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(August 10, 2007) 



Sacramento Natural Gas Storage 
Community Outreach Campaign Program 
Activities & Milestones 
Updated August 10, 2007 
 
Community outreach for the SNGS project focuses on effective Stakeholder/ 
Community Leader Coordination and an inclusive Neighborhood Campaign that seeks 
to provide accurate and thorough information upon which residents, property owners, 
businesses, and stakeholders can base reasoned perspectives.  
 
To effectively interface with the neighborhood, our strategy is to start with the smallest 
group possible to identify and address key issues, refine our approach based on what 
community leaders tell us, and then address the larger community at the neighborhood 
level. The following summary identifies activities completed to-date; milestones 
achieved and anticipated program-planning features (dates subject to change). 
 
 
COMPLETED ACTIVITIES 
 
Meeting with Neighborhood Leaders/Stakeholders 
December 22, 2006 
The purpose of the meeting was to engage the leaders in an early dialogue about the 
project, its goals and benefits, and how best to work with the community. Discussion 
points included the anticipated planning process, how the facility would be built, how 
property owners would be compensated for leasing storage rights, and anticipated 
neighborhood issues/concerns.  

 Burnie Lenau, Planning and Zoning Advisory Committee, Power Inn Alliance 
 Constance Slider, co-chair, Avondale Glen Elder Neighborhood Association 
 Booker Byrd, AGENA 
 Samuel Butler, AGENA 
 Erett Oden, AGENA 
 Levia Nelson, AGENA 

 
Power Inn Alliance—Presentation to the Planning and Zoning Advisory Committee 
February 20, 2007 
An initial presentation was made to the PZAC, and a brief update will be given on 
March 20, when more details about the affected parcels, lease payments, and customer 
contracts are clarified.  
 
Power Inn Alliance—Update to the Planning and Zoning Advisory Committee 
March 20, 2007 
This was a follow-up to the initial presentation made on February 20. The PZAC made a 
recommendation (5-0 vote in support of the project) for the full Board’s consideration in 
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April or May. Committee members expressed that final support would be contingent on 
the neighborhood’s general acceptance of the project. 
 
 
FILING WITH THE CALIFORNIA PUBLIC UTILITIES COMMISSION 
April 9, 2007 
The project team filed the project application with the CPUC. This application included 
the project description and all relevant environmental studies.  
 
 
Follow-up Meeting with Neighborhood Leaders/Stakeholders 
April 9, 2007, at Sim Community Center (6:30 p.m.) 
The project team met with the group we brought together in December to share 
information on the affected parcels, anticipated lease arrangements and payments, 
project progress, and the timing and approach for the upcoming broader community 
outreach effort, the project review/approvals process, and eventual construction of the 
project. Representatives from the neighboring South East Village Neighborhood 
Association were also invited. 
 
Presentation to Avondale/Glen Elder Neighborhood Association (AGENA) 
April 12, 2007, Sim Community Center (6:00 p.m.) 
The project team made a summary presentation at AGENA’s regular monthly meeting 
prior to a full-scale community meeting on April 26. Information was provided on the 
affected parcels, anticipated lease arrangements and payments, project progress, and 
the timing and approach for the community outreach effort, the project 
review/approvals process, and eventual construction of the project. 
 
Individual Meeting – Power Inn Alliance Representative, Joe Hensler 
April 19, 2007, Team Power Forklifts (4:30 p.m.) 
The project team met individually with Mr. Hensler, PIA Board member, to review 
project details and updated information. The meeting provided expanded information 
about safety and security issues, and community issues/concerns.  
 
Individual Meeting – AGENA Representatives, Constance Slider and Jermain Gill 
April 23, 2007, Starbucks at 65th Street (6:30 p.m.) 
The project team met individually with Ms. Slider and Mr. Gill, AGENA Board 
members, to review project details and updated information. The meeting provided 
expanded information about safety and security issues, and community 
issues/concerns.  
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Community Meeting 
April 26, 2007, Sim Community Center (5:30 to 7:30 p.m.) 
The project team hosted a full-scale community meeting at either the George Sim 
Community Center to present the project and its benefits, show which properties have 
storage rights, expand information about safety and security issues, and address 
community issues/concerns.  

 1,600 postcard invitations were mailed to all affected properties (i.e., those directly 
over the gas field and eligible for payments), as well as neighboring properties and 
stakeholders. 

 50 reminder calls made to key community member and stakeholders 
 A project fact sheet was developed and handed out to meeting attendees. 
 Presentation boards were utilized to demonstrate all aspects of the project. 
 A follow-up newsletter is being developed as a follow up piece to the April 26th 

meeting and as an invitation to a second community meeting to be held on June 27 
at the George Sim Center.  The follow up newsletters will be sent to the entire 
database with project details and translation links. 

 
Power Inn Alliance—Discussion by the Board of Directors 
May 8, 2007, at BLT Sacramento Recycling, 8491 Fruitridge Rd., 2nd floor (7:30 am) 
The SNGS project was agendized for discussion by the full board, which will consider 
the recommendation given by the PZAC in March. 
 
Project Progress Meeting with Sacramento Housing and Redevelopment, City of 
Sacramento – Development Services, Utilities and Neighborhood Services 
May 22, 2007, 400 Capitol Mall (9:30 a.m.) 
The project team met with representatives from various City and Redevelopment 
Agency departments to review progress, outreach efforts, appraisal and fair market 
value concerns, lease structures, community concerns and critical project timing and 
support need.   
 
Project Progress Meeting with Assistant City Manager – Cassandra Jennings 
June 5, 2007, City Hall (1:00 p.m.) 
The project team met with Cassandra Jennings to review progress, outreach efforts, 
critical project timing and support need. A safety expert’s panel was identified for the 
upcoming Community Meeting. 
 
Project Progress Meeting with City Planning Department – Tom Buford 
June 8, 2007, City Hall (10:00 a.m.) 
Project team member met with Tom Buford. 
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Project Progress Tele-meeting with City Councilmember – Kevin McCarty 
June 12, 2007, 400 Capitol Mall (11:30 a.m.) 
The project team spoke with Councilmember Kevin McCarty to review progress, 
outreach efforts, appraisal and fair market value concerns, lease structures, community 
concerns and critical project timing and support need.   
 
Power Inn Alliance—Discussion by the Executive Committee 
June 12, 2007  (7:30 am) 
The SNGS project is attended PIA meeting to re-review project benefits, appraisal 
review and fair market value concerns. 
 
Community Meeting Invitation and Project Newsletter Mailing 
June 6, 2007 
1,600 newsletter invitations were mailed to all affected properties (i.e., those directly 
over the gas field and eligible for payments), as well as neighboring properties and 
stakeholders. 
 
Stakeholder Mailing – 28-Page Response to Community Questions 
June 15, 2007 
Seventy-five packets were direct mailed to project stakeholders include all those who 
attended the first Community meeting, AGENA and PIA representatives and the City 
of Sacramento. 
 
Asian Resources Meeting 
June 21, 2007 
Met with Elaine Abelage, Acting Director in Charge, to review project, appraisal, 
translation of materials and translation needs and opportunities to provide outreach to 
the Asian community. 
 
Individual Meeting – AGENA Representatives, Exer Toney and Jermain Gill 
June 25, 2007, Sim Community Center (6:30 p.m.) 
The project team met individually with Ms. Toney and Mr. Gill, AGENA Board 
members, to review project details and updated information. The meeting provided 
expanded information about safety and security issues, and community 
issues/concerns. Details and suggestions were identified for a tour of another 
neighborhood community with an existing natural gas facility. 
 
Community Meeting 
June 27, 2007, Sim Community Center (5:30 to 7:30 p.m.) 
The project team hosted a second full-scale community meeting (including three 
language interpreters) at the George Sim Community Center to review the project and 
its benefits, respond to questions and concerns raised at the first community meeting, 
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explain details related to safety and security measures and address community 
issues/concerns and identify critical project support needs.  

 Presentation boards were utilized to demonstrate all aspects of the project. 
 Environmental, Safety study and  project summaries were provided. 
 Project newsletters were provided in three languages. 
 A 28-page follow-up summary was provided in response to community comments 

identified at the April 26th meeting.  
 
Project Progress Meeting with Assistant City Manager – Cassandra Jennings 
July 2, 2007, City Hall (1:00 p.m.) 
The project team members met with Cassandra Jennings to review progress, outreach 
efforts, critical project timing and support need.  
 
Stakeholder Tour Planning Meeting – AGENA, Councilmember McCarty’s Office, 
City of Sacramento 
July 16, 2007 SNGS Office – Rancho Cordova (10:30 a.m. to 12:00 p.m.) 
A meeting was held to review the goals and priorities of the requested tour. Desired 
interviews were determined with key community members, tour agenda was 
formalizes and travel logistics were identified. 
 
CITY OF SACRAMENTO – Special Use Permit Application filed 
August 1, 2007 
 
 
PLANNED/FUTURE ACTIVITIES 
 
Coordination with City Councilmember McCarty, Assistant City Manger C. Jennings, 
Area 3 Neighborhood Services, and County Supervisors Yee and Nottoli 
Ongoing 
The project team will continue to communicate and coordinate with Councilmember 
McCarty’s office, Assistant City Manager Cassandra Jennings, Development 
Services/Planning, Area 3 Neighborhood Services, and Supervisors Yee and Nottoli to 
ensure the outreach effort is on track and responsive to the community’s needs. 
 
Community Foundation Discussion with Avondale/Glen Elder Neighborhood 
Association (AGENA) – Executive Committee 
August 13, 200 
The SNGS project team is invited to present and discuss the proposed Community 
Foundation opportunities and non-profit structure. 
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Community Tour – Southern California, Playa del Rey Neighborhood 
August 17, 2007 – 8:00 a.m. to 6:00 p.m. 
Representatives from AGENA, City of Sacramento, Councilmember McCarty’s Office 
and the SNGS Project team will travel to the City of Los Angeles to tour the community 
of Playa del Rey.  On-site interviews are being scheduled with a real estate broker, City 
Official, Westchester Playa del Rey Neighborhood Council, Fire and Safety 
representative, Southern California Gas Company and a neighborhood resident.  Tour 
will include the So. Cal Gas Compressor facility. 
 
Community Meeting 
September 6, 2007, Sim Community Center (5:30 to 7:30 p.m.) 
The project team will host a third full-scale community meeting (to include three 
language interpreters) at the George Sim Community Center to review a summary of 
the Southern California tour, the project benefits, respond to questions and concerns 
raised at the first and second community meetings, explain details of the compensation 
and lease programs, address community issues/concerns and identify critical project 
support needs.  

 Presentation boards will be utilized to demonstrate all aspects of the project. 
 Appraisal, lease summaries and project documents will be provided (including 

translated copies) 
 Leasing activities to begin after this meeting and appointment dates may be selected 

by property owners. 
 
CALIFORNIA PUBLIC UTILITIES COMMISSION – Local Public Hearing 
Date (TBD) 
 
Neighborhood Campaign 
Ongoing starting in September 2007 
A qualified team of specialists will contact property owners (door-to-door and/or by 
phone) to explain storage rights and deliver lease materials. The project team will work 
with these specialists to ensure they are aware of and sensitive to all of the 
neighborhood issues and concerns that have emerged during the previous outreach 
efforts. These specialists will be able to provide details about the storage leases and the 
options for receiving payments. (For easy identification and recognition, each specialist 
will wear a special yellow polo shirt with the project logo, and their vehicles will have a 
phone number for a project information number prominently displayed). The payment 
options will include a choice of either receiving annual lease payments (over 50 years) 
or selling the property’s storage rights outright (pending qualifying status). Offering 
these two payment options will allow folks to choose the compensation arrangement 
that fits their needs. Some may want the steady income of an annual payment, while 
qualifying seniors may want a lump-sum compensation up front. Also, each property 
owner will receive a signing bonus ($1,000/acre or a minimum of $500) for agreeing to 
lease/sell storage rights. Lease payment amounts will be based on gross revenue per year. 
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Total payment for storage rights will be 4 percent of gross revenue per year. As an example, if 
estimated gross revenue is $10 million in the first year of operation (2009), a one-acre parcel 
owner would receive $1,487 for that year. As revenue gradually increases (as expected) over the 
first few years, storage payments will likewise increase. Detailed charts of how the payment 
structure works will be available for viewing and discussion at the community meeting and 
during the neighborhood campaign. 
 
CITY OF SACRAMENTO – Local Public Hearing (Special Use Permit Application) 
Date (TBD) 
 
SNGS Project Construction 
April 2008 – November 2008 (TBD) 
 
SNGS Project Operations  
January 2009 (TBD) 
 
 
ADDITIONAL RESOURCES/MULTILINGUAL COMMUNICATION 
The project team is utilizing additional special resources, as outlined below, to ensure 
the community gets the information it needs about the project and the leasing process: 
 
Vincent Le: Vincent Le, a community member with command of multiple Asian 
languages, has been enlisted to help liaison with the community, both during critical 
meetings and out in the field during the campaign effort. 
 
Asian Resources, Inc.: A non-profit community-based organization established in 1980 
and dedicated to providing multiple social services needed in the community, Asian 
Resources will be utilized to provide professional translation and interpreting services 
for direct mail pieces and during the community meeting.  
 
 
CONTACTS 

 Wendy Hoyt & Elizabeth Hughes, Community Relations, HDR|The Hoyt 
Company 916-448-2440, wendy.hoyt@hdrinc.com, elizabeth.hughes@hrdinc.com 

 Don Russell & Jim Fossum, Sacramento Natural Gas Storage, 916-859-4730 



r
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Sacramento Natural Gas Storage Project August 9, 2007
City, County, State and Community Stakeholder List

COMMUNITY Name Telephone Email Address
Avondale/Glen Elder Neighborhood Association (AGENA) Jermain Gill, co-chair 628-2549 jgill48488@aol.com
Avondale/Glen Elder Neighborhood Association (AGENA) Constance Slider, co-chair 379-0992 constanceslider@sbcglobal.net

821-0047 mobile
Avondale/Glen Elder Neighborhood Association (AGENA) Exer Toney 383-0532 extoney@aol.com

322-3995 mobile

ELECTEDS/STAFF/AGENCIES Name Telephone Email Address
Sacramento County Supervisor, District 5 Don Nottoli 874-5465 nottolid@saccounty.net
Chief of Staff, District 5 Pat Braziel 874-5465 brazielp@saccounty.net
Chief of Staff, County Supervisor Jimmy Yee, District 2 Linda Kimura 874-8153 kimural@saccounty.net
Sacramento City Councilmember District 6 Kevin McCarty 808-7006 KMcCarty@cityofsacramento.org
City of Sacramento, Councilmember McCarty District Directo Maria Alvarez 808-7336 malvarez@cityofsacramento.org
City of Sacramento, Assistant City Manager John Dangberg 808-5704 jdangberg@cityofsacramento.org
City of Sacramento, Assistant City Manager Cassandra Jennings 808-5704 cjennings@cityofsacramento.org
Neighborhood Resources Coordinator, District 6 Gary Ziegenfuss 808-6162 gziegenf@cityofsacramento.org
City of Sacramento, Media and Communications Jill Scofield 808-1969 jscofield@cityofsacramento.org
City of Sacramento, Senior Planner Tom BufordF 808-7931 tbuford@cityofsacramento.org
City of Sacramento, Junior Planner Stephanie Hockman 808-7497 shockman@cityofsacramento.org
City of Sacramento, Associate Planner Shelly Amrhein 808-7601 rwamrhein@cityofsacramento.org
City of Sacramento, Asset Manager Rhonda Lake 808-7902
City of Sacramento, Geology consultant Bruce Hilton 366-1701 BHilton@kleinfelder.com
City of Sacramento, Development Services Director Bill Thomas 808-1918 wthomas@cityofsacramento.org
City of Sacramento, City Attorney Eileen Teichert 808-5346 eteichert@cityofsacramento.org

Sacramento Housing and Redevelopment Agency (SHRA)
Celia Yniguez, Community 
Development Division 440-1399 x1401 cyniguez@shra.org

Sacramento Housing and Redevelopment Agency (SHRA)
Caitlin Camp, Assistant 
Planner 440-1399 x1204 ccamp@shra.org

Sacramento Housing and Redevelopment Agency (SHRA)
Greg Ptucha, 
Redevelopment Planner 440-1399 x1249 gptucha@shra.org

State of California, Div. of Oil, Gas, and Geothermal Resource Tim Kustic, Assoc. 322-1110 tim.kustic@conservation.ca.gov
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BUSINESS ASSOCIATIONS Name Telephone Email Address

Power Inn Alliance
Jerry Vorpahl, Executive 
Director 453-8888 jerry@powerinn.org

Power Inn Alliance
Joe Hensler, Board 
Chairperson 381-4001

OTHER STAKEHOLDERS Name Telephone Email Address
SMUD Director, Ward 6 (west side of Power Inn Rd.) Larry Carr 424-4230 carrward6@aol.com
SMUD Director, Ward 3 (east side of Power Inn Rd.) Howard Posner hposner@aol.com
Governor's Office of Emergency Services (OES) Henry Renteria, Director 845-8510

Governor's Office of Homeland Security
Matthew R. Bettenhausen, 
Executive Director 324-8908

Fischer Properties/Depot Park Dick Fischer 381-8201
Asian Resources Elaine Abelaye 454-1892 elaine@asianresources.org
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I. Introduction and Scope

A. Introduction

In recent decades there have been twelve natural gas storage facilities (NGSF) in California with up
to ten operating at any one time.  These facilities utilize a depleted petroleum/natural gas reservoir,
have dedicated injection and withdrawal wells, and feature similar gas processing and compression
equipment and gas gathering and transmission pipelines.  Their overall uneventfulness of operations
has, no doubt, contributed to their lack of public notice or attention and to a paucity of readily
available data regarding their operations with respect to untoward incidents.  In contrast, their
operations (i.e., their working gas volumes at various points in time) are the subject of great
continuing interest and speculation and, based upon data collected and reported weekly by the U.S.
Department of Energy’s Energy Information Administration (EIA) and the American Gas
Association (AGA), help determine the price of natural gas. 

The Sacramento Natural Gas Storage Project, LLC is applying for a Certificate of Public Necessity
and Convenience (CPCN) from the California Public Utility Commission (CPUC), Application No.
07-04-013, to construct and operate a natural gas storage facility in the City and County of
Sacramento (SNGS Project).  Since the type of project being proposed is quite similar to those
already operating in California, the project team considers that a compilation of the recent California
operating history with similar projects is both informative and relevant to citizens and their political
representatives interested in this project, and to the regulatory agencies evaluating the project
application.   

B. Scope

Our period of examination extends from 1970 to the present.  This 37 year period reflects the full
extent of the computerized and publicly available data of natural gas distribution and transmission
equipment incidents available from the U.S. Department of Transportation’s Office of Pipeline
reliability and Safety.  The data base consists of six data sets equally split into incidents associated
with distribution and transmission facilities.  The three distribution equipment incident data sets are
split into the following three segments: January 1970 through mid-year 1984, mid-year 1984 through
early 2004 and then early 2004 to date.   The three gas transmission and gathering equipment
incident data sets are split into the following three segments: 1970 through mid-year 1984, mid-year
1984 through early 2002 and then early 2002 to date.  The segmentations correspond to the edition
of the reporting form used.  In January 1970, Form 7100.1 for distribution and Form 7100.2 for
transmission and gas gathering were adopted for required reporting of incidents.   Both forms were1
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revised in March 1984, the transmission and gas gathering form was revised again in January 2001
and the distribution form was again updated in March 2004.  Both forms were yet again revised in
December 2005 with incidents reported on these latest editions of the forms concatenated with
earlier incident reporting in the latest data sets.

We mined these data bases for all incidents  that we could determine to be relevant with the caveat2

that in no cases are NGSF identified as such in the data.  Unfortunately, we determined that these
data bases are not complete with respect to incidents involving NGSF due to the very nature of these
facilities.  The wellhead portion of NGSF are not part of the pipeline system and some of the NGSF
deal with oil production and storage events.  Both of these areas are outside of scope of the OPR
jurisdiction so reporting on those sorts of events was not required by 49 CFR  §§ 190 et seq .3

Generally in California, jurisdiction and regulation for all of the well and wellhead related facilities
rests with the California Department of Oil, Gas and Geothermal Resources (DOGGR) and incidents
falling within their purview were generally not reported to OPR until well into the 1990s.  In
addition, based upon close examination of the OPR data bases, other incidents were not reported as
well to OPR.  The CPUC confidential data base of incidents is restricted to those involving entities
regulated by the CPUC, is quite difficult for an outside party to gain information about incidents with
NGSF, and is only functional beginning in 1997; so, cannot be used for a longer duration
examination.   The DOGGR data bases are kept at the District Level at varying levels of detail and4

sophistication and are not inclusive of all failures occurring above ground.  Since NGSF have been
located in four- five of the six different Divisions, the DOGGR data employed herein were gathered
by visitation to the District 6 offices and phone conversations with engineers in other Districts.  

These formal regulatory data bases were supplemented by conversations/discussions with Southern
California Gas Company (SoCalGas) staff, Pacific Gas and Electric Company (PG&E) staff as well
as staff of the several Divisions of the CPUC and, as previously mentioned, several districts of the
DOGGR.  Thus, this compilation is partially an oral history and in toto is not known or thought to
exist anywhere else. 

C. Sacramento Natural Gas Storage Project and Overall California Context

It is important to realize why it is credible that the following incident data will reflect the complete
absence of casualties and very modest total property damage over a period of nearly four decades
and why the SNGS Project has the potential to have an even better safety record.  All of the
reservoirs in California are depleted reservoir projects; in contrast, about twenty percent of the gas
storage in the country is now contained in salt cavern storage facilities.  Actual data and theoretical
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considerations suggest that salt cavern storage facilities are more prone to larger accidents especially
those caused by a single point failure.   5

The reservoir to be employed in the SNGS Project is the Florin reservoir and is exclusively a natural
gas reservoir.  Some of the other NGSF in California and elsewhere use depleted petroleum
reservoirs that in some cases even continue to produce crude oil while functioning as a gas storage
project.  As described infra, a couple of the California incidents were aggravated by the presence of
crude oil on the storage site.  Naturally, that will not be a consideration for the SNGS Project.

Finally, the experience gained in the operation of these facilities and similar projects in other regions
over the decades has provided insight in how to better design and operate these units as well as
causing regulatory ratcheting up of safety requirements all intended to further enhance safety of
newly proposed NGSF such as the SNGS Project.
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II. Natural Gas Storage Facilities in California

The following table lists the NGSF that have operated principally as storage facilities within
California any time during the period from 1970 until the end of 2006.   They exclude selected
facilities in Kern county, DOGGR District 4, consisting of Elk Hills Gas Zone, Lost Hills Etchegoin
Pool and Ten Sections Main Area where the Division staff have determined that these facilities are

“Used only for intermittent gas production or injection.  Not a true gas storage project.”  6

It should be noted that the Energy Information Administration (EIA) within the U.S. Department of
Energy  is not in full agreement with DOGGR in these classifications, particularly with respect to
the Elk Hills field which they treat as an active NGSF.7

The total NGSF service period represented by these twelve projects beginning in 1970 is about 322
years of operation.  As will be discussed infra this entire time frame has seen no deaths or injuries
due to failures or other reportable incidents at these projects.  A spotless system safety record for
California built, operated and regulated projects.

A. Summary of Currently Active Natural Gas Storage Facilities

There are currently ten NGSF operating in California with two retired.  The ten include Kirby Hills
which has been recently reactivated and treats Phases I and II of the Wild Goose development as one
project.  Six of the ten active projects are in depleted gas fields while the other four, all in southern
California oil fields, are using depleted oil reservoirs.  The total amount of working gas from the
operational units is approximately 266,841 MMcf with a total deliverability of 6,670 MMcf/d.  The
largest as measured by working gas is PG&E’s McDonald Island field, while the highest peak
deliverability is achievable from SoCalGas’ Aliso Canyon field.  Two of the four oldest facilities,
West Montebello and East Whittier, have been retired from active gas storage by SoCalGas. 

 It is noted that the three new fields (Wild Goose Phases I and II; Lodi; and Kirby Hills), have come
within the last eight years following a greater than two decade hiatus in activation of new facilities
that somewhat coincided with the “gas bubble” following enactment of the Natural Gas Policy Act
in 1978.  The new facilities also coincide with the final push by the various Air Quality Management
Districts and the Air Resources Board to essentially eliminate the capability to employ low sulphur,
waxy residual oil in case of shortage or curtailment of natural gas supply to the approximately
15,000 MW of large steam Rankine cycle plants spread along the entire California coast and
intermediate valleys.  As the California energy system is now constituted, NGSF are the crucial lynch
pins of preserving the functioning electric system and, therefore, protecting the public welfare in
times of restricted gas pipeline supplies.
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     Lodi Gas Storage Project, Permit Application with DOGGR, 2006.
8

     RKW, personal conversation with SoCalGas staff.
9

     Op sit, DOGGR 1983 plus 1974, 1977, 1982 and 1984.
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B. Retired and Reactivated Natural Gas Storage Facilities

Three facilities are listed on the table as either being fully retired or reactivated: Kirby Hills in
Solana County and West Montebello and East Whittier in southeastern Los Angeles County.  Even
with fully retired fields such East Whittier and West Montebello, recovery of cushion gas and any
naturally recharged or facilitated crude oil recovery can continue for literally decades as is the
experience for these two projects.

1. Kirby Hills nee Dow NGSF

The Kirby Hills NGSF uses the Domengine Pool first discovered by Shell Oil company in 1946 and
produced for the subsequent 30 years.  At that point Dow Chemical Company, the then current
owner, turned it into a storage facility and operated it as such until the late 1990s (~23 years) at
which time it was shutdown after recovery of all the economically recoverable gas.   The facility was8

reactivated in 2006 as the Kirby Hills project by the Lodi Gas Storage, LLC.

2. West Montebello NGSF

The Montebello petroleum field began producing crude oil with associated natural gas and liquified
petroleum gases (LPG) in the 1920s.  It encompassed three pools, including the West Montebello
pool that was later converted to a NGSF that commenced operation in 1956.  Consistent with all the
incident records of which we are aware and per discussions with DOGGR and SoCalGas staff, we
believe that it operated without significant incident until the early 1980s when releases of stored gas
were detected within nearby residential areas built over and around abandoned oil wells associated
with the West Montebello pool.  Subsequent to this discovery, the decision was made by SoCalGas
and sanctioned by the CPUC to terminate use of the facilities for economic considerations.   See9

infra for more details on the leakage issue and the circumstances that render this incident not
relevant for consideration with respect to the Sacramento Natural Gas Project.

