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mendation, or favoring by the United States Government or any agency thereof.
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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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Introduetion

Project Background

 Blue Fuels Group, I.P./Lone Star Energy 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 Metropolitan 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 Umversxty and Southwest Research
Institute in San Antonio/

Lone Star Energy Company’s (LSEC), TXU Gas Company - Alternative 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 facilities. LSEC is also a LNG retailer, transports LNG,
designs/builds LNG and LCNG fuehng facilities and operates a vehicle conversion center,
TranStar Technologies.

'LSEC is known in the industry for its expertise in developing and building liquefied and
compressed natural gas (LCNG) fueling 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 Infrastructure Project, is also an experienced and
, respected designer and builder of LNG/LCNG facilities. North Star has recently completed a

- facility in California and has prOJects under construction in Anzona (refer to attachment B for

. 'more mformatxon)

The Task 1A report detalls the steps mvolved in the planmng, 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 successful building of future fueling
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. ‘

Implementation bf Advanced LCNG Fueling Infrastructure in Texas along the 1-35/NAFTA Clean Corridor Project
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-0

Natural Gas Vehicle Fuel Baclgground Statement

-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 LNG/LCNG
fueling facilities combined with a lack of documentation of planning, zoning and code

enforcement practices for LNG/LCNG 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.

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 than compressing the natural gas from 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 facxlmes to

include heavy-duty vehicles, the statlon economics can be improved.

Because of the mcrease in fueling capabxhtles 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 Infrastructure in Texas along the I-35/NAFTA Clean Corridor Project
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LNG Project | Location Year Number of Type of LCNG
- Started Vehicles Vehicles Capability
Amett Phoenix AZ 15 LNG Paratransit . | No -
ATC-Vancom | Phoenix AZ -} 39LNG 30’ Transit No
Phoenix Phoenix AZ 1997 191 LNG 40’ Transit Yes
Transit : 10 CNG LUV’s
Grand Canyon | Grand 1998 7LNG Shuttle Bus | Pending
National Park | Canyon AZ 5CNG 40’ Transit
Tempe Transit | Tempe AZ 1998 50 LNG 30’ Transit | No
Empire Power | Phoenix 2000 50LNG Class 8 Pending
Systems AZ Tractors
, Mesa AZ 2000 50 LNG Class 8
. | Tractors
LAX Airport | Los 1995 43 LNG 40’ Transit Pending
- Angeles 2000 12 LNG 40’ Transit
CA '
Taormina Ind. | Anaheim 1996 28 LNG Refuse No
_ CA ~ ’ Haulers
United Parcel | Ontario CA 1997 4 LNG Package Vans | Yes
Service 42 CNG Package Vans
OmniTrans 20 CNG Paratransit
Trucking 2LNG Class 8
Unlimited Tractors
Jack B. Kelley 3LNG Class 8
Tractors
Raley’s Sacramento 1997 8 LNG Class 8 No
CA | Tractors . o
L 2LNG Yard Goats
City of Bakersfield 6 LNG Refuse Yes
Bakersfield CA Haulers '
' : 12CNG Sweepers
B : 30 CNG- LUV’s
Harris Ranch - | Coalinga 1999 12LNG Class 8 No. -
Feeding CA o - | Tractors
Company S 5 ' ‘
Safeway / Santa Fe 1999 30LNG = |Class 8 No
Vons Springs CA ~ | Tractors B
City of San_ San Diego 2000 |54 LNG Refuse No
Diego CA | ' Haulers
Environmental
Services

Implementatton of Advanced LCNG Fuelmg Infrastructure in , Texas along the I-35/NAFTA Clean Corridor Project
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Idaho National | Idaho Falls 1994 7 LNG Motor Yes
Engineering ID ~ | Coaches '
Lab 126 LNG & | Pickups &
: L CNG LUV’s
. : _ No
Greater Austin | Austin TX 1992 28 LNG 25’ Transit
Transportation '
Houston Metro | Houston 1992 SLNG 40’ Transit Yes
TX 5 LONG 40’ Transit .
Sun Metro El Paso TX 1995 35 LNG 40’ Transit Yes

20CNG - | 40° Transit
30 LNG 25’ Transit
20 LNG Paratransit
25 CNG Trolley
28LNG & |LUV’s &
CNG | Support

Dallas Area | Dallas TX | 1997 | 140LNG | 40’ Transit | No
Rapid Transit

DFW Airport | Dallas TX 1996 SLCNG Honda Civics | Yes
Area 1E :

Total NGVs Fueling from either LNGor 1209
LCNG

NG Production amf Delivery

LNGis 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 faclhtles are typxcally

e located in unpopulated areas.

"LNG is typlcally dehvered to the site in 10,000-gallon cryogemc transports The fuel is
either pump offloaded or more commonly the fuel is pressure transferred into the fueling station

- storage vessel. Some stations are equipped with pumps to offload the LNG transport, others use

the dispensing pumps for ofﬂoadmg and some transports are equlpped W1th pumps.

LNG is dehvered into a LNG vehlcle 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 Infrastructure in Texas along the I -35_/NA}‘5'T A Clean Corridor Project
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typically 235 psig. The vehicle is inferred to be full when the LNG dehvery rate decreases to a
preset point, typically 5 to 7 gpm.

CNG Productioiz and Delivery

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
o ‘compensated correct fill pressure is reached, the gas flow authorization valve is closed. The total
u 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 Delivery

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 priorto
delivery to the CNG storage vessel(s). The LCNG is then stored and dispensed the same as the
CNG systems descnbed above. s _

Implementation of Advanced LCNG Fueling Infrastructure in Texas along the I-35/NAFTA Clean Corridor Project
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Executive Summary

Inherent Features of LCNG Systems

* Lower Horsepower — The work performed by an LCNG pump to compress liquid natural
‘ gas is a fraction of the work required to compress natural gas vapors. For example, a 3-

gpm LCNG pump produces CNG at a rate of 250 scfm 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.

w  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 fuel

- efficiency and reduced emissions.

= Lower Gas Temperatures — CNG produced from LNG is approx1mately 20°F 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 lA - Sitingof LCNG Fueling Facilities

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 (LNG) 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 pro_lect and other additional costs -
incurred as a result. Local administrators and regulating agencies lack expenence with these
types of projects. Moreover, the lack of information regarding planning, zoning and code
enforcement practices prevent their makmg mformed decisions in a timely and consmtent
manner. . _

There is a great deal of interest by the natural gas industry to establish appropriate and
necessary planmng 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 liquefied/compressed 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 Alrport LCNG Pro_;ect will be included

as a part of the interim report”.

Implementation of Advanced LCNG Fueling Infrastructure in Texas along the I-3.iﬂVAFTA Clean Corridor Project

Contract Numher DFE-ACNI-Q0CH 11017~ DOF. Chiraon nmrniinno '




g

Blue Fuels Group L.P. Page 10 of 62

Project Objective

' To improve the market viability of LNG/LCNG by minimizing costs such as those
associated with the planning, permitting and review of new fueling facilities. The Task 1A
report will:

e Document the process of obtaining the necessary permits and approvals;

e Detail the planning, siting and permitting processes for recent LCNG projects; and

e - Identify existing hurdles and constraints in the siting and permitting processes with |
~ recommendations for improvements.

Equipment ‘Descrip'tidn
ING/LCNG Components Description

A typical LNG/LCNG fueling system consists of a LNG offload assembly, LNG storage
vessel(s), LNG fueling pump(s), LNG saturation coil, LCNG high pressure pump(s), LCNG high
pressure vaporizer(s), LCNG odorizer(s), LCNG storage vessel(s), LCNG Priority/Sequence
Valve Assembly, LCNG dispenser(s), and LNG dispenser(s). -

LNG Offfoad Assembly — The offload assembly consists of the brass CGA fitting
for a liquid and vent hose connection to the delivery transport, manual isolation
valves, check valves and piping interconnect to the main LNG storage vessel(s).
Some stations are equipped with offload pumps or can utilize the dispensing
pumps to offload a transport. Some LNG transports are equipped with offload
pumps and stations without offload pumps require that the LNG be offloaded by
pressure transfer. ' -

- LNG Storage Vessel — A vacuum-insulated pressure vessel ranging in capacity
from 6,000 to 30,000 gallons. Tank maximum allowable working pressures are
normally 250 psig or lower, with product stored at 50-120 psig. The pressure
vessels are built and certified to ASME Section VIII Division 1 Standards.
Vessels are either horizontal or vertical in configuration and typically consist of

9% nickel steel or 304SS inner and carbon steel outer, using double wall
‘construction with super insulation under high vacuum.

LNG Fueling Pump — A small centrifugal pump is used to draw LNG from the
storage tank and transfer it to the vehicle tank(s). The latest technology used
involves submerging a single or multistage centrifugal pump in a vacuum-
insulated sump, allowing for on-demand LNG fueling. =

Implementation of Advanced LCNG Fueling Infrastructure in Texas along the I-35/NAFTA Clean Corridor Project
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LNG Saturation Coil — 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.

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 scfim.

LCNG High Pressure Vaporizer - With high pressure liquid supplied from 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 odorieed 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 start/stops. Vessels are rated for up
to 5000 psig and are either spherical or cylindrical in design and constructed of
carbon steel. Spherical tanks typically range in size from 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.

Priority/Sequence Valve Assembly — 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 from the highest-pressure bank to the lowest
pressure bank. The sequence valves control the flow 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 dlrectly filled from the
compressor or heat exchanger if needed. ,

Implementatien of Advanced LCNG Fueling Infrastructure in Texas along the I-35/NAFTA Clean Corridor Project

(Contract Numher NE-AC02-90CH 1 1012— DOF. Chirnon Oneratioms



o/

- Blue Fuels Group L.P. Page 12 of 62

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 modern 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 from 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 flect management purposes.

Approach/Organization
Permittirgg_P)'acess 4

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
governing 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
vehxcle fuehng system. The process mcludes the followmg

- e Pre-design planmng at the job sxte to consider
' ‘o Tank Selection: -
Above Ground vs. Under Gfound
Vertical Vs Horizontal
13,000-gallon minimum to accept full 10 OOO-gallon transport loads:
Conditioning tank(s) required
Design Pressure(s) required
Total volume of storage required
Total number of dispensing hoses

AR NN N N
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Property Line setbacks

Clearance to adjacent structures

Flame propagation studies

Overhead power lines

Traffic Patterns

Access for transport to offload

Location of storage relative to dispensing area
Availability of electric and telephone service

AN N N N

¢ 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(s) location and specifications
LCNG vaporization equipment location and specifications
CNG storage vessel(s) size, locations and specifications
CNG dispenser(s) 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 _
-Methane detection devices and system operational sequence
Emergency shut down (ESD) devices
Life safety features :

e Trade pemﬁts are typically required for each area of the work. Mosi municipaliﬁes |
require that a subcontractor must be licensed for the type of work performed and a
building permit for the project must be obtained before a trade permit will be issued.

e The local authorities may require an environmental review. EPA and State
environmental guidelines must be met. Local authorities should be contacted to determine
the reqmrements referral to County or State Agen<:1es may be necessary. Environmental
- reviews have not typically been a problem in permitting LNG or CNG fuelmg facilities
~ but the proper department reviews must be obtained.
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¢ 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

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

o It is the responsibility of the applicant to assure that all perrmts 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 system Be prepared to offer a tactful
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 information 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 planmng documents for use by Fire Marshals,
Environmental and Bmldmg Permit agencies would be beneficial. Consequently, it is important

~ that the current review and planning process for sxtmg 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 planmng 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.
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Hurdles and Constraints

Lack oz Standard Regz_datzons

Until the adoption of NFPA 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 vaporization rate of 600 to 1. For
example, 1 cubic foot of LNG if released will rapidly produce 600 cubsic feet of natural gas. The
gas cloud will hug the ground until the vapor reaches a temperature of minus 140 degrees F.

Odorized Gas

LNG is a colorless, odorless, combustible gas that is typically 98% plus methane and
industry standards do not require odorant to be added, as with pipeline natural gas. The LNG in
- liquid formis 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.

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. 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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Venting
| Heat gain into the main LNG storage tank must be minimized. Frequent starting and

stoppmg 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

Ftre Egl_ugmentv

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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LNG/LCNG Projects

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

Dallas-Fort Worth International Airport
- LNG/LCNG Station

American Airlines Maintenance Facility

DFW Airport, Area 1E

Pralect Description

The DFW Alrport Board and Amencan 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 ft. wide x 36 ft. long x 9.5.ft high steel skid by Drexel/Hydra Rig.
Drexel/HydraRig is an equipment manufacturer located in Fort Worth, Texas. The module was
installed in the parking lot area of the AA Maintenance Facility and fueled AA vehlcles 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 remainsin

+ service today. The lessons learned from LSEC’s first LCNG fueling system are included in 7ask
1 BF eatures’of User Friendly LCNG Facility. ,

sttem Descngtwn

: The ongmal system consisted of a 6 OOO-gallon horizontal tank, manufactured by MVE,
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

o dispensing area to house the non-rated electrical equipment including the vanable frequency

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 fueling 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 fueling nozzles and flow rates will be
further discussed in Task 1B.

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 fueling 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, 460v) 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 currently 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 Airport 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

- from the permit section, for which project approval had to be obtained from the Fire Marshal.
The timeline of events is as follows:

The first DFW/LNG Evaluation Project Meeting was held March 30, 1995 with the DFW
Airport Board personnel, American Airlines personnel Lone Star Energy Company and
Drexel/Hydrang personnel

On April 25, 1995 desrgn review meetmg was held at the LNG site to determine the siting
requlrements .

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

Revised Sltc plans and contamment volume calculations were submltted on June 20,1995.

: Vehlcles were converted to dedicated LNG supply in August and September of 1995
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Electrical Inspection of the LNG system was conducted on September 26, 1995.
LNG Fueling system was ready for operatioh 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 operational.
A construction application for the LCNG addition was filed with the DFW Airport Development
Department on August 15, 1996.

Environmental impact review was completed for the Permit Application No. 96-275 on
September11, 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 TA# 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. S

The application received a Structural Review, Building/Fire Review, Mechanical and Electrical
Review. Approval was 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, Electrical and Building/Fire approvals were obtained
on October 16, 1996. ' _ ‘

Structural inspection approval was obtained on October 31, 1996. |
Mechanical/Building inspection was performed on November 06, 1996.
Electrical Inspection was performed November 23, 1996.

A separate'Certiﬁcéte 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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DFW Project Photos
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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 Frelghtlmer chassis, Harris Ranch began the process to procure
the refuelmg station.

NorthStar Inc. of Evanston, Wyommg was selected to construct a LNG station at their
feedlot under a turnkey design/build contract. The contract was awarded April 1,1999 and the
first truck was fueled July 31, 1999.

System _Qescg’ption

A 16,400-gallon LNG storage tank from Process Engineering Incorporated in Plaistow,
New Hampshire was used. Originally 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 minimum 10% ullagé 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 from the storage tank. The dewar is mounted on a prefabricated
skid complete with control valves, a meter run, a heat exchange coil, pneumatic controls,
transmltters and an electncal junction box :

: The submerged pump is used to transfer fuel to the vehicles. An ACD model TC-34

© 1x2x6 two stage; can transfer LNG at 30-40 gpm at 80-90 psi head pressure. The amount of
pump head available is critical to overcome the pressure in the vehicle tank and initiate a smgle

hose fill of the vehicle tanks. .

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

A second cryogenic pximp was installed to assist in the offloading. of a transport trailér.
This Cryogenic Machinery model C-C pump has dimensions 1% x 3 x 12, and transfers 200 gpm
at 90-psi head. '

Pernzitting 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.

A set of plans was submitted to Public Works & Development Services, and a second set
‘ 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 known hdzards and existing safety systems. - —.

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

Profect Description

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

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 design/build 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.

| sttem Descrigtion

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 1.5x2.5x6 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.

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

- excellent location for commercial fleets.

Empiré Power Systems added LCNG capabilities.

Permitting Process |

Acqumng permits for an LNG station from the ley of Phoemx was rigorous and time
consuming. Fortunately, the design team that was formed as a result of the Harris Ranch project
was better prepared to generate the information required. : v
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© The City was contacted to determine what permits would be required. Prior to breaking ground,
permits for:

Grading,

Dust (Maricopa County)

Right-of-way (dnveways)

Landscaping,

Signage,

Fire Hydrant,

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

“To accomplish this, NorthStar prepared drawmgs calculations, and reports as follows

Pavement, grading and drainage drawing

Landscaping drawings

Equipment foundation drawing

Equipment layout drawing

Electrical power distribution drawings

~ Seismic and wind load calculations
. Process and instrumentation diagram

L Fire protection review
\sj-‘ 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 alarm-annunciating devices were
requxred to be able to operate for 24 hours as we]l

The deﬁmtron of “adequate water supply” is left to the local authonty A ﬁre hydrant
across the street was deemed msufﬁment, so a water line was branched off to a new hydrant

within the property line.

Smce the statxon was to be unmanned, an automatic telephone call out device was
required in the event of an alarm or other operational problem. In the event of an alarm, the auto-
’ dlaler mforms an alarm momtormg company, whlch in turn notrﬁes the local 911 network
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Empire Phoenix Project 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 fuel and no station accidents with large releases of natural gas so

- the comfort level is increasing. However, it can still be a challenge and time consuming
~ 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
pernuttmg process for the three LNG/LCNG projects as described in this report will
improve the siting and permit process for future facilities.
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‘Baseline LNG and CNG Level Data at DEW Airport

LNG Tank
Date ) Level : LNG Added to LNG Tank ICNG Sales per month
Change in .
LNG Tank LNG '
LNG Estimated WNGin | inventory LNG | Defivered | LNG LNG
Head | LNG LNG LNG LNG Tank dueto Delivered | pership | Dispensed | Dispensed CNG CNG
Pres | Tank | & fon IR ed] Recorded | & y | Venting Fuel | pership ticket |to Transport (to Transport| Dispensed | Dispensed
| {psi) |Vented?] Pressure | Inchas | Inches {ibs) (ibs) | Source | ticket(ths) | (Gallons) | (Gallons) | (ibs) {GGE) _{ibs)
02/01/00| 120 ‘ 300 230 18183
02/04700| 160 | yes 140 270 200] 13084
0210400 125 125 25 195] 12685 380
oz0700] 160 | yes | 140 24{1 175 114
02007100 125 125 240 170l 1013 428
o20900] 175 | yes 150 20| 150 s1s]
0210900 100 100 215) us| a7 516
0200800 75 ' 40 2700 Amoco 12372 3545
o2nona| 75 355 265
o2n1em0] 150 | yes | 125 no 200] 18834
0216100 100 100 308 28| 18508 326
l02r20m0| 160 | yes 140 260 180] 12321
02:2000| 100 100 255 188] 11828 4
02121%00 250 180 178 611
022400} 180 | yes 145 1ns 148 818
|02r24100] 100 100 210 140l s30s] 513!
o22800] 165 | yes 150 178 108 s
02r28/00| 100 100 170 100} 8189 510
02720/00] 110 150 80
022000 80 : 38.0 310 Amoco 14720 18 1845 11009
03106700 180 628
030700 100 s 248 : |-
031000 145 | yes 125 280 210 13765
0310/00| 100 100 278 208] 13300 a7
03113700 . 255| 1es|
1 031500} 160 | yes 150 240 170] 10816
o o1500§ 100 | - 100 20 180] - 9852l 968
300! 180 | yes 140 | 200 1300 7508 . . 160 858
032010/ 100 100 188 118 el 1244 -
o3r22100{ 125 150 80
m 45 320 250 Pioneer $381 26888
(03r24r00| &5 asol 269
|oasaro| 100 T ' 1847l 10453
Total 1050 - 38473 10451 515 3792
B e B B P e e
' Percentof Percentof:
NetFuel  Unsold -

Lbs : Added Gas
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The data from February and March 2000 represents baseline LNG and CNG delivery and sales
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 Opto 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 Graphlc display to represent station operation.
Although it works well for on51te personnel it reqmres special soﬁware for monitoring the
system offiite. ' R : ‘ :

In order to allow remote station momtonng without speclal software a Cyber node lite thm
Internet server from 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
in a passive or active mode. In active mode the server transmits continually to the Internet. -
Anyone wishing to view the information could simply type the URL into the web browser. In
passive mode a dial-up connection would 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 Staxt Pressure, LNG Pump Speed, etc.) and v1ewmg of any

: system parameter.
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To interface the system controller and the web server, special drivers were written by Parijat
Controlware. These drivers were error prone and were replaced by drivers written by Concur
Systems. These drivers allow the Cybernode to use the Tag names in the controller’s strategy.
Which speeds the time taken to design a web page. A set of web pages was designed from the
MMI to allow access from any PC. The web pages are password protected to limit access to
authorized persons.

" For emergency callout a United Security Products AutoDialer was connected to an ESD output.
This device allows up to four numbers to be called in the event of 2 shutdown. An E-mail will be
generated by the web server during an abnormal condition. '

Specific information on each of the devices is included in the appendix. .

The CNG Production Sequence of Operation was revised as follows: Compressed Natural Gas
(CNG) production begins when the CNG storage pressure drops below 4100 psig and the CNG
Start/Stop switch is turned to Start. The cool-down process 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 three minutes and the LNG Temperature probe is lower than
minus 180 degrees Fahrenheit the pump is turned on. The pump continues to run until the
temperature reaches minus195 degrees Fahrenheit or less.

Afier the LNG pump cool-down process is complete, the LNG Re-circulation valve closes, the

LCNG Re-circulation, Pump priming, and Suction valves are opened. 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. The glycol boiler and pump is also brought to operating condition of 140 degrees

during a seven minute timed process. After the cool-down time has expired the LCNG pump is

turned on. After 60 seconds, the LCNG re-circulation valve is closed and pressurized LNG is

diverted through the vaporizer, where it flashes to a gas. The gas is stored in the CNG pressure

vessel. CNG production stops when the CNG storage pressure reaches 4900 psig.

CNG production can be stopped by depressing the Emergency Shutdown Button (ESD) or

automatically by the control system. The controller monitors the current draw on the LCNG

pump motor. If current drops below a user defined set point, the controller will stop the CNG

production sequence and light the Loss of Prime light. Due to the unreliable nature of this

shutdown, a pressure transducer was added to the system to monitor the output pressure of the

LCNG high-pressure pump. This pressure is compared to the storage pressure as verification of
pump output. LNG Pump temperature and CNG output temperature are also monitored for an-
increase in temperature. A fault condition on any of these will result in an interruption in CNG

production and a call to the station technician. : '
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- The existing LCNG statlon 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 fueling needs of
- DFW Airport’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 fueling 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 ata tlme

Although the new three-plece pump has performed more rehably than the ongmal 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.

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 5000 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 regulators 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 psxg 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 GGE) 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 i mcreasmg 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 typlcally 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 psig.
During the time these process changes were made, CNG sales were also increasing. See the
updated fueling data on following page(s) for more details on the positive and negative impact of
this change and all of the changes made. ‘

|
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Updated Fueling Data
Date | LNG Tank Level LNG Added to LNG Tank (CNG Sales per month
Change in
. | NG Tank LNG
LNG LNGin | Inventory LNG | Delivered | NG NG
Head| LNG |Estimated NG| NG NG Tank | dueto Delivered | pership | Dispensed | Dispensed |  CNG CNG
Pres | Tank Saturation |Recorded| Recorded | Inventory | Venting Fue! per ship ticket {to T rtito Transport] Disp d | Disp d
! {psi) [Vented?] P lnchul nches | (ibs) (tbs) Source | ticket (ibs) | (Gallons) ! (Gallons) _{ibs) {GGE) (ibs)
062600} 140 124 245 248 o173
oer300] 150 2390 230
06/30/00] 75 330 330 Amoco 7853 2250 123 429
07/05/00] 140 265 265
07/06/00] 149 260 26,0,
07/07/00] 160 | yes 145 240 24.0! 15850
o7o700| 100 100 20 230 15183 857
o7/0amo) 130 200 20.0,
o71o0| 150 19.0 18.0
o71100) 175 | yes 155 165 185 10306
{omnon] 110 110 160 160 $873 523
07112:00] 125 145 145
lo71300] 180 15,0 150
o71300| &0 20 320 Pioneer 12858 73
0714100 118 415
o7n7r0| S0 285 285
o7re0| 60 265| 265
o7119m0] €5 g_a;] gsl R
072000 €0 25| 28] 1189 415
07/21/00| 85 195! 105 )
-lo7r22:00] 100 11.9_L 17.0
072400} 110 160 16.0
o7r25/00{ 120 120 12.0
072600} 120 85 85
07:26/0] 15 - 320 20 Pionser 15388 4409 1189) @S
o7r100] €0 255 253 ‘ 3278 18554
oanoo] 75 55 23| 238
oan1mol 80 220 20
08/0100] 45 330 39| | Pionesr 6868 1968
0801/00] 42 Q 25 25|
0820300 130 a54]’
o840l 75 295 205
- Josnso] 140 240 240
oa08m0| 60 320 20 Amoeo 7040 2017
08/09/00] - 75 33.0 330
08/10/00] 105 318 31.8 125]- 436]
oare/oo] 160 200| : 200] 119] “5
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Date LNG Tank Leve! ) LNG Added to LNG Tank ICNG Sales per month
) Change in ’
: LNG Tank LNG N )

LNG LNGin | inventory NG Defivered LNG LNG

Head{ LNG |Estimated LNG| LNG LNG Tank due to Delivered | pership | Dispensed | Dispensed CNG CNG

Pres | Tank Saturation [Recorded] Recorded | inventory | Venting Fuel per ship ticket |0 Transport|to Transport| Cispensed | Dispensed

51) [V d? P inches inches (lbs) {ibs) Source | ticket (lbs) | {Gallons Gallons (ibs) (GGE) ths)
08172001 175 | yes 160 180 180 11648 ‘
0817/00] 110 110 16.0 16.0 9873 1775 85/ 297,
C8/1700) 40 20 320 Pioneer 11853 3425
osramol 45 328 328|
08/2100] 80 29.0 20.0
08722/00{ 75 g_sgl 255 130 454
08/24/00! 80 23.0J 230
08724100 45 asol 350 Wiliams 6720 1928
08/25/00 70 32.0 32.0 )
08/28/00| 80 285 288
08:31/00| 120 100 210] 210]  1373s] . 4508 25518
Total B { : 2430 NN esretl 19708 1059 KRR 7707

Percentof Percentof
NetFuel  Unsold
Lbs Added Gas

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 fuels sales are double that of February 2000. '

The increase has resulted in better operation for several reasons. First, the station uses more
LNG, which reduces the LNG on-site inventory time between product dehvery and dispensing to
vehicles. The shortened mventory 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 cool-down 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, Wthh also results in reduced tank ventmg »

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 after approximately 14 gge’s are dispensed as compared to the 7 gge’s that previously
started the unit. This change allows more fuel 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 GGE/day. For the baseline period the estimate is seven times per day for

-about 65 GGE/day. 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.

