - 32 VDC/12-32 VAC DESCRIPTION: -. '  
FEATVRES : None DEFAULT: Last 
UATCHWX;: Disabled . XNABIS: Enabled 
SECVRITX: 0 n?zFEmNcEcovIJT: 1 



XAm: BRIG€-1 04-ANALOG 
DESCRIPTION: 
TXPE: 64 Analog Multifunction PORT: Local 
ADDXZSS : 104 WiTcBoOci: Disabled 
IGNABLI:: Enabled SECURITY: 0 
REFERENCE COONT: 8 

c”EL I: 0 
XAm: OIITPIIT-LNG- PVMP-SPEW-LNG- 
DESCRIPTIarJ: 
m: output MODULE: G4DA3: 4 - 20 mA 
DEFAULT : No 
UNITS : MA ENABLE: Enabled 
WATCHDOG : Disabled 
SECURITY: 0 RLPERZNCE coum: 21 

CRANNEL I :  1 
NAME: INPVT’LNG- FLOW-RATE 
DESCRIPTION: 
TYPE: Input moDuuE: G4AD3: 4 7 20 mA 
DEFAULT: NO 
UNITS : LBS/MIN xm4BIJE: Enabled 
tckseR REAL m I X G :  4.000 UPPER REAL PXADING: 20.000 
LOWER SCALED RwLDXX6:0.000 UPPER SCALE0 READING: 141.000 
CERO-ScALt VALUE: 0.000 F v t t - S c w  VALUE: 141.000 
WATQIDOO: Disabled 
SECOXITY: 0 REfeRENcE COUNT: 2 

cE?aNEL t :  2 
XAm: SENSOR-LNG-STORAGE- TEMPERATURE 
DESCRIPTION: 

DEFAULT: NO 
UNITS : 
LOHER REAL REaDING: 4.000 QmzR REAL READING: 20.000 
LOWER SUUIED lUADIU6:-280.000 URRER S U U S D  REBDING: -180.000 
EERO-SULLE VaLVE: -280.000 TULL-SQLLE VALUE: -180.000 
UIk%HDOG: Disabled 
SECURITY: 0 corn: 2 

L TIPE: Input MODULE: G4AD3: 4 - 20 mA 

DEGREES F w: Enabled 

csmmEL I: 3 
NAME: SENSOR-LNG-BOm- TAhF-PRESS 
DESCRIPTION: 
TYPE: 
DEFAKnT : No 
UNITS : PSI EmELE: Enabled 
LOWER RGAL RtEIDIWG: 4.000 UPPER REWXMG: 20.000 

tERo-scALt VALUE: 0.000 FLILL-SCALE wUE: 300.000 
mTcBD00: Disabled 

Input MODULE: G4AD3: 4 - 20 mA 

LUTiER SQLtGD -Il?G:O.OOO UP= SCALED R W X X G :  300.000 

0 COVNT: 7 

4 
#AME: SENSOR- TRIPLEX-DISCHARGE- PRESS 
DESCRIPTIOH: 
TPOE: Input MoDm: G4AD3: 4 - 20 mR 
DEFAULT : No 
m T S  : PSI EMLBLE: 
LOWER REAL RWLDING: 4.000 UPPER REAL READIH 
LOWER SC?iLED RWLDIl?G:0.000 UPPER SCAWtD READING: 5000.000 
EERO-SCAXZ VALUE: 0.000 SVLL-ScAtE VALUE: 5000 .DO0 
WATCBDOG : 
SECURSTY: RlePERENa COVNT: 1 

csmmEL I :  
milcz: SENSOR-CNG-DISCHJWGE- TEMP 
DESCRIPTLarJ: 
TYPE: Input MODULE: G4AD3: 4 - 20 mA 
DEFAULT : NO 
UNITS : DEGREES F ResIX: Enabled 
LOWER REAL READING: 4.000 UPPER REAL READING: 20.000 
towER ScALeo RWLDING:-50.000 UPPER SCALED RUIDING: 150.000 
CERO-SCALE VALUE: -50.000 5 - s c A x E  VALUE: 150.000 

- 



WATCHDOG: Disabled 
SECURITY: 0 REFERENCE couN!E: 8 

c"EL t :  6 
MAME: SENSOR-BAh'K- PRESS 
DESCRIPTION: 
-TYPE: Input 
DEFAULT: No 
UNITS : PSI efABLE: 