3. East Whittier NGSF Retirement

The East Whittier NGSF began operations in 1952 in an exhausted petroleum basin sometimes
referred to as the La Habra pool. Its extremely small size made it a marginal player at all times with
little utilization.   It ceased operations in 1985 as a storage facility due to economic considerations10

of two sorts.  It was expensive to operate due to its diminutive size, especially by California
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     RKW, personal conversation with Mike Kratovil, Environmental Unit Supervisor, DOGGR District 1, July 27,
11

2007.

     RKW, personal conversation with Bruce Hesson, DOGGR District 2 Deputy Engineer, July 26, 2007.
12
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standards, and due to loss of reservoir gas.  It was discovered that either one or more existing wells
drilled by another participant in the field, Union Oil, and/or one or more new well(s) drilled by
Union were recovering SoCalGas injected gas.   Whether this was due to gas migration or “corner11

shooting” is unknown. The storage facility is currently in almost complete blow down stage with
only one well still active.  12
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III. Accidents and Incidents in California NGSF

In this section we discuss the observed accident events that we have identified as having occurred
in California NGSF since 1970, and we also discuss, for completeness, the unique issues surrounding
three of the projects.

A. Summary of Accidents and Incidents

We have identified six incident events that have occurred over the last 37 years that are of sufficient
severity to be considered reportable events.  These are described in the accompanying table.  It
should be noted that there has not  been even one injury, let alone any fatalities, during the more than
three  hundred years of relatively recent project operations.  This is a truly enviable safety record that
would make this industry a very attractive industrial activity even were its continued operations not
absolutely essential to the economic well being and public welfare of the state.
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     McDonald Island being a rather large storage project has two sets of injection/withdrawal wells drilled nearby to
13

continuing production platforms named Turner Cut and Whiskey Slough. 

     PG&E, letter from Charlie Bond to DOGGR District 6 staff date February 2, 1993
14

     Report ID 19990082, OPR Transmission Incident Database 1970-1984.
15

     Op sit, PG&E letter.
16

     RKW, personal discussions with SoCalGas staff.
17
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B. Incident/Accident Descriptions

1. McDonald Island 1974

“A blowout and fire occurred at Whiskey Slough well 14W  in May 1974. during13

completion operations.  A drill crew failed to keep the hole full of fluid and
subsequently did not close the blowout preventers when fluid began to back flow .
The DHSV’s (down hole safety valves) closed in the adjacent wells and prevented
them from catching fire.  Fire damage control prevented any major damage to the
platform or well heads 75 feet away from the burning well.”   14

There were no casualties.  Property damage was reported to be $5,000  but it is difficult even in15

1973 dollars to envision the cost of well replacement et cetera being so little. 

Unless the technology has changed markedly in the last 34 years, this human error-initiated series
of failure events seems potentially plausible though very unlikely in new facilities including the
Sacramento NGSF.

2. Aliso Canyon 1976

During 1976 sand erosion in piping caused a heavy wall tee to rupture and blow out, resulting in a
well fire  and temporary shutdown of operations in the local area of the well which was, fortunately,16

about 3/4 of a mile from the compressor station and capable of being isolated by header valving.  The
best information we can gather is that the well where the fire occurred was either Fernando Fee
number 34, 35 or 36.  Ignition source was supplied by spark energy from the static electricity
generated by moving sand particles. Information on this event is limited in the federal database as
we cannot identify uniquely an accident in the OPS data that matches the event.  We can say, based
upon oral history, that there were no casualties and that the damage to equipment was modest and
may have been on the order of $25,000.17

Improvements in equipment partially learned from this very accident make this type of failure much
less likely now then at the time it happened.  Heavy wall tees were replaced at Aliso Canyon and are
now generally not used for curved pipe routing and in their stead “target tees” are employed.  This
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     Robert Reid, DOGGR District 6, memorandum to Ken Henderson, Chief Deputy, DOGGR regarding Explosion at
18

McDonald Island dated October 1,1993.

     International Gas Consulting, Safety Record Study of Underground Gas Storage in Depleted Gas Reserves: A Safe
19

Industry in the Past, Present and Future, Page 3, May 4, 2007.
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type of plumbing component has lead in a “dead end” linear section on the bend into which the sand
granules impact and never “see” the pipe wall on a bend in the pipe run.  Also now used are sand
probes placed in the flow that erode in the presence of sand.  The status of the probes is monitored
and if sufficient sensor wear exists that triggers examination of the piping with ultrasonic equipment
to measure wall thickness for erosion.  Periodic inspection of the piping for sand erosion is also
mandated.  Finally, surface shutoff values were then installed at the Aliso Canyon facility and are
now required at all facilities to insure that, were there to be a blowout, it would be immediately
contained and the gas shut-in.

In general, sand erosion can be an issue in either oil or gas wells so this concern could apply to
Sacramento’s Florin field wells as well. However, since all of the safety devices discussed above
would be incorporated into the project, the chances of a blowout from sand erosion during operations
would be very much diminished even below the observed rate of one event in several hundred years
of operations. 

3. McDonald Island 1993

At approximately 2:00 AM on October 1, 1993 an explosion followed by a fire occurred at PG&E’s
Turner Cut platform. It was reported to have occurred in a gas/water separator and may have been
due to human error.  There were no injuries or fatalities.  Extensive structural damage was done to
the gas storage collection equipment on the platform, which was described as “fried” by personnel
on the scene.  The total equipment losses were estimated to be $2,000,000.  18

An elaborated later explanation was that the accident was caused by an observation port being left
off an in-line heater’s firebox followed by an unexplained loss of flame and accumulation of
unburned gas that was then explosively ignited.    These results seem to support the interpretation19

that standard equipment and operations were involved with the accident so that such an accident
could apply to the proposed Sacramento NGSF.  If the later explanation is correct then the failure
event required two independent failures to cause the accident thereby markedly reducing its
likelihood of occurrence.
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     US Geological Service Open-File Report Number 96-263 , “Response to an Urban Earthquake: Northridge ‘94",
20

http://pubs.usge.gov/of/1996/ofr-96-0263/.

     Op sit, International Gas Consulting, Page 3.
21

     DOGGR District No. 2 spills database at Aliso Canyon NGSF compiled for RKW on July 26, 2007.
22

      Report ID 19940101, OPR Distribution Incident Database 1984-2001.
23

     Hilton, Richard, Professor of Geology, Sierra College, 1995.
24

      Report ID 19990082, OPR Transmission Incident Database 1984-2001.
25
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4. Aliso Canyon 1994

Aliso Canyon NGSF was near the epicenter of the Northridge 6.7 magnitude earthquake when it hit
in January 1993.   The facilities were forced out of operation and significant equipment damage and20

many piping ruptures resulted from the ground movement and shaking.  It is reported that there was
no resulting fire or explosion.   DOGGR records suggest that a tank filled with crude oil also being21

recovered from the facility was ruptured with the loss of 5,000 gallons of oil.   There were no22

injuries or deaths associated with the secondary effects from the earthquake-induced failures on the
facility, although over 50 people are thought to have died in the earthquake.  Total property damage
to the NGSF is reported to be $30 million.23

This severe environmentally-induced failure is only very weakly applicable to the Sacramento
NGSF.  Certainly damage to an oil tank is inapplicable since the Florin reservoir is exclusively a gas
reservoir.  Damage from a seismic event is possible but the magnitude of the quake beneath the
NGSF is extremely unlikely to be as severe as observed at the Aliso Canyon project site.  It has been
estimated that to experience an 6.7 magnitude or greater earthquake in the Sacramento area is only
possible from a ~9+ magnitude earthquake near the Mendocino shore - due to the interaction of the
Pacific and North American plates with the remnants of the Juan de Fuca plate - a very improbable
event during the lifetime of the facility.  24

5. Wild Goose 1999

During or shortly after commencement of storage activities a leak developed at the Wild Goose
NGSF on February 28, 1999.  The leak occurred in the gathering system pipeline and did not result
in a fire or explosion.  The “leak was detected occurring at an above ground mechanical joint
through a gasket (weeping around Gasket)”.   The gasket was replaced with “minimal damage and
no fatalities or injuries”.  25

This type of event seems generally applicable to NGSF, including the proposed SNGS project.
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      Op sit, RKW personal conversation with SoCalGas staff.
26

     Op sit; RKW, personal conversation with Julian Ajello, CPUC.
27
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6. Playa del Rey 2003

On April 20, 2003 an auxiliary gas supply pipe failed, releasing natural gas and oil condensate that
formed a very fine particulate cloud which enveloped on-site equipment and drifted off of the NGSF
grounds damaging auto and house finishes. The failure was initiated at the compressor station when
an underground emergency shutdown device sensing line shorted out due to corrosion.  This
triggered the emergency shutdown of the station.  Unfortunately, one of the valves failed to close as
it was designed to do; so, a flow continued and blew out through a vent resulting in the particulate
cloud.26

There were no injuries or deaths but substantial expenses associated with the accident.  Equipment
damage totaled about $105 thousand and almost $2.4 million were incurred by SoCalGas in cleanup
costs mostly in the nearby neighborhood.   This event also triggered a CPUC complaint still27

ongoing, see infra.

This failure seems to be partially relevant to the SNGS Project.  Most of the cleanup costs were
caused by the oil entrapped in the particulate cloud.  This is not an accident that could occur at the
Sacramento facility as long as the particulate cloud was composed exclusively of crude oil and LPG
since the Sacramento field contains only natural gas.  However, there is conjecture that the oil might
have been partially composed of lubrication fluids which would be found on the proposed
Sacramento site. Even were there some lubricating oil in the particulate cloud in such an accident,
the compressor station siting is in an ideal location at the edge of the Sacramento Army Depot to
minimize the damage due to any such failure.  The probability of the corrosion triggering the
accident could be minimized through careful maintenance but might not be ruled out unless the
shutoff design for the compressor station is tolerant to that fault.

C. Other Issues and Considerations

1. Playa Vista and Leaking Natural Gas

For decades developers have been trying to redevelop the Playa Vista neighborhood in West Los
Angeles into a integrated residential, commercial and retail space thereby upgrading the remnants
of the Hughes aircraft plant that are currently found on the site.  This development has been
continuously opposed by some residents of the Westchester, Venice and other nearby communities
on grounds of congestion and air pollution while some environmentalists have opposed the
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     Wilipedia - http://en.wikipedia.org/wiki/Playa_Vista.
28

     Op sit, RKW personal conversation with Jason Zeller, CPUC attorney on July 27, 2007
29

     Op sit, RKW personal conversation with SoCalGas staff.
30
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development due to its feared effects on the Balona Creek wetlands to the north of the proposed
development.  28

The project’s western border on Lincoln Blvd is adjacent to the eastern edge of the Playa del Rey
NGSF and opponents have seized upon fear that injected gas from the SoCalGas’ Playa del Rey
project escaping from the edge of the NGSF is contributing to the gas that all agree has been rising
from the ground in the area for many years.  This claim was crystalized in a 2001 study required by
the LA City Council of the developer, that asserted the presence of a fault running along Lincoln
Blvd just to the east of the Playa del Rey project and providing a path for gas to migrate from the
NGSF to the planned Playa Vista development. The proponents of the project have disputed this
interpretation of the source of the gas and testing of the gas seepage has led most observers to
conclude that the trace elements found in the gas are consistent with indigenous gas perhaps from
the Pico Sands formation that extend from 500 to 3000 feet below the surface.   The LA City Council
has consistently ruled in support of the developer though it has mandated relatively herculean
requirements for diverting and venting methane seepage in new construction built in the area.

The 2003 accident at Playa del Rey triggered one of the opponents of the development, The
Grassroots Coalition, to file several complaints with the CPUC over the operations of the NGSF.
These complaints were consolidated into case G0005010 which has continued for several years.
During this period the CPUC has had some gas testing done at the site and according to Mr. Zeller,
the CPUC council assigned to this case, the results show the gas to be indigenous and not from the
Playa del Rey facilities.29

Quite recently during July there was a settlement conference attended by the Grassroots Coalition
and SoCalGas representatives and arbitrated by a CPUC Administrative Law Judge.  It appears that
settlement will be arrived at that mandates some increase in methane monitoring by SoCalGas,
dismisses the complaint with prejudice and permits the Coalition to try to recover their costs as
CPUC interveners.    Thus, the entire issue seems to be growing moot in West LA as Playa Vista30

development continues apace and appears irrelevant to the proposed SNGS Project.    

2. Montebello Gas Leakage of the Early 1980s

Early in the 1980s pipeline gas was detected as coming from around some homes nearby or on top
of old plugged and abandoned (P&A) oil wells that were drilled into the West Montebello field. 
The failure of these P&A wells was confirmed by SoCalGas representatives and tests showed that
the gas being leaked came from the NGSF.  Eventually, several pieces of property were purchased
by SoCalGas and the old wells exposed and re-plugged.  Concern over other older wells, of which
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     Op sit, RKW personal conversation with SoCalGas staff.
31

     Associated Press, NY Times August 24, 1982.
32

     RKW, personal conversation with Ed Chen, PG&E Gas Engineer July 27, 2007.
33
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there were many in the area, was a driving force behind the decision to close the NGSF along with
the ability of SoCalGas to operate without the withdrawal capability of the field.

These leaking oil wells were all of the approximately 1920s vintage and were plugged so long ago
as to occur before DOGGR review or jurisdiction.  Further, there is speculation that the actual well
casings were removed from some of these old wells during World War II when there was a shortage
of well pipe and a critical need for petroleum to run the nation’s war machine and wartime economy.
Removal of the casing increases the difficulty in adequately plugging a well.  Thus, these P&A wells
were of a bygone era and inherently unreliably plugged.   31

The nature of these wells makes this incident of dubious applicability to the Sacramento proposed
facility.  The many fewer existing P&A wells in the Florin field were all drilled in the 1970s and
plugged in the late 1980s to early 1990s under DOGGR supervision.  The adequacy of their plugging
is well documented within A.07-04-013 and accompanying Proponents’ Environmental Assessment.

3. McDonald Island Flooding of 1982

At about 6:00 AM on August 23, 1982 the McDonald Island Levee failed resulting in a breech about
300 feet long that entirely flooded the island including the NGSF located there.   The breech was32

90 per cent repaired by the end of September 1982, at which time pumping began to empty the
brackish water. All the while the NGSF continued to operate without incident.  The various storage
facilities and equipment at McDonald Island were designed to operate under water and, in this real-
world test of both the design and the construction, the project continued to operate as intended.33

This incident demonstrates how self-contained these NGSF can be without leakage or supervision
even in the most severe of environments.
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TEG Dehydrator Description 

 
Equipment Description 

Equipment (Regeneration Unit) 
• Horizontal Mono-Tube Type Reboiler, 3.0 MMBtu/hr x 84” OD x 28’-

0” S/S x 5 psig MAWP, +450°F MDMT, with Integral Surge Section, 
0.0625” Corrosion Allowance, Non-Code 

• Still Column, 36” OD x 9’-2” F/F x Atmospheric 
• (2) Firetubes, 20” OD, SA106 Gr.B. Removable 
• (2) Stacks, 20” OD x 14’-0” FBE, ERW-53 Gr.B. 
• Vertical Fuel Gas Scrubber, 10-3/4” OD x 2’-2”S/S x 125 psig MAWP, 

0.0625” Corrosion Allowance, ASME Code Constructed and Stamped, 
NB Registered  

• Horizontal Three-Phase Flash Separator, 72” OD x 10’-0” S/S x 150 
psig MAWP, 0.0625” Corrosion Allowance  

• Vertical Still Overheads Knockout Drum, 16” OD x 4’-0” S/S x 
Atmospheric DP, No Corrosion Allowance, Non-Code 

• Vertical Process Filter, 8-5/8” OD x 4’-3” OAH x 150 psig MAWP  
• Vertical Charcoal Filter, 60” ID x 5’-0” OAH x 150 psig MAWP 
• Hot Heat Exchanger, Glycol to Glycol, Shell and Tube 
• Cold Heat Exchanger, Glycol to Glycol, Shell and Tube  

Equipment (Absorber/Scrubber) 
• (2) Vertical Absorber/Scrubbers, Hanover Modified Standard Part No. 

486860032-M, 60” ID x 32’-0” S/S x 1440 psig MAWP x 17-Ft. 
Structured Packing, +4°F to 120°F MDMT, 0.125” Corrosion 
Allowance, ASME Code Constructed and Stamped, NB Registered  

• (2) Heat Exchangers, Gas to Glycol, Shell and Tube 
Structural 

• TEG Regeneration Unit Structural Steel Skid, 13’-0” x 38’-0” x 3-
Runners of WF 89# I-Beam with (4) Lift Lugs, Decking and Drain Pan 

• Caged Ladder and L-Shaped Landing for Regeneration Unit 
• Absorber/Scrubbers are Free Standing (No Skid) 

Instruments, Controls and Valves 
• Burner Management System Panel (Honeywell) 

Weld Spools and Piping Assembly 
Pumps 

• (2) Electric Glycol Pumps, 100% Operating, Rotary Gear Type 
Paint 

• Hanover Standard Onshore System 
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TEG Dehydration Process Description 

The wet gas enters the integral scrubber in the bottom section of the absorber. This is to 
remove any entrained liquids. The gas then passes upward through a wire mesh mist 
extractor, where fine liquid particles are coalesced and removed.  Next it enters the 
bottom of the absorber (contactor) and flows countercurrent to the glycol. Glycol-gas 
contact occurs on the trays or packing. Hanover standard absorbers typically has 6 to 12 
bubble cap trays of 24” spacing or 14 to 17 feet of structured packing.  The dehydrated gas 
leaves the top of the absorber.  

The lean glycol enters through a flow distributor and onto the top tray or the top of the 
packing and flows downward, absorbing water as it goes. It leaves rich in water at the 
bottom of the absorber. 

The rich glycol from the bottom of the absorber then flows to a reflux condenser at the top 
of the still column. The rich glycol then enters the cold glycol/glycol exchanger where the 
rich glycol is heated by the hot lean glycol to approximately 170°F to 200°F.  

After heating, the glycol flows to a glycol/condensate separator operating at 45-75 psig, 
where the entrained gas and any liquid hydrocarbons present are removed.   The 
glycol/condensate separator is a standard three-phase vessel designed for at least 15-30 
minutes retention time and may be either horizontal or vertical. The gas from the 
glycol/condensate separator can be used for fuel gas, stripping gas or sent to flare. 

The wet glycol from the separator flows through a sock filter to remove solids and a 
charcoal filter to absorb small amounts of hydrocarbons that may build up in the circulating 
glycol. Sock filters are normally designed for the removal of 10-microns solids. The filters 
help minimize foaming and sludge build-up in the regenerator. 

The glycol then flows through the hot glycol/glycol exchanger to the still column mounted 
on the regenerator, which operated at approximately atmospheric pressure. As the glycol 
falls through the 1” ceramic saddle packing in the still column, it is heated by the mostly 
water vapor with small amount of glycol that is being boiled off from the liquid in the 
reboiler. The vapors then leave the top of the still where it exchanges heat with the reflux 
condenser. The cold rich glycol from the contactor cools the vapor, condensing the glycol 
vapors at 200-215°F. This help to reduce the glycol losses to the atmosphere. 
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The glycol liquids in the reboiler are normally heated from 350°F to 400°F. Higher 
temperatures would vaporize more water to achieve higher glycol purity, but may 
degraded the glycol.  

If a very high purity of glycol is required, stripping gas may be used. The lean glycol flows 
from the reboiler over the Hanover proprietary sparge section into the surge tank, which is 
the integral part of the reboiler. A small amount of wet natural gas can be taken from the 
utility stream or from the glycol/condensate separator and injected into the Hanover 
proprietary sparge section to achieve above 99.3wt% TEG purity.  The stripping gas exits in 
the still column with the water vapor. 

The lean glycol from the surge tank is redirected through the glycol/glycol exchanger 
where it is cooled down to less than 200°F before it is sent to the glycol circulation pumps. 
The glycol is then pumped back to the contactor through the gas/glycol exchanger where it 
is cooled down to within 10°F above the inlet gas temperature. This completes the glycol 
regeneration cycle. 

 

Vendor List  

Description Manufacturer 
Charcoal Filter Nowata 
Glycol Exchanger Kinetic Engineering 
Glycol Pump Glyrotor Rotary Gear type 
BMS Panel Honeywell HC-900 
Control Valve Fisher 
Level Controller Fisher 
Relief Valve Mercer or equal 
Press. Gauge, Temp. Gauge Ashcroft 
Level Switch Magnetrol 
Pressure Switch Neodyne 
Temp. Switch Neodyne 
Level Gauge Penberthy 
Solenoid Asco 
Ball Valve KF or equal 
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CHAPTER 3.3 AIR QUALITY 3.3-1 
C:\DOCUMENT\CLIENTS\129\pea\AQRESP~1.DOC 

 

Table 3.3-2 
State and Federal Ambient Air Quality Standards 

California 
Standardsa National Standardsb 

Pollutant 
Averaging 

Time Concentrationsc Primaryc,d Secondaryc,e 

Sacramento 
County State 

Status/ 
Classification 

Sacramento 
County 

National Status/
Classification 

Ozone 8-hour 
1-hourf 

--0.07 ppm 
0.09 ppm 

0.08 ppm 
0.12 ppm-- 

Same as 
Primary 

Nonattainment/ 
Serious 

Nonattainment/ 
Serious 

Carbon Monoxide 8-hour 
1-hour 

9.0 ppm 
20.0 ppm 

9 ppm 
35 ppm 

Same as 
Primary 

Attainment/ 
None 

Attainment/ 
None 

Nitrogen Dioxide Annual 
Mean 

 
1-hour 

--0.03 ppm 
 
 

0.25 0.18 ppm 

0.053 pm 
 
 

-- 

Same as 
Primary 

Attainment/ 
None 

Attainment/ 
None 

Sulfur Dioxide Annual 
Mean 

 
24-hour 
3-hour 
1-hour 

-- 
 
 

0.04 ppm 
-- 

0.25 ppm 

0.03 ppm 
 
 

0.14 ppm 
-- 
-- 

-- 
 
 

-- 
0.5 ppm 

-- 

Attainment/ 
None 

Attainment/ 
None 

Fine Particulate 
Matter (PM10) 

Annual 
Mean 

 
Annual 

Geometric 
Mean 

 
24-hour 

-- 
 
 

20 μg/m3 

 
 
 

50 μg/m3 

-- 

 
 

-- 
 
 
 

150 μg/m3 

-- 
 
 

-- 
 
 

Same as 
Primary 

Nonattainment Nonattainment 

Fine Particulate 
Matter (PM2.5) 

Annual 
Mean 

24-hour 

12 μg/m3 
 

-- 

15 μg/m3 

 
35 μg/m3 

Same as 
Primary 

Nonattainment Not Designated/
None 

Source: California Air Resources Board, www.arb.ca.gov/adam, accessed January 16, 2007. 
Notes:  
ppm = parts per million, μg/m3 = micrograms per cubic meter 
a. California standards, other than carbon monoxide, sulfur dioxide (1-hour), and fine particulate matter, are values that are not to 

be equaled or violated.  The carbon monoxide, sulfur dioxide (1-hour), and fine particulate matter standards are not to be 
violated. 

b. National standards, other than ozone, the 24-hour PM2.5, the PM10, and those standards based on annual averages, are not to be 
exceeded more than once a year.  The 1-hour ozone standard is attained when the expected number of days per calendar year 
with maximum hourly average concentrations above the standard is equal to or les than one.  The 8-hour ozone standard is 
attained when the 3-year average of the annual fourth highest daily maximum concentration is less than 0.08 ppm.  The 24-hour 
PM10 standard is attained when the 99th percentile of 24-hour PM10 concentrations in a year, averaged over 3 years, at the 
population-oriented monitoring site with the highest measured values in the area, is below 150 μg/m3.  The 24-hour PM2.5
standard is attained when the 98th percentile of 24-hour PM2.5 concentrations in a year, averaged over 3 years, at the population-
oriented monitoring site with the highest measured values in the area, is below 65 μg/m3.  The annual average PM2.5 standard is 
attained when the 3-year average of the annual arithmetic mean PM2.5 concentrations, from single or multiple community 
oriented monitors is les than or equal to 15 μg/m3. 

c. All measurements of air quality are to be corrected to a reference temperature of 25°C and a reference pressure of 760 mm of 
mercury (Hg) (1013.2 millibar); ppm in this table refers to ppm by volume, or micromoles of pollutant per mole of gas. 

d. National Primary Standards:  The levels of air quality deemed necessary by the federal government, with an adequate margin of 
safety, to protect the public health. 

e. National Primary Standards:  The levels of air quality deemed necessary by the federal government, to protect the public welfare 
from any known or anticipated adverse effects to a pollutant. 

f. The 1-hour ozone standard will be replaced by the 8-hour standard on an area-by-area basis when the area has achieved 3 
consecutive years of air quality data meeting the 1-hour standard. 
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Table 3.4-1 
Special-Status Speciesa Potentially Occurring Within the Vicinity of the Project Area 

Common Name Scientific Name 
Statusb 

Fed/CA/other Habitat and Seasonal Distribution in California 
Likelihood of Occurrence within the  

Project Area Vicinityc 
Plants 
Ahart’s dwarf rush Juncus 

leiospermus 
var. ahartii 

none/none/1B Valley and foothill grasslands. Not Likely.  The habitat quality is poor and the project area is 
located within an industrial setting. 

Antioch Dunes 
evening-primrose 

Oenothera 
deltoids ssp. 
howellii 

FE/SE/1B Inland dunes. Not Likely.  The project area does not provide suitable habitat. 

Boggs Lake hedge-
hyssop 

Gratiola 
heterosepala 

none/SE/1B Occurs in marshes, swamps, lake margins, and 
vernal pools. 

Not Likely.  Suitable habitat does not occur in the project area. 

Legenere Legenere limosa none/none/1B Vernal pools. Not Likely.  Suitable habitat does not occur in the project area. 
Northern California 

black walnut 
Juglans hindsii none/none/1B Riparian forests and woodlands. Not Likely.  The project area does not provide suitable habitat; 

none were observed in the project area. 
Sacramento Orcutt 

grass 
Orcuttia viscida FE/SE/1B Vernal pools in open grassland habitat. Not Likely. The potential seasonal wetlands in the project area 

do not pond for a sufficient duration for this species to occur. 
Sanford’s arrowhead Sagittaria 

sanfordii 
none/none/1B Irrigation ditches and margins of ponds and 

marshes. 
Low. Morrison Creek provides potential habitat for this species.  

There are CNDDB records for this species in Morrison Creek 
downstream of the project area. 

Slender Orcutt grass Orcuttia tenuis FT/SE/1B Vernal pools with annual grassland and blue oak 
woodlands. 

Not likely. The potential seasonal wetlands in the project area 
do not pond for a sufficient duration for this species to occur. 