. 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. If a vessel to be fueled 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

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 hosesare 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

repalr 1f 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 venfy saturation pressure dispensed into the
vehlcle ,

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

High humldlty 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 protcctlon

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 ina vehlcle apphcatlon

Recommendations
Improvements Needed

Controls - The LCNG production sequence of operation is still limited in its ability to monitor
the LCNG pump for fault conditions. The hlgh 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-plex 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 Opto 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.

Dlspenser 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-friendly 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.

Cool Down Process - Onc of the problems with the current LCNG systems is the cool down time

. _required before LCNG productlon can begin. Some LNG/LCNG 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
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Centrifugal 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.

High Pressure LNG 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 0perate and have a good safety record.

Odorzzatton 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 dlrectly from the pump when the CNG
storage is depleted. -

Venting - 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 Equment -LNG fueling facilities are semeumes 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 rapld response to unexpected releases.

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

* The inherent feature of prbducing relatively cooler gas from LCNG systems is not being
fully utilized. Future control systems could more carefully control gas temperatures such
that CNG vehxcles could be more completely filled w1thout need of excess fueling

pressure.
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'#  Future LCNG pumping arrangements could consider submerging the LCNG pump in a
liquid dewar, similar to current LNG centrifugal pumps. This could even further reduce
pump start times and prolong service life.

s 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 method to vary the saturation pressure of delivered fuel needs to be
developed. ‘ '

| Refer to Task 1C LCNG Station Design Details for further details.
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Task 1C — LICNG Station Design Details

Request Statement: “The proposed LCNG fueling station has unique features that provide for
optimized costs, safety, convenience, flexibility and ease of operation. The existing LCNG
systems utilize the LNG fueling pump to boost the inlet liquid pressure of the high pressure
LCNG pump. The cryogenic industry uses elevated vertical tanks to boost the inlet pressure to
high pressure pumps but elevated vertical tanks will not be suitable in most LCNG fueling

- applications. A newly developed double-acting reciprocating pump is now available and has

been successfully tested with a horizontal tank feed in the liquefied atmospheric gas service. The
"sub zero pump" can operate at much lower inlet pressures which will allow LNG to be
dispensed and LCNG to be produced at the same time. The interim report will include technical
details of the pump selection and installation along with an equipment layout of the station,
metering, nozzle design, LCNG heat exchanger design, gas pressure Mercaptan injection system,

temperature/pressure/flow data, and fueling control systems.

" An improvement of this new LCNG station over existing LNG stations is the system's design for

minimizing boil-off, improved overall energy efficiency, separating the LNG and LCNG fueling
capabilities and cost effectiveness of the fueling operation. The development of these concepts
will be further detailed in the interim report.”

LNG Equipment Details

Skid - The LNG vessel and fueling system was assembled on an 8 wide x 36’ long x 9.5’ tall
steel skid by Drexel/HydraRig. The assembly was designed to be moved on a standard drop deck
trailer with a 48 tall (max.) x 36’ long lower deck. Weight (empty) is approximately 42,000
pounds. The components consist of: '

LNG Storage Vessel - The storage vessel is a 6,000 gallon nominal capacity horizontal 9% nickel
inner vessel and a carbon steel outer double wall super insulated vacuum jacketed tank rated for

250 psi. Equipped with the following:

Liquid level indicator
Standard fill and vent connection
“Relief valves
90% trycock
Pump suction connection
Pump return connection
Vapor return connection ‘ o
‘Valving to permit re-circulation of liquid back to storage tank or direct fill to the vehicle
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;LNG Supply Pump - The LNG supply for vehicle fueling is pfévided by a 30 gpm. cryogenic

single stage centrifugal 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.

Control system — the dispenser panel is rated Class I Division 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 gallons 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 from the mass flow meter are converted to liquid gallons based on a factor of

353 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 from the vehicle to the storage
vessel is provided to initiate fill of the vehicles at high pressure that the pump cannot overcome.

Saturation 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 Ftttmgs Plpmg shall be of suﬂicxent size to aﬁ'ect an efficient transfer of

' cryogenic fuel from 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-40CNG, 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 tnplex 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 from 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 problems 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 315,000 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 from 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 119 gallon capacity
expansion tank and a glycol re-cnrculatmg 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 and return piping.

Odorant injection system — The system is deSigned to withdraw Mercaptan from 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 Opto
_controller opens a solenoid valve that allows gas 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 SO times per minute. The pneumatic timer is currently adjusted to about §
cycles per minute and the timer controls the 50:1 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 Control System — The control system consists of an Opto22 LC32SX PC-Based
controller with eight analog input/output and forty-eight digital input/output. 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 On/Off operation. Dispenser sequencing is
controlled by a Paragon Model MB2 by Micro — Monitor, Inc. through a Fueling Technologies,
Inc. CNG dispenser. The Opto22 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
~ as configured has no provxsmn 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 display 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 .
Start/Stop 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.

After 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 productlon stops when the CNG storage pressure
reaches 3600 psxg ,

'CNG production can be stopped by depressing the Emergency Shutdown ‘Button (ESD) or
automatically by the control system. The controller monitors the current draw on the LCNG
pump motor. If current drops below a user defined set-point the controller will stop the CNG
production sequence and light the Loss of Prime light.
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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 fuehng, 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 Software 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 NGV1 3000 psi nozzle fits on the 3600 psi vehicle recepticle. For

safety reasons, the NGV1 3600 psi nozzle 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 panel.

CNG Sequencing Panel — The Micro Motion, Inc. Paragon Model MB2 panel monitors and
controls CNG fueling of the vehicle. After the panel receives the handle-on signal from the
dlspenser 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. Dunng start-up, we adjusted these settmgs to provxde for an accurate and fast fill. -

Priority/Sequence Valves — Installed to control the flow of the gas from 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,
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Photos

LNG Tank and Equipment ‘Dog House' - South Side
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- LNG tank & equipment
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< LNG tank & equipment
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The objective of this task is to document a baseline of information on the total costs of building
an LNG and LCNG fueling facility

|DESCRIPTION OF
QTY UNIT |MATERIALS AND WORK UNIT PRICE AMOUNT | NOTES
Original LNG Station Materials
and Work
quxel Hydra-Rig - Complete Closed-Loop Liquefied Natural Gas
1 ca 6,000 Gallon Storage and Dispensing System $262,200.00 $262,200.00
Civil and concrete work by A
1 ca American Airlines $8.,000.00 $8,000.00]estimated
Electric work contributed by
1 ea- |DFW Airport $2,000.00 $2,000.00)estimated
$272,200.00
L/CNG Station Materials and
'Work
, Drexel Hydra-Rig - Addition of L/CNG pump module, controls,
1 ea vaporizor, & piping to upgrade existing LNG station to L/CNG $111,253.00 $111,253.00
[Fueling Technologies twin-hose
1 ea CNG dispenser $22,928.00 £22,928.00
Cherco - 60 inch, 23677 scf CNG
1 ea storage sphere $23,588.50 $23,588.50
_ |Autogas Systems, Inc. IM 144A CNG card reader (pre-wired for 6
1 ea hoses) w/ Seiko printer + Power cond. $8,940.00, $8,940.00
- {Building addition to accommodate boiler and :
1 ea |additional controls $2,500.00 $2,500.00}estimated
. Grundfos Glycol Pump - CR4-30U, 1-1/2hp, 230/460VAC 3-phase :
1 ea  |60hz, 3-40 GPM, 50 to 150ft of head £439.20 $439.20
Arctic Fox Heat Exchanger, #SF -
1 ea 1562-24 - : $231.61 $231.61
: ' * [Shell 55 Gallon Drums of Shell Zone or eqmvalent 50/50
3] ea Glycol/Water $123.75 $371.25
Lochinvar 315,000 BTU water heater RWN315PM-F9 w/ flow switch
1 ea and std. equipment and Lochinvar $3,566.00 $3,566.00
Water Storage tank 125 psi T&P relief valve, remote tank Lochmvar :
1 ea ITST2000 aquastat $150.00 . '$150.00
-~ |Reynolds - Odorant Injection Pump Panel including: 6000 psi : e
‘1 ea discharge pump, Pneumatic timer, & 5 gallon odorant storage vessel $6,230.00! $6,230.00
; J and M Industries - 10'x10' Canopy +2 Cooper Lights 400 W Super :
1 ea Metal Halide Lights $3,316.00 $3,316.00
MSA Combustible Gas Sensor/ ;
2 ca Transmitter, #487811 $570.00 $1,140.00
1 ea MSA Calibration Kit, #492770 - $230.00 $230.00
1 ca MSA Calibration Gas, #491041 $136.45 $136.45
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Federal Signal Alarm Light and
1 ea Bell and Power Supply $883.34 $883.34
Micro Mionitor Inc. MB-2 Two hose buffcr storage and vehicle fill
1 ea controller + 3 Pressure transducers $4,870.00 $4.870.00
. American General - Civil Work including demolition, trcnch work, .
1 ea concrete island, & canopy footing $10,157.88 $10,157.88
United Mechanical - Plumbing materials & labor for controls, single _
1 ca bank storage & two hose dispensing valves for CNG system $15,000.00] $15,000.00|estimated
Maykin Electric - Electrical materials and labor for controls, single
1 ca bank storage and two hose dispensing valves for CNG system $7,500.00 $7,500.00|estimated
- $223,431.23
- |Replacement of Mono-block CNG Pump -
with 3 Cold-ends ‘
FHydra-Rig Cryo-Cal Manifold Cold-end Suction Vent
1 ca Line, # A28M1574 $4,077.90 $4,077.90,
- Hydra-Rig - Cryo-Cal Rebuilt Cold End; Bore .75", Stroke 1.890", #
3 ca  |A28M1570 $2,000.00 $6,000.00
JHydraoRig Cryo-Cal Intermediate .
1 ea Kit, # A28M1573 $5,848.20 $5,848.20
Spare parts Hydra-Rig - Cryo-Cal Rebuilt Cold End; Bore .75",
2 ca Stroke 1.890", # A28M1570 $1,945.00 $3,890.00!
" |Spare Parts Hydra-Rig - Cryo-Cal New Cold End; Bore .75", Stroke
1 ea 1.890", # A28M1570 $3,890.00 $3.,890.00!
$23,706.10
- [Upgrades to nccommodate 5000 psi storage
_|pressure
Tescom Aluminum low-ﬂow, active, ad;ustable , o
2 ea tor : : $1,350.00 $2,700.00|estimated
.. [Tescom Alumifium High-Flow Dome Loaded Regulator (6000 psi
2 ez pres., .375 Dia. Orifice, 1/2" port size) $1,200.00 $2,400.00
- [Parker J-2 filter and fittings required to protect
2 ea - |regulators - $361.74 $723.48
2 ea |[FlowsafeSafety relief valves $224.00 . $448.00
$6.271.48
Repairs and Additional Costs
orthStar, Inc. - ACD Single
1] - ea Stage Pump $9,499.00 $9,499.00
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; CryoCal Inc. - Rcbuxld bummed-up ACD Smglc
1 ea Stage Pump $7,442.53 $7,442.53
: United Mechanical - manufacture and install spool piece to rcplacc
1 ca low-flow LNG pump $1,211.00 $1,211.00
Cryocal - Set of 3 Soﬁ-good and .
ca ﬁxardwarc rebuilds $3,000.00 $12,000.00|estimated
4 ea Tescom regulator rebuild kits $40.00 $160.00
. Reynolds - Rebuild Odorant
1 ca Injection Pump $850.00 $850.00
$31,162.53
otal $556,771.34
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Reference Documents

e NFPAS52

Standard for Compressed Natural Gas (CNG) Vehicular Fuel Systems
1995 Edition

o NFPA 57

Standard for Liquefied Natural Gas (LNG) V ehlcular Fuel Systems
1996 Edition

o NFPAS94
Standard for Liquefied Natura’ Gas (LNG) _
1996 Edltxon

e Regulations for Compressed Natural Gas
Railroad Commission of Texas

Gas Services Division

LP-Gas Section

Revised March 1999

o Regulations for Liquefied Natural Gas
Railroad Commission of Texas

Gas Services Division

Revised October 1997

¢ LNG Material Safety Data Sheet
User’s Guide 1995
Amoco Corporation

o Mercaptan Material Safety Data Sheet

K Pressure Vessel Code
California Department of Occupatxonal Safety and Health (CA OSHA)
’Tltle 8

« j

]
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Attachment A

Lone Stér Energy Company Background Statement

Business and Operations Profile

The Company is the Alternative Fuels Division (“AFD” or the “Company”) of TXU Gas
Company (“TXU Gas”), a wholly owned subsidiary of TXU Corp and formerly known as Lone Star
Energy Company. TXU is an investor-owned holding company for energy services companies
headquartered in Dallas, Texas. The TXU 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 from mobile sources.

Products and services provided by the Company include retail and wholesale CNG/LNG
fuel distribution and transportation, public and private infrastructure 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 formed in December 1991 to provide natural gas vehicle conversions and equipment

services. Based in a 20,000 square foot conversion facility near downtown Dallas, TranStar :

provides equipment sales and warranty service, turnkey vehicle conversions and driver 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 commercxal industrial, agricultural and -

~ personal uses as an extension of the vehicle conversion business. Upﬁttmg meets the needs of
specific projects with product lines consisting of flat beds, cranes, service bodies, dump bodies,

van bodles tool boxes, cargo van shelving, ladder racks and lift gates. ‘

FleetStar of Texas LC.
Also formed 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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\J constructed and operated by AFD outside of the FleetStar partnership. AFD and FleetStar
combined currently own and/or operate 21 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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AFD 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 aréa

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
constructed.

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'Pax_rgen‘t and Tiacking System e

Thrdugh FlcetStai, AFD has licensihg rights to a fuel management system, called the AutoGas
Site Management System (“SMS™), which offers easy-to-use card-activated pumps and
comprehensive monthly management reports tracking fuel costs and usage.

The SMS is a software system designed to run on an IBM, 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

information 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
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payment for that fuel. This automation allows the Company’s customers access to CNG 24
hours a day, seven days 2 week, without the necessity of an on-site attendant.

The type of information exchanged between SMS and the site control unit includes sit
- information, proprietary card information and sales information. :

e Site Information - this category of information identifies the site (address and site number)
and describes the equipment installed at the site. Such information includes the types of
dispensers used, the cards accepted at the site and the designation of which network validates
the cards. Also identified by site are the fuel products offered, the price for each product an
the time of day site information is collected by SMS. .

e Proprietary Card Information - this category provides information pertaining to proprietary
cards such as generating PINS, assigning card numbers, encoding cards, validating cards,
setting card purchase limits and limiting card use to certain hours. The FleetStar card, which
is issued to customers who drive natural gas powered vehicles, is a proprietary card. It along
with the Fina-FleetStar Fleet card, a non-proprietary WEX Network approved card, are the
only two cards accepted as payment for CNG purchases at Company operated sites.

e Sales Information - the sales category includes information‘ regarding collection of
transaction information by SMS, processing collected transactions, and reporting transaction
information. This transaction data is sorted and later used to produce month-end customer
billings. - :

The SMS application is a powerful yet flexible software package. Previous editions of the
software package have been DOS-based. AutoGas has recently developed a new Windows®-
based SMS platform. The on-line help for many prompts and a user-friendly design of the
Windows® version make SMS an easy-to-use site management, billing and reporting tool. The
Company implemented the new Windows®-based software, as well as site controller firmware
updates, as of October 15, 1999. The new version software and firmware is expected to bring the
SMS system into year 2000 compliance.

Public and Private Infrastructure Development
The Company’s operating philosophy encourages public/private ventures, allowing -

customers the opportunity to locate natural gas fueling stations on their property to conveniently.
service their fleet, while allowing the Company the opportunity to market CNG to third-party

. customers from that location. This cooperative effort provides cost-effective, privately

accessible CNG fueling stations while fostering the expansion of the public CNG station network
that is critical to long-term success of this business.- Dallas County was the first customer to
utilize this option. This public/private venture opened in early 1994 on the western edge of the
downtown Dallas business district and is currently the Company’s largest-volume publicly
accessible CNG station. S . o
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Vehicle Conversion and Ugﬁtting

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 wamranty 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 flect 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 light-duty NGV models each year.

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
fift gates.

Service Area

The Dallas-Fort Worth Metroplex and other major metropolitan markets in Texas are in various
stages of non-attainment relating to compliance with EPA air quality requirements. In Dallas-Fort
- Worth specifically, 50% of emissions come from on-road mobile sources and another 34% come

from 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. v

Emgldyees

The Company’s management/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, clencal/secretanal and
marketing and sales staff :

Licenses and Permlts

Certain individual employees are required to hold licenses from the State of Texas or be certified
" by the Texas Railroad Commission. The Company and its affiliates hold the following licenses
from the State of Texas and the Texas Railroad Commission:

, Lone Star Energy Company | » ‘
Rallroad Commlssmn of Texas-CN G License No.00102  Expires February 28, 2001

Implementation of Advanced LCNG Fueling Infrastructure in Texas albng the I-35/NAFTA Clean Corridor Project

~ Contract Number 9889 - Brookhaven National Labs




o/

Lone Star Energy Company

Railroad Commission of Texas-LNG License

- TranStar Technologies, L.L.C.

| State of Texas Motor Vehicle Converter’s

License ‘
Railroa& Commission of Texas-CNG License

FleetStar of Texas, L.L.C.

- Railroad Commission of Texas-CNG License

No. 10515

No. 0018

~ No. 00106

No. 00096

Page 6 of 6

Expires October 31, 2000
Renewal Pending

Expires October 31, 2000
Renewal Pending

Expires February 28, 2001

Expires February 28, 2001

Implementation of Advanced LCNG Fueling Iryi'astruciure in Texas along the I-35/NAFTA Clean Corridor Project

Contract Number 9889 - Brookhaven National Labs







INORTHSTAR, INC,

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 tumkey 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 e = 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
further explains the advantages of this team approach. Our web site under construction is

www.cryonetwork.com.

| At left and above are photos from the
| 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.




+ NorTuSTAR INC

GAGE-BABCOCK & ASSOCIATES

Fire Protection, Life Safety, & Securiry

WELCOME TO CRYONE'IWORK!V

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 an
integrated team. CryoNetwork team members are:

General Physics “NorthStarinc. Gage-Babcock & Assoc.
Escondido CA Evanston WY San Francisco CA

This unique team of cryogenic professionals has the ability to provide design /
build services for:

‘b/ | > 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:

Project Planning
Facility Design
Regulatory Compliance -
Fire Protection Engineering
Equipment Fabrication & Installation - - -
Facility Maintenance & Operation

-Safety Education - :
Natural Gas Vehicle Specification & Conversions

For more information on CryoNetwork, visit our web page (under construction)
at www.cryonetwork.com or contact: -

2N NENENE NENENEN

Mike Mackey . Tom Chrisfield

General Physics Corporation NorthStar, Inc. .
2430 Vineyard Avenue, Suite 103 PO Box 1342
. Escondido CA 92029 ‘ - Evanston WY 82931
- 760/233-9880 : 952/953-6261
u 760/233-9881 fax tomchri@charter net

mmackev@genphvsics.com



http://www.crvonetwork.com
http://tomchrk?;charler.net

)

% NoRTHSTAR INC

Post Office Box 1342
Evanston WY 82931
Phone (307)789-5088
Fax (307)789-8062

Qualifications

NorthStar has experience in the design, fabrication, installation, operation and maintenance of LNG and
LCNG fueling facilities. NorthStar has had the opportunity to work with some of the leading
companies that have been involved in LNG fuel supply and LNG equipment such as Applied LNG
Technologies, Amoco, Empire Power Systems, LNG Energy, Lockheed Martin (INEEL), Lone Star
Energy, MK Rail, Pickens Fuel Corp., and Santa Fe Rail Road. In the five years NorthStar has been
dedicated to the LNG business, the company has grown from performing equipment installations, to
providing station operation & maintenance, to manufacturing equipment, to executing turnkey LNG
station packages. NorthStar is unique in the LNG business, with the ability to:

* Manufacture and Install Engineered LNG
Systems

= Perform Commissioning and Training

= Provide Superior After Sales Service

* Prepare Civil, Electrical, & Mechanical
Drawings
= Secure Building Perm:ts

s Perform Site Improvements

References }

ATC/VANCOM Lockheed Martin (INEEL)

Donald Roose, Maintenance Manager Kevin Brown, Fleet Technical Supervisor
Phone 480/966-7744 Phone 208/526-2075

Applied LNG Technologies Lone Star Energy -

Steve Bartlett ‘ Stan Taylor, Construction & Engr Manager
Phone 806/355-5679 x267 Phone 214/573-3854

Empire Power Systems ‘Pickens Fuel Corp.

Mike Shannon Jim Harger

Phaone 602/333-5601 Phone 562/493-2804

Harris Ranch Feeding Co. * Sun Metro Transit

Manny DeL.aOssa ~ Wes Swenson, Maintenance Chief

Phone 877/999-1812 Phone 915/534-5874

NorthStar Contact List 7

‘ Phone | Fax' Mobile
Tom Chrisfield | 952/953-6261 952/953-6261 612/747-6344
Bob Oldham 307/789-5088 307/789-8062 801/231-8393
Mark Oldham 307/789-5088 307/789-8062 '801/231-6720
John Reynolds 307/789-5088 | 307/789-8062 801/209-3314
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.Project Experience

City of Tulare - ~ | S 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 for the City of Tulare. City vehicles, local school buses, and local trucking firms will
benefit from this public / private partnership. The drawings below are representative of the equipment
to be installed at Tulare.
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PickensAFuel Corp. : o R Thousand Palms, California
'LNG Fuel Station A ' September 2000 March 2001 (pro)ected)

Liquefied natural gas wxll soon join the altemanve fuel plaza at SunLine Transit in 'Ihousand Palms.
SunLine is repowering 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 Transportation
Corridor (ICTC) between Phoemx, AZ and Los Angeles, CA.

-~ Waste Management will locate two new Mack roll-off trucks and repower seven existing roll-off trucks
_with Cummms 8.3C engines. These nine LNG trucks will also fuel at the PFC/ Suane station.

Pickens Fuel Corp. - " Corona, Cahfomxa
LNG Fuel Station ' : : - September 2000 - February 2001 (pro]ected)

NorthStar is thrilled to have been selected by Pickens as a preferred vendor for new liquid natural gas
fueling projects. Waste Management of the Inland Empire will locate 20 new and 14 repowered refuse
haulers at their facility in Corona.
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Phoenix, Arizona

Applied LNG Technologies
Apnl 2000 - July 2000

LNG Fuel Station

An ALT TVAC skid had been in service at the ATCNANCOM location since spring 1999. With an
ever increasing number of transit vehicles operated by ATC/VANCOM, the original equipment had a
difficult time keeping up with fueling demand. ALT had the foresight to provide a second concrete pad
for future expansion. NorthStar mstalled this Fleet Station and fueled the entire fleet less than three

weeks from receipt of permits.

The Fleet Station has superior performance in
transport offload time and fuel saturation time.
An LNG transport can offload 10,000 gallons of
fuel in 60 minutes (gate-to-gate). All controls and
valves are accessible from outside the containment
area. Prepanng the fuel (saturating) is
~accomplished in - 15-20 minutes.  What this
" translates to is a minimized station downtime of
less than 90 minutes.