2 m O - s w  VALUE: 0.000 F[IwI-schm VALUE: 5000.000 

SECURITY: 0 REFEReJCE eolINT: 19 

c"EL I :  7 

MODULE: G4AD3: 4 - 20 mA 

Enabled 
LcEIIfi SEADING: 4.000 WPEX REAL RWLDIXC: 20.000 

LOWER SQLLED READING:O.OOO UPPER SCATZD READING: 5000.000 

WATCHDOG: Disabled 

mM5: SENSOR-HIGH-PRESS- C N G - S ~ ~ G E  
DESCRIPTION: 
TPPE: 
DEFAULT : No 
UNITS : VDC ENABLE: Enabled 
LOWER RET& RtlLDItlG: 0.000 UPPER REAZI READING: 5.000 
JmmR SCALGD IIWLDINQ:0.000 

WATCHDOG: Disabled 

Input BfoDVLE: G4AD6: 0 - 5 VDC 

UPPER SCALED RFADING: 7100.000 
2mO-scAIs vlu#E: 0.000 FvwI-schm VALUE: 7100.000 

SECURITY: 0 REFERENCE COmJT: 0 

NAm: BRIcK_lO5~ANALOG 

m: 64 Analog Multifunction PORT : Local 
M O R E S S  : 5 
LNABLt: 
rtmzxma COUNT: 5 

DESCRTPTION: 

$mTQIDoo: Disabled 
Enabled SECURIzXlt: 0 

cxmNEL t :  0 
rJAMe: LNG- Tank-Level 
DESCRIPTIm: 
TYPE: 
DEFAULT: No 
UNITS : mA ENABm: Enabled 
uA!l!cHDoo: Disabled 

Input MOD-: G4AD3: 4 - 20 mA 

SECURITY: 0 REFERENCE corn: 0 

cgA#NEL 1: 1 
MAME: CNG-Hose-~-Pressure  
DESCRIPTION: 
TmE: Input MODULE: 
DZFAULT : No 
UNITS : mA - ENABz.t: Enabled 
~ C R D O G :  

G4AD3: 4 - 20 mA 

RtFERENCE Coum: 0 

rJAMe: cNG_Hose-2-Pressure 
DESCRIPTION: 

DEFAULT : No 
G4AD3: 4 - 20 mA TYPE: Input MODULE: 

UNITS : mA LNAaLE: Enabled 
Disabled 
0 REFERENCE CQDNT: 0 

3 
mM5: CNG-Hose- 1-Pl ow 
DESCRIPTION: 

DEFAULT: No 

WATCHDOG: Disabled 

04hD3: 4 - 20 mA 

Enabled 

TYPE: Input UoDm: 

UNITS : mA ENABLE: 

SECURITP: 0 REFERENCE COUNT: 0 

c"EL 1: 4 
LSLME: CNG-Hose-2- Fl ow 
DESCRTPTION: 
TYPE: Input HODVLE: G4AD3: 4 - 20 mA 

LJ 



NO 
Enabled 

0 

DEFmLT : 

NATcgDbo: 
SECUIUTX: 

UNITS : mA ZNABLE: 
Disabled 
0 c m :  

1oAMe: BRXCK-lO6-DIGITAt 
DZSCRIPTION: 
TYPE: 6 4  Digital Multifunction 
MDRESS : 6 NATCIIDOG: Disabled 

PORT: Local 

eaaLt: Enabled SEECIIRZTI: 0 
salmuxcLm: 7 

CmNNEL 1: 0 
mxa: CNG-Hose-l-Authori zed -~ 
DESCRIPTION : 
ZnE:  
mATmXs : None 
UATCKDOG: 

Input MoDm: G4fAC5: 90 - 140 m / m c  

Disabled ZNhBIIE: Enabled 
Last DEFAULZ : 

SECURITI: 0 mmzRzNcE cam: 0 

CmNNEL 1: 1 
ISAMG: CNG-Hose-2-Authori zed 
DESCRIPTION: TI=: Input MmuuE: G4IACS: 90 - 140 VDC/VAC 
mATuxcs : 
WITCBDOG: 