Invertebrates 
California linderiella Linderiella 

occidentalis 
none/none/ 

SAL 
Vernal pools and other seasonal wetlands in open 

grassland habitat. 
High. The potential seasonal wetlands along the pipeline 

alignments provide habitat for this species.  Several CNDDB 
records for this species occur along the UPRR right-of-way. 

Valley elderberry 
longhorn beetle 

Desmocerus 
californicus 
dimorphus 

FT/none/none Elderberry shrubs (Sambucus sp.) associated with 
riparian areas. 

Not Likely.  Elderberry shrubs were not observed in the project 
area. 

Vernal pool fairy 
shrimp 

Branchinecta 
lynchi 

FT/none/none Vernal pools and other seasonal wetlands in open 
grassland habitat. 

High. The potential seasonal wetlands along the pipeline 
alignments provide habitat for this species.  Several CNDDB 
records for this species occur along the UPRR right-of-way. 



Table 3.4-1 
Special-Status Speciesa Potentially Occurring Within the Vicinity of the Project Area 

Common Name Scientific Name 
Statusb 

Fed/CA/other Habitat and Seasonal Distribution in California 
Likelihood of Occurrence within the  

Project Area Vicinityc 
Vernal pool tadpole 

shrimp 
Lepidurus 

packardi 
FE/none/none Vernal pools and other seasonal wetlands in open 

grassland habitat. 
High. The potential seasonal wetlands along the pipeline 

alignments provide habitat for this species.  Several CNDDB 
records for this species occur along the UPRR right-of-way. 

Fish 
Central Valley 

fall/late fall-run 
Chinook salmon 

Oncorhynchus 
tshawytscha 

FC/CSC/none Sacramento and San Joaquin River Basins and 
their tributaries. 

Not Likely.  This species does not occur in Morrison Creek. 

Central Valley spring-
run Chinook salmon 

Oncorhynchus 
tshawytscha 

FT/ST/none Sacramento River and its tributaries in California. Not Likely.  This species does not occur in Morrison Creek. 

Central Valley 
steelhead 

Oncorhynchus 
mykiss 

FT/none/none Sacramento and San Joaquin Rivers and their 
tributaries. 

Not Likely.  This species does not occur in Morrison Creek. 

Winter-run Chinook 
salmon 

Oncorhynchus 
tshawytscha 

FE/SE/none Sacramento and San Joaquin River Basins and 
their tributaries. 

Not Likely.  This species does not occur in Morrison Creek. 

Amphibians 
California red-legged 

frog 
Rana aurora 

draytonii      
FT/CSC/none Requires a permanent water source over 2 ft deep 

and is found along quiet slow moving streams, 
ponds, or marsh communities with emergent 
vegetation. 

Not Likely. The project area lacks suitable habitat for this 
species and is outside the range for this species. 

California tiger 
salamander 

Ambystoma 
californiense 

FT/CSC/none Ponded water required for breeding.  Adults spend 
summer in small mammal burrows. 

Not Likely. The project area is outside the known range of this 
species. 

Western spadefoot Spea hammondii none/CSC/ 
none 

Vernal pools and other seasonal wetlands in open 
grassland habitat, where the soil is sandy or 
gravelly. 

Not Likely. The project area does not support habitat for this 
species.  Also, the potential seasonal wetlands do not have 
sandy or gravelly soil. 

Reptiles 
Giant garter snake Thamnophis 

gigas 
FT/ST/none Agricultural wetlands and other wetland such as 

irrigation and drainage canals, low gradient 
streams, marshes, ponds, sloughs, small lakes 
and their associated uplands. 

Not LikelyLow.  The portion of Morrison Creek in the project 
area does not provide suitable habitat for this species.  There 
are CNDDB records for this species in Morrison Creek 
downstream of the project area. 



Table 3.4-1 
Special-Status Speciesa Potentially Occurring Within the Vicinity of the Project Area 

Common Name Scientific Name 
Statusb 

Fed/CA/other Habitat and Seasonal Distribution in California 
Likelihood of Occurrence within the  

Project Area Vicinityc 
Western pond turtle Actinemys 

(Clemmys) 
marmorata 

none/CSC/ 
none 

Occurs in marshes, ponds, streams and rivers.  
Requires suitable basking sites and emergent 
vegetation for cover.  Also requires adjacent 
upland areas for nesting and hibernation. 

Not Likely.  The portion of Morrison Creek in the project area 
does not provide suitable habitat for this species.   

Birds 
Bank swallow Riparia riparia none/ST/none Requires vertical banks and cliffs with fine-

textured or sandy soils near streams, rivers, 
ponds, lakes, and the ocean for nesting. 

Not Likely.  The project area does not provide suitable nesting 
habitat for this species. 

Burrowing owl Athene 
cunicularia 

none/CSC/ 
none 

Grasslands, open areas near human habitation; 
nests in old burrows of ground squirrels or other 
small mammals. 

Known. Burrowing owls were observed during the 
reconnaissance-level field survey at the compressor station site 
and along Morrison Creek. There are several CNDDB records 
for this species along Morrison Creek, adjacent to the Depot 
Park.  

Cooper’s hawk Accipiter 
cooperii 

none/CSC/ 
none 

Nests in riparian growths of deciduous trees, as in 
canyon bottoms of river floodplains, within 
open, interrupted or marginal woodland. 

Low.  The project area does not provide suitable nesting habitat 
for this species.  The project area does provide potential 
foraging habitat. 

Ferruginous hawk Buteo regalis BCC/CSC/ 
none 

Breeds in the Pacific Northwest and Canada, but 
winters in a variety of California habitats, (e.g. 
grasslands, savannahs, and wetlands). 

Not Likely.  The project area does not provide suitable nesting 
habitat for this species. 

Great egret Ardea alba none/SAL/ 
none 

Forages in fresh and saline emergent wetlands 
along the margins of estuaries, lakes, slow 
moving streams, croplands and pastures. 

High.  No great egret rookeries are recorded in the project area.  
This species is known to forage in Morrison Creek.   

Great blue heron Ardea herodias none/SAL/ 
none 

Forages in fresh and saline emergent wetlands 
along the margins of estuaries, lakes, slow 
moving streams, croplands and pastures. 

High.  No great blue heron rookeries are recorded in the project 
area.  This species is known to forage in Morrison Creek.   

Purple martin Progne subis none/CSC/ 
none 

Nests in old woodpecker cavity and in human-
made structures. 

Not Likely.  The project area does not provide suitable nesting 
habitat for this species. 

Swainson’s hawk Buteo swainsoni none/ST/none Grasslands and cultivated lands with scattered 
trees; nests in large trees or open riparian forest. 

Moderate. Tress in the project area provide potential nesting 
habitat for this species.  The nonnative grassland in the project 
area provides marginal foraging habitat for this species. 



Table 3.4-1 
Special-Status Speciesa Potentially Occurring Within the Vicinity of the Project Area 

Common Name Scientific Name 
Statusb 

Fed/CA/other Habitat and Seasonal Distribution in California 
Likelihood of Occurrence within the  

Project Area Vicinityc 
Tricolor blackbird Agelaius tricolor none/CSC/ 

none 
Requires open water, cattail or tule marshes, 

protected nesting habitat (blackberry thickets), 
and a foraging area with insect prey within a few 
miles of the colony. 

Not Likely.  The project area does not provide suitable nesting 
habitat for this species.   

Western yellow-billed 
cuckoo 

Coccyzus 
americanus 
occidentalis 

BCC/SE/none Requires dense, large tracts of riparian woodlands 
with well developed understories for breeding.  
Occurs in deciduous trees and shrubs, especially 
willows which are required for roost and nest 
sites. 

Not Likely.  The project area does not provide suitable nesting 
habitat for this species. 

White-tailed kite Elanus leucurus none/CFP/ 
none 

Forages in grasslands and croplands.  Nests in 
large trees adjacent to foraging habitat. 

Moderate. Trees in the project area provide potential nesting 
habitat for this species.  The nonnative grassland in the project 
area provides marginal foraging habitat for this species. 

Mammals 
American badger Taxidea taxus none/CSC/ 

none 
Need friable soils and open, uncultivated ground 

in drier open stages of most shrub, forest, and 
herbaceous habitats. 

Not Likely.  The project area does not provide suitable habitat 
for this species. 



Table 3.4-1 
Special-Status Speciesa Potentially Occurring Within the Vicinity of the Project Area 

Common Name Scientific Name 
Statusb 

Fed/CA/other Habitat and Seasonal Distribution in California 
Likelihood of Occurrence within the  

Project Area Vicinityc 
Source:  CDFG Natural Diversity Database (CNDDB), 2006. 
Notes: 
a. Special Status Species:  Animals that were included in this table have a ranking of CSC or higher.  Special-status plants that were included in this table have a ranking of List 2 or higher. 
b. Status: 

Federal 
FE-Federally listed as Endangered 
FT-Federally listed as Threatened 
FC-Federal Candidate 
BCC-Birds of Conservation Concern 

State 
SE-State listed as Endangered 
ST-State listed as Threatened 
CFP-California Department of Fish and Game designated “Fully Protected” or “Protected” – Permit required for “take.” 
CSC-California Department of Fish and Game designated “Species of Special Concern” 
SAL-California Department of Fish and Game Special Animals List 

Other 
1B California Native Plant Society (CNPS) Ranking.  Defined as plants that are rare, threatened, or endangered in California and elsewhere. 
2 California Native Plant Society (CNPS) Ranking.  Defined as plants that are rare, threatened, or endangered in California, but more common elsewhere. 

c. Likelihood of occurrence evaluations 
A rating of “Known” indicates that the species has been observed on the project area.  
A rating of “High” indicates that the species has not been observed, but sufficient information is available to indicate suitable habitat and conditions are present on-site and the species is 

expected to occur on the project area. 
A rating of “Moderate” indicates that it is not known if the species is present, but suitable habitat exists on the project area. 
A rating of “Low” indicates that species was not found during biological surveys conducted to date on the project area and may not be expected given the species’ known regional distribution 

or the quality of habitats located on the project area. 
A rating of “Not Likely” indicates that the taxa would not be expected to occur on the project area because the project area does not include the known range or does not support suitable 

habitat. 
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Table 1 
Day/Night Noise Measurements on the Wellhead Site 

Noise Level Statistics Day/Night Noise 
Measurements1 Hour(s) Leq Lmin Lmax Calculated Ldn 

Day/Night Average 24-hour2 66.5 41.2 89.8 71.8 
Nighttime Average 8 PM to 7 AM3 64.9 41.2 83.1 -- 
Nighttime Hourly 8 PM to 9 PM 67.4 49.2 82.8 -- 
 9 PM to 10 PM 66.7 49.3 80.4 -- 
 10 PM to 11 PM 66.3 48.2 83 -- 
 11 PM to 12 AM 65.1 42.2 77.7 -- 
 12 AM to 1 AM 62.7 42 76 -- 
 1 AM to 2 AM 61.4 42.2 75.8 -- 
 2 AM to 3 AM 60.2 41.2 75.7 -- 
 3 AM to 4 AM 62.1 42.5 83.1 -- 
 4 AM to 5 AM 63.5 42.8 76.4 -- 
 5 AM to 6 AM 66.9 49.6 80.9 -- 
 6 AM to 7 AM 68.0 53.1 80.2 -- 

Source: EIP Associates, a division of PBS&J, 2006. 
Notes: 
1. The measurement was taken approximately 70 feet from Power Inn Road, and was taken from approximately 

11:30 AM on July 19, 2007 to 10:15 AM on July 20, 2007.   
2. Note the measurement was taken for less than 24 hours. 
3. Nighttime hours were expanded from the City’s nighttime hours, which are between 10 PM and 7 AM, to include 

the 8 PM to 10 PM hours because of the City restrictions for construction hours.   
Leq is the average noise level over the measurement period, Lmin is the minimum instantaneous noise level measured during 
the 10-minute period, while Lmax is the maximum instantaneous noise level measured during the 10-minute period.  Ldn is a 
24-hour average Leq with a 10 dBA “weighting” added to noise during the hours of 10:00 P.M. to 7:00 A.M. to account for 
noise sensitivity in the nighttime. 
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1.0 Hanover Codes and Standards 
Hanover follows the following Guidelines and Specifications for Fabrication and Materials as a rule, and when 
Customer Specifications have not been furnished.  These are a listing of Hanover’s capabilities and are not intended 
to imply that our stock or custom products meet all the requirements or points of every specification.  Hanover 
welcomes specific questions during the notification of award stage. 

 
• ASME VIII, Div. 1: Pressure Vessel Code 
• ASME VIII, Div. 2:  Pressure Vessel, Alternative Rules (Limited Workload) 
• ASME IX:  Welding and Brazing Qualifications 
• ASME V:  Non Destructive Examination 
• ASME II:  Materials 
• ASME B-16.5:  Pipe Flanges and Fittings 
• ASME B-16.9:  Factory-Made Wrought Steel Buttwelded Fittings 
• ASME B-16.11:  Forged Steel Fittings, Socket-Welded and Threaded 
• ASME B-16.20:  Metallic Gaskets for Pipe Flanges – Ring-Joint, Spiral Wound, and Jacketed 
• ANSI B-31.3:  Chemical Plant and Petroleum Refinery Piping 
• ANSI B-16.5:  Pipe Flanges and Fittings 
• ANSI B-31.8:  Pipe Flanges and Fittings (Limited Use) 
• AISC:  Structural Steel Specification 
• AWS:  D1.1, Structural Welding Code 

o “Stresses in Large Horizontal Cylindrical Pressure Vessels on Two Saddle Supports” by L.P. Zick, 
published in the Welding Journal Research Supplement, 1971. 

• API Specification 12K:  Indirect Type Oil-Field Heaters 
• API Recommended Practice 14C:  Analysis, Design, Installation and Testing of Basic Surfaces Safety Systems 

for Offshore Production Platforms (Compliance on Offshore Equipment Packages Only) 
• API Recommended Practice 14E:  Offshore Production Platform Piping Systems (Compliance on Offshore 

Equipment Packages Only) 
• API Specification 12L:  Vertical and Horizontal Emulsion Treaters 
• API Specification 12J:  Oil and Gas Separators 
• API Recommended Practice 14E:  Design and Installation of Offshore Production Platform Piping Systems 
• API Specification 12GDU:  Glycol-Type Gas Dehydration Units 
• API Specification 11P:  Packaged Reciprocating Compressors for Oil and Gas Production Services 
• ASTM A-36:  Carbon Structural Steel 
• ASTM A-53:  Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless 
• ASTM A-181:  Carbon Steel Forgings, for General-Purpose Piping 
• ASTM A-193:  Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service 
• ASTM A-194:  Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Service 
• ASTM A-234:  Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature 

Service 
• ASTM A-283:  Low and Intermediate Tensile Strength Carbon Steel Plates 
• ASTM A-285:  Pressure Vessel Plates, Carbon Steel, Low and Intermediate Tensile Strength 
• ASTM A-325:  High-Strength Bolts for Structural Steel Joints 
• ASTM A-515:  Pressure Vessel Plates, Carbon Steel, for Intermediate and Higher Temperature Service 
• ASTM A-516:  Pressure Vessel Plates, Carbon Steel, for Moderate and Lower Temperature Service 
• NACE MR-01-75:  Sulfide Stress Cracking Resistant Metallic Material for Oil Field Equipment 
• OSHA 1910, Sub Part D:  Walking Working Surfaces 
• NEC:  Electrical Systems Design in Accordance with Current NEC Requirements 
• NFPA:  Guidelines for Specific Burner Management systems, Case Basis 
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2.0 Vessel Non-Destructive Examinations 
• Onshore:  ASME Code Sec VIII, Div.1 Guidelines (RT-3, RT-2, RT-1 over 1-½ ) 
• Offshore:  ASME Code Sec VIII, Div.1 Guidelines (RT-3, RT-2, RT-1 over 1-½ ) 
• Hydrotesting:  In Accordance with Code Requirements 

 
3.0 Piping and Non-Destructive Examinations  

• Minimum NDT Radiography Requirements for Carbon Steel Material are as follows: 
• Pressure Class ANSI 150# to 600#, 10% of Welds   
• Pressure Class ANSI 900# and 1500#, 20% of Welds 
• Pressure Class ANSI 2500#, 5000# API or Higher, 100% of Welds 
• Stock Assemblies may be 100% radiographed at Customer’s request for an additional charge. 
• Hydrotesting 

o Design pressure x 1.3 for 1 hour. 
o Testing may be done for multiple units of same class. 

 
4.0 Vessel and Piping Stress Relief (PWHT) 

• In accordance with ASME Code Sec. VIII, Div. 1 Guidelines 
• NACE MR-01-75 (2002 Edition) Minimum Guidelines, when specified 

 
5.0 Structural Stress 

• Finite Element Analysis for Vessels, if required, shall be done on a Time and Material Basis.   
• Structural Stress Analysis for Packaged Assemblies, which may include but not limited to skid structural 

analysis, motion and transportation loads, shall be done on a Time and Material Basis. 
• Basic Structural Beam Calculations for main members including a beam deflection may be provided upon 

request. (Beam Finder) 

 
6.0 Material Requirements 

• Shells, SA-516 
o Vessels 24” OD and smaller may utilize SA-106, Grade B seamless pipe for the shell. 
o All SA-516 components shall be of the same grade material. 

• Heads, SA-516 
o Vessels 24” OD and smaller may utilize SA-234, Grade WPB pipe caps in lieu of forged elliptical 

heads. 
• Nozzle Assemblies, Long Weld Neck Flanges, SA-105 

o For ANSI Class 150 and 300 flanges, SA-181 Grade “1” material may be utilized in lieu of SA-105, 
if it is not available. 

• Nozzle Assemblies, Rolled Nozzle Necks, SA-116 
• Nozzle Assemblies, Pipe Nozzle Necks, SA-106 Grade B 
• Nozzle Assemblies, Reinforcing Pads, SA-516 
• Nozzle Assemblies, Couplings, SA-105 
• Piping, Pressure Containing Pipe, SA-106 Grade B 
• Piping, Pressure Containing Weld Fittings, SA-234 Grade WPB  
• Piping, Pressure Containing Forgings, SA-105, SA-181 Grade 1 
• Flange Bolting, SA-193-B7 Studs with SA-194-2H Nuts 

o Flange bolting shall be bichromated cadmium plated carbon steel.  All threads shall be in 
accordance with ANSI Standard B1.1 “Unified Inch Screw Threads”; Coarse Thread Series for 
7/8” and smaller, and 8 Pitch Thread Series for 1” and larger. 

o Flange bolting for sour service vessels shall be SA-193-B7M studs and SA-194-2HM nuts per NACE 
MR-01-75 “Sulfide Stress Cracking Resistant Metallic Material for Oil Field Equipment.” 

• Flange Gaskets, Raised Face, Flexitallic style “CG” spiral-wound, 304 SS with Flexite super filler, or 
equal 
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• Flange Gaskets, Ring Joint, ANSI Class 900, Type “R”, cadmium plated. 
• Flange Gaskets, Ring Joint, ANSI Class >1500, Type “R”, cadmium plated. 

o ANSI Class 1500 flange gaskets for sweet services shall be Type “R”, cadmium plated. 
o ANSI Class 1500 flange gaskets for sour services shall be Type “RX”, Type S310. 
o ANSI Class 1500 flange gaskets for sour services shall be Type “RX”, Type S316. 

• Internals, Non-Pressure Containing Parts, Plate and Re-Pads, SA-516, SA-285 Grade C 
o All SA-516 components shall be of the same grade material. 

• Internals, Non-Pressure Containing Parts, Pipe, SA-106 Grade B, SA-53 
• Internals, Non-Pressure Containing Parts, Pipe Fittings, SA-105, SA-234 Grade WPB 
• Internals, Non-Pressure Containing Parts, Angle, Channel, Barstock, SA-36 
• Internals, Non-Pressure Containing Parts, Bolting, 316 Stainless Steel 
• External VesselAttachments, Lifting Lugs and Re-Pads, SA-516 
• External Attachments, Reinforcing Pads/Saddles, SA-516 
• External Attachments, Angle, Channel, Barstock, SA-36 
• Supports, Horizontal Vessel Saddles, SA-283 or SA-285 Grade C, SA-515, SA-516 

o All SA-515 and SA-516 components shall be of the same grade material. 
o Vessel supports constructed of SA-283-C materials shall be limited to a maximum thickness 5/8” 

and a minimum temperature of 32°F. 
• Supports, Vertical Vessel Skirts, SA-283 or SA-285 Grade C, SA-515, SA-516 

o All SA-515 and SA-516 components shall be of the same grade material. 
o Vessel supports constructed of SA-283-C materials shall be limited to a maximum thickness 5/8” 

and a minimum temperature of 32°F. 
• Supports, Vertical Vessel Legs, Angle, Channel, Bars, SA-36 
• Supports, Vertical Vessel Legs, Plate, SA-36  

 
 
7.0 Materials Sourcing and Reports 

• Standard Materials are supplied from high quality Domestic or Foreign Sources. 
• Standard Material Test Reports (SMTR) are kept for all Vessel Shells Heads, and other material, in 

accordance with ASME Code Quality Control Guidelines. 
• In some instances, Mill Test Reports (MTR) may be obtained at an additional charge. 
• Certified Material Test Reports (CMTR) are generally not provided, however, may be obtained at an 

additional charge. 
• Requests for MTR and CMTR must be made at time of order placement. 
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8.0 Hanover Standard Painting Specification Table 
• Standard Specification subject to change without notice. 
• Hanover may supply alternate coating manufacturers of similar or better quality than those noted. 
• Revision Date (October 1, 2006) 

 
SYSTEM 1 
Onshore Exterior Coating of Process Equipment and Skids, Temperature 0° to 1000°F (Insulated and 
Uninsulated) 
Coating Specification Type Mils DFT Brand Part No. Color 
Surface 
Preparation 

SSPC-SP-6 Commercial Blast 1.5-3 
m.a.p. 

 Steel Grit  

Prime  Hanover Standard Rust Inhibiting 
Acrylic Enamel  

1-1.5 Coastline F-173-DTM Hanover 
Tan 

Finish Coat Hanover Standard Rust Inhibiting 
Acrylic Enamel 

1-2 Coastline F-173-DTM Hanover 
Tan 

 
 

SYSTEM 2 
Offshore Exterior Coating of Process Equipment and Skids, Temperature 0° to 200°F (Uninsulated) 
Coating Specification Type Mils DFT Brand Part No. Color 
Surface 
Preparation 

New - SSPC-SP-6 
Rework - SSPC-SP-10 

Commercial Blast 
Near White Metal 
Blast 

1-2 m.a.p.  Steel Grit  

Prime Coat Hanover Standard Inorganic Zinc 
Rich Epoxy 

2-3 Ameron 68 HS Reddish 
Gray 

Intermediate 
Coat 

Hanover Standard Engineered 
Siloxane 

5-7 Ameron PSX-700 Pearl 
Gray 

Finish Coat Hanover Standard Engineered 
Siloxane 

1.5-3 Ameron  PSX-700 Pearl 
Gray 

 
SYSTEM 3 
Offshore Coating of Uninsulated Process Equipment and Piping, Temperature Above 200°F 
Coating Specification Type Mils DFT Brand Part No. Color 
Surface 
Preparation 

SSPC-SP-10 Near White Metal 
Blast 

1-2 m.a.p.  Steel Grit  

Prime Coat Hanover Standard Inorganic Zinc 
Primer  

2 Ameron D-9 Gray 

Intermediate 
Coat 

Hanover Standard High Heat Silicone 1.0 Ameron PSX-892 HS Black 

Finish Coat Hanover Standard High Heat Silicone 1.0 Ameron PSX-892 HS Black 

 
SYSTEM 4 
Offshore Coating of Insulated Process Equipment and Piping, Temperature Above 200°F 
Coating Specification Type Mils DFT Brand Part No. Color 
Surface 
Preparation 

SSPC-SP-10 Near White Metal 
Blast 

1-2 m.a.p.  Steel Grit  

Prime Coat Hanover Standard Inorganic Zinc 
Primer  

2 Ameron D-9 Gray 
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SYSTEM 5 
Onshore or Offshore Coating of OEM Supplied Equipment , Temperature of 0°F to 200°F 
Coating Specification Type Mils DFT Brand Part No. Color 
Surface 
Preparation 

New Abrading Light 
Rework SSPC-SP-11 

Sanding   Paper Grit  

Prime Coat OEM Coating Enamel    As Is 
Tie-Coat Hanover Standard Fast Dry Surface 

Tolerant Epoxy 
4-8 Ameron Amerlock2 Gray 

Finish Coat Hanover Standard Engineered 
Siloxane 

5-7 Ameron PSX-700 Pearl 
Gray 

 
 
SYSTEM 6 
Onshore or Offshore Internal Coating of Process Vessels 
Internal 
Coating 

Specification Type Mils DFT Brand Part No. Color 

Surface 
Preparation 

SSPC-SP-10 White Metal Blast 1-2 m.a.p.  Steel Grit  

Coating Hanover Standard 2-Coat 4-6 Ceram-
Kote  

2000 Pearl 
Gray 

 
SYSTEM 7 
Onshore or Offshore Insulation Application for Process Vessels 
Material Specification Type Thickness Part No. Finish 
Insulator High Spec Calcium Silicate 1½ - 2 Inches   
Insulator Standard RigidFlex Fiberglass 1½ - 2 Inches   
Filler Standard Silicone  Dow  
Jacket Standard Aluminum with m.b. 0.016 ga  Smooth 
Banding  Stainless Steel 16 ga  Smooth 

 
Standardized Top Coat Color Codes 
Top Coat Manufacturer RAL Code Number Notes 
Hanover Tan Coastline * Coastline Only * Patented 
Pearl Gray Ameron * Ameron Only * Patented 
Signal Gray Ameron RAL 7004 Compatible with Any Manufacturer Coating 

System for Integrated Projects 
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9.0 Documentation 
Stock Products in Inventory at the time of Proposal or Order have a limited amount of information available.  
Limited information will be furnished; no other additional documents shall be provided. 
 
Custom Engineered to Order projects have special requirements.  Documentation shall be specified in Hanover’s 
Proposal, Section 1, Scope of Supply (quantity and type of document), and may follow the listing in Hanover 
Codes and Standards, Section 10, as a minimum. 
 
Hanover Standard Stock Inventory Equipment: 

• Bare Vessels:  Standard ASME Vessel Data Folder 
• Fired Equipment:  Burner Start-up Manual 
• Dehydration Units:  Burner Start-up Manual 
• Packaged Skid Assemblies:  Project Data Book 
• Process Vessels & Packages, Onshore:  Hard Copy, Project Data Book 
• Process Vessels & Packages, Offshore:  Hard Copy, CD, Project Data Book 
• First hard copy is available at $400.00. 
• Additional hard copies are available at $150.00 each. 