- The dispenser face is easy to read and simple to
operate. In addition to fueling information,
operator messages and alarm status are displayed.
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Empire Southwest Phoenix and Mesa, Arizona
'LNG / LCNG Fuel Stations ' ' August 1999 —February 2000, August 2000

. NorthStar was contracted by Empire Southwest, parent company of Empire Caterpillar, to provide two

- turnkey LNG facilities for 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 for card-key public access. NorthStar provided all |

design work and secured permits. Site improvements and installation of equipment were completed in

February 2000. High-pressure LNG pumps have been added at both locations to produce and dispense

CNG for public fueling.

O R T A

“ During construction, NorthStar is on site with a small fleet of Dodge trucks, fabrication trailer, and
welding rig. By performing our own mechanical work, we can both minimize installation time and
assure the highest quality workmanship. In the photo below, former Arizona Speaker of the House Jeff
Groscost makes a point about improving air quality in the Valley of the Sun. .
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Harris Ranch Feeding Company : Coalinga, California
'LNG Fuel Station , ‘ : April — August 1999

NorthStar furnished a tumkey LNG facility to fuel a portion of HRFC’s truck flest. NorthStar
provided detailed designs, secured permits, prepared the site, provided & installed all process
equipment, commissioned the equipment, and provides a one-year performance warranty. From date of
contract award to the first vehicle fueled was four months. The station is the first in Califomia to
comply with pending CA/OSHA Title 8 regulations.

Twelve 1999 Freightliner Century Class chassis have been upfitted with Caterpillar Electronic Dual-
Fuel C-12 410 horsepower engines. The first LNG station on the Interstate 5 Clean Transportation
Corridor, this site is within a mile of I-5 at the highway 145 exit. Card-key public access is available.

 The dxspenser oontrol panel as well as access doors to the transport oﬂ'load connections, are mounted
flush with the front containment wall. Two methane detectors monitor the fueling area.

With the doors open, process piping connections for oﬁloadmg a transport or manual operatlon are
accessible. The panel on the left has pressure gauges to monitor pump performance, manual air valves
to operate key process valves, and the primary transport offload connections. The panel on the right
allows access to a second set of pump oontrols and transport connections for an optional ground-
mounted offload pump.




. possible.  The operator authorizes the - fuel

\o/
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Harris Ranch Feeding Company _ Coalinga, California
LNG Fuel Station (continued) =~ April — August 1999

The NorthStar Fleet Station dispensing system is designed to support a single-hose fill with no vapor
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 for Its combination
of strength and flexibility. :

The mspenser operation has been kept as simple as

management system by swiping a card, attaches the
LNG fill hose, and pushes the Start button. The
control system will automatically terminate fuel
flow when the tank is fulll Gallons of fuel
dispensed and price are displayed, along with
messages to prompt the operator or wam of an
alarm condition. The color display is much easier to

read than this photo shows.
Sun Metro Transit ‘ El Paso, Texas
LCNG Pump Replacement ‘ August 1999

NorthStar replaced an existing LCNG pump w1th a new ACD model 2-GAPD duplex pump capable of

- 8 gpm flow at 5000 psig discharge. . The new pump saves approxxmately an hour of CNG bus fueling

time each night, and off-site fueling is no longer required. With a service contract from Sun Metro for
pump rebuilds, NorthStar is able to provide a three-year equipment warranty.

Phoenix Transit : Phoenix, Arizona
LNG Pump Addition August 1999

NorthStar added a 250-gpm LNG pump to allow for faster offload of LNG transports and reduced tank
venting. NorthStar provided detail drawings, secured all requxred permits, and installed &

commissioned the pump.

Tempe Transit ) , ‘ R o 'Tenibe,Arizona
LNG Fueling Equipment , July 1998 - March 1999

Under contract with Pickens Fuel Corp., NorthStar installed an LNG fuel station using customer-

" supplied storage tanks. Site improvements were performed by PFC. NorthStar designed and fabricated

the LNG dispensing system including controls. The facility currently fuels 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
LNG Pump Skids -+ December 1998 - March 1999

NorthStar fabricated two LNG pump skids to allow Lone Star to support future LNG fuel station
opportunities. Incorporating a submerged centrifugal pump from ACD, these skids can provxde fuel to
vehicles at rates of 30-50 gpm. Packaged as a skid, the units allow for rapid installation in the ﬁeld
The units are nearly identical to pump skids at Tempe, Harris Ranch, and Empire.
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Dallas Area Rapid Transit , Dallas, Texas
- LNG Fueling Equipment - : January & December 1998

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

Three LNG dispenser manifolds were designed and fabricated
for Lone Star. Mounted in a catwalk over the fueling lanes,
these assemblies provide for improved appearance in the
dispensing area as well as easy access for maintenance. - The
fueling hoses translate fore & aft to allow for various bus

lengths.
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Dallas Area Rapid Transit o Dallas, Texas
LNG Fuelmg Equipment (contmued) : January & December 1998

Design services for equipment layout and process piping were provxded at both sites. The station at
South Oak Cliff went into operation on May 16, 2000, and sets the LNG transit station standard for:

v Functionality v Safety Systems v Appearance
v Flexibility of Operation v Control System v Ease of Maintenance
SR Capability




Attachment C. .
DFW LNG TankLevels | I e
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ACBD, the leading worldwide supplier of cryogenic pumps,
presents a reliable solution for LNG refueling applications.
Featuring a sealess, ieak-proof, variable speed, electric motor
driven centrifugal pump. ACD’s design incorporates more than
25 years experience in designing and building transter pumps
for LNG, LPG, liguified ammonia, oxygen, nitrogen and other
cryogenic fluids.

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

electric motor and centrifugal pump operating on a common

shaft. No mechanical seal or other dynamic sealing device Is

" used. Advance heat-transter techniques allow the motor to be
" flooded with the fluid to be pumped. Another key feature Is the

| _ bearings which are angular-contact/pre-loaded and are made

of proprietary, chill-stabilized stee! for reliable performance in .

harsh enviranments. These bearings have an exceptionaily
lightweight and strong retainer with a self-lubricating liner.

The pump is made from afuminum 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. B S

' A__IHG SEALESS PUMP

1X2X4.5
MODEL: AG-32

VARIABLE SPEED,
CONTINUOUS DUTY
PUMP

Specifications

Liquid Pumped:
£ LNG

Flow Range
Z 4-52GPM

Differential Pressure Range

@ 486PSI -

Maximum Casing Pressure -

B 275PSI R
~ Operating Temperature Range
‘B -150°Fto-280°F = . -

Input Power
& 230 0r 460 VAC, 3PH, 60Hz -Horse Power

Duty Rating -

* B Continuous operation or continuously flooded

LNG FILLING STATION PUMPS

Builetin No. ACD-C-101
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Chevron Antifreeze MSDS#7425 Rev#2 (11/17/99) Page 1 of 7

Y § v Material Safety Data Sheet

Chevron Antifreeze

MSDS: _7425 Revision #: 2 Revision Date: 11/17/99

Click l;roduct Test Data to search database.

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

CHEVRON Antifreeze (EHL)

PRODUCT NUMBER{S): CPS5698420

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, GLS0 1lLE (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

\ii?i PRODUCT INFORMATION: CONTACT YOUR LOCAL SALES REPRESENTATIVE FOR TECHNICAL
e INFORMATION OR ADDITIONAL MSDS REQUESTS.

2, COMPOSITION/INFORMATION ON INGREDIENTS

100.0 % CHEVRON Antifreeze . (EHL)
CONTAINING
COMPONENTS B - AMOUNT LIMIT/QTY AGENCY/TYPE

" ETHYLENE GLYCOL
Chemical Name: ETHYLENE GLYCOL

CAS107211 : >  90.00% ¢ 50 ppm - ACGIH TWA
: A 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

khkdkkhhdkhkhkdkkhdhhhkdhkhkkhkkhkhk E}ERGENCY OVERVIEW hhkkkhkhhhhkdhdhhdkhkddhdkkdkkdkd

- Colorless (when not dyed).

http://library.cbest.chevron.com/lubes/.../9de096333d12be12882569b50012967470penDocumen 5/9/01



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

Chevron Antifreeze MSDS#7425 Rev#2 (11/17/99) Page 2 of 7

= HARMFUL OR FATAL IF SWALLOWED

- MAY CAUSE RESPIRATORY TRACT IRRITATION IF INHALED
, ~ POSSIBLE BIRTH DEFECT HAZARD ~ MAY CAUSE BIRTH DEFECTS
\ / BASED ON ANIMAL DATA

dokdkkkdkdkdkbd bbb bbbk hkk kb hkk kb dk ok kdrkkhkdek bk k bbbk kb ok ke &

. 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 1rr1tat10n.
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. Risk depends on duration and level of exposure. See Section
5::%4 11 for additional information.
e TARGET ORGANS:
Contains material that may cause damage to the following organ(s)
following repeated ingestion: >Kidney< >Liver< Risk depends on duration
and level of exposure. See Section 11 for additional information.

4. FIRST AID MEASURES

EYE:
No specific first aid measures are requ1red because this material is not

expected to cause eye irritation. As a precaution remove contact lenses,
if worn, and flush eyes w1th water. :

SKIN:
No specific first aid measures are requlred because this material is not

expected to be harmful if it contacts the skin. As a precaution, remove
clothing and shoes if contaminated. Wash skin with soap and water. Wash
or clean contamlnated clothlng 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 attentlon - Never give anything by
mouth to an unconscious person. !

INHALATION: .
- Move the exposed person to fresh air. = If not breathing, glve artif1c1al

respiration. If breathing is difficult, give oxygen. Get medical
attention if breathing difficulties continue. :

\Ev/ . 5. FIRE FIGHTING MEASURES

~ http://library.cbest. chevron com/lubes/ /9de096333d12be12882569b500129674?OpenDocumen 5/9/01
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FIRE CLASSIFICATION:
Classification (29 CFR 1910.1200): Not classified by OSHA as flammable or
combustible. ’
FLAMMABLE PROPERTIES:
FLASH POINT: 257F (125C)
AUTCIGNITION: NDA
FLAMMABILITY LIMITS (% by volume in air): Lower: 3.2 Upper: 15.3
EXTINGUISHING MEDIA: '

CO02, Dry Chemical, Foam and Water Fog.
NFPA RATINGS: Health 2; Flammability 1; Reactivity O.
FIRE FIGHTING INSTRUCTIONS: _ .
This material will burn although it is not easily ignited. For fires
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.

6. ACCIDENTAL RELEASE MEASURES

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

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. Clean up small spills using appropriate technigques such as

sorbent materials or pumping. Where feasible and appropriate, remove

contaminated soil. Follow prescribed procedures for reporting and

responding to larger releases.

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. - They may explode and cause injury or death. "Empty containers
should be completely drained, properly closed, and promptly returned to a
drum reconditioner, or properly disposed of. Wash thoroughly after
handling. Do not taste or swallow. Do not breathe vapor or fumes.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

GENERAL CONSIDERATIONS: :
Consider the potential hazards of this materlal (see Section 3),
applicable exposure limits, job activities, and other substances in the
work place when designing engineering controls and selecting perscnal
protective equipment. If engineering controls or work practices are not
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

http://library.cbest.chevron.éom/lubés/ .../9de096333d12be12882569b500129674?0OpenDocumen  5/9/01
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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

EYE/FACE PROTECTION: '

No special eye protection is normally required. Where splashing is
possible, wear safety glasses with side shields as a good safety practice.
SKIN PROTECTION:

No special protective clothing is normally required. Where splashing is
possible, select protective clothing depending on operations conducted,
physical requirements and other substances. Suggested materials for
protective gloves include: <Natural Rubber> <Nitrile> <Polyv1nyl Chloride
(Also referred to as "Vinyl" 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
protectioen.

9. PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL DESCRIPTION:
Colorless (when not dyed)

PH: NDA
" VAPOR PRESSURE: NA
VAPOR DENSITY
(AIR=1): NA
BOILING POINT: >165C
FREEZING POINT: NDA
MELTING POINT: - NA
SOLUBILITY: ~ ..80luble in water.
- SPECIFIC GRAVITY: NDA
DENSITY: NDA
VISCOSITY: 21 @ 20C cPs

.10, .STABILITY AND REACTIVITY

HAZARDOUS' 'DECOMPOSITION PRODUCTS.

No data available.

CHEMICAL STABILITY:

Stable. v

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:

http://library.cbest.chevron.com/lubes/.../9de096333d12be]2882569b500129674?OpenDOCumen 5/9/01
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The skin irritation hazard is based on an 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 evaluatlon 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 oz.) 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. Contact local
env1ronmental or health authorltles for approved disposal of this
materlal ,

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.

DOT 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

15. REGULATORY INFORMATION

http://library.Cbest.chevron.com/lubes/.../9de096333d12bel2882569b500129674?OpenDocumen 5/9/01
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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
-~ 5. Reactivity Hazard: NO

' REGULATORY LISTS SEARCHED:
01=SARA 313 11=NJ RTK 22=TSCA Sect 5(a) (2)

02=MASS RTK 12=CERCLA 302.4 23=TSCA Sect 6
03=NTP Carcinogen - 13=MN RTK 24=TSCA Sect 12 (b)
04=CA Prop 65-Carcin 14=ACGIH TWA 25=TSCA Sect 8(a)
05=CA Prop 65-Repro Tox 15=ACGIH STEL 26=TSCA Sect 8(d)
06=IARC Group 1 16=ACGIH Calc TLV 27=TSCA Sect 4(a)
07=IARC Group 2A 17=0SHA PEL 28=Canadian WHMIS
08=IARC Group 2B 18=DOT Marine Pollutant 29=0SHA CEILING
09=SARA 302/304 19=Chevron TWA 30=Chevron STEL
10=PA RTK 20=EPA Carcinogen

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: May cause harm to the unborn child.
$53: Avoid exposure - obtain special instructions before use.
$20: When using do not eat or drink. .
i ; S46: If swallowed, seek medical advice immediately and show this
ﬁs;J container or label.
o S2: Keep out of reach of children.
WHMIS CLASSIFICATION:
Class D, Division 1, Subdivision B: Toxic Material
~Acute Lethality ' : o
Class D, Division 2, Subdivision A: Very Toxic Material
~Teratogenicity and Embryotoxicity

16. OTHER INFORMATION

NFPA RATINGS: 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 Protecticn
Association (NFPA) or the National Palnt and Coatlng Assocxatlon

(for HMIS ratlngs).

REVISION STATEMENT- '
This revision’ updated Sectlons 3, and 15,

ABBREVIATIONS THAT MAY HAVE BEEN USED IN THIS DOCUMENT :

TLV - Threshold Limit Value TWA - Time Weighted Average

STEL - Short-term Exposure Limit TPQ - Threshold Planning Quantity

RO -~ Reportable Quantity ’ PEL - Permissible Exposure Limit

c -~ Ceiling Limit CAS - Chemical Abstract Service Number
\~,/ Al-5 -~ Appendix A Categories () - Change Has Been Proposed

NDA - No Data Available NA - Not Applicable :
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Prepared according to the OSHA Hazard Communication Standard
(29 CFR 1910.1200) and the ANSI MSDS Standard (Z400.1) by the Toxicology
and Health Risk Assessment Unit, CRTC, P.0O. Box 1627, Richmond, CA 94804

Fhdkddkdkhkkhkdkdkhhhhdhhhkdhhhkd bk bbbk bk bk hkhd kb khkkkhkhhkhkkrhhhkkhkkkkrk*

The above information is based on the data of which we are aware and is
believed to be correct as of the date hereof. Since this information may
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. This information is furnished upon
condition that the person receiving it shall make his own determination

of the suitability of the material for his particular purpose.

ddkkdkkkdkdkhkhkkdrhkhdhdkhhdkddhodkdkododr ks ks ko st de ok de ok ok o d ok d sk ok &b % W ok %k ok sk ok Sk ok 3k e ke ke

THIS IS THE LAST PAGE OF THIS MSDS

***********************************i*************************f********
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LIQUIFIED NATURAL GAS (LNG)

MATERIAL SAFETY DATA SHEET MSDS No. 10858000
ENGLISH

1.0 CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: LIQUIFIED NATURAL GAS (LNG)

MANUFACTURER/SUPPLIER: EMERGENCY HEALTH INFORMATION:
Amoco Oil Company 1 (800) 447-8735

200 East Randoiph Drive EMERGENCY SPILL INFORMATION:
Chicago, lllinois 60601 U.S.A. 1 (800) 424-3300 CHEMTREC (USA)

OTHER PRODUCT SAFETY INFORMATION:
(312) 856-3807

2.0 COMPOSITION/INFORMATION ON INGREDIENTS

Component CAS# Range % by Wt.
Methane, S 74-82-8 95-100
Ethane 74-84-0 <2

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

3.0 HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW: Danger! Extremely flammabie. 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: Extremely cold material; can cause burns similar to frostbite.
SKIN CONTACT: Liquid can cause burns similar to frostbite:

INHALATION: At very high concentrations, can displace the normal air and cause suffocation from lack of
oxygen. See “Toxicological information” section (Section 11.0). -

INGESTION: Ingestion of liquid can cause burns similar to frostbite.
HMIS CODE: (Health:1) (Flammability:4) (Reactivity:0) '
" NFPA CODE: (Health:1) (Flammability:4) (Reactivity:0)
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4.0 FIRST AID MEASURES

-

EYE: Contact with liquid: Immediately flush eyes with plenty of water for at ieast 15 minutes. Then get
immediate medical attention.

SKIN: Contact with liduid:v Immédiate|y flush with plenty of tepid water (105-115°F; 41-46°C). DO NOT USE
HOT WATER. Get immediate medical attention.

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

INGESTION: Get immediate medical attention.

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

UNUSUAL FIRE AND EXPLOSION HAZARDS: ' 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."

" FIRE-FIGHTING EQUIPMENT: Firefighters should wear full bunker gear, including a positive pressure seif-
~ contained breathing apparatus.

FRECAU‘I'IONS: Keep away from sources of ighition (e.g., heat and open flames). Use with adequate venti-
Iation.

HAZARDOUS COMBUSTION PRODUCTS° Burhing can produce carbon monoxide and/or carbon dioxide and
other harmful products. moee S S

6.0 ACCIDENTAL RELEASE MEASURES

| Remove or shut off all sources of ignition. Wear respirator and spray with water to disperse v‘a‘pors.

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 (48°C). Store away trom
heat, ignition sources, and open flame in accordance with applicable regulations.

SPECIAL PRECAUTIONS: Avoid strong oxidizers.

Issued: September 19, 1895
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. 8.0 EXPOSURE CONTROLS / PERSONAL PROTECTION

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

SKIN: As needed to prevent contact with liquid - wear glo{/es. impervious clothing and face shield.
INHALATION: If ventilation is inadequate, use supplieq- air respirator approvéd by NIOSH/MSHA.
ENGINEERING CONTROLS: Control aifborne concentrations below the exposure guidelines.

EXPOSURE GUIDELINES:

* Component ' CAS# Exposure Limits

Methane ' 74-82-8 ACGIH TLV-TWA: simple asphyxiant -
Ethane 74-84-0 ACGIH TLV-TWA: simple asphyxiant

8.0 CHEMICAL AND PHYSICAL PROPERTIES

APPEARANCE AND ODOR:  Gas. Colorless.
‘ pH: . Not determined.
VAPOR PRESSURE: = Not determined.
VAPOR DENSITY:  Not determined. _
BOILING POINT:  -260°F(-162°C) (approximate)
MELTING POINT:  -297°F(-183°C) (approximate)
SOLUBILITY IN WATER:  Negligible, below 0.1%.
SPECIFIC GRAVITY (WATER=1):  Not determined.

10.0  STABILITY AND REACTIVITY -

STABILITY:" Burning canrbe started easily. ‘

CONDITIONS TO AVOID: Keep away froﬁ'i ignition sources (e.g. heat, sparks, and open flames).
MATERIALS TO AVOID: ~ Avoid chiorine, fluorine, and other strong oxidizers.

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 cdnducted. See Other Toxicity Data.
'DERMAL LD50: Testing not conducted. See Other Toxicity Data.
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\ J ORAL LD50: Testing not conducted. See Other Toxicity Data.
INHALATION LCS50: Testing not conducted. See Other Toxu:lty Data.

OTHER TOXICITY DATA:

This material is an asphyxiant. Asphyx1ants 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. '

140 TRANSPORTATION INFORMATION

U.S. DEPT OF TRANSPORTATION :
[ - Shipping Name : Natural Gas, Refrigerated Liquid

Hazard Class : 2.1
identification Number : UN1872

INTERNATIONAL INFORMATION

Sea (IMO/IMDG)

Shipping Name : Not determined.
Air (ICAO/IATA)
Shipping Name B : Not determined.

European Road/Rail (ADR/RID) L -
o Shipping Name T Not determined.

Canadian Transportation of Dangerous ‘Goods
Shipping Name M Not determined.
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_ 15.0 REGULATORY INFORMATION:
CERCLA SEC_TIQNS 102A/103 HAZARDOUS SUBSTANCES (40 CFR PART 302.4): This prpduct is not reportable
‘under 40 CFR Part 302.4. '

SARA TITLE 11} SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES {40 CFR PART 355): This product is not
regulated under Section 302 of SARA and 40 CFR Part 355.

SARA TITLE Il SECTIONS 311/312 HAZARDOUS CATEGORIZATION (40 CFR PART 370): This product is
defined as hazardous by OSHA under 29 CFR Part 1810.1200(d).

SARA TITLE.III SECTION 313 (40 CFR PART 372): This product is not regulated under Section 313 of SARA and
40 CFR Part 372.

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

OSHA HAZARD COMMUN|CATION STANDARD: Flammable gas. Compressed gas. Contains a component
~listed by OSHA. Contains a component listed by ACGIH.

WHMIS CONTROLLED PRODUCT CLASSIFICATION: A, Bf,
EC INVENTORY (EINECS/ELINCS): » in compliance.
JAPAN INVENTORY (MITI): Listed on inventory.

. AUSTRALIA INVENTORY (AICS): Listed on inventory.

KOREA INVENTORY (ECL): Not determined.
CANADA INVENTORY (DSL): Alil of the components of this product are listed on the DSL.
PHILIPPINE INVENTORY (PICCS): Not determined.

16.0 OTHER INFORMATION

Prepared by:

Environment, Health and Safety Department Issued: September 19, 1995
. Supersedes: October 25, 1894

This material Safety Data Sheet conforms to the requiremenrts of ANSI Z400.1.

This material safety data sheet and the information it contains 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 all individuals and/or 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 permission or recommendation for the use of any
product in a manner that might infringe existing patents. No warranty is made, either express or implied.

Issued: September 19, 1995







MATERIAL SAFETY DATA SHEET

SECTION I - Identification

Material Name: Natural Gas
Description: Fuel gas delivered in pipelines

Other Designations: Methane or other appropriate temm

Supplier: . Lone Star Gas Company

SECTION I - Ingredients

(1) Natural gas may vary considerably in its composition. It is
principally methane (typically 80% or more) with decreasing concentra-
tions of the higher saturated hvdrocarbons. Natural gas may also con-
tain natural- occurring noncombustible gases such as nitrogen, carbon

dioxide and helium.

SECTION I - Physical Datza

Relative Density of Natural Gas: 0.55 to 0.S0 (Air = 1.0) at
. and 60°F '

Appearance: Colorless and tasteless

Odor: Odorless in the natural state. However, federal and state regula-
tions require the addition of a malodorant to make the gas readily

14.65 psia

detectable at a concentration of at least 20% of the lower flam-
mable limit in air as a warning agent. A trace of aercaptans

(less than 10 ppm) is added for this purpose.

SECTION IV .- Fire and Explosion Data ~

Auto Iznition Témn. | Flammable Limits in Air* Lower-
900°¢ - 1200?F; _ % by Vol. 4.8

Unper
L e,

15.5

Ignition can occur between the lower and upper flammable limits
which express percent of natural gas in the air. Natural gas without
A12:0:000 3

sufficient air or with too much air will not burn or explode.

, -

*Marks Standard Handbook zor Mechanical Engincers, Sth “dition
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Extinguishing Media: Flame can be extinguished with CO, dry chemical,
or halo carbon gas. A hazard from reignition or
explosion exists if the flame is extinguished without
stopping the flow of gas and/or cooling the surroundings
and eliminating the ignition sources. Use water spray
to cool surroundings and  exposures.

SECTION V - Health Hazard Information

Natural gas is non-toxic; however, it acts as a simple asphyxiant
by displacing or partially displacing the air required to support lee.

First Aid: Remove victim to fresh air, and, if breathing has stopped,
begin mouth-to-mouth resuc1tntzon and get medical aid.

SECTION VI - Reactivity Data

Natural gas is generallv stable, non-corrosive and non-polymeri:zing,
but readily mixes with air when released to create a combustible atmos-
phere. Some other, strong oxidizing agents with which it can mix and burn
or explode in confined areas are chiorine, bromine pentafluoride, oxygen
difluoride and nitrogen trifluoride. It will ignite spontaneously when
mixed with chlorine dioxide. _

SECTION VH - Leziks and Disnosal Procedures

Evacuate area, provzde out1mum etpxosxon proof ventilation. Shut
off supply, remove or eliminate ignition sources. Report leak to lLone
Star Gas Company. Minor leaks can be detected with soap solution applxed
at suspected leak points.  NEVER USE A FLAME TO DETECT LEAKS.