None DEFAULT : Last 
Disabled ENABLt: Fnabled 

SEECIIRZTP: 0 REFEREN= c m :  0 

c”EIl 1: 2 
NAME: HS1-Bank-Valve 
DESCRIPTION: 
zJcPz: 
rEAmRES : 
UATCKDOG : Disabled SXhBLE: Enabled 

output MoDm: G4OAC5: 12 - 140 VAC 
None DzFmLT : Last 

SEcm(fTX: 0 qFERENcEcQoNT: 0 

CxAmEL 1: 3 
mxa: HS2-Bank-Val ve - 
DESCRIPTION: 
TYPE: 
m&mREs : 
WATCHDOO: 

output MoDm: G4oAC.5: 12 - 140 VAc 
None DEFAVLT : Last 
Disabled maBIx: Enabled 

SECUIUTI: 0 REFERENcEcQoNT: 0 

CfIA#NELI: 4 
mAka: nsl-Disp-Valve 
DESCRIPTION: 
m: 

OJArCHMM: 
SEmRXTX: 

output xoDuLl5: G4OAC5: 12 - 140 VAC 
Last FEAzIJmS : None DEFAULT : 

Disabled tKABLt: Enabled 
0 a corm: 





Cyber Serial 
Web Enable Your Equipment 

11'" ' ~ &E\ [BUSTERJ Virtual Data Interface 

ll CyberSetia' I1 I '  

DescriDtion: 
The CyberSeriaIm is a thin Internet application server for directly accessing serial devices using the Internet. 
It provides a direct link to serial systems, devices and equipment using a browser based terminal emulator. 

The CyberSerial, based on Concur's CyberNode thin servers, is architected for industrial and remote 
monitoring applications. The CyberNode's built-in web hosting capability allows serial devices to be 
accessed over a secure web site. Sites are built using standard I-lTML, Active X controls and Java applets. 
The node can be configured and viewed on standard web browsers over a secure network connection. 

The CyberSerial provides a low cost network Eriendly solution for monitoring and controlling information 
directly from serial devices, and ports on systems and equipment over a plant intranet or the Internet. 
Support for 2,6, or 10 independent serial ports with options for Rs232, RS485 and RS422 are available. 

i. 

Snecifications: 
Serial Port Options Jncl udes: 

Event Logging 
Web Site I Server RS232 - 2,6, and 10 ports 

* M422 - 2 or 4 ports 
Rs485 - 2 or 4 ports 
*LPT- 1 or2ports 

- Baud Rates - 300 to 11 5200 
DataBits - 6,7 or 8 

* Parity -None, Even, Odd 

TCPAP (Ethernet) or PPP (Modem) 

Virtual Terminal Interface 

0-< UARTS - 8250 and 16550 
CyberDigital 
Cy berEnvi ronmental 
CyberAnalog 
CyberModbus 9 Network Communications 
Custom OEM and Engineered Solutions 

2525 WLINQWDOD DWVE. SUllE 804 AUSTIN. 7% 78748592CI 

(512) 306-0511 FAX (512) 3060558 1 

(CON- BYSTEM TLCHNDLOQIPS, L L E 
www.concursys .corn 



Typical Application 
td 

* 
interface w i t h  fhin-LVcb Server 

urinp TCPIIF data occcss Pl3nt Control Solutions 

remote control us in^ 
P PC'c browser 

cpsy integration with 
total plant control solutions 

Advantages 

Technical 
Financial 

of 1 
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Send mail to webmaste@,concnr.com with questions or comments about this web site. 
Last modified: November 28,1999 
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Parijut Controlware, Inc. 
1125 Blabck, Suite # 201, H4usron lX 77055 
9565. 

http: \\www.panjut.com ;E-mail: sales@parijacom 
Tel: (713) 935 0900. Fa: (713) 935 

Parijat ActiveW32 for OPT022 
MISTIC Serial Master 

.- . .,-.. ,, ., .,. ... . . . . . .I.: .j_ ):. ;:!:: :.:. ; ' '.. ' .~ , 

I 
PCI-OPTOmkt- AC?X 

Developed using state of the art Microsoft MFC4 
technology for enhand throughput and low overhead, 
Parijat's industrial communication 32-bit ACtiveX custom 
controls, acquires data from Opt022 Mistic Controllers 
via serial port. Read analog, digital, strings and variable 
type point records. Manipdate properties using our 
custom property sheets for utmost user-fiendliness at 
design time. Blocks of point records may be processed 
simultaneously. Pow& error trapping & reporting tools 
are provided. Rapid exception processing is available 
with our CornpareInfo method. Activex's are very fast 
and also do not require significant Windows resources as 
DDE drivers or servers do. 