 
Custom Equipment: 

• Process Vessels & Packages, Onshore:  Hard Copy, Project Data Book 
• Process Vessels & Packages, Offshore:  Hard Copy, CD, Project Data Book 
• First hard copy is available at $400.00. 
• Additional hard copies are available at $150.00 each. 
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10.0 Standard Items Included in Data Books for Stock (Modified) Products 
 
Customer Data Requirements: 

• Should Customer not require all of the noted information, Hanover will gladly include only those items 
required by Customer. 

• Customer should check off minimum requirements and return with Purchase Order. 
Manuals: 

� Indirect Fired Water Bath Heater 
� Natural Gas Dehydration System 
� Direct Fired Heater Treater 
� BTEX Unit 
� Electrostatic Oil Treater 
� Hanover Standard Terms and Conditions 

Vessel Packet: 
• Drawing 
• Data Reports 

o U1 
o U1A 
o U2A 
o Name Plate Rubbing 
o Traveler 

• Quality Control Reports 
o Calculations 
o NDE Report 
o Hydro Report 
o Postweld Heat Treat Report (If applicable) 

• Material Test Reports 
o Pressure Containing Parts Only 
o Heads & Shells 

Assembly Packet: 
• Drawings 

o P&ID 
o Plan / Elevation 
o Skid 
o Spools 

• Assembly Quality Control Reports 
o NDE Report 
o Hydro Report 
o Postweld Heat Treat Report (If applicable) 

• Meter Certifications 
• Relief Valve Certifications 

 
Stock Product Optional Items (Per Customer Request): 

• Vendor Data 
• Spare Parts List (Start-Up) ARO 
• Spare Parts List (Two Year) ARO 
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Hanover Standard Manufacturer’s Listing* 
**Send Only When Required** 
 

Category Supplier(s) 
Actuators Bettis, Rotork 
Arrestors, Flame Enardo, Flameco 
Cable Glands Hawke 501/453 
Chokes HOE, BEST, Thornhill Craver, T3 Energy, Cameron 
Closures TopFlow, MODCO, R&M Energy 
Conduit Wheatland 
Conduit Fittings Cooper Crouse Hines 
Controllers, Level Norriseal, Fisher, Mallard 
Controllers, Pressure Norriseal, Fisher, T3 Energy 
Controllers, Temperature Ex-line, Kimray, Norriseal, Fisher, Foxboro 
Flow Meters, Gas (Orifice) Daniel, Sure-Shot 
Flow Meters, Liquid (Turbine) NuFlow, Kimray, Barton 
Galvanized Cable Tray B-Line 
Level Gauges Penberthy, Conbraco (LP) 
Level Transmitters Rosemount, Yokagama, K-Tek 
Paint Sherwin Williams, Coastline Ameron, Carboline 
Piping Gaskets Flextallic, Ring Joint 
Pressure Gauges (DP Gauges) Ashcroft, Mid West Gauge 
Pressure Transmitters Rosemount, Yokagama, Wika, Murphy 
Pumps, Air Diaphragm Wilden, Yamada 
Pumps, Centrifugal Goulds, Crane-Deming 
Pumps, Glycol Kimray, Rotor 
Pumps, PD Wheatley, Bear, Texsteam, Flomore 
Pumps, Utility Crane-Deming 
Recorder,Flow Barton 
Regulators Fisher, Mallard, Wellmark 
Rupture Disc Lamot, Fike, OSEKO 
Strainers Mueller 
Switches, Level K-dyne, Mallard, Norriseal, Magnetrol, Fisher 
Switches, Pressure SOR Switches, Neodyne 
Temperature Gauges Ashcroft 
Temperature Transmitters Rosemount, Yokagama 
Transducer, I/P Fisher, SOR 
Tubing Fittings Swagelok 
Valves, Ball WKM, PBV, KF, Quadrant, DSI, AOP 
Valves, Butterfly Norriseal, Fisher, Demco 
Valves, Check Wheatley, KF, DSI 
Valves, Check, Piston Norriseal, Daniel 
Valves, Control Mallard, Norriseal, Fisher 
Valves, ESD WKM, KF, AOP 
Valves, Gate DSI, Crane 
Valves, Gauge/Needle PGI, KF, Ashcroft, AGCO 
Valves, Globe DSI, Crane 
Valves, Relief Mercer, AGCO, Taylor, Farris 
Valves, Solenoid ASCO, Peter Paul 

 
* Subject to Change without Notice 



Created on 12/1/2005 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

STANDARD INTEGRATED PROJECTS SUB-SUPPLIERS LIST 
 

APPENDIX C 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Customer:  Document: Appendix C 

Project Name: Standard Integrated Projects Sub-Suppliers List Page: 1 of 4 

 Proposal #:  Issued:  

 
Hanover Standard Integrated Projects Sub-Suppliers List* 
**Send Only When Required** 
 
 

General Installation and Buyout Skids 
Item Supplier   Location 

Air Compression Packages A.G. Equipment Company 
Sullair 
Atlas Copco 
C&B Sales 

Broken Arrow, Oklahoma 
Houston, Texas 
Houston, Texas 
Lafayette, Louisiana 

Chemical Injection Skids Zazula Process 
SCFM 
Best Equipment 
Equipment & Associates 
W-Industries 

Calgary, Alberta, Canada 
Tulsa, Oklahoma 
Dallas, Texas 
Tyler, Texas 
Houston, Texas 

Control Systems Wilson Mohr, Inc. 
Seaboard Controls 
Wahle Controls 
Murphy Controls & Instrumentation  
Moore Control Systems 

Houston, Texas 
Houston, Texas 
Broken Arrow, Oklahoma 
Tulsa, Oklahoma 
Katy, Texas 

Fire Detection / Suppression Panels Wilson Mohr, Inc. 
Seaboard Controls 
Wahle Controls 

Houston, Texas 
Houston, Texas 
Broken Arrow, Oklahoma 

Flare Systems Flare Industries, Inc. 
Zeeco, Inc. 
Tornado Flares 
GBA-Corona 

Austin, Texas 
Tulsa, Oklahoma 
Columbus, Texas 
Houston, Texas 

Motor Control and DCS Buildings Co-ordinated Designs and Controls, Inc. 
Wilson Mohr 
Seaboard Controls 

Houston, Texas 
Houston, Texas 
Houston, Texas 

Motor Control Centers Co-ordinated Designs and Controls, Inc. 
Wilson Mohr 
Seaboard Controls 

Houston, Texas 
Houston, Texas 
Houston, Texas 

 
 
Production, Process and Compression Modules 

Item Supplier / Location  
Automatic Process Valves, Ball KF Industries 

W-K-M / Houston, Texas 
Mallard Controls 
TK 
AOP Industries 
Baro Companies 
PBV Ball Valves 

Oklahoma City, Oklahoma 
Houston, Texas 
Beaumont, Texas 
Hammond, Louisiana 
Moore, Oklahoma 
Houston, Texas 
Houston, Texas 

Automatic Process Valves, Globe 
(including Dump) 

Fisher 
Norriseal Controls 
Linc Milton Roy 
Mallard Controls 

Tulsa, Oklahoma 
Houston, Texas 
Ivyland, Pennsylvania 
Beaumont, Texas 

Burner Ignitor Systems APS (Auto Ignition Only) 
Spitfire 
Guardian 

New Iberia, Louisiana 
 
 

Burner Management Control Systems APS (Auto Ignition Only) 
HeaTech (Fire Eye) 
Wilson Mohr – Honeywell (“Blue Box”) 
Fireye 

New Iberia, Louisiana 
 
 
Derry, New Hampshire 
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Item Supplier / Location  
Burner Systems North American, Forced Draft 

Eclipse Combustion, Natural Draft 
Cleveland, Ohio 
Tulsa, Oklahoma 

Caterpillar Natural Gas Engines Mustang Power Systems 
No Alternate 

Houston, Texas 

Coolers (Fan Type) EADS & Associates (AIR-X-CHANGER) 
Air-X Hemphil 
ACE Coolers 
Cooler Services 
R&R Engineering 

Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 

Condensate Heater Pumps Dean Brothers Tulsa, Oklahoma 
Control Panels Wahle Controls 

Murphy Controls & Instrumentation 
Altronic Controls 
Wilson-Mohr, Inc. 
Moore Control Systems 
W-Industries 

Broken Arrow, Oklahoma 
Tulsa, Oklahoma 
Garland, Texas 
Houston, Texas 
Katy, Texas 
Houston, Texas 

Controllers (Pressure, Temperature) Fisher, Vinson Process Controls or 
through Puffer-Sweiven 
Norriseal Controls 
Linc Milton Roy 
Mallard Controls 
Murphy Instrumentation and Controls 
Chase Controls - K-Dyne 
Kimray 

Tulsa, Oklahoma / Houston, 
Texas 
Houston, Texas 
Ivyland, Pennsylvania 
Beaumont, Texas 
Tulsa, Oklahoma 
Houston, Texas 
Oklahoma City, Oklahoma 

Digital Pulsation Studies ECSI 
EDI 
Beta Machinery Analysis 
Tech Transfer 

Tulsa, Oklahoma 
San Antonio, Texas 
Calgary, Alberta, Canada 
Houston, Texas 

Dresser-Rand Compressors GFC 
No Alternate 

Tulsa, Oklahoma 

Heads / Shells Uniform Components Company 
Fort Worth F&D 
Tulsa F&D 
P&M Process 
Wagnor Plate Work 
Port City Plate 
TexFab 

Houston, Texas 
Dallas, Texas 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Catoosa, Oklahoma 
Houston, Texas 

Instrumentation and Electrical Tubular Instrumentation & Controls, Inc. 
Controls & Instruments Systems 
OSIES, Inc. 

Houston, Texas 
Houston, Texas 
Houston, Texas 

Insulation Able Insulation Contractors, Inc. 
Insulation Specialist 

Houston, Texas 
Tulsa, Oklahoma 

LWN and HBM Nozzles (Connections) Forged Vessels Connections, Inc. 
Industrial Piping Specialist 
Eastham Forge 

Houston, Texas 
Tulsa, Oklahoma 
Beaumont, Texas 

Manual Process Valves 
 
 
 
 
 
 
 
 
Manual Process Valves (cont.) 

KF Industries (Ball Valve, Check Valve) /  
W-K-M (Ball Valves) /  
TK (Ball Valves) /  
AOP Industries (Ball Valves) /  
Daniel Measurement & Control (Check 
Valves)  
Crane Valve Services (Check Valves) 
Norriseal Controls (Check Valves) 
DSI (Globe and Gate Valves) 
PGI International (Instrumentation 
Valves) 
PBV Ball Valves 

Oklahoma City, Oklahoma 
Houston, Texas 
Hammond, Louisiana 
Moore, Oklahoma 
Houston, Texas 
 
Houston, Texas 
Houston, Texas 
Houston, Texas 
Houston, Texas  
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Item Supplier / Location  
Mist Eliminators ACS Industries 

Ed W. Smith Machine Works 
Houston, Texas 
Dallas, Texas 

Pipe Dixie Pipe 
Industrial Piping Specialist 
Tubular Steel 

Houston, Texas 
Tulsa, Oklahoma 
Houston, Texas 

Plate and Frame Exchangers Heat Transfer Products 
Tranter 
Alfa Laval Exchangers 

Houston, Texas 
Houston, Texas 

Plates / Structural Delta Steel 
Interstate Steel 
Steel Plate and Supply 
Port City Plate 
Metals USA 

Houston, Texas 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 
Tulsa, Oklahoma 

Pressure Transmitters Rosemount 
Wika Instrument Corporation 
Murphy Instrumentation and Controls 

Chanhassen, Minnesota 
Lawrenceville, Georgia 
Tulsa, Oklahoma 

Pumps Sepco Industries 
Master Pumps & Equipment 
Sulzer Pumps 

Houston, Texas 
Dallas, Texas 
Houston, Texas  

Radiography Stork Southwestern Laboratory 
Advanced Inspection 
TEAM, Inc. 
Superior Testing Services 

Houston, Texas 
Tulsa, Oklahoma 
Supulpa, Oklahoma 
Houston, Texas 

Shell & Tube Exchangers Brown Fintube 
Shell and Tube 
Heat Exchanger Design 
RW Holland 

Houston, Texas 
Houston, Texas 
Indianapolis, Indiana 
Tulsa, Oklahoma 

Stabilizer Heaters Heatec Tennessee 
Stabilizer Packing Sulzer 

ACS Industries 
Tulsa, Oklahoma 
Houston, Texas 

Temperature Measurement / 
Transmitters 

ATS Alltemp Thermocouples 
Thermal Products 
Rosemount 

Tulsa, Oklahoma 
Houston, Texas 
Chanhassen, Minnesote 

Ultrasonic Inspections Structural Inspection Services 
Advanced Inspection 
TEAM, Inc. 
Longhorn Inspection Services 

Houston, Texas 
Tulsa, Oklahoma 
Supulpa, Oklahoma 
Houston, Texas 

Vibration & Pulsation Services Hanover 
 
Beta Machinery Analysis 

Broken Arrow, Oklahoma 
Victoria, Texas 
Houston, Texas  

 
* Subject to Change without Notice 
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Hanover Test Reports Listing* (Attached) 
**Send Only When Required** 
 

• Vessel Hydrotest 
• Piping Hydrotest, Single Spool 
• Piping Hydrotest, Multiple Line Spools 
• Skid Drain Pan Lead Test 
• Oil Box Leak Test 
• Paint Report, Standard 
• Pain Report with Weld Clause 
 
 

* Subject to Change without Notice 



SPACING GUIDELINES FOR EQUIPMENT CONTAINING HYDROCARBONS

NOTES
  1.  This table does not apply to Offshore Facilities.

General  Equipment  Spacing Recommendations.   2.  Distances shown in blocks are a minimum, horizontal distance in feet, basis OIA Guidelines.
  3.  Spacing shown here pertains only to equipment containing or exposed by 

All  Distances  in  Feet.        flammable or combustible fluids.  Spacing for other equipment should be based on
       maintenance and fire fighting considerations.
  4.  When proposed distances are less than shown consult the Environmental 
       Compliance and Insurance Departments.
  5.  Equipment spacing should include consideration for vehicular traffic.
  6.  Process equipment includes accumulators, separators, columns, heat exchangers, etc.
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CLASS: ANSI 150# SERVICE:   SWEET PROCESS HYDROCARBONS 

SIZE: 1/2 3/4 1 1 1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch 80 Sch  80 Sch 40 As Specified 

Thread/Pl. 
Ends Thread/Beveled Beveled Ends PIPE: 

ASTM-A106 GR. B, API-5L GR. B 

Flange Bore to Match Pipe Wall 

150#RFSW, 
Thread Thread/WN 150#RFWN FLANGES: 

ASTM-A105 

1500#FS (Note 1) Wall Thickness to Match Pipe Wall 

Socket Ends, 
Thread Thread/Beveled Beveled Ends FITTINGS: 

ASTM-A105, ASTM-A234 GR. WPB 

BALL A2S, A2Z A2S, A2R A2R 

GATE A1S, A1Z A1S, A1R A1R 

CHECK A5S, A5Z A5S, A5R A5R 

GLOBE A4S, A4Z A4S, A4R A4R 

NEEDLE A6S  

GAUGE A9S  

VA
LV

ES
 

BUTTERFLY  A7R 

Bolts:  ASTM A-193 GR. B7; Coating as specified (Note 3) BOLTING: 

Nuts:  ASTM A-194 GR. 2H; Coating as specified (Note 3) 

GASKETS: Spiral Wound (Flexitallic Style CG) PRESS./TEMP. 
RATING 

°F PSIG 
-

20/100 285 

200 260 

300 230 

400 200 

 
NOTES: 
 
1)  Plugs shall be XH bull plugs. 
2)  All nipples shall be Sch 160. 
3)  If no coating specified, coating shall be cadmium plating. 

500 170 
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VALVE LIST 
PIPING SPECIFICATION "A" 

 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate A1S 

A1Z 
2" & smaller 800# API, carbon steel body and bonnet (ATSM-105), 

screwed or socket ends as specified, reduced port, 
inside screw-rising stem, 11-13% chromium steel 
stem, bolted bonnet, solid wedge gate. 

 A1R 3" & larger ANSI 150#, carbon steel body and bonnet (ATSM-A216 
GR. WCB), RF flanged ends as specified, reduced 
port, inside screw-rising stem, 410 stainless steel 
stem, bolted bonnet, solid wedge gate.  (Note: 2" 
may be either screwed or flanged ends as specified.) 

Ball A2S 
A2Z 

2" & smaller 1480 PSIG @ 100°F MAWP, carbon steel body (ASTM-
A105), screwed or socket ends, reduced port, lever 
operated, chrome plated steel ball and stem, filled 
teflon. 

 A2SF 
A2ZF 

2" & smaller 1480 PSIG @ 100°F MAWP, carbon steel body (ASTM-
A105), screwed or socket ends, full port, lever 
operated, CS ball and stem, filled teflon. 

 A2R 3" & larger ANSI 150#, carbon steel body (ASTM-A105), RF 
flanged ends, reduced port, lever or gear (10" and 
larger) operated, chrome plated steel ball and stem, 
lubricated.  (Note: 2" may be either screwed or 
flanged ends as specified). 

 A2RF 2" & larger ANSI 150#, carbon steel body (ASTM-A105), RF 
flanged ends, full port, lever or gear (10" and larger) 
operated, chrome plated steel ball and stem, 
lubricated.  (Note: 2" may be either screwed or 
flanged ends as specified). 
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TYPE SYMBOL SIZE DESCRIPTION 
    
Globe A4S 

A4Z 
2" & smaller 800# API, carbon steel body and bonnet (ASTM-A105) 

screwed or socket ends, reduced port, inside screw-
rising stem 11-13% chromium, bolted bonnet. 

 A4R 2" & larger ANSI 150#, carbon steel body and bonnet (ASTM-A216 
GR. WCB) RF flanged ends, reduced port, inside 
screw-rising stem, 410SS stem, bolted bonnet, gear 
operated 8" and larger.  (Note: 2" may be either 
screwed or flanged ends as specified). 

Check A5S 2" & smaller 800# API, carbon steel body (ASTM-A216 GR. WCB), 
steel plate cover (A-36), screwed ends, full flow, 
horizontal swing, bolted cover, 1" and larger 
supplied with body drain drilled, tapped, and 
plugged with 1/2" NPT plug. 

 A5R 2"  & larger ANSI 150#, carbon steel body and cover (ASTM-A216 
GR. WCB), RF flanged ends, full flow, horizontal 
swing, bolted cover, removable disc and seats, 
supplied with body drain drilled, tapped, and 
plugged with 1/2" NPT plug. (Note: 2" may be either 
screwed or flanged ends as specified). 

Needle A6S 1" & smaller  275 PSIG @ 100°F MAWP, bar stock body (316SS), 
male x female threaded ends, needle port, inside 
screw-rising stem, screw bonnet. 

Butterfly A7R 3" & larger ANSI 150#, carbon steel lug body, to mate with RF 
flanges, full flow, 17-4PH stem, 316 reinforced 
teflon seat ring. 

Gauge A9S 3/4" & smaller 3000 PSIG @ 200°F, bar stock body (316SS), one male 
x three female needle port, inside screw-rising stem, 
screwed bonnet.                                                         
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CLASS       ANSI 300# SERVICE:   SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-
1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 160 Sch.80 Sch.40 As Specified 

Thrd./Plain Ends Thread/             
Beveled  Beveled Ends PIPE 

ASTM-A106 GR. B, API-5L GR. B 

Flange Bore to Match Pipe Wall 

300# RFSW/Thrd. Thread/ WN 300#RFWN FLANGES 

                                                           ASTM-A105 

3000# FS (Note 1)              Wall Thickness to Match Pipe 

SW/Threaded Ends Thread/       
Beveled Beveled Ends FITTINGS 

ASTM-A105               ASTM-A234 GR WPB 

BALL B2S, B2Z B2S,              
B2R B2R 

GATE B1S, B1Z B1S,              
B1R B1R 

CHECK B5S, B5Z B5S,              
B5R B5R 

GLOBE B4S, B4Z B4S,              
B4R B4R 

NEEDLE B6S  

GAUGE B96  

VA
LV

ES
 

BUTTERFLY                B7R 

Bolts: ASTM A-193 GR. B7; Coating as specified (Note 2) 
BOLTING 

Nuts: ASTM A-194 GR. 2H; Coating as specified (Note 2) 

GASKETS Spiral Wound Asbestos (Flexitallic Style CG) PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 740 

200 675 

300 655 

400 635 

NOTES:     
 
1)  Plugs shall be XH bull plugs. 
2)  If no coating specified, coating shall be cadmium plating. 

500 600 
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VALVE LIST 

PIPING SPECIFICATION B 

Type Symbol Size Description 

Gate B1S 
B1Z 

2” & smaller 800 lb. API, carbon steel body and bonnet (ASTM-A105), screwed or 
socket ends, reduced port, inside screw-rising stem, 11-13% chromium 
steel stem, bolted bonnet, solid wedge gate, stellited gate and seats. 

 B1R 2” & larger 300 lb. ANSI, carbon steel body and bonnet(ASTM-A216 GR. WCB), RF 
flanged ends, reduced port, outside screw-rising stem, bolted bonnet, 
solid wedge gate, 410 S.S. stem, stellited gate and seats. (Note: 2" may 
be either screwed or flanged ends as specified.) 

Ball B2S 2” & smaller 1480 PSI @ 100°F, carbon steel body (ASTM-A105), screwed or socket 
ends, reduced port, lever operated, 316 S.S. ball and stem. 

 B2SF 
B2ZF 

2” & smaller 1480 PSI @ 100°F, carbon steel body (ASTM-A105), screwed or socket weld 
ends, full port, lever operated, chrome plated steel ball and stem, filled 
teflon. 

 B2R 2” larger 300lb. ANSI, carbon steel body (ASTM-A105) RF flanged ends, reduced 
port,lever, handwheel or gear operated, (6” and larger) chrome plated 
steel ball and stem, lubricated. (Note: 2" may be either screwed or 
flanged ends as specified.) 

 B2RF 2” & larger 150lb. ANSI, carbon steel body (ASTM-A105) RF flanged ends, full port, 
lever or gear (6” and larger) operated, chrome plated steel ball and 
stem, lubricated, trunnion mounted (6” and larger). (Note: 2" may be 
either screwed or flanged ends as specified.) 

Globe B4S 
B4Z 

2” & smaller 800lb. API, carbon steel body and bonnet (ASTM-A105), screwed or socket 
weld ends, reduce port, inside screw-rising stem, bolted bonnet, stellited 
disc and seats. 

Globe B4R 2” & larger 300lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), RF 
flanged ends, outside screw rising stem, bolted bonnet, 410 S.S. stem, 
stellited disc and seats. 
 

Check B5S 
B5Z 

2” & smaller 800lb. API, carbon steel body (ASTM-A216 GR. WCB), steel plate cover (A-
36), screwed or socket weld ends, full flow, horizontal swing, bolted 
cover, stellited disc and seats, 1” and larger supplied with body drain 
drilled and tapped and supplied with ½” NPT plug. 

 B5R 2” & larger 300lb. ANSI, carbon steel body and cover (ASTM-A216 GR. WCB), RF 
flanged ends, full flow, horizontal swing, bolted cover, replaceable 
stellited disc and seat, 1” and larger supplied with body drain drilled and 
tapped and supplied with ½” NPT plug. (Note: 2" may be either screwed 
or flanged ends as specified.) 

Needle B6S 1” & smaller 3000 PSI @ 200°F, bar stock body (316 S.S.), male X female threaded 
ends, full flow, inside screw-rising stem, screwed bonnet. 
 

Butterfly B7R  2” & larger 300lb. ANSI, carbon steel lug body, to mate with RF flanges, full flow, 17-
4 PH stem, stellited disc, 316 reinforced teflon seat ring. 
 

Gauge  B9S ¾” & smaller 3000 PSI @ 200°F, bar stock body (316 S.S.), one male X three female, 
needle port, inside screw-rising stem, screwed bonnet. 
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CLASS             ANSI 600# SERVICE: SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch.160 Sch. 80 Sch 40 Sch 80 As Specified 

Thrd./Plain Ends Thrd/ Bevel Beveled Ends PIPING 

ASTM-A106 GR.B ASTM-A106 GR. B, API-5L GR. B 

                                             Flange Bore to Match Pipe Wall 

600# RFSW or Thrd Thrd/ WN 600# RFWN FLANGES 

                                             ASTM-A105 

6000# FS 3000# FS Wall Thickness to Match Pipe 

Threaded or Socket Ends Thrd/ WN Beveled Ends FITTINGS 

ASTM-A105, ASTM-A234 GR. WPB 

BALL D2S, D2Z  D2S, D2R D2R 

GATE D1S, D1Z  D1S, D1R D1R 

CHECK D5S, D5Z  D5S, D5R D5R 

GLOBE D4S,D4Z  D4S, D4R D4R 

NEEDLE D6S  

GAUGE D9S  

VA
VL

ES
 

 
 BUTTERFLY  D7J 

Bolts: ASTM A-193 GR. B7; Coating as specified (Note 2) 
BOLTING 

Nuts: ASTM A-194 GR. 2H; Coating as specified (Note 2) 

GASKETS Spiral Wound Gasket (Flexitallic Style CG) PRESS.TEMP.RATINGS 

F° FSIG 

-20/100 1480 

200 1350 

300 1315 

400 1270 

NOTES: 
 
1)  Plugs shall be XXH bull plugs. 
2)  If no coating specified, coating shall be cadmium plating. 

500 1200 
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VALVE LIST 
PIPING SPECIFICATION D 

Type Symbol Size Description 
Gate D1S 

D1Z 
2” & smaller 800lb. API, carbon steel body and bonnet (ASTM-A105), screwed or 

socket weld ends, reduced port, inside screw-rising stem, 11-13% 
chromium steel stem, bolted bonnet, solid wedge gate, stellited gate 
and seats. 

 D1R 2” & larger 600lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), RTJ 
flanged ends, reduced port, inside screw-rising stem, bolted bonnet, 
solid wedge gate, 410 S.S. stem, stellited gate and seats. (Note: 2" 
may be either screwed or flanged ends as specified.) 

Ball D2S 
D2Z 

2” & smaller 1480 PSI min. @ 100°F, carbon steel body (ASTM-A105), screwed or 
socket weld ends, full port, lever operated, chrome plated steel ball 
and stem, filled teflon. 

 D2SF 
D2ZF 

2” & smaller 1480 PSI min. @ 100°F, carbon steel body (ASTM-A105), screwed or 
socket weld ends, full port, lever operated, chrome plated steel ball 
and stem, filled teflon. 