(i) NOTE: This shcet covers “Natural Cas" as a general commodity for .
- employee “'right to know" information only. The exact speci-
fications will vary to some cxtent from area to area. If
for reasons of process control, more specific data is requircd
as to composition, pressure or other factors, the user must
‘contact Lone Star Cas Company.

!
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captan Natural Gas Odorizing, Inc.

MATERIAL SAFETY DATA SHEET

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

MSDS NUMBER :  M36045 ISSUE DATE : 01-01-98
PRODUCT NAME : BP CAPTAN

Manufacturer’s " Natural Gas Odorizing, Inc

Name and 3601 Decker Drive, P.O. Box 1429

Address : Baytown, TX  77522-1429

24 HOUR EMERGENCY TELEPHONE : 1-800-733-3665 OR 972-404-3228
TO REQUEST AN MSDS : | 1-800~699-4970

CUSTOMER SERVICE : | 1-281~424-5568

PRODUCT USE : Natural Gas QOdorizer
CHEMICAL NAME : Mixture

CHEMICAL FORMULA : Complex Mixture
SYNONYMS/COMMON NAMES : Mercaptan

2. COMPOSITION/INFORMATION ON INGREDIENTS

CAS NUMBER / NAME | | :
75-66-1 2-Propanethiol, 2-methyl-

EXPOSURE LIMITS PERCENTAGE
PEL:Not Established _ ' VoL ND
TLV:Not Established ‘ WT 75-80

COMMON NAMES :
tert-BUTYL MERCAPTAN

Listed On(List Legend Below):
00 12 22 23 S50 51

- - - - - -l . e e - - - - - - - - - - - - - - - - - - - - - - - - - -




NATURAL GAS ODORIZING, INC. PAGE 2 OF U4
MSDS NUMBER : M36045 ' ‘ 01-01-98
PRODUCT NAME : BP CAPTAN :

2. COMPOSITION/INFORMATION ON INGREDIENTS (Continued)

75-33-2 2-Propanethiol

EXPOSURE LIMITS : PERCENTAGE
PEL:Not Established VOL ND
TLV:Not Established wT 14-22

COMMON NAMES:
ISOPROPANETHIOL
ISOPROPYL MERCAPTAN

Listed On(List Legend Below):
00 16 19 22 50 S1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

107-03-9 l-Propanethiol
EXPOSURE LIMITS PERCENTAGE

PEL:Not Established VoL ND
TLV:Not Established v WT 2-17

COMMON NAMES:
NORMAL PROPYL MERCAPTAN

Listed On(List Legend Below):

00 16 19 22 50 51 _ —
$13-53-1 2-Butanethiol ‘
EXPOSURE LIMITS PERCENTAGE

PEL:Not Established VoL ND
TLV:Not Established wT , 0-3

COMMON NAMES: :
SEC-BUTYL MERCAPTAN

Listed On({List Legend Below)

00 12 22 23 51

- o o = - - - - - e Em e e . m e e e @ e e w® =B e W = e wm ®m m = =

LIST LEGEND - ~ ,
00 TSCA INVENTORY . : 12 PA HAZARDOUS SUBSTANCE

16 NJ WORKPLACE HAZ SUBSTANCE LST 19 PA REQUIREMENT- 3% OR GREATER
22 CANADIAN DOMESTIC SUEB LIST " 23 NJ REQUIREMENT- 1% OR GREATER

50 PHILIPPINES INVENTORY (PICCS) - 51 EINECS

3. HAZARDS IDENTIFICATION

tesssssssnssnsnsnnanee EMERGENCY OVERVIEW SS%22 22288 assnssssasasuse
e

. * FLAMMABLE LIQUID.

L
]
* . -
* Water white liquid, gassy odor *
SESEV USSR EIEEESNECNENNIATT RSN RN REREEEREIREEEXSER U N RN RN EEERERREERS
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NATURAL GAS ODORIZING, INC. : PAGE 3 OF 14
MSDS NUMBER : M36045 01-01-98
PRODUCT NAML : BP CAPTAN

3. HAZARDS IDENTIFICATION (Continued)

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

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

IRRITANCY: _
All 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 réspiratory 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 hafmful by ingestion.

REPEATED 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

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 1id tissue. IF IRRITATION PERSISTS GET MEDICAL
ATTENTION.

SKIN:

wWash 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.

5. FIRE FIGHTING MEASURES

Flash Point: -16°F (-26.7°C)
Method: Setaflash
Rutoignition Temperature: Not ESt;blished

FLAMMABLE LIMITS IN AIR, BY % VOLUME

Upper: 10% (estimate)
Lower: 1.7% (estimate)
EXTINGUISHING MEDIA: |

Dry chemical, carbon dioxide, foam, water fog or spray. Water may be
ineffective, but should be used to keep fire-exposedwcontainers cool.

_ FIRE FIGHTING PROCEDURES:

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.
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\ / 5. FIRE FIGHTING MEASURES (Continued)

1

FIRE AND EXPLOSION HAZARD:

Flammable vapors, being heavier than air, may travel long distances

;long the ground before reaching a source of ignition and flashing
ack.

SENSITIVITY TO MECHANICAL IMPACT:

Not sensitive.

SENSITIVITY TO STATIC DISCHARGE:

Electrostatic charge may build up during handling Grounding of
equipment is recommended.

6. ACCIDENTAL RELEASE MEASURES

PERSONAL PRECAUTIONS:
Evacua.te unnecessary personnel and eliminate all sources of ignition.
People performing the cleanup should have full protective equipment

including a NIOSH/MSHA approved positive pressure self-contained
breathing apparatus.

Wear personal protective equipment as described in Exposure
Controls/Personal Protection (Section 8) of the MSDS.
ENVIRONMENTAL PRECAUTIONS:

Contain liguide 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 sourc_es of potehtial sparking or open flame.
‘Absorb in dry, inert material (sand, clay, sawdust).

Avoid discharges to sewers and streams.

7. HANDLING AND STORAGE

HANDLING: ' .
Avoid breathing vapor., use with adequate ventilation. Wear NIOSH/MSHA

approved respiratory protection if there is potential for exposure
above the exposure limits. _

o

\ J Do not get in eyes, on skin or clothing.
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MSDS NUMBER : M36048 01-01-98
PRODUCT NAME : BP CAFTAN

7. HANDLING AND STORAGE (Continued)

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

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

Use with adequate ventllation

Do not reuse containers. Toxic and explosive product residues may
remain in containers.

STORAGE:

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

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS:
Use vapor and explosion proof equipment.

PERSONAL PROTECTION

RESPIRATORY:

For emergencies and unknown c¢oncentrations, use NIOSH/MSHA approved
positive pressure self-contained breathing apparatus. Utilize
respiratory protective equipment in accordance with 29CFR 1910.13¢
{Respiratory Protection).

EYE/FACE:

Wear chemical safety goggles plus full face shield 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
(ANST Z358.1). :

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance and Odor: Water white 1iquid, gassy odor

Odor Threshold: 2—methy1—2—propaﬁe thiol~0.008 ppb, 2-propane- ,
thiol = 0.024 ppb

specific Gravity (wWater=1l): 0.808 @ 60Q°F
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9. PHYSICAL AND CHEMICAL PROPERTIES (Continued)

Vapor Pressure: 6.4 psia @ 100°F

vapor Density (Air=1): 3.0

Density: 6.73 1lbs. gal. @ 60°F

Evaporation Rate: Not Determined

% Volatiles by Wt: 100

Boiling Point: 138° - 155°F

Freezing Point:  <-50°F

Melting Point: Not Determined

Solubility in Water (% by wt.): Negligible

pH: Not Determined

Octanol/Water Partition Coefficient; Not Determined
Thermal Decbmposition Temperature: Not Determined

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

VvOC (g/l. by wt.): Not Determined

. REACTS WITH:

HAZARDOUS POLYMERIZATION;

10. STABILITY AND REACTIVITY

CHEMICAL STABILITY:
X STABLE UNSTABLE

OXIDIZERS
~ ACIDS
ALKALIS

AIR
WATER
X HEAT

X
X

OCCURS

WILL NOT OCCUR
COMMENTS: N
None.

HAZARDOUS DECOMPOSITION PRODUCTS:
Hydrogen sulfide. e

Products of combustion include sulfur dioxide.

METALS
OTHER
NONE
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11. TOXICOLOGICAL INFORMATION

75-66-1 2-Propancthiol, 2-methyl- »

ACUTE ORAL LDSO : (rat) 4729 mg/kg
ACUTE DERMAL LD50 : (rabbit) ' 20.8 g/kg
ACUTE INHALATION LCS50 :  (rat, 4 hr) 22,200 ppm
PRIMARY EYE IRRITATION:  (rabbit) | slight

Inflammatory lesions in . the lungs were seen in subchronic tests in
rats, Also seen was muscle weakness, lung and thorax effects and

réspiratory 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. .

75332 ‘2-Propanethiol /
ACUTE ORAL LDSO : (rat) 2000 mg/kg -
>5000 mg/kg
" ACUTE INHALATION LC50 : (rat) ‘ 5917 ppm (4 hr)

107-03-9 1-Propanethiol ’ —
ACUTE ORAL LD50 : (rat) 1790 mg/kg
ACUTE INHALATION LCSO : (rat, 4hr) . 7300 ppm

(mouse, 4hr) 4010 ppm
PRIMARY EYE IRRITATION : (rabbit) severe

12. ECOLOGICAL INFORMATION

75-66-1 2-Propanethiol, 2-methyl-

AQUATIC ECOTox DATA
No data available

TERRESTRIAL ECOTOX DATA

Wildlife:
LC50 (inhal.) = (Mouse as surrogate) 16,500 ppm/4hrx
LD50 (oral) {Rat as surrogate) . 4,729 mg/Kg -

ENVIRONMENTAL FATE DATA
“No data available

There is very limited information available on the environmental fate
and effects of this material. This compound has been found to exhibit.
low toxicity to rodents. Due caution should be exercised to avoid the
accidental release of this material to aquatic or terrestrial
environments.
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12. ECOLOGICAL INFORMATION (Continued)

75:33-2 o ‘2-Propanethiol

AQUATIC ECOTOX DATA

Fish:

BCF estimates based on Xow 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(1/2 Life) estimate based on volatilization from river is 2.7 hrs
Water(1/2 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 bicaccumulation. Due caution should be exercised to avoid the
accidental release of this material to aguatic or terrestrial
environments.

107-03-9 1-Propanethiol

AQUATIC ECOTOX DATA

Fish: ,

BCF ' model estimate based on Kow is 12

Invertebrate: ’ _

LCS0 (96 hr) (Water flea - magna) 60 ug/L
TERRESTRIAL ECOTOX DATA

LD50 (Oral) (Rat as surrogate) 1,790 mg/Kg
LCS0 (Inhal) - {Rat as surrogate) 7,300 ppm/hr
ENVIRONMENTAL FATE DATA

‘Abiotic: g - , S S

Air (1/2 Life) ~estimate based on OH’radical reaction is 8 hours
Water (1/2 Life) estimate for a model river/pond is 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 potential 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 exercised to prevent the accidental
release of this material to the environment.
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12. ECOLOGICAL INFORMATION (Continued)

5$13.83-1 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. ' i

13. DISPOSAL CONSIDERATIONS

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

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

14, TRANSPORT INFORMATION

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

DOT HAZARD CLASS: 3

DOT IDESTIFICATION NO: UN1993

DOT PACKING GROUP: 1II |

poT nAzAknbus SUBSTANCE: Not Applicable

DOT MARINE POLLUTANT(S): Propanethiols
o Butyl Mercaptan

ADDITIONAL DESCRIPTION REQUIREMENT: Not Applicable

15. REGULATORY INFORMATION

US. FEDERAL REGULATIONS:

OSHA Standard 29 CFR 1910.1200 requires that information be provided
to 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.
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15. REGULATORY INFORMATION (Continued)

To aid our customers in complying with regulatory requirements, SARA
Title III Hazard Categories for this product are indicated below. 1If
the word "YES" 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 to be on the TSCA
inventory are listed on the inventory.

SARA/TITLE IH HAZARD CATEGORIES: ,

Immediate (Acute) Health: YES Reactive Hazard NO
Delayed(Chronic) Health: ~NO Sudden Release of Pressure NO
Fire Hezard: YES

HMIS HAZARD RATINGS: A

HEALTH HAZARD: 2 FIRE HAZARD: 3 REACTIVITY: 0

STATE REGULATIONS:

See'sei:tion 2. COMPOSITION/INFORMATION ON INGREDIENTS list legend for
applicable state regulation. ,

INTERNATIONAL REGULATIONS:
Consult the regulations of the importing country.

CANADA:
WHMIS Hazard Class: B2

16. OTHER INFORMATION

For additional non-emergency health, safety or environmental
information telephone (972) 404-2405 or write to:

‘Occidental Chemical Corporation
Product Stewardship Department
5005 LBJ Freewvay

P.O. Box 809050

Dallas, Texas 75380
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16. OTHER INFORMATION (Continucd)

MSDS LEGEND:

ACGIH = American Conference of Governmental Industrial Hygienists
CAS = Chemical AbstractéVSéfQice Registry Numbér

CEILING = Ceiling Limit (15 Minutes) '

CEL = Corporate Exposure Limit

OSHA = Occupational Safety and Health Administration

PEL = Permissible Exposure Limit (OSHA)

STEL = Short Term Expos;re 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)

s = See Section 3 Hazards Identification - Repeated Exposure (Chronict)
Information

IMPORTANT: The information presented herein, while not guaranteed,
was prepared by competent technical personnel and is true and accurate
to the best of our knowledge. NO WARRANTY OF MERCHANTABILITY OR
FITNESS FOR PURPOSE, OR OF ANY OTHER KIND, EXPRESS OR IMPLIED, IS MADY
- REGARDING PERFORMANCE, STABILITY OR OTHERWISE. This information is
not intended to be all-inclusive as to the manner and conditions of
use, handling and storage. Other factors may involve 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 & recommendation to
infringe any existing patents or violate any federal, state or local
laws, rules, regulations or ordinances. : :

17. WARNING LABEL INFORMATION

SIGNAL WORD:
DANGER

HAZARD  WARNINGS: _
Flash Point: -16°F (-26.7°C)

FLAMMAELE LIQUID.

PRECAUTIONS:

Liquid, vapors or mist may be irritating to eyes, skin and respiratory
tract. v
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17. WARNING LABEL INFORMATION (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 1lid tissue. IF IRRITATION PERSISTS GET MEDICAL
ATTENTION.

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.

IN CASE OF SPILL OR LEAK: _
Avold 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. Wear NIOSH/MSEA

approved respiratory protection if there is potential for exposure
above the exposure limite.

Do not get in eyes, on skin or clothing.

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

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

DISPOSAL:
Dispose of in accordance with federal, state and local regulations.
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'17. WARNING LABEL INFORMATION {Continued)

_Ensure that all responsible federal, state, and local agencies receive

proper notif_ication of spill and disposal methods.

INFORMATION REQUIRED BY FEDERAL, STATE OR LOCAL REGULATIONS:
This Product Contaias:

CAS# - NAME

75-66<1 2-Propanethiol, 2-methyl-
75-33-2 2-Propanethiol

107-03-9 1-Propanethiol

513-53-1 2-Butanethiol

voc (g/l. by wt.): Not Determined

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

HMIS RATING: HEARLTE - 2 FLAMMABILITY 3 REACTIVITY 0
LABEL NUMBER: 1097M36045

For Industrial Use Only
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ODORIZATION SYSTEM CALCULATIONS SHEET
77 (/, T

’*' -
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v o . . . - PR .

Injection Rate Calculations

622105
Ctorans Weight by Volume : (&) 280

Flow of Gas Per Day : (B) 432000 < ¥fney  olba [BxC=D]
Desired Injection Per Million Cubic Feet : SC) 0500 957y e, &

Pounds of Odorant Per Day : (D) . 3968 /Dby [D/A=E]
Gallons of Odorant Per Day : (E) , 05777 “¥fay ’ - [Ex3786=F]
Calculated CC's of Odorant Per Day : (F) 218.7 %< [F /1440 =G]
CC's of Odorant Per Minute : (G) _. |5 C¢_ /1) [G/H=1]
CC's of Odorant Per Stroke of Pump : (H) _{ (¢

Pump Strokes Per Minute : (I) 1 5 «TRoxzs /.w [Ix 1440 =17]
Pump Strokes Per Day : (J) [B/J=K]

. Flow.Computer Output Scale Factor Calculation .

Corrected Volume Output Pulse Scéle Factor : (K)

Sight Feed Indicator Based Measured Concentration Calculations

Drops per minute through Sight Feed Assembly (L) [Lx.1=M]
» Pints per Day (M) __ -[Mx472=N]
y Measured CC's of Odorant Per Day : (N)

Pump Efficiency Calculation

Messured CC's of Odorant Per Day : (N) . _
Calculated CC's of Odorant Per Day : (F) __ [N/Fx100=0]

Percentage Pump Efficiency : (O)

Formulas

BxC=D D/A=E Ex3786=F
F/1440=G G/H=1 Ix1440=]
B/J=K o Lx.1=M. Mx472=N"
N/Fx100=0 : :

s
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Qdorization Team

Base R_eference Standards

472 CC's Per Pint
3786 CC's Per Gallon

Reynolds R-12 (Linc 85-16) = .2 CC's Per Stroke

Reynolds R-25 (Linc 85-11) = .8 CC's Per Stroke

 Reynolds R-50 (Linc 85-12) =3.3 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

Notes :

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

_ 2) Reynolds series pumps are shghtly eﬁ'ected by increases plpelme pressure As the N
pipeline pressure increases, the pump output volume decreases.

3) Make note of the Pereentage Pump Efficiency (F) at start up or at the service interval and
use that number as a base for future system performance evaluations.

For example, an R-25 pump should operate at 8CC’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 future readmgs to determine true pump efficiency.

4) If your system is equipped with a Positive Displacement Flowmeter, 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

June 24, 1996

Page 2




\

+ ODORIZING, INC. PAGE 7 OF 14
LER : M36045 : 01.01-98
NAME : BP CAPTAN

—

AYSICAL AND CHEMICAL PROPERTIES (Continued)

—

vapor Pressure: 6.4 psia @ 100°F

vapor Density (Air=1): 3.0

Density: 6.73 lbs. gal. @ 60°F

Evaporation Rate: Not Determined

% Volatiles by Wt: 100

Boiling Point: 138° - 155°F

Freezing Point: <-50°F

Melting Point: Not Determined

Solubility in Water (% by wt.): Negligible

pH: Not Determined

Octanol/Water Partition Coefficient: Not Determined
Thérmal Decomposition Temperature: Not Determined

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

VOC (g/l1. by wt.}): Not Determined

10. STABILITY AND REACTIVITY

CHEMICAL STABILITY: ,
X  STABLE UNSTABLE

REACTS WITH:

AIR __X__ OXIDIZERS METALS
WATER ACIDS T OTHER
| X__ HEAT ALKALIS T NONE
HAZARDOUS POLYMERIZATION; , .
' OCCURS X _ WILL NOT OCCUR
COMMENTS: .
None.

HAZARDOUS DECOMPOSITION  PRODUCTS:
Hydrogen sulfide. S

Products of coﬁbustion include Sulfur dioxide.



Electrical Riser Diagram
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Standard Equipment

Firing Control Systems

I High Limit Contro!
& Immersion thermostat — directly senses
water temperature.
s Circulating Pump mounted.

F-1 7 Standing pilot, thermoco

uple supervision,

standard equipment. (Models 090 through 270).
F-9 Electronic pifot supervision, spark ignition,
4 second main gas shutdown, standard

® Individua! inlet and outletf temperature gauges. equipment. (Models 315

& 150 PSt ASME Temperature & Pressure Relief Va!ve

@ Galvanized Jacket.

| Built in draft hood.

m Gas valve with built in manual shut off.
m High-gloss acrylic paint.

® High Efficiency Stainless Steel Burners.

® Light weight Loch-Heat™ ceramic tile combustion

~ chamber.

B ASME certified to 160 PSI working pressure.

m National Board Certified.

B AGA design certified for closet installation.

{Models 090 through 180).

® AGA design certified for alcove installation.

(Models 225 through 500).

Optional Features

® Flow Switch
® Vent Damper

i )% Combustible Floor Shield (except 399, 500)

w8 Manua! Reset High Limit
= L ow Water Cut Off (Probe Type)
B Pump Delay

*Natural Gas only

m Spark ignition (F-9) Models 090 through 270
® Modulating Gas Valve and Spark fgnition (M-9)

D:mens:ans and Specifications

I
|

through 500).

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

Recovery based on actual heater performance at 82%

(Change “N” to “L” to denote LP.)

" Notes:
a. Pump pre-mounted /wired on all PM models.
b. inlet and Outlet .
112" N.P.T. 090 through S00.
" . Gas Valve inlet (L.P.)
“ j 12" — Models 090 through 180.
%" — Models 225 through 500.
d. All models approved for Natura! & L.P.

¥ Lochinvar
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Lochinvar Water Heater Corporation

Nashville, -
Nestle lamarse S0 Gy EOLER COUPARISON

Detrolt, Michigan 48227 O (313) 2738500
FAX: 313-273-4328

7V e Dallas, Texas 75234 O (214) 484-8677 .
\V/  FAX Breapar 0@ CB-HE-1

COPPER-FIN—THE MODERN, ENERGY EFFICIENT HOT WATER BOILER
- The LOCHINVAR Copper-Fin Hot Water Boiler utiliies 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 velocity scouring action 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 8% times greater than cast iron boiler sections or steel tubes found in other types of boilers.

'D. Precise water temperature 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 exchanger-tubes 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
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Lochinvar Water Heater Corporation
Nashville, Tennessee 37210 [J (615) 859-8900
Telex Number 5§5-5161 {3 FAX: 615-885-4403
Detroit, Michigan 48227 [J (313) 273-9500

Low Water Temperatyr: .

Systems

FAX: 313-273-4328
Dallas, Texas 75234 [ (214) 484-8677

- WSHP-1

FAX: 214-247-1411

LOW WATER TEMPERATURE SYSTEMS

. A number of hydronic boiler applications call for system water temperature operatlon in the range of 60°to 110°

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 vurtually 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 permlts condensation-free operation to tem-

peratures as low as 60° F.

The piping illustration and instructions in Fig. 1 details a s:mple by-pass 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:

Select proper size boiler (without modulation).

L

out all components for proper operation..

N7

P - Balancing
Valve
{ >
> , ‘
To System
' Water L " Fill Valve
Source Pressure
Reducing
(\:I:Ie:: Valve

Fig. 1

Set boiler control thermostat at desired system temperature.

Start system and adjust balancing valve until boiler temperature rise stabilizes
at approx. 50°-60° F differential. (Minimum Outlet Temp. 120° F)

Operate boiler until desired system operating temperature is achieved. Check

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

~ressure Density

[1b/ft3]

Fluid = Methane

Pressure Density

[1b/ft3]

Entropy Enthalpy

[Btu/1b-F] [Btu/1b]
1.328 -90.07

Entropy Enthalpy
[Btu/lb-F] [Btu/lb]
1.886 144.3

®

compress

[1/psi]
0.2720E-04

Compress

[1/psi]
0.1393E-03




Fluid = Methane

“ressure
si]
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
: 3215.
—r-3215.
3215.
3215.
3215.
3215.
3215.

Temp

[F]
-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
[1b/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
25.23
25.22
25.22
25.21

- 25.21

25.20
25.20
25.20
25.19

Vsound
[ft/s]
4273.
4271.
4270.
4268.
4267.
4266.
4264.
4263.
4261.
4260.
4259.
4257.
4256.
4254,

. 4253.

4252.
4250.
4249.
4247.
4246.
4245.
4243.
4242.
4241.
4239.
4238.
4236.
4235.
4234.
4232.
4231.

Entropy Enthalpy
[Btu/1lb-F] [Btu/lb]
1.320 ~68.68
1.320 -68.60
1.321 -68.52
1.321 ~-68.44
1.321 - =-68.35_
1.322 . =-68.27
1.322 -68.19
1,322 -68.11
1.323 -68.03
1.323 - =67.95
1.323 -67.87
1.324 -67.79
1.324 -67.71
1.324 -67.63
1.324 -67.55
1.325 -67.46
1.325 -67.38
1.325 -67.30
1.326 -67.22
1.326 -67.14
1.326 -67.06
1.327 -66.98
1.327 -66.90
1.327 -66.82
1.328~ ~66.74
1.328> = —-66.65
1.328 - -66.57
1.329 -66.49
1.329 -66.41
1.329 -66.33
1.330 -66.25

®

compress
[1/psi]
0.1686E-04
0.1687E-04
0.1689E-04
0.1691E-04
0.1692E-04
0.1694E-04
0.1696E-04
0.1697E=04 .
0.1699E-04
0.1701E-04
0.1702E-04
0.1704E-04
0.1705E-04
0.1707E-04
0.1709E-04
0.1710E-04
0.1712E-04
0.1714E-04
0.1716E-04
0.1717E-04
0.1719E-04
0.1721E-04
0.1722E~-04
0.1724E-04
0.1726E-04
0.1727E-04
0.1729E-04
0.1731E-04
0.1732E-04
0.1734E-04
0.1736E-04



Fluid = Methane

“ressure

psi]
3215.
3215.
3215.
3215.
. .3215.