Methods: Refresh Comparewo 
Events: Outcome (fires when communication transaction 
completes) 
Throughput: Microseconds order performance. 
This Droduct works with: 
JHFlicrosoft Visual Basic, Visual C++/J++ , Wice97. Fox~ro95 
pr anv other OLE container. 
Related VBX Products: None 

Features: 
No software protection keys. 
Complete context-sensitive help & built-in 
manual. 

We also &lop custom products and applications with PLC 's, MS Visual Basic, as well. 
We can a h  develop aty ActiveX that you may need developedfor a spec8c purpose. We also have an 
GUI MU1 m@are(Kisual Process) written in El3 which provides basic SCADA monitoring, alarming, 
trending, reporting. With visual Process, mry CXD &awing, manuals, vendor &&I sheets, instrument 
qec sheets, instrument calibration sheets or aty other documentation associated with 

MM/SCADA qystem to he& the IS09000 cerfiification! 

http://www.panjut.com


h t t p : / h w . p a r i j a t . c a n l P d ~ . h ~  viiat Demo CD 

Home - > Parijat Communication Drivers 

Parijat specializes in writing communication drivers for just about any product. If you do not see your 
particular needs met fiom the above list, give us a call about other drivers that we arc working on that 
may have not made it to this list yet. We are continually writing other drivers for a wide variety of 
applications. 

PLC ActiveX 32 Bit Communication Drivers 
PLC DLL 32 Bit Communication Drivers 
PLC 16 Bit VBX Communication Drivers 

You may see the full list of the products. 

To register your demo version contact Parijat for registration number. 

of 1 06/12/2000 955 A 





http:ltwww.parijat.wd 

Reaistration 
Contacts 
FAQ on VB and Active X 
Trainina WorkshoDs on usina Visual Basic and ActiveX for PLC's and SCAD 
Svstems 
Additionat Software 
HMllSCADA Suwev 

ctis 

Monitorina Demo 

Parijat Controlware, Inc. 
1425 Blalock Suite 201 
Houston Texas 77055 
Ph: 7 13-935-0900 
Fx: 713-935-9565 

sales&mriiat. corn http://www.pariiat.mm 

(c) 2000 Parijat Controlware Inc. 

06/12/2000 951 AI 
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Lb;ie star Energy Variables http://63.68.127.122/variable 
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J. C. Carter ComDanv 
Single Line Liquefied Natural Gas 

u e l i n g  Coupling 

J.C. Carter Company, Inc 
671 West 17th Street 

Costa Mesa, CA 92627 

J. C. Carter's Single tine Fueling Coupling is designed for J. C. Carter's Single Line LNG Fueling Coupling is designed to 
NGVEm fueling facilities. The Noule (Model 5ono l )  attach- 
es to the fuel hose. The nozzle is maneuvered and actuated 

"Ig the double handled scissors linkage. The receptacle 
udel50E700A) mounts on the LNG fueled vehicle. Both the 

nozzle and receptacle incorporate independent shut-off valves. 
A built in breakaway feature prevents LNG flow from either the 
nozzle or receptacle if forced separation occuk. A dust cap 
(C01491) is available to prevent debris from entering the 
receptacle when not in use. 

meet the time conscious fueling tasksof fleet operators and 
includes the following features: 

No nitrogen purging is required for proper operation 
One motion mating for simple operation 
Built-in compression fitting on receptacle allows simple, 
inexpensive vehicle installation 
Receptacle may be used as a primary shut-off valve 
Patented interface seal akangement prevents liquid 
leakage while fueling 
Modular construction for simple field maintenance 
Rugged design to survive harsh fleet fueling facility 
environment 
Ice BreakerTM technology for Freeze-On-Free fueling 

. . .  
Fluid Compabbtlity: ..................................................................... LNG, Methane, LNz 
Max. Refueling Pressure: ............................................................. 250 psig 

500 psig 

Rated Flow: 50 gpm 

c Max. Working Pressure: .............................................................. 
Burst Pressure: 1500 psig . 

Receptacle Weight: 3 Ibs 
Nozzle Weight: 12 Ibs 

........................................................................... 
................................................................................. 

.................................................................... 
............................................................................ 