 D2R 2” & larger 600lb. ANSI, carbon steel body (ASTM-A105), RTJ flanged ends, 
reduced port, lever, hand wheel or gear (6” and larger) operated, 
chrome plated steel ball and stem, lubricated, trunnion mounted (4” 
and larger). (Note: 2" may be either screwed or flanged ends as 
specified.) 

 D2RF 2” & larger 600lb. ANSI, carbon steel body (ASTM-A105), RTJ flanged ends, full 
port, lever, handwheel or gear (6” and larger) operated, chrome 
plated steel ball and stem, lubricated, trunnion mounted (4” and 
larger). (Note: 2" may be either screwed or flanged ends as specified.) 

Globe D4S 
D4Z 

2” & smaller 800lb. API, carbon steel body and bonnet (ASTM-A105),    screwed or 
socket weld ends, reduced port, inside screw-rising stem, bolted 
bonnet, stellited disc and seats. 

 D4R 2” & larger 600lb. ANSI, carbon steel body and bonnet(ASTM-A216 GR. WCB), RTJ 
flanged ends, outside screw-rising stem, bolted bonnet, 410 S.S. stem, 
stellited disc and seats, gear operated 8” and larger. (Note: 2" may be 
either screwed or flanged ends as specified.) 

Check D5S 
D5Z 

2” & smaller  800lb. API, carbon steel body (ASTM-A216 GR.WCB), steel plated cover  
(A-36), screwed or socket weld ends, full flow, horizontal swing, 
bolted cover, stellited disc and seats, 1” and larger supplied with body 
drain drilled and tapped and supplied with ½” NPT plug. 

 D5R 2” & larger 600lb. ANSI, carbon steel body and cover (ASTM-A216 GR. WCB), RTJ 
flanged ends, full flow, horizontal swing, bolted cover, removable 
stellited disc and seats, 1” and larger supplied with body drain drilled 
and tapped and supplied with ½” NPT plug. (Note: 2" may be either 
screwed or flanged ends as specified.) 

Needle D6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), male X female threaded 
ends, needle port inside screw-rising stem, screwed bonnet. 

Butterfly D6S 1” & smaller 600lb. ANSI, carbon steel lug body, to mate with RTJ flanges, full flow 
17-4 PH stem, stellited disc, 316 reinforced teflon seat ring. 

Gauge D9S ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X three female, 
needle port, inside screw-rising stem, screwed bonnet. 
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CLASS                          ANSI 900# SERVICE: SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 160 Sch. 80 Sch 120 As Specified 

Thrd. Ends Beveled Ends PIPE 

ASTM-A106 GR. B. 

Flange Bore to Match Pipe Wall 

900# Thrd. RTJ 900# Weld Neck RTJ FLANGES 

ASTM-A105 

6000# FS Wall Thickness to Match Pipe 

Threaded Beveled Ends FITTINGS 

ASTM-A105 ASTM-A234 GR. WPB 

BALL E2S, E2Z E2J 

GATE E1S, E1Z E1J 

CHECK E5S, E5Z E5J 

GLOBE E4S, E4Z E4J 

NEEDLE E6S  

GAUGE E9S  

BUTTERFLY  E7J 

PLUG  E3J 

 
 
 
 
V
A
L
V
E
S 

   

Bolts: ASTM A-193 GR. B7; Coating as specified (Note1) 
BOLTING Nuts: ASTM A-194 GR. 2H Heavy Hex; Coating as spec 

(1)  PRESS/TEMP. RATINGS 

F° PSIG 

-20/100 2220 

200 2025 

300 1970 

400 1900 

NOTES: 
 
1)  If no coating specified, coating shall be cadmium plating. 

500 1795 
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Type Symbol Size Description 
Gate E1S ½-1 ½” Class 1500 scr’d (3600 psi @ 100°F), FS body, bolted bonnet, inside screw, solid 

wedge disc. 
 E1Z ½-1 ½” Class 1500 socketweld (3600 psi @ 100°F), FS body, bolted bonnet, inside screw, 

solid wedge disc. 
 E1J 2-12” 900lb. ANSI, RTJ, CS body, OS & Y, bolted bonnet. 

Ball E2S ½-1 ½” 3000lb. WOG, scr’d, SS body, 316 SS ball, wrench operated, TFE seat, regular 
port, firesafe design. 

 E2SF ½-1 ½” 3000lb. WOG, scr’d, SS body, 316 SS ball, wrench operated, TEE seat, full port, 
locking lever, firesafe design. 

 E2Z ½-1 ½” 3000lb. WOG, socketweld, CS body, 316 SS ball, wrench operated, RTFE seat, 
regular port, locking lever, firesafe design. 

 E2ZF ½-1 ½” 3000lb. WOG, socketweld, CS body, 316 SS ball, wrench operated, RTFE seat, 
full port, locking lever, firesafe design. 

 E2J 2-14” 900lb. ANSI RTJ, CS body, bolted body construction, TFE seat, block and bleed, 
trunnion mtd,. Regular port, wrench operated, firesafe design. 

 E2JF 2-14” 900lb. ANSI RTJ, CS body, bolted body construction, TFE seat, block and bleed, 
trunnion mtd,. Full port, wrench operated, firesafe design. 

Globe E4S ½-1 ½” Class 1500 scr’d (3600 psi @ 100°F), FS body, bolted bonnet, OS & Y. 

Globe E4Z ½-1 ½” Class 1500 socketweld ends (3600 psi @ 100°F), FS body, bolted bonnet, OS & Y. 

 E4J 2-8” 900lb. ANSI RTJ, CS body, handwheel operated, OS & Y, bolted bonnet, gear 
operated 8” and larger.   

Check E5Z ½-1 ½ Class 1500 socketweld ends (3600 psi @ 100°F), FS body, swing check, bolted 
bonnet, renewable seat. 

 E5S ½-1 ½” Class 1500 scr’d (3600 psi @ 100°F), FS body, piston check, bolted bonnet, 
integral hard faced seat. 

 E5SP ½-1 ½” Class 1500 socketweld ends (3600 psi @ 100°F), FS body, piston check, bolted 
bonnet, integral hard faced seat. 
 

 E5ZP ½-1 ½” Class 1500 scr’d (3600 psi @ 100°F), FS body, ball check, bolted bonnet, integral 
hard faced seat. 

 E5JP 2-12” 900lb ANSI RTJ, Cs body, dual plate design. 

Needle E6S ½” 6000lb. CWP, scr’d, 316 SS bar stock, soft seat, teflon bonnet seal. 

Gauge  E9S 1/2" 6000lb. CWP, scr’d, 316 SS bar stock, soft seat, teflon bonnet seal. 
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CLASS       ANSI 1500# SERVICE:    SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 160 Calculate Wall 

Plain Ends             Beveled Ends PIPE 

ASTM-A106 GR. B             ASTM-A106 GR. B, API-5L GR. B 

                  Flange Bore to Match Pipe Wall 

1500# RTJSW.             1500# RTJ WN FLANGES 

                                                          ASTM-A105 

6000# FS (Note 2)             Wall Thickness to Match Pipe 

Socket Ends              Beveled Ends FITTINGS 

ASTM-A105              ASTM-A234 GR WPB 

BALL F2Z (Note 3)              F2J 

GATE F1Z (Note 3)              F1J 

CHECK F5Z (Note 3)              F5J 

GLOBE F4Z              F4J 

NEEDLE F6S                          

GAUGE F9S  

V 
A 
L 
V 
E 
S 

BUTTERFLY  

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Type R, Octogonal Ring, Soft Iron, Cadmium Plated PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 740 

200 675 

300 655 

400 635 

NOTES:        1.  Maximum design conditions: 250° F, 3450 psig. 
2. Plugs shall be XXH bull plugs. 
3. F1S, F2S, F4S, F5S may be used for vent, drain, sample and 

instrument service only. 

500 600 
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VALVE LIST 
PIPING SPECIFICATION "F" 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate F1S 

F1Z 
1-1/2” & smaller 2500lb. ANSI, carbon steel body and bonnet (ASTM-A105), screwed or 

socket weld ends, full port, outside screw-rising stem, 11-13% chromium 
steel stem, welded bonnet, solid wedge gate, stellited gated and seat 

 F1J 2" & larger 1500lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), RTJ 
flanged ends, reduced port, outside screw-rising stem, bolted bonnet, 
solid wedge gate, 410 S.S. stem, stellited gate and seats, 14” and larger 
gear operated. 

Ball F2S 
F2Z 

1-1/2” & smaller 3705 PSI @ 100°F, carbon steel body (ASTM-A105), screwed or socket weld 
ends, reduced port, lever operated, chrome plated steel back and stem, 
filled teflon. 

 F2ZF 
 

1-1/2" & smaller 3705 PSI min. @ 100°F, carbon steel body (ASTM-A105), screwed or socket 
weld ends, full port, lever operated, chrome plated steel ball and stem, 
filled teflon. 

 F2J 2" & larger 1500lb. ANSI, carbon steel body (ASTM-A105) RTJ flanged ends, reduced 
port, 3” and larger gear operated, chrome plated steel ball and stem, 
lubricated, and trunnion mounted. 

 F2JF 2” & larger 1500lb. ANSI, carbon steel body (ASTM-A105) RTJ flanged ends, full port, 
3” and larger gear operated, chrome plated steel ball and stem, 
lubricated, and trunnion mounted. 

Globe F4S 
F4Z 

1-1/2” & smaller 1500lb, ANSI, carbon steel body and bonnet (ASTM-A105) screwed or 
socket weld, reduced port, outside screw-rising stem, bolted bonnet, 
stellited disc and seats. 

 F4J 2” & larger 1500lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), RTJ 
flanged ends, outside screw-rising stem, bolted bonnet, 410 S.S. stem, 
stellited disc and seats, 8” and larger gear operated.  

Check F5S 
F5Z 

1-1/2” & smaller 1500lb. API, carbon steel body (ASTM-A216 GR. WCB), steel plate cover 
(A-36), socket weld ends, full flow, horizontal swing, bolted cover, 
stellited disc and seats, 1” and larger supplied with body drain drilled and 
tapped and supplied with ½” NPT plug. 

 F5J 2” & larger 1500lb. ANSI, carbon steel body and cover (ASTM-A216 GR. WCB), RTJ 
flanged ends, full flow, horizontal swing, bolted cover, removable 
stellited disc and seats, 1” and larger supplied with body drain drilled and 
tapped and supplied with ½” NPT plug. 

  1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S), male X female threaded ends, 
full flow, inside screw-rising stem, screwed bonnet. 

  ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S), one male X three female, 
needle port, inside screw-rising stem, screwed bonnet. 
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CLASS       ANSI 2500# SERVICE:   SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

XXS Calculate Wall 

Plain Ends              Beveled Ends PIPE 

ASTM-A106 GR. B              API-5L GR. X52 (Note 3)  

         Flange Bore to Match Pipe Wall 

2500# RTJ SW              2500# RTJ WN FLANGES 

                                                                    ASTM-A105 

6000# FS (Note 2)              Wall Thickness to Match Pipe 

Socket Ends              Beveled Ends FITTINGS 

ASTM-A105              ASTM-A234 GR WPB 

BALL (Note 4)              G2J 

GATE G1Z (Note 5)              G1J 

CHECK G5Z (Note 5)              G5J 

GLOBE G4Z (Note 5)              G4J 

NEEDLE G6S  

GAUGE G96  

VA
LV

ES
 

BUTTERFLY                

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Type R, Octagonal Ring, Soft Iron, Cadmium Plated PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 740 

200 675 

300 655 

400 635 

NOTES:     1.  Maximum design conditions: 250° F, 5280 psi. 
2. Plugs shall be XXH bull plugs. 
3. 2” and 3” API-5L GR. B. 
4. Use Globe Valve G4Z. 
5. G1S, G4S, G5S may be used for vent, drain, sample and instrument 

service only. 

500 600 
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VALVE LIST 
PIPING SPECIFICATION "G" 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate G1S 

G1Z 
1-1/2” & smaller 2500lb. ANSI, carbon steel body and bonnet (ASTM-A105), screwed 

or socket weld ends, full port, outside screw-rising stem, 13% 
chromium steel stem, welded bonnet, solid wedge gate, stellited 
gate and seat 

 G1J 2" & larger 2500lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), 
RTJ flanged ends, reduced port, outside screw-rising stem, bolted 
bonnet, solid wedge gate and seats, 14” and larger gear operated. 

Ball G2Z 
 

1-1/2” & smaller Substitute Globe Valve G4Z. 

 G2J 
 

1-1/2" & larger 2500lb. ANSI, carbon steel body (ASTM-A105), RTJ flanged ends, 
reduced port, 3” and larger gear operated, chrome plated steel 
ball and stem, lubricated. 

Globe G4S 
G4Z 

1-1/2” & smaller 2500lb. ANSI, carbon steel body and bonnet (ASTM-A105), screwed 
or socket weld ends, full port, outside screw-rising stem, welded 
bonnet, stellited disc and seats. 

 G4J 2” & larger  2500lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. WCB), 
RTJ flanged ends, outside screw-rising stem, bolted bonnet, 410 
S.S. stem, stellited disc and seats, 8” and larger gear operated. 

Check G5S 
G5Z 

1-1/2” & smaller 2500lb. ANSI, carbon steel body (ASTM-A216 GR. WCB), steel plate 
cover (A-36) socket weld ends, full flow, horizontal swing, bolted 
cover, stellitted disc and seats, 1” and larger supplied with body 
drain drilled and tapped and supplied with ½” NPT plug. 

 G5J 2” & larger 2500lb. ANSI, carbon steel body and cover (ASTM-A216 GR. WCB), 
RTJ flanged ends, full flow, horizontal swing, bolted cover, 
replaceable stellited disc and seats, 1” and larger supplied with 
body drain drilled and tapped and supplied with ½” NPT plug. 

Needle G6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), male X female 
threaded ends, full flow, inside screw-rising stem, screwed bonnet. 

Gauge G9S 3/4” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X three 
female, needle port, inside screw-rising stem, screwed bonnet. 
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CLASS       API 3000# SERVICE:   SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. XXS Sch. 160 

Plain Ends              Beveled Ends PIPE 

                                                                    ASTM-A106 GR. B SMLS (Note 6) 

         Flange Bore to Match Pipe Wall 

(Note 7)              3000# RTJ WN FLANGES 

                                                                    Type 2 &4 (Note 4) 

6000# FS (Note 2)              Wall Thickness to Match Pipe 

Socket Ends              Beveled Ends FITTINGS 

ASTM-A105              ASTM-A234 GR WPB (Note 6) 

BALL               I2J, I2JF 

GATE               I1J 

CHECK I5Z               I5J 

GLOBE I4Z, I4S         

NEEDLE I6S (Note 3)  

GAUGE I9S  

VA
LV

ES
 

PLUG I3Z                            I3J 

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Heavy Hex, Cadmium Plated 

GASKETS Type RX, Low Carbon Steel Ring, Cadmium Plated PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 3000 

200 3000 

300 3000 

400  

NOTES:    1.    Maximum design conditions: 250° F, 3000 psig. 
               2.    Plugs shall be XXH bull plugs. 

6. I6S may be used for vent, drain, sample and instrument service only. 
7. Weld neck flange material to be API 6A Type 4. Blind flange material 

to be Type 2. 
8. 0.500-inch corrosion allowance added. 
9. Grades C and WPC may be substituted for grades B and WPB pipe 

and fittings. Wall thickness should be reduced accordingly. 
10. Use 1-inch Grayloc hubs for 1-inch and smaller connections. 500  
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VALVE LIST 
PIPING SPECIFICATION "I" 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate I1J 

 
2-1/16-4-1/16” 3000lb. API RTJ, 6B flanges, CS body, bolted bonnet. 

Ball I2J 2-1/16-4-1/16” 3000lb. API RTJ, 6B flanges, CS body, bolted body 
construction, nylon seat, block and bleed, trunnion MTD, 
reduced port, 4-1/16” gear operated. 

 I2JF 
 

2-1/16”-4-1/16” 3000lb. API RTJ, 6B flanges, CS body, bolted body 
construction, nylon seat, block and bleed, trunnion MTD, full 
port, 4-1/16” gear operated. 

Globe I4S 
 

1-1/2" & smaller 3600lb., forged steel body, bolted bonnet, hard faced seat, 
OS&Y, screwed ends. 

 I4Z 1-1/2” & smaller 3600lb., forged steel body, bolted bonnet, hard faced seat, 
OS&Y, socketweld ends. 

Check I5Z 1-1/2” & smaller 3600lb., forged steel body, bolted bonnet, renewable seat, 
ball check, socketweld ends. 

 I5J 2-1/16-4-1/16” 3000lb. API RTJ, 6B flanges, CS body, bolted bonnet, 
horizontal swing check, resilient seat, replaceable disc and 
seat. 

Plug I3Z 1-1/2” & smaller 3000lb., forged steel body, chrome plated steel plug, 
replaceable plug and seat, non-lubricated, firesafe design, 
socketweld ends. 

 I3J  2-1/16”-4-1/16” 3000lb., API RTJ, 6B flanges, CS body, chrome plated steel 
plug, lubricated, replaceable plug and seat. 

Needle I6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), threaded ends, 
full flow, inside screw-rising stem, screwed bonnet. For 
required valve end connections, (FxF or MxF), refer to piping 
isometric drawings. 

Gauge I9S ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X 
three female, needle port, inside screw-rising stem, screwed 
bonnet. 
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CLASS       API 5000# SERVICE:   SWEET PROCESS HYDROCARBONS 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

XXS Calculate Wall 

Plain Ends              Beveled Ends PIPE 

ASTM-A106 GR. B               ASTM-A519 GR.4130 

         Flange Bore to Match Pipe Wall (Note 2) 

5000# RTJ SW              5000# RTJ WN FLANGES 

                                                                    Type 2 &4 (Note 5) 

6000# FS (Note 3)              Wall Thickness to Match Pipe (Note 2) 

Socket Ends              Beveled Ends FITTINGS 

ASTM-A105              ASTM-A234 GR WPB, ASTM-A519 GR. 4130  

BALL J2W              J2J 

GATE J1Z (Note 4)              J1J 

CHECK J5Z (Note 4)              J5JW 

GLOBE J4Z, (Note 4)        

NEEDLE J6S   

GAUGE J9S  

VA
LV

ES
 

BUTTERFLY  

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Type RX, Low Carbon Steel, Cadmium Plated PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 5000 

200 5000 

300 4880 

400 4645 

NOTES:    1.    Maximum design conditions: 250° F, 5000 psig. 
2. 5000# rating to include 0.125” corrosion allowance  
3. Plugs shall be XXH bull plugs. 
4. J1S, J4S, J5S may be used for vent, drain, sample and instrument 

service only. 
5. Weld neck flange material to be API 6A Type 4. Blind flange material 

to be Type 2. {Rev. 1} 
 500 4340 
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VALVE LIST 
PIPING SPECIFICATION "J" 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate J1S 

 
1-1/2” & smaller 5000 PSI @ 100°F, carbon steel body and bonnet (ASTM-

A105), screwed or socket weld ends, full port, outside screw-
rising stem, 13% chromium steel stem, welded bonnet, solid 
wedge gate, stellited gate and seats. 

 J1J 2” & larger 5000 PSI @ 100°F, carbon steel body and bonnet (ASTM-A216 
GR. WCB), RTJ flanged ends, reduced port, outside screw-
rising stem, bolted bonnet, solid slab, 304 SS stem, stellited 
gate and seats, 14” and larger gear operated. 

Ball J2W 
 

1-1/2” & smaller 5000 PSI @ 100°F, carbon steel body, beveled ends, reduced 
port, lever or wrench operated, 4130 steel stem, carbon 
steel ball, Celcon seat rings. 

 J2J 
 

2” & larger 5000lb. API, carbon steel body (ASTM-A105), RTJ flanged 
ends, reduced port, 3” and larger gear operated, T-22 (S.S.) 
trim, lubricated. 

Globe J4S  1-1/2” & smaller 5000lb. API, carbon steel body and bonnet (ASTM-A105), 
screwed ends, needle point port, inside screw-rising stem, 
bonnet, stellited disc and seats. 

 J4Z 1-1/2” & smaller 5000 PSI @ 100°F, alloy steel body (F-11), socket weld ends, 
reduced port, inside screw-rising stem, Evalloy S.S. stem and 
disc, impactor handle, inclined stem construction 

Check J5S 
J5Z 

1-1/2” & smaller 5000 PSI @ 100°F, alloy steel body (F-11), carbon steel cover, 
screwed or socket weld ends, reduced flow, ball check, 
replaceable ball and seat of 13% chromium S.S., 1” and 
larger supplied with body drain drilled and tapped and 
supplied with ½” NPT plug. 

{Rev 1} J5J 2” & larger 5000lb. API RTJ, 6B flanges, CS body, bolted bonnet, 
horizontal swing check, resilient seat, replaceable disc and 
seat. 

 J5JW 2” & larger 5000 PSI lb. 100°F, carbon steel body (ASTM-A216 GR. WCB), 
to mate with RTJ flanges, wafer, stellited disc and seats, 1” 
and larger supplied with body drain drilled and tapped and 
supplied with ½” NPT plug. 

Needle J6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), male X female 
threaded ends, full flow, inside screw-rising stem, screwed 
bonnet. 

Gauge J9S 3/4” & larger 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X 
three female, needle port, inside screw-rising stem, screwed 
bonnet. 
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CLASS       ANSI 150# SERVICE:   FIREWATER, INSTRUMENT AIR, 
                      POTABLE WATER SERVICE 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch, 80 Sch. 40 Std. Wt. 

Thrd. Ends (Galv.)              Beveled Ends (Galv.) PIPE 
                                                                    ASTM-A106 GR. B 
               

         Flange Bore to Match Pipe Wall  

150# Thrd. RF              150# Weld Neck RF FLANGES 

ASTM A-105 (Galv.)              ASTM-A105 (Galv.) 

3000# FS (Note 2)              Wall Thickness to Match Pipe  

Threaded              Beveled Ends FITTINGS 

ASTM-A105 (Galv.)              ASTM-A234 GR WPB (Galv.)  

BALL M2S, M2SF              M2R 

GATE M1S              M1R 

CHECK M5S, M5SP              M5R, M5RW 

GLOBE M4S              M4R 

NEEDLE M6S  

GAUGE M9S  

BUTTERFLY              M7R 

VA
LV

ES
 

PLUG              M3R 

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Heavy Hex, Cadmium Plated 

GASKETS Spiral Wound Teflon Gasket W/304 SS Winding, Flexitallic 
Style CG PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 285 

200 260 

300 230 

400 200 

Notes:     1.   Maximum design conditions: 250° F, 245 psig. 
2. Plugs shall be XH bull plugs. 
3. 0.050-inch corrosion allowance included.  
4. For potable water (WP) service in splash zone only, otherwise use 

Specification T. 

500 170 
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VALVE LIST 
PIPING SPECIFICATION "M" 

TYPE SYMBOL SIZE DESCRIPTION 
    
Gate M1S 

 
2” & smaller Class 800 scr’d (2000 psi @ 100°F), FS body, bolted body 

construction, inside screw, solid wedge disc. 

 M1R 2-8” 150lb. ANSI RF, CS body, OS & Y, bolted bonnet. 

Ball M2S 
 

2” & smaller 1500lb. WOG, screwed ends, SS body, 316 SS ball, wrench 
operated, TFE seat, regular port, locking lever. 

 M2SF 
 

2” & smaller 1500lb. WOG, screwed ends, SS body, 316 SS ball, wrench 
operated, TFE seat, full port, locking lever. 

 M2R 3-4” 150lb. ANSI RF, CS body, bolted body construction, TFE seat, 
block and bleed, reduced port, wrench operated. 

  6-8” 150lb. ANSI RF, CS body, bolted body construction, TFE seat, 
block and bleed, trunnion mtd., reduced port, gear 
operated, firesafe design. 

Globe M4S 2” & smaller Class 800 scr’d (2000 psi @ 100°F), FS body, bolted bonnet, 
OS & Y. 

 M4R 3-8” 150lb. ANSI RF, CS body, handwheel operated, OS & Y, 
bolted bonnet. 

Check M5S 2” & smaller Class 800 scr’d (2000 psi @ 100°F), FS body, swing check, 
screwed bonnet, renewable seat. 

 M5SP 2” & smaller Class 800 scr’d (2000 psi @ 100°F), FS body, piston check, 
bolted bonnet, integral hard faced seat. 

 M5R 3-8” 150lb. ANSI RF, CS body, bolted cover, swing check. 

Needle M6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S), threaded ends, 
full flow, inside screw-rising stem, screwed bonnet. For 
required valve end connections (FxF or MxF), refer to piping 
isometric drawings. 

Butterfly M7R 3”-6” 150lb. ANSI RF, CS body, full lug type, offset disc, wrench 
operated, elastomer seat. 

  8” 150lb. ANSI RF, CS body, full lug type, offset disc, gear 
operated, elastomer seat. 

Gauge  M9S ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X 
three female, needle port, inside screw-rising stem, screwed  
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CLASS       ANSI 150# SERVICE:   DRAINS AND POTABLE WATER 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 80   

Thrd. Or Beveled Ends              Beveled Ends  PIPE 
Type 1, Gr. 1 FVC ASTM D-1784 & D-1785 
                

150# FF Thrd. Or Socket 150# FF Socket  
FLANGES 

Type 1, Gr. 1 PVC ASTM D-2464 of D-2467  

Sch. 80                                              

Type 1 Gr. 1 PVC ASTM D-2464            

Sch. 80  
FITTINGS 

Type 1 Gr. 1 PVC ASTM D-2467 
   

BALL T2S, T2Z, T2F T2Z, T2F  

GATE  T1F 

CHECK T5LS, T5LZ, T5LF T5LZ, T5LF  

GLOBE T5F         

NEEDLE T4S, T4Z, T4F T4F  

GAUGE T6F  

VA
LV

ES
 

BUTTERFLY  T7F  

Primer: IPS P70, or equal 

Cement: IPS 717, or equal 

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Full Face 1/8” Thick Neoprene PRESS./TEMP. RATINGS 

F° PSIG 
30/100 150 

110 135 
120 100 
130 75 

NOTES:      1.   Maximum operating temperature is 140°F. 
                     2.   Operating pressures greater than 150 psig are possible if the 
particular             
                           system is completely reviewed.                                                     

140 50 
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1.0  SCOPE 
   
            The following requirements for PVC piping systems shall apply. 
 
2.0 GENERAL REQUIREMENTS 
 

2.1 The detailed instructions for installation of PVC pipe and fittings from the manufacturer of the pipe 
and fittings shall be followed. 