3215.

3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215,
3215.
3215.
3215.
3215.
3215.
{  3215.
3215,
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
3215.
- 3215..
3215.
3215.
3215.
3215.
3215.
3215.

3215.

3215.
3215.
3215.
3215.
3215.
3215.
3215.
j215.
3215.
3215.
3215.

.-3215.

Temp
[F]

10.00
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

29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
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
58.00
59.00
60.00
61.00
62.00
63.00
64.00

Density
[1b/£ft3]

13.73
13.67
13.62
13.57
13.52
13.46
13.41
13.36
13.31
13.26
13.21
13.16
13.11
13.06
13.01
12.96
12.91
12.86
'12.81
12.76
12.72
12.67
12.62
12.57
12.53
12.48
12.43
12.39
12.34
12.29
12.25
12.20
12.16

12.11

12.07
12.02
11.98
11.94

11.89

11.85
11.81
11.76
11.72
11.68
11.64
11.59

11.55

11.51
11.47
11.43
11.39
11.35
11.31
11.27
11.23

Vsound

[ft/s]
1961.
1957.
1953.
1949.
1945.
1941.
1937.
1934.
1930.
1927.
1923.
1920.
1916.
1913.
1910.
1907.

1901.
1898.
1895.
1892.

1889.

1886.
1884.
1881.
1879.
1876.
1874.
1871.
1869.
1867.
1864.
1862.
1860.
1858.
1856.

1854. -

1852.

1850.

1848.
1846.
1845.
1843.
1841.
1840.

-1838.

1836.
1835.
1833.
1832.
1831.
1829.
1828.
1827.
1825.

Entropy Enthalpy
[Btu/1b-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
1.924 151.8
1.926 152.7
1.927 153.6
1.929 154.5
1.931 - 155.4
1.933 156.3
1.935 157.2
1.936 158.1
1.938 ' '159.0
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
- 1.954 167.0
1.955 167.9
1.957 168.8
1.959 169.6
1.960 +170.5
1.962 171.4
1.964 172.3
1.966 173.2

©

Compress
[1/psi]
0.1879E-03
0.1892E-03
0.1906E-03"
0.1919E-03
0.1932E-03
0.1945E-03
0.1958E-03
0.1971E=03_.
0.1984E~03
0.1997E-03
0.2009E-03
0.2022E-03
0.2034E-03
0.2047E-03
0.2059E~-03
0.2071E-03
0.2083E~-03
0.2095E-03
0.2107E-03
0.2119E-03
0.2131E-03
0.2142E-03
0.2153E~03
0.2165E-03
0.2176E-03"
0.2187E-03
0.2198E-03
0.2209E-03
0.2220E~03
0.2230E-03
0.2241E-03
0.2251E-03
0.2261E-03
0.2271E-03
0.2281E-03
0.2291E-03
0.2301E-03
0.2311E-03

0.2320E-03

0.2329E-03
0.2339E-03
0.2348E-03

~0.2357E-03

0.2366E-03
0.2374E-03

"0.2383E-03

0.2392E-03
0.2400E-03
0.2408E-03
0.2416E-03
0.2424E-03
0.2432E-03
0.2440E-03
0.2448E~-03
0.2455E-03




3215. 65.00
3215. 66.00
3215. 67.00
32165. 68.00
3215. 62.00
3215.. 70.00
' Fluid = Methane
Pressure Temp
[psi] (F].
40.00 -234.0
41.00 =-233.3
42.00 ~232.6
43.00 -232.0
44.00 -231.3
45.00 -230.7
46.00 =230.
47.00 -229.4
1 48.00 -228.8
49.00 -228.2
50.00 ~-227.6
51.00 ~227.0
52.00 ~-226.5
53.00 ~225.9
54.00 ~225.3
55.00 ~224.8
56.00 ~-224.2
57.00 ~223.7
8.00 -223.2
9.00 -222.6
"60.00 ~222.1
61.00 ~-221.6
62.00 ~221.1
63.00 -220.6
64.00 ~220.1
~=65.00 - ~219.6
66.00 ~219.1
67.00 ~218.6
68.00 -218.2
69.00 -217.7
70.00 - =217
71.00 ~216.8
72.00 ~216.3
73.00 ~215.9
74.00 ~215.4
75.00 ~215.0
76.00 ~214.6
77 .00 -214.1
78.00 -213.7
79.00 -213.3
80.00 -212.9
81.00 -212.4
82.00 -212.0
83.00 -211.6
*4.00 -211.2
35.00 -210.8
86.00 -210.4
87.00 -210.0
88.00

1.

.2

-209.6

11.19
11.15
11.11
11.07
11.03
'11.00

B4, Zézi;-,g,le;_

Density
[(1b/£ft3]

25.08
25.05
25.01
24.97
24.93
24.90
24.86
24.83
24.79
24.76
24.72
24.69
24.66
24.62
24.59
24.56
24.53
24.50
24.47
24.43
24.40
24.37
24.34
24.31
24.29
— 24.26
24.23
24.20
24.17
24.14
24.11
24.09
1 24.06
24.03
24.01
23.98
23.95

23.90
- 23.87
23.85
23.82
23.80
23.77
23.75
23.72
23.70
23.67
23.65

1824.
1823.
1822.
1821.
1820.
1819.

1.967
1.969
1.971
1.972
1.974
1.975

23t

-—_._——-‘

28 WP b

Vsound
(ft/s]
3909.
3896.
3882.
3869.
3856.
3843.
3830.
3818.
3806.
3794.
3782.
3770.
3758.
3747.
3735..
3724.
3713.
3702.
3691.
3681.
3670.
-3660.
3649.
3639.
3629.
3619.
3609.
3599.
3589.
3580.
3570.

3561.

3551.
3542.
3533.
3524.
3515.
3506.
3497.

3488.

3480.
3471.

3462.

3454.
3445.
3437.
3429.
3421.
3412.

Entropy
[Btu/lb-F]
1.275
1.277
17280
1.282
1.285
1.287
1.290
1.292
1.294
1.297
1.299
1.301
1.303
1.305
1.307
1.309
1.311
1.313
1.315 .
1.317
1.319
1.321
1.323
1.325
1.327
1.328
1.330
1.332
1.334
1.335
1.337
1.339
1.340
1.342
1.344
1.345
.1.347
1.348
1.350
1.352
1.353
1.355
1.356
1.358
1.359
1.360
1.362
1.363
1.365

&

174.0 0.2463E-03
174.9 0.2470E-03
175.8 0.2478E-03
176.6 0.2485E-03
177.5 0.2492E-03
178.4 0.2499E~03
*|
2.24%F g,
Enthalpy compress
[Btu/ID]  [1/psi]
" =-102.8 0.2159E-04
~102.2 0.2182E-04
-101.6 0.2205E-0%
~-101.0 0.2227E-04
~100.5 0.2250E-04
-99.90 0.2272E-04
-99.35 0.2295E-04
-98.80 0.2317E-04
-98.26 0.2340E-04
-97.73 0.2362E-04
-97.21 0.2384E-04
-96.69 0.2407E-04
-96.18 0.2429E-04
~95,68 0.2452E-04
-95.18 0.2474E-04
=-94.69 0.2496E-04
-94,20 0.2519E-04
-93.72 0.2541E-04
-93.25 0.2563E-04
-92.78 0.2586E-04
-92.32 0.2608E-04
-91.86 0.2630E-04
-91.40 0.2653E-04
-90.96 0.2675E-04
-90.51 0.2698E-04
-90.07 0.2720E-04
-89.64 0.2743E-04
-89.21 0.2765E-04
-88.78 0.2788BE-04
—88;36 0.2811E-04
-87.94 | 0.2833E-04
- -87.53 - 0.2856E-04
-87.12 0.2879E-04
-86.71 '0.2901E-04
-86.31 0.2924E-04
-85,.91 0.2947E~04
-85.51 0.2970E-04
-85.12 '0,.2993E-04
-84.73 0.3016E-04
-84.34 0.3039E-04
-83.96 0.3062E-04
- -83.58 0.3085E-04
-83.20 0.3108E-04
-82.83 0.3132E-04
-82.46 0.3155E~-04
-82.09 0.3178E~-04
-81.73 0.3202E-04
-81.36 0.3225E~04
-81.00 0.3249E-04
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TYPICAL APPLICATIONS

Master or Station Regulstor
Component Testing
High Flow Purge Systems
Research Laboratories
‘Manifold Regulater
Industrial Applications
Pneumatic or Hydraulic Test Consoles

TESCOM
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INDUSTRIAL CONTROLS DIVISION
12616 Industrial Boulevard
Elk River, Minnesota 55330-2491

(612) 241-3238 FAX (612) 241-3224

oo e




— ] 'O‘i'._ 2.1996  3:27AM  KYSER CO e . .N0.495. . P.3 ... ...
PR TRTR 0, L1 N T oAl o I gl T N o o L T PO L Do g PRl e e L S et
£l " v .' 'v""“' -“.. .l_.'-:v. r.
B3 1 {] o b \%‘! Ty
e SRR
i 'g ‘.";;‘,’.. w}&?ﬁf(ﬁ?;p“ A :3
E D MENSIONG-RER, ¥
gt GRS DR S LA
: 3 133 el
st Pde
JLN ] Ty O
e (U
Aoy e H AN
AN NS AL et
Porg v kg 84 0 BTN 27X 7 -9 Gpn b fogl 0 IoN Ay .
o] é‘:ﬂ ‘::'I‘.” oy A :" ,:-_'fj'ﬁ. ’ !.'f.c;";‘ .,: . v .‘JIJ ﬂ’l"’l‘gﬁ‘:‘ ., ‘; ;-r'll. .
e o e YDA R A AR <o
St e Ol EIRLS ays AR PR el e ey Ve
(VAN e d --,.ﬂﬁl\, . 4 oaladt oot B iRy} _‘?..Q:_ “}.:... s (R A
o &ﬂ"if. el 2ol pand ST Y A LR BT e T
s LR L) RO S T RTCIR L Wb (L) oy o g R N A R IS AR A o
ARG i SRRt L el T 700 o s R : ST
g ;:n.:?ﬁ%ﬁsﬁlqﬁ R N ??ﬁ}t RIS ':1? W’igif.tﬂ'&':f&‘ i SO EL\_’:;:,‘_&:,‘;-.__,__,,_ RN
: ' OXYGEN SERVICE:
- SPECIFICATIONS o . . Specification of materials in regulators used for exygen service is
FLUID MEDIA - All gases and liquids compatible with matcnalct? of xphse USEH;S RESPOI\;S;BI%_JTY. leatnmg 2%[‘9xyglen :‘era:ea ‘:9 3ofoo
: construction. IG can be supplie escom at no additional cost. ing for
Maximum rated inlet pressure (Stalnless Steel) ..«.....-.10.0(3801’3!(?; i service abov: 3000 PSéé may be parformed 10 the user's specifica-
. ar) - tions through an outsids source.
Maximum rated lnlet pressure [Aluminum, Brass)....... 6,000 PSIG N .
_ ' (416 bar) ACCESSORIES (Optional at Extra Cost)
Outlet ProSSUTe rBNGS wuumusewss.. 65 PSIG (3.78 bar) to maximum Inlet Soft goods kits (standard modeis):
* Datign Proof PreSSUrC..urmmme e 160% maximum oparating 250 Die. Orifica Slze. . . .. v vovnv- s AU .. .PIN 2881163
" D@Sign BUFSt PrESSUTE weuesisssmsirssssenmenere: 400% MEXIMUM OpETETING 375 Dia. Orifice Size. ... . ... «e....PIN3BS:TIESL
MELRIIBIS vooovoorereersensenrennennee BODY — Stainless, Aluminum or Brass . \
Dome —Stainless, Aluminum or Brass Standard rapair kits (soft and metallic:
Disphragm - Buna-N ,260Dia. Ofifice SIB. « .\ v v o PIN 38-1111-26
Seat - Kal-F® .375 Dia, Orifice’Size. . . ... .. ceeees evoe...PIN38-11210:26
] Sesis-Buna-N Kit for field conversion to extarnal sensing. . . . . .. . .. PIN 385-.1022
%? Trim—300 g:fgsssé:lt:; CONSULT FACTORY FOR KITS ON MODIFICATIONS.
Flow Capacity (.25 Orifice) Cv = 46 o
' Flow Capacity.... . . (.375 Orifice) Cv = 1.30 FLOW CHARTS ' 1
Ambient operating and fluid medis temparawre ... €5° 10 +165°F ) NEGULATOR DISCHARGE CMARACTERISTICS CURVES .
) (-54°10 +75°C) 10000 1700 =TT I] AP AES SRS ISR A WS NN - 11
Le’kage Bubb’a tlght n 1T i e wan o umm I
-Waeight ~ Stainless 10 Ibs. (4.5 kg.) _ " 18! oy 2
- Aluminum 4 1bs. (1.6 kg.) uwnL a2 L s AEHEGor]
. Perts See Ordaring Information . ussa e ma mamanx
g 7600 1515) Ll s W
(»"‘)D( i N Al P + oy T z
- ORDERING INFORMATION  *“554 1975, I E :  z
| 26-1121-381 5,870, 1 0 e BB P &
v Y130 1< e britd B goissassmseemee g
[pasicseries NumBER|— | [ oriFice size*~ |57tz i o] o
BODY AND DOME | 3= 358 D Qries o = RHE S
MATERIAL 2—.375 Dia. Orifice L ase0mms ‘ Y 2 :
1—Brass PORT SIZE LB B N o
2—302 SST _ 6-3/8" 2 souws e pot] ¥
3=Aluminum g.1/2" L : : ¥ ol
AR - : 26007 £ Rt Wz
LOADING METHOD v .0 375 S50 436 1100 1375 1650 1923 2200 347% 2760 w>
1—External INLET AND OUTLET .~ DOME : 12.3) 15.8) 123 @V (39 148.9) (64.5) . 162) (701 (78) Ez
PORT TYPE PORY TYPE nmuumn‘ %x;g:scﬂmumﬂg ::3%3’55 “‘g
e 1-SAE - = 3-MS33649-4|. 600015 o T TTT gz
-“Note: .375 Orifice sizahas . | 2~NPT 2=NPT /6" . 5 e aaae: s
maximum rgted inlet 3-MS33648  3-MS33648-4 : ' = i L 41
uf 6,000 PSIG (415 bert : === SN : 2a
e : ) -1 ’ XTHRAT =
- STANDARD MODIFICATIONS é 45001310} e : ;é
(See Prics List) £ L 2 <<
Add suffix 001" 1o part number 10 soecify axtamal sensing capsbility. £ : 3 ‘,é.;
. add suffix 044" 1o part number 10 specify standard model but with all 2 100000 & HAF z
316 Stainless Steel construction. 3 auane:
Add suffix *061” to part number to specify standard model but with c s T :
9/16°° AMINCO inlet and outlet ports. g H N {
Agd suffix */074" 10 part numbar to specify brass construction. with in. S : Lot
rornol load and bleed valves and Viton-A soft goods. : 1600 (106) & = ohu ‘:;
' o 750150 I
Kel-F3 is a registered trademark of IM - ‘ 156 001 s 10 I

Viton-A% and Teflon® are registered trademarks of DuPont .-
s } 0. oDC 000 71200 1600 2000 2400 2800 3200 3500 4000
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OXYGEN SERVICE

FLUID MEDIA ~ All gases compatible with materials of construc.
tion.For other media, consult factory.

Maximum rated inlet pressure {Stalnless) . ., 10.000 PSIG (700 ber)

Maximum roted inlet pressure (Brass). .. .. .6, G

Outlet pressure ranges® . . . . . . 0-500. 0-800, 10-1500, 15-2500,

: -4000, E0-6000 PSIG

{0-35. 0-55, .€9-105, 1.03-175, 1.72-280, and 3.45-415 bar).

Proof PreSSUM «.covesvecscarsoraraasoess .+ 150% Maximum operating
BUrSIPreSSUre ....eceveseocsseransnons ... 800% Maximum opergting

MAteriBls ...oorencnnsnns v veeven.s Body~ Brass er 303 Stalnless Stee!

Bonnet~ Brass or Plated Brass

Brass Models: 20 Micron (Nom.) Filter = Bronza

Main Valve Sest - Vespel®Vam Velva Sest~ Kel-F*

. Sesis ~ Buna-N

Back-up Rings - Taflon®

Trim = 300 Series Stainless

Cervesasneesioistssassres . =06

Ambient operating and fluid ‘media tempersture ‘“40°F to + 166°F
(—a0*C to + 75°C}

LoaKkaGL . ivuc nsvavesnanns teaesanessnsennesrasesansso. s BUBDIRTIGNT

WEeIGHT (W/D QAUGES) «oevaasecscnssesssersnsrassnsesd¥albs. (215 &g}
POTTS ©vovesvesesnssenssesnesess Ys" NPT inlay, outletand gsuge pons

MEXimUMM OPErStiNG 10fAUE <. cerorsrsearnsssons s 80BN, (45 kgem)

Hﬂow Capacity ..

X

*NOTE: Regulstors vent 1o 2ero PSIG (zero bar) in &)l pressure ranges.

ORDERING INFORMATION
s 44-1111-24 -

[BASICSERIESNUMBER )

BODY MATERIAL b
1-Brass - ’
2-303 Stainiess Steal

OUTLET PRESSURE
AANGE

1=0-500 PSIG {0-35)
2~0-800 PSIG (0-55)
3-10-1500 PSIG {.69-105) °
4152500 PSIG (1.03-175)
5~25-4000 PSIG [1.72.280)
6--50-6000 PSIG (3.45-415)

POAT SIZE
4-1/4"

" PORTTYPE
2—NPT

STANDARD MODIFICATIONS

Add suffix 001~ to part number for Viton-A® O-Rings and Non-
Venting.

Add suffix "002” to part number for non-venting medification of the -

i tandard moda! with filter removed.
Add suffix "009” to part number for Viton-A® O-Rings and Teflon®

Back-up Rings.

Viion-a®, Vesper® and Totlon® ace rogistend (rademarks of D Port
; Kel-F 81 it 8 registered trademark of M

AL S atm mema m e m A s arne Demrad in 11€ 4

OUWFYPRESSURL  PSII thowt

Speclfications of matarials In regulators used for oxygen servics is the
USER'S RESPONSIBILITY. Clesning for oxygen service to 3000 PSIG can be
suppliad by Tescom at additional cost. Claaning for service above 3000 PSIG
may ba performed to the user's specifications through an outside aguree.

ACCESSORIES (Optional at Extra Cost)

GAUGES:! Consult Accessorias Section

CYLINDER CONNECTIONS = Order by CGA connection pumber. The most
popular are CGA 350 (Hydrogen). CGA 540 {Oxygen), CGAS80 (Nitrogen)
and CGA 530 |Air).

Soft goods kit tstandsrd modeish, ..o vuiennnne rereeees «.PIN 355—129,/5;
Srandard repair kit (seftand metathic) ... oooiiieniiienienenns P/N 3881 &
Muhiple range kit {sse cswlog pege) ... Cerressees veres PN 3SIBOGOUXX & )
Panel mounting brackat 8ssembly ..o iv i iiciiiiniiiiiiiieenees PN 1129

Main valve sanvice wel! .. ... verrareens terniennan. Cieveaees .. PN B5573
CONSULT FACTORY FOR KITS ON MODIFICATIONS, OFN Loy G

FLOW CHART

SEGULATOR DISCHARGE CHARACTERISTICS CURVES

- 80001280 TIT
)
1)
B —
. 33001240 ——
300012103 T
) . { 3
25001761 = et imw
. ) = L
d
2000 11401 o
1]
- 1
1900 110§ = -+
N ) o —
+
1600 1701
‘,_“ n -
800 135) =
- L + L] v 2 8-pa .
1) TS R 3 Y
O 3 4 60 #0 100 120 180 160 W0 20
15651 11130) (1700] (22€%3 (2830; 13400 (J666). €53 (S1CO} (S665)

ROWRATE=S CF M -(LPMIAIR







STANDARD EQUIPMENT SPECIFICATION
Skid Mounted Liquid Natural Gas Station

Ambient Conditioning System

DATE: OCTOBER 24, 1994 | STANSPEC NO. 519

—— —— e ————
—— — ————

1.0 SCOPE OF WORK
1.1 The scope of this specification is to define a temporary LNG Fueling Station
g which can be moved to any desired location on a standard drop deck trailer
with a 48" tall (max.) x 36 ft. long lower deck.

20 CONSTRUCTION . :

2.1  All components of the station will be mounted on a steel skid 8 ft. wide x 36 ft.
long X 9.5 f. high. Tbe major components would be:
2.1.1 -5,000 gallon horizontal cryogenic tank
2.1.2 30 GPM cryogenic pump
2.1.3 LNG dispensing and metering system
2.1.4 Fluid conditioning and control module -

2.2  The controller is mounted on a separate detachable skid, wlnch istobe remotely
located 100° from the main skid and comnected with an umbilical and piping.

3.0 COMPONENT DESCRIPTION

3.1 5,000 gallon cryogenic storage vessel
3.1.1 Double wall vacuum insulated cryogenic vessel.
3.1.2 Net volume - 5,000 gallons with 5% ullage
3.1.3 Liquid level indicator
3.1.4 Standard fill and vent connections
3.1.5 Relief valves
3.1.6 90% trycock
3.1.7 Pump suoction connection

" Pump retorn connection:
; Gas return connection
32 30 GPM CryogenicPomp aR
. 3.2.1 Capable of 30 GPM @ 60 PSI dtfferenhal pressuxe
. 3.2.2 Secondary pressure transfer
3.3  LNG Dispenser : ‘ '
~33.1 Valving to permit reczrcxﬂatxon of liquid back to storage tank or direct
~itto the vehicle,
3.3.2 Mass flow.meters to measure hqmd into the vemcle and vapor out of the
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 to control the complete station.




3.4

35

3.6
37

38

. Piping

Stanspec #519 |
Page 20f3

3.3.5 There will be two (2) cryogenic hoses 12 ft. long to transfer fuel tc&i:e

vehicle. These hoses will be insulated. The nozzle connechon to
vehicle will be supplied by the customer. ‘

* 3.3.6 Control system will be capable of automatically condmomng the storage

tank to optimum pressure conditions to assufe adequate NPSH for the
transfer pump.
3.3.7 The system shall be capable of fneling a vehlde at 60 PSI with a fiow
. rate of 30 GPM.
3.3.8 The vent retumm hose from the vehicle shall be equipped with a hqnid
sensor to sense a full vehicle tank and te pte:vent circulation of liquid
thru the vent system of the chspens?

. Conditioning

3.4.1 Capable of oondmomng fuel to any desired mmmuon level

Skid {

3.5.1 The skid is constructed of steel and designed such that it can be loaded
and unloaded over the rolling tailboard of an cilfield trailer or liﬁed

directly usmg a four pomt sling,
Length.... .36 ft.
Height.;......................9.5 ft.

We1ght (empty).... 36 ,000# Approx.

3.6.1 The piping shan be of sufficient size to affect an efﬁctent transfer of
cryogenic fuel from the storage tank to the vehicle. The active piping -
shall be vacunm jacketed.. :

Codes

3.7.1 NFPA 59A

37.2  ASME Section VIII, D1vis10nl
373 ASMEB313

Controller Skid =~~~
3.8.1 This skid will contain the contraller and motor smtchmg gear, Itmust
be remotely located from the main skid by 100 ft. Its ccnmecuon will be

L _umbsilical cords. ,
- 3.8.2 External service requuedtothscomponentis
' Pump —  Controller
Voltage ' 460 120
Phase 3 1
Frequency . . 60HZ 60
Power S5KW 30 Amps




40 C

4.1

42

4.3

Stanspec #519
Page 3 0of 3

Al oomponents on the main skid shall be explos:on proof to Clas 1 Dmsi

Group D.
All components shall be deaned, primed, andpamted vath% x)‘ paint
Unit shall be completely tested with LN, prior to shipment. B
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oo Number
Description - [GaLcazsx | Ciessic SX Cortroter

The G4LC32SX is a cost effective, high performance controller designed
to work within the Opto 22 family of rugged, compact controllers and 1/0
units. A 32-bit 668020 microprocessor supports up to four serial ports, a
selectable ARCNET port, and a high speed local port for flexible communication,

Programming is accomplished with OptaContra! or Cyrano Opto 22's
revolutionary fiow chart based programming languages. Programs are
transportable across the entire line of Opto 22 processars.