.............................................................. 
................................................................. 
............................................................. 
............................................................... 

Operating Temperature: -320OF to 120°F 
Storage Temperature: -6OOF to 12OOF 
Spillage on Demating: ;... 20 cc 
Leakage while Fueling: None 
Average Time to Mate: ................................................................ 
P-rage Time to Demate: ............................................................ 

ated Life: ............................................................................ 
le Connection: ..................................................................... 

Receptacle Connection: ............................................................... 
Standards: .................................................................................. 

43 sec 
Q sec 
36,500 cycles between major maintenance service 
1 .OO" female ports will accept MS33649-16 fittings 

Will satisfy NFPA and SAE requirements 
3/4 compression tube fitting 

u 



I 

1 J.C. Carter Company 
I 

Small Single Line Liquefied Natural Gas - ueling Coupling 

J.C. Carter Company, Inc 
671 West 17th Street 

Costa Mesa, CA 92627 

J .C. Carter‘s Single Line LNG Fueling Coupling is designed to 
meet the time conscious fueling tasks of fleet operators and 
includes the following features: 

J. C. Carter‘s Small Single Line Fueling Coupling is designed for 
NO-VENT fueling facilities. The Nozzle (Model 50 E722) attach- 
.-s to the fuel hose. The nozzle is connected to the receptacle One motion mating for simple operation 

Compact design results in simple installation 
Diametral seats for LEAK-FREE fueling 
Ice Breakerm interface technology for Freeze-On-Free 

1 

I nozzle and receptacle incorporate independent shut-off valves. fueling 

w j n d  actuated through a 1/4 turn mechanism. The receptacle 
(Model 50 E721) mounts on the LNG fueled vehicle. Both the 

I 

I 
I A built in breakaway feature prevents LNG flow from either the Rugged design to sunrive harsh fleet fueling facillty 

environment ~ 

! Modular construction for simple maintenance 
j No external purge requirement reduces operating costs 

nozzle or receptacle if forced separation occurs. 

I 

j 
I 

.. ..................................................................... Fluid Compatibility: LNG, Methane. LN2 , many other cryogens 
250 psig Max Refueling Pressure: ............................................................ 

Max. Working Pressure; 500 psig 

Rated Flow: 
Receptacle Weight: 0.4 Ibs 
Nozzle Weight: ;. 1.2 Ibs 

.............................................................. 
................................................................... 

................................................................................ 
.................................................................... 

................................ .......................................... 
.............................................................. 

................................................................. 

................................................................. 

: 1500 psig 
10 9Pm 

Operating Temperature: -320OF to 12OOF 
Storage Temperature: -6OOF to 120OF 
Spillage on Demating: 5 cc 
Leakage while Fueling: None 
Average Time to Mate: <3 sec 

.2 sec 
Aimated Life ............................................................................. 

Will satisfy NFPA and SAE requirements Standards: .................................................................................. 

............................................................... 
................................................................ 

............................................................ erage Time to Demate: 
36,500cycIes between major maintenance service L J  

- .  ”. 



58 GPM SIEAL REPLACEMENT KIT 

CAUTION: Read instructions completely before attempting t o  
replace seal. Failure to do so can result in personal injury. 

I 

I If nozzle is  disconnected from the LNG fueling system, do not 
I 
I allow water or other contaminants t o  enter the internal 

mechanism of this coupling. 

Tools Required 
Staiidard external type pliers: " 1-1/8" retaining ring 

CAUTION: Under no circumstances should the nozzle be capable 
of flowing during the seal replacement procedure. 

A 
1) Place nozzle assembly in a vertical position on a clean work area with the handles 

fully extended, see Figure "A". 

2) Renave the retaining ring from nozzle shroud. Discard the used ring as damage 
may occur during disassembly. 

3) Once the retaining ring is  removed, remove and discard both retainer seal and 
spriilg energized seal. 

n the sealing surface on the nozzle shroud, install the new spring 
energized seal in proper orient L 

crientation will result in leakage ing mating operation. 

5) Place the seal retainer over the seal (Also note orientation) and reinstall the 
retaining ring. Note: Be careful not to overextend the retaining rings during 
assembly. The retaining rings should fit securely into grooves. Push the retaining 

ring into groove to fully secure seal and retainer. Verify visually that  the 

, 

W retaining ring is seated into shroud groove. 

MODEL 50E701 
c.. 
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