    
2.2 The same manufacturer of pipe and fittings shall be used if possible. 

 
3.0 STORAGE AND HANDLING 
 

3.1 Pipe shall be supported and protected to prevent warping, sagging , scratching, gouging or 
splitting. 

 
3.2 Fittings, flanges and valves shall remain in the manufacturer’s original packing until ready for use. 
 
3.3 During fabrication and testing, the pipe and fittings shall be given the care required to prevent 

cracks, splits or gouges that may reduce the pressure rating or cause failure. 
 

4.0 CUTTING 
 

4.1 The pipe may be cut in any manner that the pipe manufacturer’s recommends and which will 
produce square-cut ends. 

 
4.2 The pipe shall be deburred and beveled in accordance with manufacturer’s recommendation. 
 

5.0 JOINING 
 

5.1 Pipe and fittings may be joined by solvent cementing, threading and flanging. Solvent cementing is 
the preferred method. Threading, in general, shall only be used when required to fit up to a 
threaded connection on equipment instrumentation. (Note: Threaded connections are limited to 
50% of the pipe pressure rating.) Flanging maybe when required to connect to skids, equipment or 
instrumentation and when removal or disassembly of the pipe or equipment of the pipe or 
equipment is anticipated. (Note: Flanged connections are limited to 150psig. 

 
5.2 When tying a PVC pipe into a threaded metal pipe, equipment or instrument connection, it is 

recommended that a PVC male thread be connected to a metal female thread. (This is due to the 
coefficient of expansion of PVC being times higher than metal. The PVC male thread will tend to 
tighten rather than loosen if the temperature rises. Also, if the male thread is metal it will split 
the PVC female thread if it is over tightened).   

 
5.3 Solvent Cementing 

 
5.3.1 The detailed instructions of the pipe and solvent cement manufacturers and ASTM D285526, 

“Recommended  Practice for Making Solvent Cemented Joints for PVC Pipe”, shall be 
strictly followed. The most frequent cause of failure is a carelessly made joint. 

                    
5.3.2   The following steps shall be followed without shortcuts: 

 
5.3.2.1. The pipe shall be squarely cut, deburred and beveled in accordance with the 

manufacturer’s recommendation. 
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5.3.2.2. The pipe end to be joined shall be cleaned with a clean, dry rag. 
 
5.3.2.3. Check the dry fit of the pipe and fitting to be mated. For Schedule 80 fittings the 

pipe should just touch the bottom of the fitting socket with hand pressure. (This 
is different than the Sch. 40 fittings that are used for plumbing and which fit 
together loosely). Most manufacturer’s installation instructions have an example 
of proper tolerances and fits for Sch. 80 fitting. 

 
5.3.2.4. Prime the fitting socket. 
 
5.3.2.5. Prime the pipe end. 

 
5.3.2.6. Reprime the fitting socket and apply cement to the pipe end. 
 
5.3.2.7. Apply light coating of cement to fitting socket and a second coat of cement to 

the pipe end. 
 

5.3.2.8. While both fitting socket and pipe end are still soft and wet with cement, 
forcefully bottom the pipe end in the fitting socket and give the pipe a quarter 
turn, Be sure the pipe is bottomed in the socket. 

 
5.3.2.9. Take note that a bead has formed around the entire perimeter of the fitting 

socket. The failure to form a bead around the entire perimeter indicates a 
defective assembly due to insufficient cement or use of light bodied cement 
instead of heavy bodied or extra-heavy bodied cement. 

 
5.3.2.10. If the joint is properly made, wipe the excess cement from the joint. 
 
5.3.2.11. Do not handle the joint until it has had a minimum of 30 minutes to set. 

 
5.4 Threading 

 
5.4.1. Threaded joints larger tan 2 inch NPS shall not be used except as permitted by 5.4.2. 

 
5.4.2. Screwed connections to equipment that are larger than 2 inch NPS shall be made by using a 

corrosion resistant (90/10 Cu-Ni or 316SS) nipple and flat face flange to mate to a PVC 
flange. Screwed PVC joints larger than 2 inch shall only be made if space considerations 
prevent a flange from being used and the reduced pressure rating of the screwed joint is 
greater than the maximum operating pressure and 1.2 times the normal operating pressure 
of the line.    

 
         5.4.3.    The recommendations of Plastics Pipe Institute Technical Note No. 8 shall be used for 

making threaded joints from PVC pipe and fittings. 
 
5.5 Flanged Joints 
 
  5.5.1. The flange shall be cemented to the pipe in accordance with paragraph 5.3. 
 
  5.5.2. The gasket shall be soft (60 to 70 durometer), full face, flat neoprene about 1/8 inch thick. 
 
  5.5.3. The flange bolts shall be fitted with W.S. Standard round washers on both sides and 

uniformly tightened to the flange manufacturer’s recommended bolt torque in a 180° 



Customer:  Document: Appendix F 

Project 
Name: Sweet Gas Piping Page: 25 of 31 

 Proposal #:  Issued:  

 

 

 

sequence. To prevent gasket leaks the flange bolts should be uniformly tightened in several 
steps to the recommended torque. Do not over-tighten the bolts. 

 
6.0       SUPPORTS 
 

6.1 Support spacing shall be in accordance with the pipe manufacturer’s recommendation for the size 
and operating temperature of the line. 

 
6.2 No rough or sharp edges on supports shall be allowed to rub the PVC piping. 

 
6.3 No supports or hangers that exert a compressive stress on the PVC piping shall be used. 

 
6.4 Support of vertical sections of a line shall be below the shoulder of a fitting or flange. Compressive 

type clamps that squeeze the pipe shall not be used. 
 

6.5  Supports shall be provided for 3 inch NPS and larger valves to absorb the operating torque and 
support the valve’s weight. 

 
6.6 Anchors and guides shall not apply point loads to the pipe. 

 
6.7  The higher rate of thermal expansion of PVC piping shall be considered in determining the spacing 

of lines, supports, guides and anchors. 
 
7.0 TESTING 
 

7.1 The PVC piping system shall be hydrotested similarly to other piping systems. However, there must 
be more attention paid to the test pressure to be used than with steel pipe to insure that the 
maximum working pressure of the lowest rated components is not exceeded by more than 150 
percent. 

 
7.2 The system shall be filled slowly and vented from high points. 
 
7.3 The system shall be pressurized to approximately one-half of operating pressure and each joint 

shall be visually inspected for leakage. After any leaks that are found are repaired and given time 
to cure, the line shall be repressurized and inspected. 

 
7.4 After completion of the low-pressure test, the line shall be pressurized to 1.5 times the lowest 

pressure rated component in the system. The high-pressure test shall be held for a minimum of 12 
hours. During the test period the pressure shall be monitored to prevent over-pressurization due to 
solar heating or continuation of the test after a leak has started.  

 
7.5 Leaking joints shall generally be repaired by replacing the affected fitting if it is solvent cemented 

or threaded or by loosening and re-torquing if it is a flanged joint. 
 
7.6 Personnel not actually involved in performing the high-pressure test shall be kept out of the area to 

prevent injury due to a pipe, fitting or joint failure. 
 
8.0 PAINTING 
 

No paint or primer shall be applied to any PVC pipe or fittings. 
 
9.0 PRESSURE/TEMPERATURE RATING 
 

9.1 The pressure rating of PVC piping systems is determined by the pipe size, operating temperature 
and type of connections used. (It is not as simple as steel pipe.)   
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9.2 The Pressure/Temperature (P/T) Ratings on page 1 are limited by the flanges. 
 
9.3 The pressure rating of the system may be determined by the valve(s) used. The valves in the Valve 

List have been selected to maintain the P/T rating for flanges, except as noted. If other valves are 
used, their P/T rating must be checked. Note all manufacturers have the same ratings for the same 
or similar valves.  

 
9.4 Systems not using flanges may be operated at pressures above 150 psig. The following table lists 

the maximum operating pressure of Sch. 80 PVC pipe at 75°F: 
 

NPS SOCKET END THREADED END 
   

½ 850 420 
¾ 690 340 
1 630 320 

1-1/2 470 240 
2 400 200 
3 370 - 
4 320 - 
6 280 - 
8 250 - 

 
 
 
 

9.5 Operating temperatures above 75°F require a derating factor to be applied to the ratings listed 
above. The following table lists the derating factors (f) to be used: 

 
Temperature °F Derating Factor (f) 

  
70 1.0 
80 0.88 
90 0.75 
100 0.62 
110 0.50 
120 0.40 
130 0.30 
140 0.22 
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TYPE SYMBOL SIZE DESCRIPTION 
    
Gate T1F 1-1/2”-3 Type 1 PVC body and bonnet, plypropylene gate, steel reinforce PVC 

stem, EPDM seal, valve position indicator. 

 T1F 4”-8” Type 1 PVC body and bonnet, plypropylene gate, steel reinforce PVC 
stem, EPDM seal, valve position indicator. 

Ball T2S 
T2Z 

½”-2 
½”-3 

Type 1 PVC body and ball, EPDM steel seal, teflon seats, compact 
construction. 

 T2F ½”-3 Same as T2S, T2Z listed above. 

 T2S 
T2Z 
T2F 

½”-2” Type 1 PVC body and ball, Viton stem seal, teflon seats, top entry ball 
valve with replaceable internals. 

Globe T4S 
T4Z 
T4F 

1-1/2”-2” Type 1 PCV body and bonnet, polypropylene disc, PVC stem, EPDM 
bonnet gasket and packing. Note: The working pressure of these valves is 
below the “T” Spec. rating at temperatures above 100°F. Consult the 
manufacturers’ data. 

 T4F 3” & 4” Type 1 PCV body and bonnet, polypropylene disc, steel reinforced PVC 
stem, EPDM bonnet gasket/and packing. 

   Note: The maximum working pressure of these valves is 105 psi. Consult 
manufacturers’ data before use. 

   An alternate to a globe valve is the diaphram valve. This valve has 
pressure/temperature ratings equal to the “T” Spec. and it is more 
suitable in services where sand might be present in the sea water, such 
as shallow water. 

Diaphram T4S (Dia) 
T4Z (Dia) 
T4F (Dia) 

½”-2 Type 1 PVC body and bonnet, EPDM diaphragm, valve position indicator. 

 T4F (Dia) 3”-4” Type 1 PVC body and bonnet, EPDM diaphragm, valve position indicator. 

Check 
(Ball Check) 

T5LS 
T5LZ 
T5LF 

½”-2” 
½”-3” 
½”-3” 

Type 1 PVC body and ball, EPDM or Viton valve seat and body seal. 

Check 
(Y-lift Check) 

T5LS 
T5LZ 
T5LF 

½”-2” 
½”-4” 
½”-4” 

Type 1 PVC body, piston and spring, EPD< or Viton seat and body seal. 

Check 
(Swing) 

T5F ¾”-3” Type 1 PVC body and disc, EPD< valve seat and body seal. Mote: 3” max. 
working pressure is 100 psi @ 150°F. 

 T5F 4”-6” Same. 
Mote: Max. working pressure is 100 psi. Consult manufacturers’ data 
before use. 

Needle T6S ½” Type 1 PVC body and stem, teflon valve seat, body seal and steam seal. 

Butterfly T7F 1-1/2”-8” Type 1 PVC body, polypropylene disc, EPDM seat and shaft seal, stainless 
steel shaft, lever operated thru 6”, gear operated 8”. 
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CLASS       ANSI 300# SERVICE:   GLYCOL 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 160 Sch.80 Sch.40 Std. Wt. 

Plain Ends              Beveled Ends PIPE 

                                                                   ASTM-A106 GR. B, API-5L GR. B 

        Flange Bore to Match Pipe Wall 

300# RFSW              300# RFWN FLANGES 

                                                                    ASTM-A105 

6000# (Note 2)              Wall Thickness to Match Pipe 

Socket Ends              Beveled Ends FITTINGS 

ASTM-A105               ASTM-A234 GR WPB 

BALL V2Z               V2R 

GATE V1Z               V1R 

CHECK V5Z               V5R, V5RW 

GLOBE V4Z               V4R 

NEEDLE V6S  

GAUGE V96  

VA
LV

ES
 

BUTTERFLY                                                     V7R 

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Spiral Wound Asbestos (Flexitallic Style CG) PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 740 

200 675 

300 655 

400 635 

NOTES:     1.  Maximum design conditions: 650° F, 570 psi. 
                    2.  Plugs shall be XH bull plugs. 

500 600 
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VALVE LIST 

PIPING SPECIFICATION V 

Type Symbol Size Description 

Gate V1Z 1-1/2” & smaller 800 lb. API, carbon steel body and bonnet (ASTM-A105), 
socket weld ends, reduced port, inside screw-rising stem, 
11-13% chromium steel stem, union bonnet, solid wedge 
gate, stellited gate and seats. 
 

 V1R 2” & larger 300 lb. ANSI, carbon steel body and bonnet (ASTM-A216 
GR. WCB), RF flanged ends, reduced port, outside screw-
rising stem, bolted bonnet, solid wedge gate, 410 S.S. 
stem, stellited gate and seats. 
 

Ball V2Z 1-1/2” & smaller 1480 PSI @ 100°F, carbon steel body (ASTM-A105), socket 
weld ends, full port, lever operated, chrome plated steel 
ball and stem. 
 

 V2R 2” & larger 1480 PSI @ 100°F, carbon steel body (ASTM-A105), RF 
flanged ends, full port, lever, handwheel or gear operated, 
chrome plated steel ball and stem, lubricated. 
 

Globe V4Z 1-1/2” & smaller 800lb. API, carbon steel body and bonnet (ASTM-A105), 
socket weld ends, reduce port, inside screw-rising stem, 
bolted bonnet, stellited disc and seats. 
 

 V4R 2” & larger 300lb. ANSI, carbon steel body and bonnet (ASTM-A216 GR. 
WCB), RF flanged ends, outside screw rising stem, bolted 
bonnet, 410 S.S. stem, stellited disc and seats, gear 
operator 8” and larger. 
 

Check V5Z 1-1/2” & smaller 800lb. API, carbon steel body (ASTM-A216 GR. WCB), steel 
plate cover (A-36), socket weld ends, full flow, horizontal 
swing, bolted cover, stellited disc and seats, 1” and larger 
supplied with body drain drilled and tapped and supplied 
with ½” NPT plug. 

 V5R 2” & larger 300lb. ANSI, carbon steel body and cover (ASTM-A216 GR. 
WCB), RF flanged ends, full flow, horizontal swing, bolted 
cover, replaceable stellited disc and seat, 1” and larger 
supplied with body drain drilled and tapped and supplied 
with ½” NPT plug. 
 

Needle V6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), male X female 
threaded ends, full flow, inside screw-rising stem, screwed 
bonnet. 
 

Butterfly  B7R 2” & larger 300lb. ANSI, carbon steel lug body, to mate with RF 
flanges, full flow 17-4 PH stem, stellited disc, 316 
reinforced teflon seat ring. 
 

Gauge  V9S ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X 
three female, needle port, inside screw-rising stem, 
screwed bonnet. 
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CLASS       ANSI 600# SERVICE:   GLYCOL 

SIZE 1/2 3/4 1 1-1/2 2 3 4 6 8 10 12 14 16 18 20 24 

Sch. 160                                         Sch.80 

Plain Ends              Beveled Ends PIPE 

                                                                   ASTM-A106 GR. B, API-5L GR. B Seamless 

        Flange Bore to Match Pipe Wall 

600# RTJ SW              600# RTJ WN FLANGES 

                                                                    ASTM-A105 

600# (Note 2)              Wall Thickness to Match Pipe 

Socket Weld              Beveled Ends FITTINGS 

ASTM-A105               ASTM-A234 GR WPB (Note 4) 

BALL W2Z, W2ZF               W2J, W2JF 

GATE W1Z               W1J 

CHECK W5Z               W5J, W5JW 

GLOBE W4Z               W4J 

NEEDLE W6S  

GAUGE W96  

VA
LV

ES
 

BUTTERFLY                                                      

Bolts: ASTM A-193 GR. B7 Cadmium Plated 
BOLTING 

Nuts: ASTM A-194 GR. 2H Cadmium Plated 

GASKETS Spiral Wound Teflon W/304 SS Winding Flexitallic Style 
OG PRESS./TEMP. RATINGS 

F° PSIG 

-20/100 1480 

200 1350 

300 1315 

400 1270 

NOTES:     1.    Maximum design conditions: 250° F, 1330 psi. 
2. Plugs shall be XXH bull plugs. 
3. 0.050 inch corrosion allowance included. 
4. Grades C and WPC may be substituted for Grades B and WPB pipe 

and fittings. Wall thickness should be reduced accordingly. 

500 1200 
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VALVE LIST 

GLYCOL 

Type Symbol Size Description 

Gate W1Z 1-1/2” & smaller 800 lb. WOG, carbon steel body and bonnet, screwed or 
socket ends, reduced port, inside screw-rising stem, 13% 
chromium steel stem, bolted bonnet, solid wedge gate, 
stellited gate and seats. 
 

 W1J 2” & larger 600 lb. ANSI, carbon steel body and bonnet, RTJ flanged 
ends, reduced port, outside screw-rising stem, bolted 
bonnet, solid wedge gate, 410 S.S. stem, stellited gate and 
seats. 
 

Ball W2Z 1-1/2” & smaller 1480 PSI @ 100°F, carbon steel body, socket weld ends, 
reduced port, lever operated, chrome plated steel ball and 
stem, filled teflon. 
 

 W2J 2” & larger 600lb. ANSI, carbon steel body , RTJ flanged ends, reduce 
port, lever or gear (4” and larger) operated, chrome plated 
steel ball and stem, lubricated, trunnion mounted 
 

 W2JF 2” & larger Same description as W2J, except “full port 
 

Globe W4Z 1-1/2” & smaller 800lb. WOG, carbon steel body and bonnet, socket weld 
ends, reduced port, inside screw-rising stem, bolted 
bonnet, stellited disc and seats. 
 

 W4J 2” & larger 600lb. ANSI, carbon steel body and bonnet, RTJ flanged 
ends, outside screw-rising stem, bolted bonnet, 410 S.S. 
stem, stellited disc and seats, gear operated 8” and larger. 
 

Check W5Z 1-1/2” & smaller 600lb. ANSI, WOG, carbon steel body, steel plate cover, 
socket weld ends, full flow, horizontal swing, bolted cover, 
stellited disc and seats, 1” and larger supplied with body 
drain drilled and tapped and supplied with ½” NPT plug. 

 W5J 2” & larger 600lb. ANSI, carbon steel body and cover, RTJ flanged ends, 
full flow, horizontal swing, bolted cover, removable 
stellited disc and seats, 2” and larger supplied with body 
drain drilled and tapped and supplied with ½” NPT plug. 
 

 W5JW 2” & larger 600lb. ANSI, carbon steel body, to mate with RTJ flanges, 
wafer, stellited disc and seats. 
 

Needle W6S 1” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), threaded ends, 
needle port, inside screw-rising stem, screwed bonnet. For 
required end connections, (FxF or MxF), refer to piping 
isometric drawings. 
 

Gauge W9S ¾” & smaller 6000 PSI @ 200°F, bar stock body (316 S.S.), one male X 
three female, needle port, inside screw-rising stem, 
screwed bonnet. 
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1. 0  CONSTRUCTION QUALITY CONTROL SYSTEM 

 
It is the Construction's practice in the field, in order to achieve quality in construction 
through the use of capable personnel, adequate planning, suitable equipment and tools, 
current project drawings and specifications, and appropriate supervision and technical 
direction, in accordance with sound construction methods, techniques, and practices. 
Verification of quality in construction is achieved through inspection, examination, 
testing, and monitoring of work activities and through review and documentation as 
necessary. 
 
The intent of the quality control system is to build quality in the work and to establish 
confidence that work is being properly performed and documented. Any new operation is 
observed or inspected early to assist the supervisors and crews in understanding the 
requirements and in doing quality work, The frequency of follow-up observations and 
inspections will depend on the degree of confidence gained by the group and its 
supervisor. The emphasis is on the quality of the work itself rather than extensive 
documentation. 
 
1.1 To achieve the required quality in construction performed by Construction, 

supervision is provided by HANOVER'S Prime 
Constructor/Sub-Constructor, who are directly responsible and accountable for 
the proper performance of the work activities. Inspection technical direction, 
examination, and testing activities are witnessed by Hanover's field engineers 
/inspectors to verify that the required quality is achieved. 

 
 

2.0 FIELD INSPECTION PROCEDURES 
 

2.1 Resorts and Documentation 
 

2.1.1 Field Inspection Report 
a.  The Field Inspection Report (FIR) form is the  primary means 
of documenting field activities and inspections in the absence of 
more specific forms. Its use, combined with the additional forms 
contained herein, will allow complete historical documentation 
of site activities. Its functions are as follows: 

 
(1) To document compliance with codes, standards, and 

specifications by a written, signed, and dated report. 
 

(2) To provide a more accurate method of documenting site 
activities by replacing diaries and supplementing required 
forms.  

 
(3) To provide a method of documentation where no    other 

exists. 
 

b.  The Fir is designed so that it can be used to record virtually any type of activity or 
inspection. Some of the major uses of the FIR are describes below. 
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(1) To document problem areas and/or non-conforming items. Such 
occurrences should be recorded separately on individual FIR’s. 

 
(2) To record all successfully completed activities or inspections of 

an item (or group of similar items) performed on a given 
date/period in accordance with the particular checklist sections. 

 
(3) To record in-progress and final inspections. Owner acceptance of 

a final inspection may be indicated by adding the signature of the 
Owner’s representative in a suitable location on the FIR form. 

  
(4) To record a subcontractor’s satisfactory completion of 

requirements on a particular item on group of similar items. 
 

(5) To provide a basis for the generation of additional forms to suit 
the needs of a particular project or inspector. 

 
Information can be typed onto a blank FIR, leaving spaces open for date, 
item and signature, forming a “master” from which copies can be made 
and completed as required. These and other types of field generated 
forms can supplement, but may not replace the required forms contained 
herein. 

 
c. The following shall be used as a guide in completing a Field Inspection Report: 

 
(1) “Customer” Indicate name of Owner/Hanover 

 
(2) “Date” Date of performance of inspection or activity. 

 
(3) “Location” Identify project and its location. 

 
(4) “Job Number” Identify project number. 

 
(5) “Description” Accurately identify items inspected and/or 

activities performed. 
 

(6) “Visual”, “Dimensional”, “NDE” or “Other” Check appropriate 
boxes.  

 
 

(7) “In Progress” or “Final”. Check appropriate box. 
 

(8) “Reference Drawing/Standard” Identify all applicable drawings, 
specifications, checklist section and other applicable references 
(e.g., manufacturer’s recommendations). 

 
(9) “Findings” Specify dimensions, results of inspections, and/or 

completeness of activity. State whether satisfactory or 
unsatisfactory.  Be as specific as required. 

 
(10) “Sketch” Provide sketch showing location and/or dimensions as 

required for clarity.    
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(11) “Inspection By” Signature of person responsible for performing 

inspection or activity 
 

3.0 CIVIL 
 

3.1 Scope 
  

This Procedure provides a general outline of functions to be performed or 
verified by the Quality Control Inspector or responsible 
Engineer/Supervisor relative to jobsite civil work. 

 
3.2 Survey 

 
This procedure provides a general outline of functions to be performed or 
verified by the Quality Control Inspector or responsible 
Engineer/Supervisor relative to jobsite civil work. 

 
Verify that all preliminary survey work for the site has been previously 
complete and documented by subcontractor or direct hire survey crew. 

 
The following items pertaining to the detailed site survey shall be of 
special attention to the Quality Control Inspector: 

 
* Check to see that the correct control monument and benchmarks 

are used. 
 

* Check to see that the benchmarks are adequately protected. 
 

* Check to see that the permanency of the control monuments is 
adequate. 

 
3.3 Soil Investigation 

 
Soil Investigation is usually contracted to independent civil consultants. 

 
The consultant may be asked to supply the following information: 

 
* Bearing ratio curves 

 
* Back fill procedures 

 
* Compaction test reports 

 
* Moisture-density reports 

 
The soils consultant shall determine how materials can best be 1' used by 
taking representative soil samples from various areas in the construction 
site. 

 
The consultant shall determine if the material from stripping and 
excavations is adequate for backfill. The consultant shall recommend 
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borrow pits for fill materials. Stockpiles of waste materials shall be by 
mutual agreement between the Client and Hanover. 

 
3.4 Site Preparation 

 
All trees, shrubs, stumps, fences, abandoned structures, foundations, 
large rocks, debris, etc., shall be removed to a depth specified by the 
contract specifications. 

 
Any areas that may collect rainwater shall have proper drainage 
established. 

 
Determine that grass and other organic materials have been removed as 
required by the project drawings and specifications. This material is to 
be disposed of as per contract specifications, and not stockpiled or 
buried where other construction activities may occur. 

 
Drainage of rain and subsurface water must be adequate to keep 
downtime to a minimum. 

 
Investigate the existence of underground obstructions, such as pipe lines, 
telephone cables, power cables, etc., prior to the start of excavation 
activities. Notify the Prime Contractor/ Subcontractor Superintendent of 
any findings that the information may appear on proper drawings. 

 
Check for soft spots and undesirable materials. 

 
Check for location and depth of excavation to ensure conformance with 
approved drawings and specifications. 

 
3.5 Back Fill 

 
Any backfill materials used on the construction site shall be approved by 
the soils consultant. If the fill material appears questionable, the soils 
consultant or engineer shall be consulted. Prior to placing of fill 
materials, the excavation should be inspected for the following: 

 
* The area is free of organic material; i.e., paper, wood, rags, etc. 

 
* Excessive water is removed. 

 
* Loose rock, dirt, etc., which will interfere with foundations, has 

been removed. 
 

* If in cold climates, fill shall not be placed over frozen soil. 
 

* Check for soft spots. 
 

3.6 Compaction 
 

Compaction test will be witnessed by the Quality Control Inspector. 
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The compaction test may be performed by a subcontracted soils 
inspection agency. This agency will be required to furnish results of the 
test to the Quality Control Inspector. 

 
The procedure for the density test shall be in accordance with applicable 
engineering specifications (Hanover/ Owner). 

   
3.7   Trenching 

 
The excavation should be checked by the Quality Control Inspector as to 
location, elevations, and depth. 

 
Coated pipe should lay on sand bags or other suitable softeners. Hard 
supports are not acceptable. 

 
Backfill under roads, foundations, slabs or other loadbearing areas shall 
be compacted in accordance with engineering specifications. 

 
4.0   UNDERGROUND UTILITIES 

 
 4.1 Underground Piping  

 
Prior to use, inspect pipe and fittings for any visual damage; i.e., 
hairline cracks bent pipe, flat spots. 