G4LC328X
CONTROLLER

B3000

] v

[ ] S

=

SLDC

SNAP-BSM

i
' SNAP 8 MODULE RACK | 1
REMOTE BUS RS-485  WITH SNAP BRAIN ,
_ S SNAP-B12MC
B " SNAP 12 MODULE RACK-
WITH SNAP BRAIN
SNAP-BIEM
SNAP 16 MODULE RACK

WITH SNAP BRAIN

Opto 22 + 43044 Business Park Drive » Temecua, CA 62590 « Phione: (908) 695-3000 + (800) 321-OPTO » Fax: (805) 695-3085 « Infemet www.opti22.00m
InsideSd&s:(&(!])452-OPTO-Prcdxn&pput(GM)TEK-OF’TO-(%9)6953080-ch(&!9)695®17~5«ni!:sppm@0a022.m~FaxBadc (800)474-OPTO
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Description (CONT.)

SOFTWARE
The GALC32SX is designed to work in combination with FactoryFloor, Opto 22's new suite of Windows 32-bit software, which
delivers total control to industrial automation customers. FactoryFloor consists of three integrated components:

¢ (OptoContol, a graphical, fiowchart-based development environment for control solutions

e QOptoDisplay, a graphical, multimendia operator interface package
¢ (ptoServer, a robust data server that connects the controller network with the PC-based FactoryFloor network.

GALC32SX configuration and development are performed through OptoControl on @ PC workstation. OptoControl is an easy to
use, self-documenting control environment that uses a plain English command set and along tagname database that is shared by all

FactoryFloor components. The G4LC32SX also works with Opto 22s classic 16-bit software: Cyrano, Mistic MMI and Mistic Data

Server {MDS.)
COMMUNICA‘I”ION OPTIONS (STANDKRD)
The G4LC32SX base unit has the following communication ports:
o 2 full-duplex combined RS-232 or RS-422/485 serial ports, 300-115kBd
¢ 1 Mistic local bus port, 1.44 MB/s

INTERFACE OPTIONS (ADAFTER CARDS)
Two interface cards are available to increase your communication options.

Function

Interface Adapter Cards .
G4LC32SER 2 RS-232/RS-485 high speed serial ports
G4LC32ARC ARCNET and 2 RS-485 ports

Opb22'43344 Businesr;‘arthive-Taneaﬂa;CAQZSQO.Flm: (909)695-3000 + (800) 321-OPTO « Fax: (909) 685-3095 ¢« Infemet: www.opto22.com
Inside Sales: (800) 452-OPTO Product Suppart (800) TEK-OPTO» (909} 695-3080 « Fax: (909) 6353017 « E-mall: support@optn22.com » FxBack: (B00)474-OPTO
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Description (CONT.)
The RS-422/485 ports can be used as a serial link to communicate with remote digital and analog I/0 units. Up 0 40961/0 points
can be connected to each communication port. Additional serial ports can be obtained with the G4LC32SER or G4L.C32ARC.

ey,

1/0 CONNECTIVITY

MEMORY EXPANSION OPTIONS _
The RAM can be used to store a user’s control strategy [program) and data. The flash memory (ROM) stores a kemel {operating
system)and can be used to store a control strategy permanently. The use of flash technology allows the user to remotely download

- new firmware offered by Opto 22,
1 M. Buy 2 G4RAMAM

RAM:Base, 256K
Expansion;
ROM: Base, 256K
Bxpansion: - 1M. Buy GALC3ZFiM
POWER SUPPLIES
Three power supplies are avaifable. They supply enough power to operate the G4LC32SX base unit and seven I/0 units (bricks.)
P ]
Miodiel Number Vohage
G4PS245A 120 VAC
G4PS245AFM 120 VAC Factory Mutual Approved
(G4PS245B 220 VAC

Oplo 2243044 BLSiéSSPﬂkDIM'TM. CA 92590+ Phone: (905) 695-3000 » (800) 321-OPT0 « Fax (909) 6953095 » Intemet: www.oplo22.com
Inside Sales: (800) 452-OPTO« Product Suppart: (800) TEK-OPTO + (809) 695-3080 + Fax: (908) 695-3017 « E-mal: suppori@opto22.com « FaxBack: (800) 474-0PTO




&

«
& e,

«

ot
4Y st Avrg
*® ey,

o

oOPTO 22

CONTROLLERS

CLASSIC

DATA SHEET

. F_orm 588-980128
Specifications

cPU 32-bit Motorola 68020 processor
EEEE fioaling-point math

CPU clock frequency 16.67 MHz

Memory

RAM 256 KB - 1 MB with battery backup (user programs & data)
Flash EEPROM on controller 256 KB -1 MB (fimware and user programs)

RAM/dock battery 3.6-volt lithium, non-rechargeable

Vo .
Via RS-485 ports, using Opto 22 VO

Communication 2 combined RS-232 or RS4B5M422 port -
Via daughter cards: configurable serial ports, ARCNET, Loca!
bus port

Reaktime clock Clock/calendar, Epson 62421A with battery back

Power requirements 5VDC 1201 @20A

Typical operating temperature 0°Ctwo70°C

Storage temperatire 0*Cto 70°C

Humidity 5% to 85% relative humidity

s oﬂware FactoryFioor (OptoControl, OptoDisplay and Optoserver) 4

Classic Software (Cyrano, Mistic MM| MDS)

System monitors
Host communications

RAM battery backup low ’
Openmting temperature

Detect communication emors from processor, VO, etc.
Detect main power supply operation

Detects program comuption (check sum RAM test)
Detects temperature

pege 4/5
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FactoryFloor® takes you
‘a quantum leap ahead in
~ your search for total control
of the manufacturing
“enterprise. To solve the
toughest control automation
problems, or build the
easiest’ to use, most

)
or to expand vyour

connectivity, Opto 22 has a

. ' : total control solution called
FactoryFloor, Opto 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:

e OptoControl? a graphical, flowchart-based
development environment for control solutions

e OptoDisplay? a graphical multimedia operator
interface package v

e OptoServer’ - a robust data server that connects the
controller network with the PC-based FactoryFloor
network

Opto 22's leadership and innovation in industrial
automation hardware and.software, combined with

Microsoft®s  operating

applications, provides a solid
foundationfor total control.
Opto 22's combination of
hardware and ' software

importance of open systems .
integration, sets- them
sharply apart from firms that
can only deliver pieces of the -
puzzle.

OPTODISPLAY

informative user interfaces,

" manufacturing systems

Part Number Description
FACTORYFLOOR | FactoryFloor Suite
OPTOCONTROL | OptoControl
OPTODISPLAY | OptoDisplay
OPTOSERVER - | OptoServer

FactoryFloor takes advantage of the power of Microsoft
Windowse 95, Microsoft Windows NT* and Microsoft Office
software products to deliver a complete client/server solution
for industrial automation. This reduces training requirements
and increases productivity. The power of the Windows
programming standards means ease of integration with other
applications.

FactoryFloor 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.

Opto 2243044 Business Park Drive +Temecula, CA 92590 » Phone: (909} €95-3000 « (800) 321-0PTO « Fax: (909) 635-3095 « intemet: hitp:/iwww.0pt022.com
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Opto 22's history of innovation in control hardware and flowchart-based software, combined with Microsoft Windows 85 and
Windows NT, provides a foundation for the world’s most powerful graphical development environment for control solutions --
OptoControl. OptoControl is the comerstone of Opto 22's FactoryFloor suite of Windows 32-bit applications and is designed to deliver
maximum flexibility and control to the industrial automation customer.

OPTOCONTROL GRAPHICAL CONFIGURATOR

The "Strategy Tree® allows you
to paint and click to display or
edit the configuration of any

~ item in the contro! strategy.

Powerful subroutine builder
allows OptoControl to be
easily expanded.

Flowcharts are developed by using 4 simple constructs:

« Action blocks contain a list of things to do;

» Condition blocks contain one or more things to test for;

« Connections indicated the sequence of execution;

« - Continue blocks allow you to jump to other areas in the chart.

A control program consists of any aumber of flowcharts. OptoControl's
real-time multi-tasking lets you run up to 30 charts simultaneously.
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* OptoControf programs -
 are easy to maintain

because the flowcharts
are seff-documenting.
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- “Plain English commands are used to contra! 1/0, B

perform communications and do math functions.
All variables and MO points are given meaningful
names. Standard data types include: Floating
point, integer, ASCII strings, and tables of all
three types.

Powerful network com-
munications include
Ethernet with TCP/IP.

Extensive ASC string

_handling and serial com-

munications capabilities
offer unprecedented
control of serial devices.
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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 OptoControl easy to
use are:

OptoControl's Strategy Tree provides a graphical tree-like

view of your control system configuration. .

OptoControl’s flowchart programming environment
provides a precise, graphlcal view of your control

process. -

¢ QOptoControl's animated debugger makes it easy to step
through your process and see what's happening atevery
point in your control program.

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

All these tools can be live 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 configuration is changed, the documentation will reflect
the latest changes. This usability is further enhanced by the use
of a plain English command set, and a long-tag-name database.

The OptoControl fong-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 error. OptoControl also uses

the communications enabling technologies inherent in Windows

- to provide apen access to the control system database for third

party and custom development.

FLOWCHARTING

Because complex processes are easier to understand using
graphics and symbals, 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 for control program logic and instructions.

PROGRAMMING

OptoControl is designed to make it easy to program your
control process, uniike conventional methods that simply evolved
from the old electromechanical wiring layouts for relays.
OptoControl is easier to learn, easier to use and is designed to
hamess all the power of Opto 22's distributed control hardware
platform.

Configurator

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

Using simple objects, programmers lay out 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

1o test for, connections show the sequence of operations and

continue blocks allow jumps to other areas in the chart. By
choasing from menus and assigning long descriptive names to
1/0 points-and variables, programmers can add the appropriate
details to each block. Once |/0 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.

Opto 22+ 43044 Business Park Drive - Temecula, CA82590 « Phone: (308) 695-3000  (800) 321-OPTO « Fax: (905) 685-3095 + Infermet: hit:/www. opto22.com
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Status bar includes monitors for
chart state, step mode, and
breakpoints as well as a timer
indicating efapsed execution time.

Animated debugger supports
autostep, single-step, and
breakpoints for testing, verifying
and trouble shooting.

Command Set and Subroutines

OptoControl provides programmers with an extensive
command set which handles a variety of data types, including
integer, floating point, ASCII string, and arrays of each.
Sophisticated ASCH string handling also provides unprecedented
control over serial ports. The OptoControl Subroutine Configurator

~lets the programmer create and archive subroutines which can
then be called up and executed by multiple programs, as specified -

by the programmer. Once a subroutine is created it becomes an

‘integral part of the OptoControl command set.

STRATEGY TREE

The entire system configuration is graphlca!ly presented in

the Strategy Tree. The Strategy Tree is a hierarchical tree-like

representation. of the Opto 22 control system. Each object’

configured as part of the OptoControl strategy has an assaciated

OptoControt's open tagname database  Any control abject (variables,
is utilized by all Opto 22 FactoryFioor 1O points, elc.) can be viewed
applications and is easily accessible and manipulated in real-time.
to third party software packages.

icon. Controllers, 1/0 points, variables and even the logic itself
are represented. Using the Strategy Tree, programmers simply
point and click to display or edit system configuration items while
at the same time looking at the flowchart and logic associated
with the abject.

DEBUGGER

- OptoControf's animated, real-time debugger makes it easy
to check out system configuration or follow the flow of contro!
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
_programmer may énter break points, do single step functions
and manipulate 1/0 points and variables while the program is
running. This mode of the OptaControl environment speeds
checkout of the entire system. Itisalsoa very powerful diagnostic
and troubleshooting tool for maintenance personne! after the
project is in production.
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OptoDisplay is a 32-bit Windows-based graphical multimedia

operator interface package designed to work as part of the “Total

Control Solution™ provided by Opto 22's FactoryFloor suite. In
addition to OptoDisplay. FactoryFloor includes:

¢ QOptoControl, a graphical flowchart based development
environment .

¢ QOptoServer, a robust data server that connects the
controller network with the PC-based FactoryFloor
network.

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

construct your operator interface by designing graphical abjects.
Displays can combine pictures, symbols, bitmaps and 3-D
graphics from OptoDisplay’s extensive library. Display functions
can include controller-driven animation and operator-driven
commands. Operators can also utilize real-time data for trend
plotting. OptoDisplay is easy to program — just point, click and
associate. The power of OptoDisplay lies in its tight integration
with the OptoControl software and its ability to monitor and
interact with Opto 22's world-class hardware. Advanced features
enable you to animate any graphical control object and to
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 OptoControl strategy and associate them

OPTODISPLAY GRAPHICAL MULTI QR iscis et acghistorical collection files.
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OptoServer is the client-server application component of

FactoryFioor that gathers and serves requested data among the
“clients on the FactoryFloor network.

The FactoryFloor network consists of the hardware controllers
and the PC-based workstations that control them. Combined with
Microsoft's communication enabling technologies, OptoServer
becomes the universal I/0 server.

OptoServer is fully integrated with OptoDisplay and
OptaControl and is used in stand-alone applications or within a
complex client/server architecture. OptoServer can also be
integrated with Microsoft products, third-party packages, and/

or user-developed custom applications created with tools such

as Microsoft Visual Basice.

OptoServer is another example of how FactoryFloor uses
Microsoft Windows-based standards to provide world-class
support to Opto 22 customers. FactoryFloor encourages open
systems solution development by customers, integrators and
third-party developers. For example, you can use OptoServer to
access FactoryFioor data from custom solutions built with
Microsoft Access, Microsoft Visual Basic or Microsoft 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.

OPTOSERVER SYSTEM CONFIGURATION

0PTO 2 .
DATA ACQUISITIONPROCESS CONTROL ~ REMOTE NO SYSTEM

Visu] lgsu:
oo R Aplication
TESTEQUPMENT D SYSTEM -
: OploContral
o) o
, orron ‘
MATERIALS HANDUING 1O SYSTEM

MACHINE CONTROL MO SYSTEM

Nicrosoft
Excal of Awess
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TRATEGY: Amer
HART: LNG_DISPENSING_CHART :
ATE: 09/14/00 TIME: 13:11:29 PAGE: 1 of 1 COLUMN: 1 ROW: 1

SET FLG LNG DIPENSING |
SYSTEM ON

""" © - DRIVEAWAY PROTECTION?




"RATEGY: Amer
'HART: LNG_PROPERTIES_CHART
ATE: 09/14/00 TIME: 13:11:31 PAGE: 1 of 1 COLUMN: 1 ROW: 1
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TRATEGY: Amer
HART: LNG_SHUTDOWN_CHART
ATE: 09/14/00 TIME: 13:11:32 PAGE: 1 of 1 COLUMN: 1 ROW: 1
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TRATEGY: Amer
HART: MESSAGE_TABLE_FILL CHART
ATE: 09/14/00 TIME: 13:11:33 PAGE: 1 of 1 COLUMN: 1 ROW: 1

| TART_FILL_TABL |
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STRATEGY: Amer
'HART: Powerup

JATE: 09/14/00 TIME: 13:11:34

PAGE: 1 of 1 COLUMN: 1 ROW: 1

lo

\_/ START_BLOCK

54 STOP CHARTS

NETHENGES SR TR S

45 SET VARIABLES |

< ) SET COM PORTS

35 seroutputs |

" ADD ALL CNG FLAGS
AND OUTPUTS

FOR HIGH PRESS STORAGE
ADD CHART TO CONVERT
- 0-5VDC PSI WHERE

05V=0PSI
4.5V =7112 PSI



. STRATEGY: Amer

i

HART: STATION_ALARM CHART
JATE: 09/14/00 TIME: 13:11:35 PAGE: 1 of 1 COLUMN: 1 ROW: 1
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yTRATEGY: Amer ‘
"HART: TANK SATURATION_CHART

)ATE: 09/14700 TIME: 13:11:36 PAGE: 1 of 1 COLUMN: 1 ROW:

CHECK FOR CNG CONFLICTS
FINISH SATURATION
) . . SHUTDOWN CHART & ALARM REFERENCES
_---—)g| 43 MESSSAT P B o
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JTRATEGY: Amer
"HART: TRIPLEX_ ALARM CHART .
)ATE: 09/14/00 TIME: 13:11:37 PAGE: 1 of 1 COLUMN: 1 ROW: 1




TRATEGY: Amer
'HART: TRIPLEX_ ALARM SEARCH_CHART .
ATE: 09/14/00 TIME: 13:11:38 PAGE: 1 of 1 COLUMN: 1 ROW: 1

T .
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- NOT INCLUDED

FrR
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 JTRATEGY: Amer :
 JHART: TRIPLEX_PUMP_CHART
JATE: 09/14/00 TIME: 13:11:40 PAGE: 1 of 1 COLUMN: 1 ROW: 1
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TRATEGY: Amer ’
HART: TRIPLEX SHUTDOWN_CHART
ATE: 09/14/00 TIME: 13:11:42 PAGE: 1 of 1 COLUMN: 1 ROW: 1
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.~ START |
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TITLE: Strategy Database
STRATEGY: Amer : .
DATE: 06/12/00 TIME: 14:33:54
NUMERIC VARIABLES
NAME TYPE INIT. VALUE SECURITY REF. COUNT
" AVG_TRIPLEX_PRESSURE FLOAT -~ RUN 0 0 3
CNG_Hose_ 1 Fill Pressure INT RUN 2700 0
| CNG_Hose_2_Fill_Pressure INT RUN 2700 0 0
| _ CNG_Low_Flow_Rate INT RUN 0 0 0
GNG_PUMP_MODE INT RUN 0 0 8
CNG_Storage_End_PSI ‘ INT DWNLD 4900 0 1
CNG_Storage_Start Fill Pressure INT RUN 4300 0 3
COML_CONFIG , INT © RUN 0 0 2
cOML_STATUS INT RUN 0 0 77
COM2_CONFIG , : INT RUN 0 0 1
COUNTER_PRIMING TRIPLEX , . INT RUN o 0 6
CURRENT_FUEL_FLOW FLOAT  RUN o o 3
 FLAG_ALARM TRIPLEX_SYSTEM ' INT RUN 0 0 1
FLAG_COOLANT_FLOW INT RUN 0 0 13
FLAG_COOLANT_PUMP_FLOW_LOSS ' INT RUN 0 0 a
FLAG_FUELING_IN_PROCESS ' ' ' INT RUN 0 0 5
FLAG_H20_HEATER_S_D__COMPLETE INT RUN 0 0 3
FLAG_HEATER PUMP_FLOW_LOSS INT RUN 0 0 1
FLAG_INSTRUMENT FAILURE_EP_TPX INT RUN 0 0 6
FLAG_INSTRUMENT FATLURE_LT_TPX INT RUN 0 0 5
FLAG_LNG_DISPENSING ON S INT RUN 0 0 10
FLAG_LOSS_OF PRIME_TRIPLEX INT RUN 0 0 4
FLAG_PRESS_ALARM__TRIPLEX o INT RUN o o 5
FLAG_TEMP ALARM_TRIPLEX ~ S ©INT.. . RUN - 00 6
 FLAG_TRIPLEX CHART ON = _ INT RUN o o 9
FLAG_WATER_HEATER FLOW = o INT RUN o o 8
FLOW_INDEX_C_BUMP o . INT O RUN 0 0 5
FLOW_INDEX_H20_PUMP o ‘ : , INT  RUN 0 0 s
FUEL_FLOW_RISING ,- o R 7 FLOAT _-RUN o o 2
GALLONS_DELIVERED : , FLOAT = RUN" o o 3
INDEX S Nt RUN 0 0 13
INDEX 1 = o . mr - RW o o 7
LBS_DELIVERED - FLoAT  RUN ) 0 4
v mc_mrzg_counr INT RUN 0 0 2
’ o o 2

! ' LNG_PRESSURE ‘ : FLOAT = RUN



LNG_TEMPERATURE FLOAT
Loss_of_Prime INT
Low_Bank_Callout_PSI " INT
PRESSURE_TO_HIGH INT
PREVIOUS_EY'UEL__FLCM FLOAT

 SATURATION_PRESSURE INT
SATURATION_PRESSURE__10 INT
sATURATmN_pRESSURE_ls INT
SATURATION_PRESSURE__5 INT
TABLE TEMPERATURE FLOAT
TABLE_TEMPERATURE_1 FLOAT

' Time_Pump_Pr.ime INT
TIMER_CHECK_FUEL DN TIMER
TIMER_CNG_STOP DN TIMER
TIMER_COOLANT_ESD DN TIMER
TIMER_COOLANT_PUMP_STOP_DELAY DN TIMER
TIMER_NO_FLOW DN TIMER
'rimer_P\nnp_P;rimer INT
TIMER_PUMP_PRIMING DN TIMER
TIMER_SYSTEM_COOLDOWN DN TIMER
TIMER_TRIPLEX_COOLDOWN DN TIMER
TIMER TRIPLEX_ STANDBY DN TIMER
TOTAL_TRIPLEX_ PRESSURE FLOAT
TRASH ' INT

STRING VARIABLES
NAME

INIT. WIDTH SECURITY REF. COUNT

anmu-r_scnsm‘ _
G;ALLONS_.DELIV'ERED_;DISPI;AY
GALLONS_DELIVERED_STRING
'LBS_DELIVERED_DISPLAY
LBS_DELIVERED_STRING
MES1_BLANK_LINE_1

‘ m51_3m;scazsn

‘MES 1_§meown_rmx
MES1_CURNT_SAT_PRES
msi_masmcy_'srop
MES1_FUELING
MES1_LOSS_OF_AIR_SUPPLY
MES1_LOW_FUEL_SUPPLY

MES1_RESET SYSTEM

RUN
RUN
RUN
RUN

RUN

. RUN

RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

RUN

3000

(=]

o 0o o o o o o

100

o

0o O O o o o ©o o

o O o o O o o o

RUN - 50
CRUN - S0
RUN 50
RUN 50
RUN 50
RUN 50
_ RUN 50
RUN 50
'RUN 50
RUN . 50
RUN 50
RUN 50
RUN 50
RUN 50

© © 0o o o © o o o o

o o o o

4
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MES1_SAT_P_B
MES1_SATURATE_TANK
MES1_SELECT_NOZZLE
MES1_START_FUELING
MES1_START_LNG_SYSTEM
MES1_SYSTEM_COOLDOWN
MES1_SYSTEM_START_UP
MES1_TANK_FULL
MES2_BLANK_LINE_2
MES2_EMERGENCY_STOP
MES2_FUELING
MES2_LEAK_DETECTION_ALARM
MES2_LOSS_OF_AIR_SUPPLY
MES2_LOW_FUEL_SUPPLY
MES2_PRIME_PUMP
* MES2_RESET_SYSTEM
'MES2_SAT_P_B '
MES2_SATURATE_TANK
'MES2_SELECT_NOZZLE
MES2_START FUELING
MES2_START_LNG_SYSTEM
MES2_SYSTEM_COOLDOWN
MES2_TANK_FULL
MES3_BLOWDOWN_TANK
MES3_CURNT_SAT_PRES
MES3_EMERGENCY_STOP

" 'MES3_FUELING

MES3_LEAK_DETECTION_ALARM -

MES3_L0SS_OF_ATR SUPPLY
MES3_LOW_FUEL_SUPPLY
MES3_PRIME_PUMP
@Zzs_asszr_'sysmx

- MES3_SAT_P_B
MES3_SATURATE_TANK
MES3_SELECT_NOZZLE
MES3_START_FUELING
MES3_START_LNG_SYSTEM
MES3_SYSTEM_COOLDOWN
MES3_SYSTEM_START_UP

MES4_BLOWDOWN_TANK

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

RUN

"RUN

RUN

RUN

RUN

RUN
RUN
RUN
RUN

RUN
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MES4_CURNT_SAT_PRES RUN 50 0 4

MES4_EMERGENCY_STOP RUN . 50 0 4q
\/ MES4_FUELING . RUN 50 0 s
MES4_RESET SYSTEM RUN 50 0 4
MES4_SATURATE_TANK ' "~ RUN 50 1 4
MES4_SATURATION PRESSURE RUN 50 0 5
MES4_SELECT_NOZZLE ' RUN 50 0 4
MES4_START_FUELING RUN 50 0 4
MES4_START LNG_SYSTEM RUN 50 0 4
MES4_SYSTEM START_UP RUN 50 0 4
REMOVE_CURSOR RUN 50 0 2
SAT_PRESS_DISPLAY ' RUN 50 0 5
SATURATION_PRESSURE_STRING ' ‘ RUN S0 0 6
‘ NUMERIC TABLES
NAME TYPE. LENGTH INIT. SECURITY REF. COUNT -
LNG_PSIG_VS_SATURATION_TEMP FLOAT 152 RUN 0 255
LNG_TEMP_VS_LBS_CUBIC_FOOT FLOAT 82 RUN 0 81
I1/0 UNITS
RAME : BRICK 101 DIGITAL SIMPLE
DESCRIPTION:
TYPE: G4 Digital lLocal Simple . PORT: Local
ADDRESS : 101 WATCHDOG: Disabled
ENABLE : : Enabled SECURITY: 0
REFERENCE COUNT: 16 vt et )
CHANNEL §: 0
NAME: . VALVE_SATURATION
DESCRIPTION: ' ) o : S
. TYPE: Output . MODULE: - - G4OACS: 12 - 140 VAC
. FEATURES: None ’ , DEFAULT: Last
- WATCHDOG: Disabled . . ENABLE: ; Enabled
SECURITY: 0 - REFERENCE COUNT: 11
CHANNEL §: 1 e
MAME: . VALVE_COIL INLET
DESCRIPTION: ‘ ‘ T -
TYPE: ~ Output : . MODULE: G40ACS: 12 - 140 VAC
FEATURES: None ‘ " 'DEFAULT: Last
WAYTCHDOG: Disabled . ENABLE: Enabled
_SECURITY: o :  REFERENCE COUNT: 15
CHANNEL #: 2 : :
NAME : VALVE_PRESS COLLAPSE
DESCRIPTION:
. : ' TYPE: Output MODULE : G40ACS: 12 - 140 VAC
\ ) FEATURES: - None DEFAULT: Last
’ WATCHDOG: Disabled ENABLE: Enabled

SECURITY: 0 . REFERENCE COUNT: 22




CHANNEL §:
NAME :
DESCRIPTION:
TYPE:
FYEATURES:
WATCHDOG :
SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
TYPE:
FEATURES :
WATCHDOG:
SECURITY:

CHANNEL §#:
NAME : '
DESCRIPTION:
TYPE:
FEATURES :

‘WATCHDOG:

SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
TYPE:

- FEATURES &

WATCHDOG:
SECURITY:

CHANNEL #:
NAME :

DESCRIPTION:

TYPE:

FEATURES :
WATCHDOG:
SECURITY:

CHANNEL §:
NAME:
DESCRIPTION:
TYPE:
FEATURES :
WATCHDOG:
SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
TYPE: .
FEATURES -
WATCHDOG:
SECURITY:

CHANNEL §#:
NAME. : .
DESCRIPTION:
TYPE: .
FEATURES :

WATCEDOG: - ..