 
Fabrication and installation shall be done in strict accordance 
with job specifications and standards. 

 
Pipe to be installed in clay, shale or rock requires a compacted 
loam or fino granular material as a trench bottom base. 

 
Pipe to be installed in compacted sand, sandy loam, or granular 
soil requires no additional base work unless specified on contract 
drawings. 

 
Pipe runs under roads or other foundations shall be compacted as 
required in the job specifications and standards. 

 
Sand-filled cloth bags may be used to aid in setting underground 
lines. These bags need not be removed upon completion of 
installation. 

 
4.2 Application of field coating and wrapping shall be in accordance 

with underground pipe specifications. Check for the following: 
 
   a. Welds are clear of welding spatter. 
 

b. Pipe is clear of loose mill scale, rust, water, oil, grease, 
dirt and other foreign matter. 

 
c. That primer is being used which is compatible with the 

existing line coating system. 
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d. Proper overlap of tape according to specifications. 

 
e. Coating on valves provides complete coverage. 

  
f. Inspect coated and wrapped pipe for voids and leaks by 

means of a holiday detector “jeeper” prior to backfilling. 
 

g. Prior to testing, inspect underground pressure system 
using underground piping drawings to ensure that 
specified anchors, supports and thrust blocks have been 
installed. 

 
h. Lines shall be backfilled by hand (non-machine) to 12” 

above pipe to protect the pipe wrapping from damage. 
 

i. Lines which include service hydrants with self draining 
valves must be thoroughly flushed to prevent debris from 
causing valve malfunction. 

 
5.0 ELECTRICAL INSPECTION - UNDERGROUND 

 
5.1 Listed below are items shall be inspected: 

 
a. Check for trenching location, elevation, and forms, and 

that trench is free of organic or loose debris. 
 

b. Check conduit for size, type, orientation and locations as 
required by specifications and drawings. Also, check 
conduit for proper tagging corresponding with numbering 
systems or engineered drawings. 

 
c. Check for underground interference with piping, etc. 

* Trench depth for electrical conduit 
should be a minimum of 30 inches (800 
mm) over the top of conduit. 

 
d. Check for correct conduit support spacing and tiedowns. 

 
e. Check locations of stub-ups where applicable. 

 
f. Conduit ends left open should be capped with pipe caps. 

 
g. Check that reinforcement bars are installed when 

required. 
 

h. Check for adequate concrete coverage of conduit in 
trenches. 

* Minimum of 5 inches (120 mm) depth of 
concrete on top of conduit. 

 
i. Check concrete color is per project specifications. 
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* Red color is recommended. 
 
5.2 Electrical Inspection Electrical Manholes 
 

a. Inspection before concrete pour: 
 

* Check Location and size of opening for drawing 
compliance. 

* Grounding in place and secure. 
* Pulling eyes in place. 
* Inserts in place and provided with filters. Check 

conduit size, orientation, type and location for 
compliance to specifications and drawings. 

* Check conduit for adequate support during pour. 
* Check conduit openings for plug and/or cap 

requirements. 
* Check conduit for proper termination. 
* Windows in correct location and level. 

 
b. Inspection after concrete pour: 

 
* Conduit entrances free of concrete and clean. 
* Pulling wires in place. 
* Cable racks, hooks, saddles and cable tray 

properly supported. 
* Rigid steel conduit and all metallic components 

grounded. 
* Cable supports free of sharp edges. 
* Conduits swabbed out. 
* Splices completed and supported. 
* Ladders and/or rungs installed. 
* Manhole clean and dry. 
* Cable fireproofing complete. 
* Manhole cover in place, grouted and sealed. 

 
6.0 CONCRETE 
 

6.1  Foundations 
 

Investigate area for existing underground facilities and assure that they 
have been, or are going to be, properly recorded.  

 
The Quality Control Inspector shall check the size, location and elevation 
of the excavation. 

 
Water shall be removed from the excavation site. Pumps must be 
available to maintain drainage in the event seepage continues to run into 
the excavation. 

 
Backfill of the excavation shall be accomplished by using only soil 
materials as described by specifications and the soil consultants. 
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All loose debris shall be removed before backfill starts. 
 

6.2 Tank Pads 
 

The location, size and other design variables shall be checked by the 
Inspector for conformance with approved drawings and specifications. 

 
The fill material shall conform to applicable specifications. A compaction 
test shall be taken as described by specifications. A copy of the 
compaction test results on each foundation shall be filed in the Quality 
Control files of the Prime Contractor/ Subcontractor. 

 
If an oiled sand base is required by specifications, it shall be mixed 
outside the excavation area, then brought in the base and compacted. 

  
6.3 Concrete Testing 

 
a. Scope 

 
This procedure covers methods of application to the taking of concrete 
samples and slump tests under field conditions. 

 
Project specifications will take precedence over this procedure if in 
conflict with this document.  

 
Tamping Rod shall be round, smooth, straight steel rod 5/8 inch (16mm) 
in diameter, and 24 inches (610mm) long. The tamping end is to be 
rounded to a hemispherical tip of the same diameter as the rod. 

 
Compressive Strength Specimens .shall be cylinders of concrete, cast and 
hardened in an upright position, with a length equal to twice the 
diameter. The standard specimen shall be the 6 inch by 12 inch (152 x 
305mm) cylinder, when the nominal maximum size of the coarse 
aggregate exceeds 2 inches, the diameter of the cylinder shall be at least 
three times the nominal maximum size of the coarse aggregate in the 
concrete. Unless required by the project specifications, cylinders smaller 
than 6 by 12 inches shall not be used. 

 
Sampling -The elapsed time between obtaining the first and final portions 
of the composite samples shall be as short as possible, but in no instance 
shall it exceed 15 minutes. 

 
Transport the individual samples to the place where fresh concrete tests 
are to be performed or where test specimens are to be molded. They 
shall then be combined and re-mixed with a shovel the minimum amount 
necessary to ensure uniformity and prevent segregation of aggregate 
during the molding of specimens. 

 
Keep the elapsed time between obtaining and using the sample as short as possible and 
protect the sample from the sun, wind, sources of rapid evaporation, and from 
contamination. 
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Sampling should normally be performed as the concrete is delivered from the mixer to 
the conveying vehicle used to transport the concrete to the forms; however, 
specifications may require other points of sampling, such as the discharge of a concrete 
pump. 
 
Sample the concrete at two or more regularly spaced intervals during discharge of the 
middle portion of the batch. There shall be a minimum of four (4) cylinders and one (1) 
slump at each regularly spaced interval. 
 
Placing the Concrete -Place the concrete in the molds using a scoop, blunted trowel, or 
shovel. Select each shovelful of concrete from the mixing pan to ensure that it is 
representative of the batch. Move the scoop or trowel around the top edge of the mold 
as the concrete is discharged, in order to ensure a symmetrical distribution of the 
concrete and to minimize segregation of coarse aggregate within the mold. 
 
In placing the final layer, the operator shall attempt to add an amount of concrete that 
will exactly fill the mold after compaction. Do not add non-representative concrete to an 
underfilled mold 
 
Methods of Consolidation _ Preparation of satisfactory specimens requires different 
methods of consolidations. The methods of consolidation are rodding, and internal or 
external vibration. Base the selection of the method of consolidation on the slump, 
unless the method is stated the specifications under which the work is being performed. 
 
Rodding in . Place the concrete in the mold, in the required number of layers of 
approximately equal volume, (reference Table 1 for required number of layers). 
 Rod each layer with the rounded end of the rod, using the number of strokes specified in 
Table 2. Rod the bottom layer through its depth. Distribute the strokes uniformly over 
the cross section of the mold, and for each upper layer, allow the rod to penetrate about 
1/2 inch (12 mm) into the underlying layer, when the depth of the layer is less than 4 
inches (100 mm), and about 1 inch (25mm), when the depth is 4 inches or more. 
 
 
If voids are left by the tam ping rod, tap the sides of the mold lightly to close the voids. 
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TABLE I - Number of Layers Required for Specimens 
 

  
Specimen Type 
and Size as Depth 
In. (mm)  
Cylinders 

Mode of compaction  Number of Layers Approximate Depth of 
Layer,   

In. (mm) 
 

12 (305)                            rodding                         3 equal                                   4 (100) 
Over 12 (305)                     rodding                        as required                              4 (100) 
12 (305) to 18 (460)       vibration                       2 equal                          half depth of 
specimen 
Over 18 (460)                  vibration                       3 or more                    8 (200) as near as 
Practicable 

 
 

TABLE 2 - Number of Roddings to be Used Cylinder Specimens in Molding 
 

Diameter of Cylinder in (mm) 
6 (152) 
8 (200) 
10 (250) 

Number of Strokes/Layer 
25 
50 
75 

  
 

Finishing . After consolidation by trowel of k the methods, strike off the surface of the 
concrete and float or trowel' it as required. Perform all finishing with the minimum 
manipulation necessary to produce a flat, even surface that is level with the rim or edge 
of the mold and has no depressions or projections larger than 1/8 inch (3.2mm). 
 
Curing . To prevent evaporation of water from the unhardened concrete, cover the 
specimens immediately after finishing, preferably impervious plastic. 
 
 Wet burlap may be used for covering, but care must be exercised to keep the burlap wet 
until the specimens are removed from the molds. Placing a sheet of plastic over the 
burlap will facilitate keeping it wet. Protect the outside surfaces of cardboard molds 
from all contact with wet burlap or other sources of water for the first 24 hours after 
cylinders have been molded in them. Water may cause the molds to expand and damage 
specimens at this early age. 
 
 Initial Curing - During the first 24 hours after molding, store all test specimens under 
conditions that maintain the temperature immediately adjacent to the specimens in the 
range 60° to 80° F (16° to 27° C), and prevent loss of moisture from the specimens. 
Storage temperatures may be regulated by means of ventilation, or by evaporation of 
water from sand or burlap, or by using heating devices such as stoves, electric light 
bulbs, or thermostatically controlled heating cables. A temperature record of the 
specimens may be established by means of maximum-minimum thermometers. 
 
Store specimens in tightly constructed, firmly braced wooden boxes, damp sand pits, 
temporary buildings at construction sites, under wet burlap in favorable weather, or in 
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heavyweight closed plastic bags. Specimens formed in cardboard molds shall not be 
stored for the first 24 hours in contact with wet sand or wet burlap, or under any other 
conditions that will allow the outside surfaces of the mold to absorb water. 
 
The mold specimens are not to be placed in an area where vibrations will effect the 
settlement of aggregate. 
 
Curing Cylinders for Determining Form Removal Time or When a Structure May Be Put 
into Service . Store test specimens made for determining when forms may be removed, 
or when a structure may be put ín service, in or on the structure as near to the point of 
use as possible, so that they shall receive the same protection from the elements on all 
surfaces as is given to the portions of the structure which they represent. Test specimens 
in the moisture condition resulting from the specified curing treatment. To meet these 
conditions, specimens made for the purpose of determining when a structure may be put 
in service, shall be removed from the molds at the time of removal of form work. 
 
Shipment to the Laboratory, -Cylinders shipped to the laboratory for testing shall be 
packed in sturdy wooden boxes or other suitable containers, surrounded by suitable 
packing material, and protected from freezing during shipment. 
 
Slump Concrete Test Specimens 
 
Mold _ The test specimen shall be formed in a mold made of metal not readily attacked 
by the cement paste. The metal shall not be thinner than No.16 gauge. The mold shall be 
in the form of the lateral surface of the frustum of a cone, with a base 8 inches (203mm) 
in diameter, the top 4 inches (102mm) in diameter, and in height 12 inches (305mm). 
 
Individual diameters and heights shall be within ± 1/8 inch (3.2mm) of the prescribed 
dimensions. The base and the top shall be open and parallel to each other and at right 
angles to the axis of the cone. The interior of the mold shall be relatively smooth and 
free from projections, such as protruding rivets. The mold shall be free from dents. 

 
Taming Rod - The tamping rod shall be as described in the "Cylinder Concrete Test 
Specimens" part of this section. 

 
Sampling - Reference "Sampling" portion of the "Cylinder Concrete Test Specimen" portion 
of this section for instructions on sample-taking. The slump specimens shall be taken at 
the same time and interval as the cylinder specimens. 
 
Procedure . Dampen the mold and place it on a flat, moist, non-absorbent (rigid) surface. 
It shall be held firmly in place during filling by the operator. From the sample of concrete 
obtained in accordance with above "Sampling" procedure, immediately fill the mold in 
three layers, each approximately one third the volume of the mold. 

 
Note:        One-third of the volume of the slump mold fills it to a depth of 2 
                5/8 inches (67mm); two-thirds of the volume fills it to a depth of  
                6-1/8 inches (155mm).              

 
Rod each layer with 25 strokes of the tamping rod. Uniformly distribute the strokes over 
the cross section of each layer. For the bottom layer, this will necessitate inclining the 
rod slightly and making approximately half of the strokes near the perimeter, and then 
progressing with vertical strokes spirally toward the center. Rod the bottom layer 
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throughout its depth. Rod the second layer and the top layer each throughout its depth, 
so that the strokes just penetrate into the underlying layer. 
 
In filling and rodding the top layer, heap the concrete above the mold before rodding is 
started. If the rodding operation results in subsidence of the concrete below the top edge 
of the mold, and add additional concrete to keep excess of concrete above the top of the 
mold at all times. After the top layer has been rodded, strike off the surface of the 
concrete, by means of a screeding and rolling motion of the tamping rod. Remove the 
mold immediately from the concrete by raising it carefully in a vertical direction. 
 
Perform the operation of raising the mold in 5 l0 10 seconds, by a steady upward .lift 
with no lateral or torsional motion being imparted to the concrete. Carry out the entire 
operation, from the start of the filling through removal of the mold, without interruption 
and complete it within en elapsed time of 2-1/2 minutes. 
 Immediately measure the slump by determining the difference between the height of 
the mold and height over the original 
 
  
center of the base of the specimen. If a decided falling away or shearing off of concrete 
from one side or portion of the mass occurs, disregard the test and make a new test on 
another portion of the sample. 
 
If two consecutive tests on a sample of concrete show a falling away or shearing off of a 
portion of the concrete from the mass of the specimen, the concrete probably lacks 
necessary plasticity and cohesiveness for the slump test to be applicable. Report the 
slump in terms of inches to the nearest 1/4 inch of subsidence of the specimen during 
the test as follows: 
 
Slump =12 minus of inches of height after subsidence. 
 
Tolerance in Slump -Unless other tolerances are included in the project specifications, 
the following shall apply: 
 
                              Tolerances for Normal Slumps 

 
For Specified Slump of                                                           Tolerance 
2 inches (51 mm)                                                             ± 1/2 inch (13mm) 
 
2 inches thru 4 inches (51 to 102mm)                                 ± 1 inch (25mm) 
 
4 inches (102mm)                                                             ± 1-1/2 inches (38mm)     

                                                                                  
 
 
Concrete subjected to freezing weather while wet shall be mixed within the 
requirements of Civil Field Engineering. 
 
Discharge of the concrete shall be completed within 1-1/2 hour after addition of water to 
cement.  
 
The maximum temperature of concrete shall not exceed 900" during transportation. 
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Water may not be added to concrete to cool it. 
 
Cleaning -Reinforcement at the time concrete is placed, shall be free from loose flaky 
rust, mud, oil or other coating that will destroy or reduce the 
bond. 
 
Concrete Protection for Reinforcement -The reinforcement of footings and other 
principal structural members in which the concrete is deposited against the ground shall 
have not less than 3ínches of concrete between the rebar and the ground. If concrete 
surfaces, after removal of the forms, are to be exposed to the weather or be in contact 
with the ground, 
 
the reinforcement shah be protected with not less than 2 inches of concrete for bars 
larger than #5, and 1-1/2 inches for #5 bars or smaller. 
 
Exposed reinforcing bars, inserts, and plates intended for bonding with future extensions 
shall be protected from corrosion by concrete or other adequate covering. 
 
 
7.0 STRUCTURAL STEEL 

                   
                  7.1 General 

 
All fabrication and erection shall be in strict accordance with project              
structural steel drawings and specifications. 

 
Deviations from project drawings are not allowed unless approved by 
engineering. 

 
                 7.2 Procedures 

 
Receiving Inspection of prefabricated structural steel shall be performed 
and documented in accordance with the material inspection section of 
this manual. 

 
                       All bolting material shall be inspected for grade and size. 

 
All temporary bolting and drift pins shall be removed and replaced with 
bolting material which will satisfy specifications. Uncontrolled burning 
and welding shall not be permitted. Any requirements for work of this 
nature must first be approved by Engineering. 

 
When required by contract, inspection of bolt torque shall be performed, 
using a calibrated torque meter, as follows: 

 
Inspect torque of 10% of all bolts in each connection to ensure that they 
fall within the parameters of the suggested torque requirements listed in 
Table 5. 

 



Customer:  Document: Appendix G 

Project 
Name: 

Field Procedure Manual For Good Construction 
Practices Page: 16 of 52 

 Proposal #:  Issued:  

 

 

 

 

TABLE 5 
 

STRUCTURAL BOLT STRENGTH PROPERTIES 
A-325 

    Bolt Diameter           Req'd Mm. Tension                Suggested Torque 
         Inches     Millimeters    Lbs.     Newtons              Ft.-Lbs.    Newton-Meters 

5/8       15.875          19,000      84,520               200                  270 
 3/4       19.050          28,000    124,550               355                  480 
 7/8       22.225          39,000        173,480               570                  775 

1       25.400          51,000    226,850               850               1,150 
1-1/8       28.575          56,000    250,000               1,060            1,440 
1-1/4       31.750          71,000    315,810               1,495             2,025 
 
   

A-490 
 
    Bolt Diameter          Req'd Mm. Tension                  Suggested Torque 
Inches     Millimeters   Lbs.    Newtons                Ft.-Lbs.     Newton-Meters 
5/8"       15.875          24,000    106,760                   250             340 

 3/4"       19.050          35,000    155,680                   435             590 
 7/8"       22.225          49,000    217,960                   715             970 
 1"       25.400          64,000    284,680                  1,070          1,450 
 1-1/8"       28.575          80,000    355,850                  1,500          2,035 
 1-1/4"       31.750        102,000        453,700                  2,125          2,880 

 
 

After assuring correct torque requirements, spray paint or a suitable marker, of a 
color consistent with project procedure, shall be used to indicate acceptance. 

 
Loose bolts will be brought to the attention of the erector. After all bolts in the 
connection have been tightened, they will then be re inspected 

 
Inspect welding for the following: 
 
 *   Proper fit up 
 *   Welder is qualified in accordance with correct code or standard 
 *   Use of correct welding electrode 
 *   Compliance with qualified welding procedure 
 *   Check if welder understands welding procedure 

           *   Size of welds 
           *   Appearance of welds 

 
The Quality Control Inspector shall also check the following: 
 
*       Proper grouting of column base plates. 
 
*      Check vertical and horizontal alignment. 
 
*     Any structural alterations which deviate from design shall be approved by the 

Regional Home Office Engineering Department. 
 
*     Check for proper welding procedures, if applicable. 
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*     Check for proper weld joint, if applicable 
 
*     If structures are to be painted, refer to painting inspection procedures      
      section of this manual. 
 
8.0 VESSELS & MECHANICAL EQUIPMENT 
 

8.1 Scope 
 

This procedure provides primary inspection requirements pertaining to 
the erection of column, towers, pressure vessels, storage tanks, and 
exchangers. 
Welding on pressure vessels is prohibited until notification of the 
Hanover/Quality Control Department had been notified. 

 
 

8.2 Welding Qualifications 
 

Prior to start of fabrication, assure that welding procedures, welders and 
welding operators have been qualified in accordance with contract 
specifications. 

 
Examine filler metal to assure it is in accordance with approved 
procedures and specification. Audit storage identification and issuing 
procedures for welding materials. 

 
Check to insure that all Low-Hydrogen Electrodes are stored in 
accordance with manufactures specifications. 

 
8.3 Visual Inspection 

 
Examine mill test reports of materials used for pressure parts to assure 
compliance with material specifications. Obtain copies of mill test 
reports and mark to indicate vessel parts provided from material listed 
thereon. 

 
Check that pressure part materials are marked for proper identification. 
Check transfer of marking on pieces cut from plate. Check standard 
flanges for identification type and rating; check dimensions of all special 
flanges fabricated from plate or forgings. 

 
Examine gaskets and bolting material to assure proper type and size. 

 
*     Check that formed heads conform to the specified configuration. 
 
*     Record code stamping data on heads with welded seams. 
 
*     Check pipe and fittings for proper type, schedule, material and   
       ratings. 
 
*     Examine all welds for weld contour, height or reinforcement,  
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       mismatch size of fillets, undercuts, pinholes and other defects.             
 
*     Check that drain connections are ground flush with the inside contour 
       of the vessel. 
 
*     Check that the proper radius is ground on inside corners of all 
       openings. 
 
*     Check that bolt holes in flanges and anchor bolt holes, unless  
       otherwise specified, straddle the centerline.          
 
*     Check for weep-holes in reinforcing rings/ saddles. 
 
*     Check for grounding lug, nameplates, other attachments. 
 
*     Check that bolt holes in double base rings are properly aligned. 
 
*     Check that all skirts are vented and have access openings, where  
       required. 
 
*     Check trays for proper material and conformance to drawings. 
 

8.4     In-Process Inspection 
 
* Check materials, especially pressure parts, for finish, damage, laminations, 

cracks, scars, excessive pitting. Perform a magnetic particle or dye penetrant 
test on edge surfaces in addition to visual check, when required by specification. 
Check beveling of heads and plates for welding. Assure that slag or other 
detrimental substances are removed. 

 
 
 
*    Check alignment of longitudinal circumferential joints for compliance with Code 

tolerances, Tack welds used for alignment are not to become part of the joint.   
            
 
*    Check fit-up of head to shell and other attachments to the vessel. 

 
 

*   Ensure that proper preheat is applied when required by welding  
      procedure. 
 
*      Perform random check of back-gouging on all pressure-resisting  
       welds to assure sound weld joints. 
 
*     Check that joint design being employed is in accordance with  
       procedures and specifications. 
 
*      See that welders' identification stamping is in accordance with  
        specification requirements. 
 
*      Witness all in-process non-destructive examinations specified, such  
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        as radiography, magnetic particle, liquid penetrant and ultrasconic   
        inspections.      
 
*     Check the location, spacing, and particularly the levelness, of tray  
        support rings. 
 
*      Check installation of each individual tray, assuring installation of     
        proper configuration in proper location, levelness, bolting, sealing,  
        orientation, flow direction, etc. 
 
*      Check seal pans, downcomers, weirs, for proper orientation, spacing and 

settings. 
 
 
8.5 Measurements 
 

Measure to assure all dimensions and orientations are within tolerance specified on 
drawings and standards. This normally includes sizes, locations, thickness, projections, 
tower bow, levelness of tray supports, weir heights, downcomer length, and nozzle 
orientation. 
 
*      Mark actual measurements on one print, if different than approved  
        drawings, but within acceptable tolerances, and submit with the 
        Final Inspection Report.       
 
*     Document out-of-tolerance dimensions on a Non-Conformance  
       Report form and initiate corrective action. 
 

8.6     Final Tests 
*     Examine radiographs for compliance to Code acceptable limits,  
       adequate definition, identification, material or weld defects. 
 
*     Verify proper recording, documentation and storage of film. 
 
*     Witness other non-destructive tests or examine certified test reports as  
       specified. 
 
*     Check for current calibration on non-destructive test equipment or  
       gages used in pressure tests. 
 
*     Witness all final pressure tests. 
 
*     Witness all functional tests or other special tests which may be  
       specified by purchase order. 
 
 

8.7 Cleaning and Painting 
 
*     Check to assure that vessel has been completely drained of water. 
 
*     Check to assure that all foreign material has been removed from  
       interior of vessel. 
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*     When specified, interior of carbon steel vessels may require coating   
       with a rust preventative, or may require sealing against moisture. 
       Witness testing of internal coatings when required. 
 
*     Special cleaning procedures are required when vessel is for oxygen  
       service. 
 
*     When required by specifications, verify surface preparation, paint  
       preparation, type, coverage, thickness and color as required by  
       drawings or purchase order. 
 
 

8.8 Field Erection 
 
* The following is a general guide for the use of surveillance in erection and setting 

of columns, towers, pressure vessels, tanks, exchangers and equipment. 
 
*      Verify the receiving inspection is completed and documented. 
 
*      If item was in temporary storage (laydown yard), verify no damage,  
        and assure temporary support attachments are removed, as 
        required, before erection. 
 
Internal checks:  
 
1.  No loose miscellaneous hardware. 
 
2. Temporary shipping supports removed, if not required, before Erection. 
3. Verify that engineered components are secured per drawings. 
4.  Verify that internal coating is not damaged. 
5. If silicon gel is used, check for disposition and dryness. 
 
*     Verify painting or insulation before erection. 
 
*     Verify rigging to specified lifting lugs or attachments. (For unusually  
       large or heavy lifts, ascertain that any special calculations have been      
       submitted and approved by JB Engineering.) 
 
*     Verify that foundation dimensions, etc, are installed as per project  
       specifications and drawings. 
 
*     Monitor transport and lifting operations. 
 
*     When in position, verify correct securing hardware. 
 
*     Verify shimming materials, thickness and position of shims. 
 
*     Verify orientation of subject equipment. 
 
*     Verify that equipment is plumb by use of level or transit as required. 
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*     Verify that mounting (anchor) bolts are tight. 
 
Note: Verify that sliding ends of heat exchanger supports are free to slide. Reference 

installation drawings for specific dimensions, if required. If no tolerances are 
specified, the washer over the slotted boles should be able to be turned by hand. 
Mounting bolt requires a double nut and tack-weld to the mounting stud. 

 
*     Verify that electrical ground wire is connected to the equipment. 
 
*     Record date of erection and pertinent information per documentation  
       requirements. 
 
8.9 Closure 
 

Once the vessel is considered mechanically complete, the vessel closure 
certificate form will be completed. 
 

     8.10   Mechanical Equipment Compressors Pumps 
 
    *     Check for damage prior to installation  
    *     Verify items are level prior to grouting 
    *     Verify grout is in accordance with specification and has been placed per  
           requirement                        
    *     Verify foundation bolts are installed and tight  
    *     Verify jacking screws have been removed  
    *     Verify driver rotation  
    *     Check for piping strain, suction and discharge  
    *     Witness final alignment record readings  
    *     Verify shafts have freedom of rotation  
    *     Verify coupling spacer installed  
    *     Verify coupling guard installed and secured  
    *     Verify lubricants are per specification  
    *     Verify seals and packing installed  
    *     Verify screens are free from debris  
    *     Verify grounding strap installed 
 
 
 

9.0 PIPING 
 
9.1 Scope 
 

This procedure covers pipe erection in underground and aboveground 
requirements. All pipe installations are governed by applicable engineering 
specifications and codes. This procedure is to be used in conjunction with 
Production Welding Control procedures. 