SECURITY:

' CHANNEL #:

NAME:
DESCRIPTION:
TYPE:
FEATURES :
WATCHDOG ¢
SECURITY:

CHANNEL §:
NAME:
DESCRIPTION:

3
VALVE_RECIRCULATION _LNG_
Output MODULE:
None DEFAULY:
Disabled ENABLE:
0 } REFERENCE COUNT:
4
VALVE PRESSURE BUILDING
Output MODULE :
None * DEFAULY:
Disabled ENABLE :
0 REFERENCE COUNT:
5
VALVE FUEL DELIVERY _LNG_
Output MODULE:
None DEFAULT:
Disabled ENABLE :
0 REFERENCE COUNT:
6
VALVE _SUCTION _LOW PRESS PUMP_
Output MODULE :
None DEFAULT:
Disabled ENABLE:
0 REFERENCE COUNT:
7 .
LIGHT MANUAL RESET
Output ‘MDDULE:
None DEFAULT:
Disable ENABLE:
0 . REFERENCE COUNT:
8 .
LIGHT EMERGENCY_ SHUTDOWN
output MODULE:
None DEFAULT:
Disabled ENABLE:
0 REFERENCE COUNT:

: 9 - -

" LIGHT _LOW _FUEL_LEVEL
output . MODULE :
None : ‘DEFAULT:
Disabled ' ENABLE:
0 T REFERENCE COUNT:
10 S
LIGHT LOW _AIR SUPFLY
Output MODULE:
None DEFAULT:
Disabled ENABLE:
0 REFERENCE COUNT:
11 ‘ : 3
SWITCH MANUAL RESET
Input MODULE:
None DEFAULT:
Disabled ENABLE :
0 REFERENCE CQUNT:
12

SWITCH_START _LNG

G40ACS:
Last
Enabled
22

G40ACS5:
Last
Enabled
15

GAOACS:
Last . ...
Enabled
9

G4OACS:
Last
Enabled
10

G40ACS:
Last
Enabled
5

G40OACS:
Last
Enabled
3

G4ORCS:

- Last

12

12

12

12

12

12

12

Enabled

3

G40ACS:
Last

12

Enabled

6

G4IACS:
Last
Enabled
4

90

140

140

140

140

140

140

140

140

140

VAC

VAC

VAC

VAC

VAC

VAC

VAC

VAL A

VDC/VAC



TYPE: Input MODULE : G4IACS5: 90 - 140 VDC/VAC
FEATURES : None DEFAULT: Last
WATCHDOG : Disabled ENABLE: Enabled
SECURITY: (¢} REFERENCE COUNT: 11
CHANNEL §: 13
NAME: SWITCH STOP _LNG_
DESCRIPTION: o . .
TYPE: Input MODULE : G4IACS: 90 - 140 VDC/VAC
FEATURES : “None . . DEFAULT: Last
WATCHDOG : Disabled ENABLE : Enabled
SECURITY: 0 REFERENCE COUNT: 1
CHANNEL #: 14 .
NAME: SWITCH_EMERGENCY_STOP__LNG_
DESCRIPTION:
TYPE: Input MODULE : GAIACS5: 90 - 140 VDC/VAC
FEATURES @ None DEFAULT: Last
WATCHDOG : Disabled ENABLE: Enabled
SECURITY: 0 REFERENCE COUNT: 4
CHANNEL #: 15 .
NAME: SWITCH START FUELING__LNG_
DESCRIPTION:
TYPE: Input MODULE : G4IACS5: 90 - 140 VDC/VAC
FEATURES : None DEFAULT: Last
WATCHDOG: Disabled ENABLE: Enabled
EECURITY: 0 REFERENCE COUNT: 2
NAME : BRICK 102 DIGITAL
DESCRIPTION:
IXPE: G4 Digital Multifunction PORT: Local
ADDRESS: 102 ' WATCHDOG: Disabled
ENABLE: Enabled SECURITY: 0
REFERENCE COUNT: 16
CHANNEL #§: 0
NAME: VALVE_NOZZLE_SELECTION _LNG_
DESCRIPTION: .
TYPE: Output MODULE : - G4OACS: 12 - 140 VAC
FEATURES None DEYAULT: Last
WATCHDOG: Disabled -ENABLE: Enabled
SECURITY: 0 - REFERENCE COUNT: 1
CHANNEL §: 1
NAME : SWITCH _START SATURATION
DESCRIPTION: ) ' ’
TYPE: Input MODULE ; G4IDC5: 10 - 32 VDC/12~32 VAC
FEATURES : None DEFAULT: ‘Last :
WATCHDOG: Disabled . ENABLE : : Enabled
SECURITY: 0 CE COUNT: 2
CHANNEL #: 2 g
HAME:- SWITCH_BOILER ON__ LOW _ON_
PESCRIPTION: : . . '
TYPE: Input- MODULE : CGAIDCS: 10 - 32 VDC/12-32 VAC
FEATURES : None - DEFAULT: Last - : : :
WATCEDOG: . Disabled ENABLE: Enabled
SECURITY: 0 : REFERENCE COUNT: 2 '
CHANNEL #: 3 : :
NAME: " . . SWITCH_EXTERNAL ALARM OUTPUT
DESCRIPTION: ;
TYPE: output MODULE: G40ACS: 12- - 140 VAC
. FEATURES None DEFAULT: Last ) ;
WATCHDOG: Disabled ENABLE: v Enabled
SECURITY: 0. REFERENCE COUNT: 0
CHANNEL #: 4
NAME: SWITCH LEAK DETECTION INPUT
DESCRIPTION: = :
TYPE: Input " MODULE: G4IACS5: 90 - 140 VDC/VAC
= FEATURES: None DEFAULT: " Last )
WATCHDOG: Disabled ENABLE : Enabled




SECURITY:

CHANNEL &:

CHANNEL #:
NAME:
DESCRIPTION:
TYPE:
FEATURES :
WATCHDOG:
SECURITY:

SECURITY:

CHANNEL §:
NAME :
DESCRIPTION:
TYPE:
¥EATURES :

'WATCHDOG:

SECURITX:

. CHANNEL §#:

NAME :

_DESCRIPTION:

CHANNEL §:
NAME :
DESCRIPTION:
TYPE:

0 REFERENCE
5
COUNTER_LNG_FLOW_METER
Input MODULE:
Counter DEFAULT:
Disabled ENABLE:
0 S REFERENCE
6
SWITCH_ PERMISSION
Input MODULE :
None DEFAULT :
Disabled ENABLE :
0 REFERENCE
7 4
SWITCH ACKNOWLEDGEMENT
output MODULE :
None DEFAULYT:
Disabled ENABLE:
0 REFERENCE
e B
SWITCH MICROMOTION 18
Output ﬁDDUZE:
None DEFADLYT:
Disabled © ENARLE:
0 : REFERENCE
9 .
SWITCH MICROMOTION 19
Output MODULE:
None DEFAULT:
Disabled ENABLE:
0 REFERENCE
10 . . .
SWITCH_LOW _FUEL LEVEL ALARM
Input MODULE :
None DEFAULT:
Disabled ENABLE:
0 REFERENCE
11 )
SWITCH_LOW _AIR SUPPLY
Input B MODULE:
None . DEFAULT:
Disable . ENABLE:
0 : ~ REFERENCE
12 :

_ SWITCH _NOZZLE_SELECT _LNG

* Input MODULE : -
None DEFAULY :
Disabled ENABLE:
0 - - REFERENCE
13
SWITCH CNG_SYSTEM_ON OFF
Input MODULE :
None DEFAULT:
Disabled ENABLE:
0 REFERENCE
14

COUNT:

COUNT:

COUNT:

COUNT:

2

G4IDCSK: 2.5 - 16 VDC

Last
Enabled
3

GAIAC5: 90 - 140 VDC/VAC

Last
Enabled
0

G40ACS5: 12 ~ 140 VAC

Last
Enabled
4

G4ODCSR: Form A Relay (NO)

Last
Engbled

: 2

G40DC5R: Form A Relay (NO)

" Last

COUNT:

COUNT:

COUNT:

Enabled

HiV3

G4IDCS: 10
Last
Enabled

s 2

G4IDC5: 10
Last
Enabled
2

G4IACS: 90
Last
Enabled

3 :

G4IACS: 90
Last
Enabled

5

32 VDC/12-32 VAC

32 VpC/12-32 VAC

140 VDC/VAC

140 VDC/VAC




NAME: SWITCH TRIPLEX_ LOSS_OF_PRIME
DESCRIPTION: :

TYPE: - . ‘Input " MODULE : - GA4IACS5: S0 - 140 VDC/VAC
j TEATURES : None DEYAULT: Last
v WATCHDOG: Disabled ENABLE: Enabled
SECURITY: 0 ) REFERENCE COUNT: 1
CHANNEL #: 15
WAME: - .- SWITCH_COOLANT PUMP_FLOW
DESCRIPTION: o - - :
TYPE: . Input MODULE : G4IDC5: 10 - 32 VDC/12-32 VAC
FEATURES : None DEFAULT: Last
WATCHDOG : Disabled INABLE: Enabled
SECURITY: 0 REFERENCE COUNT: 1
WRME: BRICK_103_DIGITAL_SIMPLE
DESCRIPTION:. ’
TYFPE: B G4 Digital Local Simple PORT: Local
ADDRESS : 103 WATCEDOG : Disabled
ENABLE: Enabled - SECURITY: 0

REFERENCE COUNT: 16

CHANNEL #: 0

NAME: LIGHT INSTRUMENT FAILURE
. PESCRIPTION: - )
TYPE: Output MODULE: G4OACS: 12 - 140 VAC
FEATURES : None DEFAULT: . Last
- WATCHDOG: Disabled ... ENABLE: Enabled
SECURITY: 0 - REFERENCE COUNT: 9
CHANNEL §: 1
NAME : LIGHT CNG_SYSTEM READY
DESCRIPTION: ‘
TYPE: Output N MODULE: G4OACS5: 12 -~ 140 VAC
FEATURES : None " DEFAULT: Last ;
WATCHDOG : Disabled ENABLE : Enabled
SECURITY: 0 REFERENCE COUNT: 10

CHANNEL #: 2 )

MAME : LIGHT HIGH GAS_DISCHARGE FRESS
DESCRIPTION:
TYPE: output MODULE: G40ACS: 12 - 140 VAC
FEATURES: None . DEFAULT: Last
WATCEDOG : Disabled ENABLE: Enabled
SECURITY: 0 REFERENCE COUNT: 9
CHANNEL #: 3
NAME: LIGHT LOW GAS_DISCHARGE TEMP
DESCRIPTION: : S '
TYPE: : Output ) MODULE: ] G40ACS5: 12 - 140 VAC
FEATURES : None : DEFAULT: - Last -
WATCHDOG: - Disabled " .~ ENABLE: - - . -Enabled
SECURITY: 0 : . REFERENCE COUNT: 9
CHANNEL, #: 4
NAME : . . LIGHT_LOSS_ OF COOLANT FLOW
DESCRIPTION: . o ‘ : ,
TYPE: Output MODULE: G40OACS: 12 - 140 VAC
FEATURES : None . - DEFAULT: Last

 WATCEDOG: - - Disabled ::. ENABLE: Enabled -

. SECURITY: 0 = . REFERENCE COUNT: § . . =&
CHANNEL #: ~ 5

CNAME: LIGHT LOSS_OF. PRIME
DESCRIPTION: R , : 7
TYIPE: Output . - MODULE: G40OACS: 12 - 140 VAC
FEATURES : None ‘ - DEFAULT: Last
WATCHDOG : Disabled ' EMABLE: Enabled
SECURITY: O REFERENCE COUNT: 5

\_/ : CHANNEL #: 6

NAME: LIGHT LEAK DETECTOR_ALARM
DESCRIPTION: iR

TYPE: Output » MODULE : . G4OACS: 12 - 140 VAC




TYPE:

FEATURES:
.WATCEDOG:

SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
TYPE:
YEATURES :
WATCHDOG:

RAME :
DESCRIPTION:
TYPE:
FEATURES :
_ WATCEDOG:
SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
- TYPE:
FEATURES:
WATCHDOG:
SECURITY:

CHANNEL #:
NAME :
DESCRIPTION:
TYPE:
FTEATURES :
WATCHDOG:
 SECURITY:

CHANNEL §:
NAME : .

" DESCRIPTION:
TYPE: '
FEATURES :
WATCHDOG:
SECURITY:

1»CBANNEL‘#ELf 

NAME :

DESCRIPTION:

TYPE:

FEATURES:
WATCHDOG:
SECURITY:

CHANNEL §:
NAME :
DESCRIPTICN:
TYPE:
FEATURES:
WATCHDOG:
SECURITY:

None DEFAULT:

0 REFERENCE

COUNT :

COUNT:

COUNT:

COUNT:

COUNT:

COUNT :

Disabled ENABLE:
0 REFERENCE
9
LIGHT CAUTION
-Output MODULE :
None DEFAULT:
Disabled ENABLE:
0 REFERENCE
8
VALVE_ODORANT PUMP
output _  MODULE:
None DEFAULT:
Disabled - ENABLE:
.0 REFERENCE
9
VALVE TRIPLEX RECIRCULATION
Output MODULE:
None DEFAULT:
Disabled : ENABLY:
0 REFERENCE
20 e
VALVE _TRIPLEX PRIMING
“Output " MoDULE:
None DEFAULY :
Disabled - : ENABLE:
0 REFERENCE
11
VALVE_TRIPLEX SUCTION
Output MODULE:
None , DPEFADLY:
Disabled ENAELE:
[+] REFERENCE
12
PUMP_WATER HEATER
Output MODULE:
None o DEFAULY:
Disabled. ~ 7 - ENABLE:
0 - REFERENCE
13 R '
PUMP_COOLANT
output o MODULE :
None . DEFAULT:
Disabled ENABLE:
(s o REFERENCE
14
: PUMP_TRIPLEX
Output MODULE:
None ! " - DEFAULT:
Disabled ENABLE:
0 ‘ ‘REFERENCE
15
SWITCH_WATER_HEATER PUMP_FLOW
Input MODULE::
None ’ DEFAULY:
Disabled' ENABLE:

COUNT:

Last
Enabled
2

G4OACS:
Last
Enabled
10

G40ACS:
Last
Enabled
9

G40ACS:
Last
Enabled
20

G40ACS:
Last
Enabled
13

G4OACS:
Last
Enabled
12

G40ACS5:
Last

12

12

12

12

12

12

Enabled

14

G40ACS:
Last
Enabled
17

- G4OACS5:

Last
Enabled
18

G4IDCS:
Last
Enabled
1

12

12

10

140 VAC

140 VAC

140 VAC

140 vac

140 VAC

140 VAC

140 VAC

140 VAC

32 VDC/12-32 VAC




NAME: BRICK_104_ANALOG

: DESCRIPTION:
\ / TYPE: G4 Analog Multifunction PORT: Local
e ADDRESS: 104 ‘ WATCHDOG : Disabled
ENABLE : Enabled SECURITY: 0
REFERENCE COUNT: 8 - ’
CHANNEL #: (] .
NAME: OUTPUT_LNG_PUMP SPEED _LNG_
DESCRIPTION: ’
TYPE: Output MODULE : G4DA3: 4 - 20 mA
DETAULT: No ) ’
UNITS: MA - ENABLE: Enabled
‘WATCHDOG: Disabled
SECURITY: 0 REFERENCE COUNT: 27
CHANNEL #: 1
NAME : INPUT_LNG_FLOW RATE
DESCRIPTION: .
TYPE: Input MODULE: G4AD3: 4 - 20 mA
DEFAULT: No
UNITS: - LBS/MIN . ENABLE: Enabled
LOWER REAL READING: . 4.000 UPPER REAL READING: 20.000
. LOWER SCALED READING:0.000 UPPER SCALED READING: 141.000
ZERO-SCALE VALUE: 0.000 FULL~SCALE VALUE: 141.000
WATCHDOG: Disabled )
~ S8ECURITY: o . v REFYERENCE COUNT: 2
CHANNEL #: -2
NAME: SENSOR_LNG_STORAGE_TEMPERATURE
DESCRIPTION:
- : TYPE: Input MODULE: G4AD3: 4 ~ 20 mA
DEFAULT: No
UNITS: DEGREES F ©  ENABLE: Enabled
LOWER REAL READING: 4.000 : UPPER REAYL, READING: 20.000
LOWER SCALED READING:-~280.000 UPPER SCALED READING: -180.000
ZERO-SCALF. VALUE: -280.,000 FULL-SCALE VALUE: -180.000
WATCHDOG: -Disabled ) -
SECURITY: 0 REFERENCE. COUNT: 2
CBANNEL §#: 3 .
NAME: ) SENSOR_LNG _BOITOM_TANK PRESS
DESCRIPTION: .
TYPE: : Input MODULE: G4AD3: 4 - 20 mA
DEFADLT: : No _
ONITS: ' PSI ENABLE: Enabled
LOWER REAL READING: 4.000 UPPER REAL READING: 20.000
LOWER SCALED READING:0.000. UPPER SCALED READING: 300.000
‘ZERO-SCALE VALDE: 0.000 - FULL-SCALE VALUE: 300.000
", WATCHDOG: Disabled ‘ L '
SECURITY: ~ 0 o REFERENCE COUNT: 7 ‘
" CHANNEL §#: .4 : . ; L
NAME: ' SENSOR_TRIPLEX DISCHARGE PRESS
DESCRIPTION: . . :
TYPE: ) Input © MODULE: : G4AD3: 4 ~ 20 mA
DEFAULT: ) No ‘ o :
UNITS: PSI - ENABLE: . ' Enabled
', LOWER REAL READING: - 4.000 B UPPER REAL READING: 20.000
" LOWER SCALED READING:0.000 . -~ UPPER BCALED READING: 5000.000
ZERO-SCALE VALUE: ° 0.000 FULL~-SCALE VALUE: 5000.000
WATCHDOG: Disabled o . ‘
SECURYTY: 0 REFERENCE COUNT: o1
CHANNEL #: 5 :
O NAME: SENSOR_CNG_DISCHARGE TEMP
- PESCRIPTION: :
TYPE: ' Input MODULE : G4ARD3: 4 - 20 mA
i . DEFAULT: " No . '
v UNITS: DEGREES F ENABLF ¢ Enabled
’ LOWER REAL READING: 4.000 UPPER REAL READING: 20.000
LOWER SCALED READING:~50.000 UPPER SCALED READING: 150.000

ZERO~SCALE VALUE: -50.000 FULL-SCALE VALUE: 150.000




WATCHDOG: Disabled .
SECURITY: ’ 0 REFERENCE COUNT: 8

CHANNEL #: 6
\3/ . NAME: SENSOR_BANK_PRESS
DESCRIPTION: o
“TYPE: - - ‘ - -Input : . MODULE: G4AD3: 4 - 20 mA
DEFAULYT: No . ’
UNITS: PsSl ENABLE: ' Enabled
LOWER REAL READING: 4.000. UPPER REAL READING: 20.000
LOWER SCALED READING:0.000 UPPER SCALED READING: 5000.000
ZERO~SCALE VALUE: 0.000 FULL-SCALE VALUE: 5000.000
WATCHDOG: . Disabled . ]
SECURITY: 0 REFERENCE COUNT: 18
CHANNEL #: 7
NAME: SENSOR_HIGH_PRESS_CNG_STORAGE
DESCRIPTION:
TYPE: Input MODULE: G4AD6: 0 - 5 VDC
DEFAULT: No
UNITS: vDC - ENABLE: Enabled
LOWER REAL READING: 0.000 UPPER REARL READING: 5.000
LOWER SCAL¥D READING:0.000 UPPER SCALED READING: 7100.000
ZERO-SCALE VALUE: 0.000 FULL-SCALE VALUE: 7100.000
WATCHDOG: Disabled )
- SECURITY: 0 ) REFERENCE COUNT: 0
NAME: ' BRICK 105_ANALOG
DESCRIPTION: .
TYPE: : * G4 Analog Multifunction PORT: Local
ADDRESS: 5 WATCHDOG : Disabled
ENABLE: : Enabled SECURITY: 0
: CE COUNT: 5
CHANNEL #: 0
NAME: LNG_Tank_Level
DESCRIPTION: :
TYPE: Input MODULE : G4AD3: 4 - 20 mA
DEFAULYT : : No
UNITS: mA ENABIE: . Enabled
WATCHDOG: - Disabled
SECURITY: 0 : REFERENCE COUNT: (o}
CHANNEL #: 1
NAME : ’ CNG_Hose 1 Pressure
DESCRIPTION:
TYPE: - Input MODULE : G4AD3: 4 -~ 20 mA
DEFTAULT: No
. UNITS: - mA "7  ENABLE: ‘ """ Enabled
WATCHDOG: Disabled
SECURITY: . - 0 © REFERENCE COUNT: . 0
CHANNEL §: 2 .
HAME : - . CNG_Hose_2_ Pressure
DESCRIPTION: ‘
TYPE: ‘ Input MODULE: 7 G4AD3: 4 - 20 mA
pEFAULT: - - No ‘ : : : :
ONITS: - - " mA o ENABLE: Enabled
WATCHDOG : " pisabled L
el SECURITY: B R REFERENCE 'COUNT: 0
CHANNEL #: ‘ 3
NAME : . CNG_Hose_ 1l Flow
DESCRIPTION: v ,
TYPE: E ’ Input MODULE: . : G4AD3: 4 - 20'mA
DEFAULT: o No :
UNITS: mA ’ ENABLE : Enabled
WATCHDOG: Disabled
SECURITY: 0 ~ REFERENCE COUNT: 0
v , CHANNEL #: 4
NAME : CNG_Hose_2_ Flow
DESCRIPTICN:
TYPE: Input MODULE : G4AD3: 4 - 20 mA



DEFAULT: No
UNITS: ~ mA ENABLE : Enabled
WATCHDOG: Disabled
SECURITY: 0 REFERENCE COUNT: 0
NAME : . _BRICK 106 DIGITAL
DESCRIPTION:
TYPE: G4 Digital Multifunction: PORT: Local
ADDRESS: . 6 e e Toa WATCEDOG: .  Disabled
ENABLE: Enabled ' SECURITY: 0

" REFERENCE COUNT: 7

CHANNEL #: 0

NAME: CNG_Hose_1_Authorized

DESCRIPTION:

TYPE: Input - MODULE : G4IACS5: 90 -
FEATURES: None DEFAULT: Last
WATCHDOG : Disabled ENABLE : Enabled
SECURITY: 0 REFERENCE COUNT: 0

CHANNEL #: 6 1 :

NAME: CNG_Hose 2 Authorized

DESCRIPTION: :

TYPE: Input MODULE: G4IACS5: 90 -
FEATURES : None DEFAULT: Last
WATCHDOG: Disabled ENABLE: Enabled
SECURITY: 0 REFERENCE COUNT: 0o .

CHANNEL §: 2

WAME: - HS1_Bank_Valve

DESCRIPTION:

TYPE: output MODULE: G40AC5: 12 -
FEATURES None DEFAULT: Last
WATCHDOG: Disabled ENARLE: Enabled
SECURITY: ] REFERENCE COUNT: 0

CHANNEL #: 3

NAME: : HS2_Bank_vValve

" PESCRIPTION:

‘SYPE: output ‘MODULE: ' G4OACS: 12 -
YEATURES: None - DEFAULT: Last
WATCHDOG: Disabled "ENABLE: Enabled
SECURITY: 0 REFERENCE COUNT: O
CHANNEL #: 4
NAME: HS1 Disp Valve
DESCRIPTION: ) .

.. TYPE:. Output MODULE : G4OARCS5: 12 .-
S None DEFADLYT: ~Last .
WATCHDOG : Disabled - ENABLE: Enabled
- SECURITY: - 0 - REFERENCE COUNT: 0.
CHANNEL #: 5
NAME: HS2 Disp Valve
DESCRIPTION: N - S : - -

" TYPE: output - . -MODULE: G4OACSMA: 12
FEATURES : "None : DEFAULY: - Last
WATCHDOG: Disabled " ENABLE : -~ Enabled
SECURITY: 0 : . REFERENCE COUNT: 0
CEANNEL #: . 6 . .

NAME: Direct_Fill Valve

DESCRIPTION: ; ’ :
TYPE: Output MODULE: . G4ORC5MA: 12
YEATURES: .. None. . . DEFAULT: : Last
WATCHDOG: Disabled ...~ ENABLE: Enabled

' SECURITY: 0 REFERENCE COUNT: 0

140 VDC/VAC

140 VDC/VAC

140 VAC

140 VAC

140 VAC

- 140 VAC

- 140 VAC
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CyberSerial ,
\ Thin Internet Server R T R
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I

Description:
The CyberSerial ™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

Q 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 HTML, 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 friendly 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.

Specifications: = .

- Includes: . - Serial Port Options
~ -Web Site / Server B | - RS232 - 2, 6, and 10 ports
- Event Logging ‘ - RS422 - 2 or 4 ports
- Virtual Terminal Interface ~RS485 - 2 or 4 ports
- LPT -1 or 2 ports
Other Applications Available: . UARTS - 8250 and 16550
+ CyberDigital - | ~ . -Baud Rates - 300 to 115200
- CyberEnvironmental - ' _ +DataBits-6,70r 8
- CyberAnalog , "« Parity -None, Even, Odd
* CyberModbus - | L  » Network Communications
- Custom OEM and Engineered Solutions - TCP/IP (Ethernet) or PPP (Modem)

2525 WALLINGWOOD DRIVE, SUITE 804 * AUSTIN, TX 78746-8620

R VILCUR vy www.concursys.com o TR

BSYSTEM TECHNOLDGIES, L.L.C.
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rocess Control http://www concursys.com/ProcessControl.htm

| Process Control N
-

Typical Application

interface with Thin-\Web Server
using TCPP data access

remote control us ing casy integration with
a PC's browser total plant control solutions

Advantages

o Technical
e Financial

Send mail to webmaster@concursys.com with questions or comments about this web site.
Last modified: November 28, 1999
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Par ij at Controlware, Inc. http:\\www.parijat.com ;E-mail: sales@parijat.com
1425 Blalock, Suite # 201, Houston TX 7705 Tel: (713) 935 0900. Fax: (713) 935

" Parijat ActiveX/32 for OPT022
MISTIC Serial Master

PCI-OPTOmist-ACTX

Developed using state of the art Microsoft MFC4
technology for enhanced throughput and low overhead,
Parijat’s industrial communication 32-bit ActiveX custom
controls, acquires data from Opto22 Mistic Controllers
via serial port. Read analog, digital, strings and variable
type point records. Manipulate properties using our
custom property sheets for utmost user-friendliness at
design time. Blocks of point records may be processed
simultaneously. Powerful error trapping & reporting tools
are provided. Rapid exception processing is available
with our Comparelnfo method. ActiveX’s are very fast
and also do not require significant Windows resources as
DDE drivers or servers do.

Methods: Refresh Comparelnfo

Events: Outcome (fires when communication transaction
completes) :

Throughput: Microseconds order performance.

This product works with:

Microsoft Visual Basic, Visual C++/J++ ., Office97, Foxpro95

or any other OLE container.
Related VBX Products: None

fpatadar o0

::gcntr U S Features:

; Tirr?éodi T e No software protection keys.

frop ¢ Complete context-sensitive help & built-in
[rrensactionTime manual. o

We also develop custom Windows products and applications with PLC's, MS Visual Basic, as well,
We can also develop any ActiveX that you may need developed for a specific purpose. We also have an
" GUI MMI software(Visual Process) - written in VB which provides basic SCADA monitoring, alarming, -
trending, reporting. With Visual Process, any CAD drawings, manuals, vendor data sheets, instrument
spec sheets, instrument calibration sheets or any other documentation associated with control systems may
also be integrated with the MMI/SCADA system 1o help attain the 1809000 certification! R
12/97 BRI s R :

URL : http:\\www parijat.com Email : sales@parijat.com

Fantnre Antamation @ DT o OTAM o RCATIA & Prasece Contenl


http://www.panjut.com

ariiat Demo CD http://www.parijat.com/Products.htm

Parijat Controlware, Inc.

Foad

“Stmplifi-ing vour life with Saftware Selutions’

Home -> Parijat Communication Drivers

Parijat specializes in writing communication drivers for just about any product. If you do not see your
particular needs met from the above list, give us a call about other drivers that we are working on that
may have not made it to this list yet. We are continually writing other drivers for a wide variety of
applications. '

e PLC ActiveX 32 Bit Communication Drivers

‘ j e PLC DLL 32 Bit Communication Drivers
R e PLC 16 Bit VBX Communication Drivers

You may see the full list of the products.

To feg’isfer your demo version contact Parijat‘for registration number.

of 1 06/12/2000 9:55 A
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Parijat Controhware, Inc.

2 itk .-S’fz;m*fre Selutions”™

PEEEATHIDNEC

Pt e

- Company History

- Parijat Products Literature

- Parijat SCADA/HM! Development System Literature
- Parijat Customer List

- Parijat Control System Projects
- Product Licenses '

- Product Development & Run Times

E L o Y

PRODU
- SCADAIHMI Develogment stem
- Productivity Enhancement Tools
- Communication Analyzers
- Special Application Tools

- PLLC Communication

- Custom Communication Drivers development

- Windows CE Applications Development

- NT Embedded Systems Applications Development
- Internet Application Development |

- Technical Support

of 2 06/12/2000 9:51 A}
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Registration
' Contacts
\_/  FAQonVB and Active X

Training Workshogs on using Vlsual Basic and Actuvex for PLC's and SCAD
Systems_ ,

- Additional Software

- HMI/SCADA Survey
Environmental Information Server
Monitoring Demo

Parijat Controlware, Inc.
1425 Blalock Suite 201
Houston Texas 77055

Ph: 713-935-0900

Fx: 713-935-9565

sales@parijat.com  http://www.parijat.com

(c) 2000 Parijat Controlware Inc.

of 2 06/12/2000 9:51 Al
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sne Star Encrgy Readings http://www_concuxsys.com/lse/readings.htm'?Usemamc=&Password=&Subnm=subnﬁ-

I_HReadingsf Alarms ;] ‘Data

o et 1 17 Mo T VA E

e

[ FM660 0.
|[Authorized| 0

'!
[PT691 |-36.160 |
|
]

|FM660 | O

of 1 09/14/2000 1:34
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Alarms

o e, i s 6 e

| pata

http://63.68.127.122/variable.

Value JCh: mml Type Features] Enabl

| 34911811

Vanable

| None !

Variable | 1

None

Nf“. .«

oleolo

| Variable

None :

NA

CURRENT FUEL FLOW

(=]

Variable

None

NA

LR

| Varigble -

None

NA

Info :FLAG ALARM TRIPLEX SYSTEM

[irfo. [FLAG_COOLANT_FLOW

| Variable -

None

NA

info_|FLAG_COOLANT_PUMP_FLOW_LOSS

[

| Variable

None

NA

Info_[FLAG_FUELING_IN_PROCESS_

J'Vanable _;

'None

NA

H
|

info

[FLAG_HEATER _ PUMP _FLOW LOSS

3

i
H

| Variable

1. - None

NA

Info {FLAG_ LNG DISPENSING ON

i
i

| Variable

None

NA

i

{
|

'§ﬁ'_f FLAG_L LOSS OF_ PRIME TR]PLEX

i

Vanable

| None

NA

i > [FLAG_Pi PRESS ALARM TRIPLEX

 Variable

None.

NA

!

._j '_;}FLAG TEMP_ALARM TRIPLE)E

lollololofololololel:

I O
lolaoleololololololol

i
1

Vanbl

None

NA

) “-’_:TLAG WATER HEATER FLOW

]
(=Y

|

1 Variable

: None :

NA

. AVG_TRIPLEX PRESSURE

4011811 -

i

ol o
e

| ’ - Variable

~ None

NA

|GALLONS | DELIVERED

| 15597

o

i
=)

| Variable _

~ None '

NA

| 48040

| Verisble

None

NA

| Info. LNG PRESSURE

e 105.124

Variable

-} None

L NA

f o ING_TEMPERATURE

|123as7

i

iollolo

_ Varigble |

~None

"NA

| 4955 |

Vanable

| None

NA

5SATURATION RRESSURE B

151 -

| Verisble |

None i

NA

> TIMER_TRIPLEX STANDBY

[ [

| Variable

None §

[[iwfo [VALVE_SATURATION

; RS
iololole

(Digital_Point|

None

VALVE_ COIL_INLET

i

 |Digital_Point

None §

 [VALVE PRESS COLLAPSE

__ |Digital_Point

None:

VALVE RECIRCULATION LNG

{Digital_Point’

None

N R N

|Digital_Point.

None §

nfo VALVE_PRESSURE_BUI_LDD*IG_ N

08/30/2000 2:2¢
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20f4

nfo

[info’ VALVE_FUEL_DELIVERY_ING_

 |Digital_Point| None [Eriable

http://63.68.127.122/variable.

Info

{VALVE SUCTION__ LOW_PRESS PUMP R

|Digital_Point

 [[™o [LIGHT_MANUAL _RESET _

i

|Digital_Point

lnfo

Info ’LIGHT LOW_FUEL_LEVEL

JLIGHT _ EMERGENCY SHUTDOWN

|Digital_Point | None [En

i

_ |Digital Point| None

;Emergency Dial Out

_{Digital_Point| None [Fable

Yo [SWITCH_MANUAL RESET

fo |SWITCH START_ING_ =~~~ =~

|Digital_Point| None |

SWITCH_STOP_ LNG

ololololololel~lo

fswrtcH EMERGENCY STOP LNG

P

SWITCH_START | FUELING LNG

_ |Digital Point| None s

"|VALVE_NOZZLE_SELECTION_ING___ | _

y } ; [SWITCH_START _ SATURA’IION |

_|Digital_Point| Nore |

5

info_ [SWITCH_BOILER_ON__LOW_ON_

[Digital Point | u

. [SWITCH_EXTERNAL_ALARM_ NOUTPUT

olflololo|ol

]
i
i
i

) SWITCH LEAK_DETECTION lNPUT

|

Digital_Point| None [mble

' |COUNTER_LNG_FLOW_METER

£

|Digital_Point| None [

SWITCH ] PERMISSION

o Digital, Poxgtf )

: SWITCH_ ACKNOWLEDGEMENT

 |Digital_Point| None [Efith

;'sz'rCH MICROMOTION_

18

ESWITCH MICROMOTION__19

__{Digital_Point | Non

;_fsw;'rcn_ LOW_FUEL LEVEL _ALARM

-
=)

_{Digital_Point |

J‘lf_‘,’

info

i

SWITCH LOW_AIR_SUPPLY

b
(Y

_|Digital Point |

.:SWITCH NOZZLE SELECT_ LNG

|Digital_Point| None [fEnab

SWITCH CNG SYSTEM ON OFF

Info .,

SWITCH TRIPLEX LOSS_OF PRIME

i

L'!?f?

SWITCH_COOLANT_PUMP FLOW

{Digital_Point | N¢

__ngf%p.IGHT INSTRUMENT FAILURE

i

_|Digital_Point| None

o [LIGHT_CNG_SYSTEM_READY

* |Digital_Point |

jELIGHT HIGH_GAS_ DISCHARGE PRESS

|Digital_Point | |

’ {LIGHT_LOW_GAS_DISCHARGE TEMP |

: : ; i
: ! H A | } v : Lo b
olo|lmlfolmlolmlio|wl]~
; ; H H i .
B i H H RS

|Digital_Point

| None Enable

08/30/2000 2:2
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‘LIGHT LOSS OF PRHVIE e DT PRI I
"_LV;_LIGHT LEAK DETECTOR ALARM
Info |VALVE ODORANT PUMP

Info

nfo. [LIGHT LOSS OF COOLANTFLOW | 0 |

)

|Digital_Point |

http://63.68.127.122/variable

None &nable

!

_(Digital_Point| Non

| Digital_Point| None [Enabl

i

Digital_Point| Fi

/ALVE_TRIPLEX | RECIRCULATION

ool alionfuls

|Digital_Point| None fEn;

| Info ;-

i VALVE TRIPLEX SUCTION o
(PUMP WATER_HEATER

VALVE TRIPLEX PRIMING

¢
[
l©

__{Digital_Point | None [[inaf

_|Digital_Point | None

o pUMP COOLANT

SWITCH WATER HEATER PUMP FLOW
|info JOUTPUT_LNG _ PUMP SPEED LNG
INPUT LNG FLOW_ RATE

~ IDigital_Point

0
0
0
T
1
1
1
0
0

_|Digital_Point| None [firit

s

a0 |

Analog_Point}| '] niah

| 10362 .

_||Analog_Point|

_;.SENSOR LNG_BOTTOM_TANK PRESS
|SENSOR_TRIPLEX DISCHARGE_PRESS

_|SENSOR_LNG_STORAGE _ TEMPERATURE

-123 457

_|/Analog Point| None |

105344 |

_Analog Point| |

49_8_8_.978§ -

“ ilAnalog_Point| Non

[info [SENSOR_CNG - DISCHARGE_TEMP |

] SENSOR HIGH PRESS_ CNG STORAGE
%ELNG Tank Level -~ © -~
o |CNG_Hose_1 Pressure e

| 70557 1|

(e o

_|Analog_Point| -

|SENSOR_BANK PRESS

4_747.'22 1

i.
i

| 0000 |

Analog Point| None [EiEbl;

0.000 -|

jAnalog Point| None |[Enzbl

o [ONGHose 2 Preswe | 0

: 'gAnal?gjoint : _ Endt

CNG_Hose 2 Flow -
ffCNG Hose_1. Authonzed

Mo [CNG Hose ] Flow |

Janalog Point) None s

{|anatog_Point| None ([nab
_[pigial_point [ None

. lCNG Howe2 Awborized |

Digital Point| None !

[Digital_Point [ None [msble

[lnfo

FHS_Z—BankTY%!VR L

_|Digital Point] Ne

[info [HS1 Disp_valve

|Digital_Point

: ’HSZ_Disp_\_’alve

{Digital_Point

[[into.

08/30/2000 2:2
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|[iie] [pirect Fitl Valve . | o | 4 |pigtal Point| None

HEY

st
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m [IRy-E0Z6 700 7ke

FLUID
AOLE/CH FRRTANUT] conectors Socvem e HOIES: 1. MEDIA: LIGUIFIED NATURAL GAS.
L2 L o e Y ) 2. TEOPERATURE RANGE: +180°F TO -257°F.
D E i 3. PRESSURES: 500 PSI MAX OPERATING
I: cpa 1 et ¢ 1500 'Sl HIN BURST.
v 4. RATED FLOM: S0 GPM )
S. AIR INCLUSION: 4.5CC MAX PER COMNECT

B

34
<

Plans

N

. 91

.88 DIA
hAid

NOZZLE DUST CAP

1169-8S

. MATERIALS: REK!)SIW AND HANDLES - ux.umuc ALLOY

. mlemmmwml
NOZZLE

LIGUID SPILLAGE:  2.4CC MAX PER DISCONNECT

RCLE FLANGE = ALUMINUM BRONZE
COLLAR AND INTERNAL PRRTS -~ STRINLESS STEEL
msmmm—mmu«u POLYETHYLENE

ONS
VE_CANNOT BE OPENED UNTIL NOZZLE IS FULLY MCTED T0 THE RECEPTACLE.
NOZZLE MT BE DISCONNECTED UWNTIL VALVES ARE .FULLY CL COUPLING INTERFACE
1S VENTED DURING CONNECT/DISCONNECT OPERATION

m TON:
1 PUSH NOZZLE (NTO RECEPTACLE TO UNLOCK COLLAR.
1.! ROTATE COLLAR 30° CLOCKWISE TO COUPLE NOZZLE AND UNLOCK VALVE HANDLE
9.3 ROTATE VALVE HANDLE 19S° u.ocxu!se TO SEAL INTERFARCE AND OPEN VALVES.
9.4 DISCONNECT IN REVERSE SEQUENCE.

INTERFACE SEAL 1S FIELD REPLACERGLE.

NOZZLE INMLET PORY IS EQUIPED WITH A 360" SWIVEL. .
ROTATION OF SWIVEL #AY BE LIMITED BY NITROGEN PURGE HOSE.

WEIGHT: NOZZLE = 8.20 POUNDS
RECEPY

RCLE - 2.20 POUNDS .
CAP ~ .20 POLNDS

RECEPTRCLE ‘MOUNTING

[N SESSQUERpIS T

[

COLLAR HNDLE
DISCONNECTED
POSITION
]
KAAA
XX EAX
A
NITROGEN PURGE PORT LAXXXX
XX
WA TN 1.0, mose  RONX
X X,
1.38
HEX
h
bé e d
XXTXX,
XXX
AXRXX
XN
XXARKX
2
XL
\.

HANDLE
SHUT POSITION

o § , 5 —mentam—is B, 44§ o]

SURFACE
X

)
TYP

1/74-28 MOUNTING BOLTS
3 PLACES

L RECEPTACLE 1169-63

~
T
Z {

~ 2

wae— T
sty ’
RECEPTACLE FACE —/
.54
.99 ==

.57

4.00 DIA

INC ONT

AAONIY

AJ07

TYACH LANYRRD TRB YO
ruxs SIDE OF FLANGE ONLY

HeNd

Nl

RECEPTROLE DUST Cnf
116966




J. C. Carter Company

Single Line Liquefied Natural Gas
ehng Couplmg |

Descnptron

J. C. Carter's Single Line Fuelmg Coupling is desugned for
NO-VENT fueling facilities. The Nozzle (Model SOE701) attach-
es to the fuel hose. The nozzle is maneuvered and actuated

‘ng the double handled scissors linkage. The receptacle

g/ del SOE700A) 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 occurs. A dust cap
(C01491) is available to prevent debris from entering the
receptacle when not in use.

Typical Periomnange Speciications - |

- Fluid Compatibility:.........eecernesversenirrasacaans .
© Max. Refueling Pressure:.......csicirenniinennsnroimmsecnssmsisemns
Max. Working Pressure:........icseseeaees
- Burst Pressure:........couritiivenminisnnene
Rated Flow.......
Receptacie Weight:
Nozzle Weight........
‘Operating Temperature:
Storage Temperature:.....
Spillage on Demating:.....
Leakage while Fueling:............ceven.e.
Average Time to Mate:......ccoovurrevnnennnne.
A\mrage Time to Demate:.........
ated Life: : .

1& CONNECHION:...ccceerrenreccrinnirtrseenniiisssssnsansseeesssssenseienns :
Receptacle Connection:
SANAAIAS ......oveerirerserreesreriosessineseeiemsesnisssssesssssesaontarssassssasssassrnas

------------

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

------------------------------------------

------------------------------

-------

......

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

.........

- 50 gpm

-60°F to 120°F

‘None

J.C. Carter Company, Inc
671 West 17th Street
Costa Mesa, CA 92627

Features

J. C. Carter's Single Line LNG Fueling Couplmg is designed to
meet the time conscious fueling tasks of fleet operators and
includes the following features:

¢  No nitrogen purging is required for proper operation
®  One motion mating for simple operation

e  Built-in compression fitting on receptacle aliows simple,
inexpensive vehicle installation

® Receptacle may be used asa primary shut-off valve

.o Patented interface seal arrangement prevents liquid
leakage while fueling

¢  Modular construction for simple field maintenance

Rugged design to survive harsh fleet fueling facility
environment
e lce _Breakér"“ technology for Freeze-On-Free fueling

LNG, Methane, LN:
250 psig

500 psig

1500 psig

3ibs
12 lbs
-320°F to 120°F

C opv
THE

PLINGS

20cc

<3 sec

<2 sec ,

36,500 cycles between major maintenance service
1 .00" female ports will accept MS33649-16 fittings
%" compression tube fitting

Will satisty NFPA and SAE requirements



J.C. Carter Company

Small Sungle Line Liquefied Natural Gas

“ueling Coupling

B Description

J.C. Carter Company, Inc
671 West 17th Street :
Costa Mesa, CA 92627

Features

© J. C. Carter's Small Single Line Fueling Coupling is designed for
NO-VENT fueling facilities. The Nozzle (Model 50 E722) attach-
3 2s to the fuel hose. The nozzle is connected to the receptacle
gjnd actuated through a 1/4 turn mechanism. The receptable
(Mode! 50 E721) mounts on the LNG fueled vehicle. Both the
nozzle and receptacle incorporate indepen?ent shut-off valves.
A built in breakaway feature prevents LNG flow from either the
nozzle or receptacle if forced separation occurs.

2

Typical Performance Spe'cif_icationsi

J .C. Carter's Single Line LNG Fueling Coupling is designed to
meet the time conscious fueling tasks of fieet operators and
"“includes the following features:

e  One motion mating for simple operation
e Compact design resuits in simple instaliation
‘o Diametral seals for LEAK-FREE fueling
® [ce Breaker™ lnterface technology for Freeze-On-Free
fueling
® Rugged design to survive harsh fieet fuelung facility
environment

‘Modular construction for simple maintenance
No extemna! purge requirement reduces operating costs

Fludeompatnblmy ....... RO S AT T .
Max. Refueling Pressure:..........ccccccoociiiviioninvnceennens —ietreerennanen
Max. Working Pressure................... vt sereresieseans

" BUISt Pressure:........iccocvveiesinniinicnenieneseiinanees ST
‘Rated Flow: ...t SRR T 20

Receptacle Weight:............ccii i oo,
NOZZIE WEIGHL:.. ...eeereeeeceieeecrrc it et seees b e re s senesssness .
Operating Temperature:............ SRR O PR SV
Storage TeMPEerattre .........coccivniiciniini ittt sesenasesresiesssinenns
Spillage on DemMatING:.........ccoeririerirerceesi e s snsaee
Leakage while FUBNING ... ..o
Average Time to Mate: ..ot e
ioerage Time to Demate:..........cccoviivieiecinn v,
g;tnmated 1 SRS SRR
StANAAIDS: ... et certeee e s st s et e e s s e sanons

~-3200F to 1200F

LNG, Methane, LN2 , many other cryogens

- 250 psig

500 psig
1500 psig
10 gpm
041lbs
1.21bs .

PLINGS

BREAKERS ™’

-60°F to 120°F . C.opu
5cc . » o ) “

" None

<3 sec
.2 sec

'36,500cycles between major maintenance service

Will satisfy NFPA and SAE requirements
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50 GPM SEAL REPLACEMENT KIT

CAUTION: Read instructions completely before attempting to
replace seal. Failure to do so can resultin personal injury.

if nozzle is disconnected from the LNG fueling system, do not
allow water or other contaminants to enter the internal
mechanism of this coupling.

Tools Réquired, , .
Staindard external type pliers: “1-1/8” retaining ring

1)

 2)

3)
~spring energized seal.

4)

5)

CAUTION: Under no circumstances should the nozzle be éapable
of flowing during the seal replacement procedure.

Place nozzle assembly in a vertical position on a clean work area with the handles
fully extended, see Figure “A“.

Ren.ove the retaininé ring from nozzle shroud. Discard the used ring as damage
may occur during disassembly. '

Once the retaining ring is removed, remove and discard both retainer seal and

Wipe clean the sealing surface on the ndeI_e shroud, install the new spring
energized seal in proper o[ie_ntationfshown: Failure to install the seal in this

crientation will result in leakage during mating operation.

Place the seal retainer over the seal (Also note ornentatlon) and reinstall the
retaining ring. Note: Be careful not to overextend the retalnmg rings during

_assembly. The retammg rings should fit securely into grooves. Push the retaining

- ring into groove to fully secure seal and retainer. Verify visually that the

retaining ring is seated into shroud groove.

MODEL 50E701



FG1s-

SHARP EGGE
ON RETAINING RINC
CHAMFER THIS SIDE
THIS SIDE

2

SEALING SURFACE
(NOZZLE SHROUD)

Q@} __'€§§ ~° HANDLES

FORWARD
STy T PART NUMBER | DESCRIPTION “TFIND NO.
T 1T T B78705-003 | SPRING ENERGIZED SEAL | 1
] BB4398-001 SEAL RETAINER T2
1 83187755112 | RETAINING RING 3

| 50 GPM SEAL REPLACEMENT KIT MODEL SOE7C
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