 
9.2 Aboveground Piping 
 

Below are listed some items the Inspector shall be attentive to in pipe and pipe 
rack inspection. 
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a. Welds 
 
b. Pipe alignment 
 
c. Check orientation of handwheels on welded valves, branch      

Connections, instrument connections, etc. 
 
d. Conformance to material and fabrication specifications. 
 
e. Valves which must be mounted with designed flow direction. 
 

 f. refabricated meter runs which must be installed with proper flow 
direction and tap orientation. 

        
g.  Shipping bars must not be removed from expansion joints until after 
  pressure test. 

 
  h. Spring-actuated pipe supports which have spring stops for shipping 

    shall not be removed until after pressure test. 
 
  i. Correct installation and type of flange gaskets and bolts. Exposed 
    threads of stud bolts shall be approximately the same on both ends. 
 

j. Strainers and traps must be installed with proper flow direction. It is 
important that the pressure ratings and material of the strainers and 
traps are as specified. 

  
  k.  Adequate support. 

 
  l. Proper installation of pipe guides, anchors, and shoes. 
 

 m. Check proper installation of spring hangers, pick-up supports, hangers, 
dummy supports, etc. 

 
  n. Proper installation of spectacle blinds. 

 
 o. That proper thread compound or tape is being applied to pipe threads. If 

threaded pipe connections are seal-welded, then all the threads shall be 
encompassed in the weld. If connections are seal-welded, thread 
compounds are not to be used. 

 
 p. All flange bolts are tightened in a manner which will ensure uniform 

flange contact with the gasket. 
 

q. No oil or pipe dope may be used on any pipe for oxygen or chlorine 
service. 

 
9.3 Pipe Systems Testing 
 

These inspections will be the verifications of accepting portions of completed    
systems, in part or by designated areas, prior to start-up, or release to start-up 
personnel. 
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All completed parts, components, or systems shall have a final inspection for 
completeness, cleanliness, and appearance, prior to release for startup. 
 

   9.4    Pre-Test Punch-Out 
 
a. The Quality Control Inspector will review all documents, records 

and reports pertaining to the system to be tested, to assure 
completeness of records, and that no further repairs, X-rays, or 
replacement parts are pending resolution. 

 
b. Coordinate with the Contractor Superintendent, Field Engineer, and 

discipline supervisors, to assure that completion is to 
specifications, and to define areas of responsibility for all personnel 
in the final test team. 

 
c. Visually inspect completed work and compare 10 the test package containing     

isometrics or drawings associated with that system, paying specific attention to 
the following: 

 
*     Incomplete work or missing parts. 
 
*     Dirt or trash inside pipe systems. 
 
*     Proper installation of filters and protective screens. 
 
*     Proper installation of pipe supports. 
 
*     Proper installation of blinds. 
 
*     Installation of danger and caution signs and other devices to prevent accidental     
       misuse or damage during test and start-up. 
 
*     Check hand actuated valves, control valves, and other in-line installed equipment   
       to assure that the flow direction arrows point correctly with the flow. 
 
*     General workmanship and appearance, to conform to good accepted construction  
       practice. 

 
9.5     System Hydrostatic Testing 

 
a. Field pressure tests shall comply with the requirements of 

established procedures, conforming to applicable Codes, 
engineering specifications, and contract requirements. This is 
identified on the Pipe Test Report which might be used as the cover of the test 
package. 
 

b. Test method and pressure shall be established by Engineering or 
Client contract requirements, and identified on an adequate Pipe 
Test Report, set for the purpose. 

 
C. All tests shall be performed under the direct supervision of the area craft       
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supervisor or the appointed Test Supervisor. 
 
d. All test gauges and instruments used to measure test pressures shall be in    

Current calibration. 
 
d. Inspectors shall witness all tests to assure compliance with procedures. 
 
f. Visual examination of all welds, bolted connections, tubing, 

accessory equipment, and vessels shall be performed to assure 
that the system is tight and free of any leaks. 

 
g. All tests shall be performed prior to insulation and 

wrapping.(Painting and coating is acceptable.) 
 
h. Re-verification of pipe supports, permanent or temporary, if 

required, will be made to assure that they will support the weight of 
water or other test media in the lines. 

 
i. At least one hand valve, at the highest point in the system under 

test, will be left open to vent entrapped air and then closed at water 
flow, when assured that the system is completely full. 

 
j. All spring hangers in the system will be checked to verify that the 

locking pin in installed for test. 
 
k. Prior to filling the system, the Test Supervisor should coordinate 

with the Client to determine íf there are any restrictions in dumping 
the flushing and test media. If any restrictions apply, containment 
or transfer procedures must be established prior to the release of 
test media. 

 
l. Upon successful completion of each test, the Test Supervisor will 

be responsible for completion of hydro test documentation. 
 

9.6 System Cleaning 
 
System cleaning will always be done to specific procedures compatible with the material 
of the system and the process media. 
 

  10.0    WELDING 
 
  10.1 Weld Material Control 

 
                    a.     Scope 

   This procedure describes the system used for procurement, 
   receiving, inspection, storage and issuance control far all welding 

               material. 
 
        b.    Reference  (Latest recognized edition and addenda.)  

   ASME, Section II, Part C .Welding Materials 
               ASME, Section IX, Welding and Brazing Qualifications 
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                    c.      Procurement 
   The approval of all welding electrodes and wire will be the responsibility of the        
    Prime Contractor Field Inspector, on site. 

 
Low hydrogen, mild steel, low alloy, stainless and other exotic welding  
materials shall be purchased in hermetically-sealed containers. 

 
Bare filler material used for Gas Tungsten Metal Arc welding (GTAW) process  
shall be purchased flag-tagged with the applicable AWS material designation 
numbers to facilitate identity in the field. 

 
                    d.   Receiving 

         
Upon receipt of welding material, the Superintendent, of the Subcontractor                     
hired to work in that particular area, shall verify acceptability of the welding 
materials by checking the material identification of each container against 
purchase order requirements. 

 
Non-conforming items will be marked "Hold" and placed in a separate holding 
area. If a non-conforming item cannot be determined acceptable, the material 
in question will be tagged unacceptable and removed from the job site. All 
containers shall be inspected for possible shipping damage. Coated electrodes 
received in broken containers shall be rejected. 

 
      e.   Storage 

 
All welding material will be stored in a dry area and protected from 
detrimental environmental conditions. Materials will be segregated and stacked 
according to classification. The material storage area will be locked at all times 
and only personnel authorized by Quality Control will be admitted. 

 
       f.   Distribution 
 

Issuance of welding material from the main storage area to the individual 
construction site Rod Control Room shall only be authorized by Superintendent of 
the Subcontracted company hired to work in that particular area. 

 
g. Storage Ovens 

 
Storage ovens shall have thermostat controls. 
 
The temperature setting for all covered electrodes shall be in accordance with 
manufacturer's recommendations. The temperature will be verified by the 
Welding Supervisor. The Quality Control Inspector shall spot check the ovens for 
proper heat, segregation of welding materials and visual appearance of the 
electrodes, at any time during normal working hours. 
 
The only persons allowed to set the oven heater thermostat will be the Welding 
Supervisor, his designee, or the Superintendent of the Subcontractor. 
 
Under no circumstances will items other than welding electrodes, Le. lunches, 
be placed in the storage ovens. 
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The ovens are to be conspicuously marked, on the inside or outside, with-type, 
size and location of different material grades which are to be stored in that 
oven. 

 
h.      Construction Area Storage and Distribution 

 
After receiving flux coated electrodes and bare wire from the warehouse, the 
Welding Supervisor shall ensure that they are stored in a clean dry place. 
Low hydrogen flux coated carbon and low alloy steel and stainless steel 
electrodes shall be stored in holding ovens as per Table 6 after opening of 
containers. 
 
Mild steel, E6010, should not be placed in an oven after opening a container and 
can be issued directly to the welder from an opened container. 
 
Mild steel, E6010, should be placed in a wooden box, with a 150 watt light bulb 
to keep out moisture. 

 
TABLE 6 

 
OVEN TEMPERATURE FOR RECONDITIONING AND HOLDING FLUX COATED 

ELECTRODES 
 
SFAIAWS                   Holding                     Reconditioning 
No    Electrode              Temperature °F           Temperature °F 
 
5.1    E7018                               250-350                   1 Hr. @ 650 ± 50 
5.2    E300 Series Lime        100-300                   1 Hr. @ 300 ± 50 
5.3    E7018A1                   250-350                   1 Hr. @ 750 ± 50 
5.4    E8018 and                   250-350                   1 Hr. @ 750 ± 50 
    High Alloys 
 

Bare filler metal shall be stored in a dry place and may be issued directly to the 
welder from opened containers. 

 
Low hydrogen electrodes exposed to an atmosphere which has a humidity factor 
in excess of 80%, and which is exposed to this atmospheric condition in excess of 
one (1) hour, shall be reconditioned. If the humidity factor is less than 80%, the 
low hydrogen electrodes shall not be used if left in this atmosphere for more 
than three (3) hours. 

 
For recondition requirements see ASME Code Sect. II Part C. 

 
Any electrodes that have been directly exposed to moisture will be discarded. 
Rebaking of electrodes that are suspected of being slightly moist shall be 
accomplished under the direct supervision of Quality Control Inspector. 

 
Prior to any welding operation, the Welding Supervisor or Foreman will 
coordinate the selection of proper welding material with the Quality Control 
Manager. 
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Welding material will be issued to the welders only under controlled conditions. 
It is essential that the type material issued be as specified for the given 
weldment and weld procedure. Welders only may withdraw electrodes from the 
Rod Control Room, or Rod Storage Area. 

 
At the end of each shift or assignment completion, the welder will be responsible 
for returning all unused welding material to the Rod Control Room or Storage 
Area. 

 
Welding electrodes found in areas where welding operations are not in progress 
are to be considered unusable and turned over to the Contractor Superintendent 
for disposal. 

 
i. Quality Audits and Surveillance 
 

Audits shall be performed on a continuing basis by the Welding Supervisor and 
Quality Control Inspector of both the Main Contractor and Subcontractors, to 
assure conformance to this procedure and applicable welding procedures. 

 
11.0  Welder Qualification 
 
a. Scope 
 

The purpose of this procedure is to provide specific instruction for Hanover and 
its subcontractors in the testing and evaluation of welders and welding operators. 

 
b. References (Apply to latest recognized edition and addenda’s.) 
 

ASME, Section VIII, Divisions 1 and 2  
ASME, Section IX -Welding and Brazing Qualifications  
ASME/ANSI, B-31.3 .Process Piping  
ASME/ANSI, B-31.1 .Power Piping  
AWS, D-1.1 .Structural Welding  
API, 650 .Welded Steel Storage Tanks 

 
c. Testing of the welder or welder operator shall be supervised by a Welding 

Supervisor/Inspector or Welding Foreman who is well-experienced with 
applicable Code requirements and has sufficient experience to 
determine the ability of the welder being tested. 

 
The Quality Control Inspector shall have the prerogative to witness all tests and he will 
be notified before any coupons are made ready for qualification acceptance testing. 
 
The inspector shall be attentive to, but not limited to, the following conditions during 
the tests: 
 
* That the correct qualified Welding Procedure Specification (WPS) is being used. 
 
* Check for use of proper size, thickness and material of the test coupon. Check 

for the use of proper electrode and flux materials. 
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* Check for proper welding process; i.e., GTAW, GMAW, SMAW, etc. Preheat if 
required. 

 
* Cleanness of bevel. Note: it may be necessary to grind the O.D./I.D. of the test 

coupon approximately 1 /4 from the bevel edge to remove any mill scale which 
may cause fusion problems on weld out. 

 
* Check the root opening. 
 
* Check for misalignment. 
 
* On a pipe test, the welder is not allowed to grind out the root pass from the I.D. 

side nor backweld. He or she may grind the root pass from the O. D. and re-weld 
from the O. D. If the welder does not like his welded root pass, he may, with 
permission from the Welding Supervisor and/or the Inspector, discard that 
coupon and try another. If he continues to have problems at any time during the 
test, then the Welding Foreman or Inspector has the prerogative of discontinuing 
the test. 

 
* Other essential, supplementary and non-essential variables as listed on the WPS 

are adhered to. 
 

After the test is completed, the Inspector should check the following: 
 
* Workmanship of the welder. 
 
* Check the weld reinforcement, I. D. and O.D., to applicable Code requirements. 
 
* Check for undercut, I.D. and O.D. 
* Visually check for Incomplete Penetration on the I.D. Incomplete Penetration in 

excess of that which is acceptable by the applicable Code shall be rejected. 
 
* Check for cold lap or non-fusion on the O.D. and 1. D. 
 
The inspector may request that the coupon be tested by radiograph or by bend testing. 
Tests with The GMAW process are Prohibited from being Radiographed, they must be 
bent. 
 
d. Radiograph 

 
* Welds are to be examined 100%.  
* Film is to be interpreted to applicable Code. 
 

e. Guided Bend Test 
 
* Recommended, only if there is not radiography available. 
 
* Straps are to be selected and marked by the Welding 

Supervisor/Inspector as directed by applicable Code or procedure. 
 

* The welder or welder operator will stamp his welder's symbol on the 
coupon straps before the straps are removed from the coupon. The 
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Welding Supervisor/Inspector is to determine and mark the straps which 
will require face and root bends. 

 
* The welder/welder operator is to be responsible for cutting the straps 

from the coupon. Physical assistance from any other person during this 
preparation, whether it be grinding, cutting or any other procedure 
which may affect the final results of the test, will not be allowed. 

 
* The straps shall be bent, using a Guided Bend Test Jig. The test shall be 

bent in a complete 180°radius. 
 
* Interpretation of the Bend Test shall be judged in accordance with ASME, 

Section IX, QW-1 63, Acceptance Criteria, or equivalent applicable 
Codes. 

 
f. Welder Acceptance 
 

After the welder has been accepted by the above mentioned test, the welder will 
be issued a welding stamp by the Welding Supervisor or Quality Control 
Department. The Welder's name will be placed on a Welder Continuity (WCL)Log 
set up for this purpose. 

 
g. Qualification Maintenance Log. 
   

 For welders qualified under ASME Section IX, a log (Welder Continuity Log) must 
be kept which documents that the welder has welded with a process at least 
once every six (6) months in order to maintain his qualification to weld with that 
process. 

 
h.       Welder Qualification Testing 
 

Testing of each welder shall be supervised by a Welding Supervisor or Welding 
Foreman who is well experienced to determine the ability of the welder being 
tested. 

 
The Quality Control Inspector shall have the prerogative to witness all tests, and 
will be notified before any coupons are cut and made ready for qualification 
acceptance testing. 

 
All welders shall be tested in the 6G position. 

  
The correct pipe range for welder testing is as listed below. All pipe diameters 
are measured on the outside of pipe coupons. 

 
To Weld On            Test on Qualifications 

 
Less then 1 „                                           Weld size 3/4", 1/2' 

        1" to unlimited                               2-3/8" DIA 
                    2 7/8" or over                                           2 7/8" or Larger 
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12.0   Production Welding Control 
 
a.  Scope 
 

This procedure describes the system for maintaining control of all 
production welding 

 
            b.                References 
 

*        ASME, Section IX .Welding and Brazing Qualifications  
ASME/ANSI,B-31.3 Process Piping 

* ANSI, B-31.1 .Power Piping 
* AWS, American Welding Society 
* API, 650 Welded Steel Storage Tanks 

 
c. Welding Procedures 
 

All welding performed on site will conform to applicable qualified welding 
procedures. 

 
All subcontract welders will be qualified to weld procedures in accordance with 
contract specifications. Subcontractors are responsible for certifying their own 
welders. 

 
Copies of the qualified welding procedures shall be maintained on site by the 
Welding Supervisor and Quality Control Inspector for reference and permanent 
retention. 

  
           d. Welder Performance Qualification 

 
It is the responsibility of the Quality Control Inspector to conduct or supervise the 
Welder Performance Qualification tests. At the discretion of the Field Quality 
Inspector, a Welding Supervisor or Welding Foreman may conduct these tests. 

 
Records attesting to the Welder Performance Qualification tests shall be 
generated and maintained by the Quality Control Inspector and the Welding 
Supervisor. 

 
The Quality Control Inspector and the Welding Supervisor shall maintain a 
complete listing of welders and welding operators employed. 

 
e. Welding Material Control 
 

The Inspector and Welding Foreman shall ascertain that the welding material 
used conforms to that of the welding procedure. No substitutions for the 
specified material will be made without written approval from the Welding 
Engineer Inspector or home-based Engineering Office. 

 
f. Fit-Up and Welding 
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Visual surveillance shall be performed to establish compliance to welding 
procedures. The inspection parameters listed below are recommended as 
guidelines: 

 
* Inspect and preparation and joint configuration as established by       applicable 

weld procedures and engineering specifications. 
 

 
 
* Inspect internal alignment and root opening prior to welding. 
 
* Check preheat requirements in the Welding Procedure. 
 
* Check tack welds that are to be incorporated into the final weld, and be assured 

of proper blend grinding and absence of visual defects. 
 
* Check for proper welding materials, position, and other essential variables of 

applicable weld procedures. 
 
* Check root pass for cracks, porosity, slag, fusion lines and quality workmanship. 
 
* Inspect completed welds for proper reinforcement. All welds should blend 

smoothly into the base metal and be free of cold lap or fusion at the toe. 
 
* Inspect weld for surface discontinuities such as undercut. Surface porosity is to 

be considered as an injurious defect and shall be repaired. 
 
* All repairs are to be made in accordance with approved procedures. 
 
* Each welder shall be responsible for stamping his assigned symbol adjacent to the 

weld made by him. On ferrous material 114" and over (1 /2" and over on 
non-ferrous), low-stress steel die stamps having a rounded nose shall be used. 
Steel stops shall be applied at a minimum of one every 3 feet on each weld. 

 
* For ferrous material less than 1/4" (1 1/2" for non-ferrous), the welder's symbol 

shall be recorded on the base metal by use of a halogen-free paint marker, or 
recorded on isometric drawings by the welding supervisor which shall be 
available to the Quality Control Inspector. 

 
g. Post-Weld Heat Treatment 
 

Procedures for post-weld heat treatment shall be requested of the heat 
treatment subcontractor and submitted to the Project Manager for approval. 

 
The Field Quality Control Manager shall ascertain the requirements and methods of 
post-weld heat treatment to be performed. The Inspector will examine the heating 
equipment and installation as outlined below: 
 
* Thermocouple attachment. 
 
* Insulation. 
 



Customer:  Document: Appendix G 

Project 
Name: 

Field Procedure Manual For Good Construction 
Practices Page: 32 of 52 

 Proposal #:  Issued:  

 

 

 

 

* Recorder Hook-up. 
 
* Check chart for correct weld and line identification. 
 
* Check for proper heating cycle; i.e., specified rate of temperature rise, holding 

time, cooling rate. 
 
* Power failures are to be reported to the Quality Control Supervisor. The 

Inspector is to make notations on the chart where there were deviations from the 
required heating cycle. 

 
* The Inspector is to date and sign the chart after completion of the heat treat 

process. 
 
* Submit the chart to the Quality Control Inspector for review and filing. Mark 

appropriate isometric drawings to indicate progressive completion of piping 
systems. 

 
h. Brinell Hardness 
 

Brinell Hardness checks shall be made, if required only, in accordance with 
engineering specifications, and applicable code or standards. 

 
i. Radiographic Inspection 

 
Welding Supervisor will be responsible to maintain a Daily Weld Report/ Weld 
Location indicating completed welds. 

 
The Quality Control Inspector will schedule radiographic inspections as required. 

 
Radiographic requirements shall be determined by the Engineering specification 
to assure compliance to contract codes and specifications. 

 
Welds requiring radiography will be flagged by a suitable means which will be 
consistent through contract completion. 

 
All materials that require post-weld heat treat will be x-rayed after post-weld 
heat treat,if required by customer. 

 
In addition to the records generated under this procedure, marked-up isometric 
and orthographic drawings will be used as weld maps to indicate completion of 
radiographic inspection. This will allow a progressive record and give system 
status. 

 
 13.0   NDE (Non-Destructive Examination) 

 
All personnel engaged in non-destructive examinations should be familiar with 
the following examination methods: 

 
VT .Visual Testing 
LT .Leak Testing 
PT .Liquid Penetrant Testing 
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RT -Radiographic Testing (X-ray) 
MT .Magnetic Particle Testing 
UT .Ultrasonic Testing 

 
These methods as well as other methods may or may not, in whole or in part be 
subcontracted to "qualified individual" or firms to perform. The size and scope of 
the project dictates these conditions as well as the contract. 

 
a. "Qualified Individual' 

 
The term "qualified individual" refers to the assigned person responsible 
for the non-destructive examinations. Reviewing of all NDE activities and 
its results will be done by Hanover's Field Inspector. 

 
b. "Qualified Firm" 

 
The term "qualified firm" refers to a licensed NDE organization that 
performs NDE testing by subcontract to the main prime contractor. 

 
All work performed by the NDE firm will be of the highest quality and 
integrity. The productivity and efficiency of the NDE firm shall be 
monitored to ensure that Hanover is receiving its maximum value. 

 
c.  NDE Purchasing Language 

 
The following NDE Language shall be added to all Field PO's or 
subcontracts issued to a NDE firm. The following notes are to be used as 
a guide and the particular methods, codes and standards shall be 
verified. 

 
 

* All work shall be performed in accordance with ASME Section 5, Article 2 
Radiographic Standards. 

 
* All radiography personnel shall be certified in accordance with ASNT 

SNTTC-1 A Latest Adopted Edition or per the local regulations and 
requirements. These personnel shall be at least on level 2. 

 
* Prior to commencing any radiographic services, one copy of the following 

must be submitted to the Field QA/Quality Control Inspector. 
 
i. Personnel certification to operate radiation sources. 

 
ii. Local Atomic Commission Radiation Licenses (if applicable). 

 
iii. All anticipated personnel certifications 

 
iv. Each radiographic technique procedure to be used (Within 

the scope of the project) 
  

X. Eye test with in one year 
 



Customer:  Document: Appendix G 

Project 
Name: 

Field Procedure Manual For Good Construction 
Practices Page: 34 of 52 

 Proposal #:  Issued:  

 

 

 

 

* Each crew shall have one (1) certified Level II Technician on site when working. 
 
* All radiographs shall be interpreted for film quality and defects prior to 

surrendering the film and record sheets to the Prime Contractor/Owner. 
 
* All record sheets shall be filled out completely, listing all weldment defects seen 

on film, whether the defects are acceptable or rejectable to codes or 
specifications, and shall be signed by the crew Level II Technician. 

 
13.1  Field Radiographic Control Procedure 

 
a. After a welder has been interviewed by the welding supervisor and 

passes a welding test, the candidate may be processed through 
approved hiring procedures. The welder will be placed in a field 
work location where the first two production welds will be X-rayed, 
as follows: 

 
b. X-ray requirement outline: 
 
* 100% X-ray: means that every butt weld must be X-rayed completely within a   

system. 
* Random X-ray: means that a minimum percentage of each welder's production 

welds must be X-rayed. This percentage is usually 5%. 
 
* Spot X-ray, means a minimum of 6 inches, or 25°10 of the girth, to be 

radiographed. This applies to pressure vessels only. 
 
c. Weld Numbering System 

 
Every field weld within a system or line number shall be given a consecutive number, 
start with number one (1) and continuing to conclusion. The Hanover inspector and/or 
constructor supervisor will mark the isometrics received from Engineering to match the 
field weld numbers. 
 
Rack pipe and underground pipe shall be numbered and recorded on the appropriate 
drawing as they become ready for X-ray. 
 

d. Request for Radiographic Inspection 
 
Piping Supervisors will be required to maintain and distribute a daily welding report, to 
quality control and to the NDE crew subcontracted for radiography or any other NDE 
discipline. 
 
Quality Control Welding inspector and/or welding supervisor will schedule radiographic 
inspection on a daily basis as required. 
 
Welds will be flagged with a surveyor ribbon tied around the pipe to identify welds 
requiring radiography. Ribbon will be removed by the radiographer when inspection is 
complete. 
 
In addition to records generated under this procedure, marked-up isometric drawings 
shall be used to indicate completion of post-weld heat treatment. 
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e. Repair Procedure 

 
If by applicable codes a weld is determined to be rejectable, the following repair 
procedures should be used. 
 
The limits of repairs on rejected welds shall be as follows: 
 
i. Pipe below two inch (2") diameter below shall be cut out completely and 

rewelded. 
ii. Two inch (2") and greater diameter carbon steel, 1-1/4 CR, 2 1/4" CR, 5 CR, and 

9 CR will be allowed two (2) repairs. If, after the second repair, the repair area 
still reveals a rejection indication, that weld and the heat affected zone shall be 
removed. 

 
* An overlay of the area to be repaired shall be made and used for marking 

the exact area on the pipe. 
 

* The Welding Supervisor shall be notified, and may witness the marking of 
the repair overlay or assign a person to be responsible for marking-up 
repairs 

 
* The Welding Supervisor shall notify the Inspector when the repair area is 

ready for re-inspection and X-ray. 
 

  
  14.0    ELECTRICAL AND INSTRUMENTATION 

 
   14.1   Electrical Inspection -References 

 
            NEC -National Electrical Code 

NEMA -National Electrical Manufacturers Association 
Project Specifications 
Local Regulations as required 
 

 14.2    Electrical Inspection -Procedures 
 

All electrical material shall be stored and maintained as specified in the 
equipment  manufacturer's recommended storage guidelines. 

  
14.3   Electrical Inspection- Aboveground Conduit 
 

a. Supports and spacing as per specifications and drawings. 
   
b. Supports adjacent to terminal fittings? 
   
c. Conduits clean, stub-ups protected, open ends plugged, damage 

during construction repaired. Permanent tags attached to the 
conduit with numbers corresponding to the engineered drawings. 

 
d. Field bend radius correct per specifications and Codes. Bends free 

of deformities? 
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e. Expansion joints as required by drawings? 
 
f. Installation in a workmanlike manner? 
 
g. Spacing between instrument and power conduit as per specifications.? 
 
h. Check spacing from hot pipes and hot surfaces. 
 
i. Conduit permanently and effectively grounded? 
 
j. Fittings installed correctly, threads fully engaged, correct sealing 

compound used, no wrench cuts, conduit ends have bushings and covers 
installed. 

 
k. Seals and drains installed per drawings? 
 
l. Aluminum, PVC and PVC-coated conduits installed where specified on 

drawings? 
 
m. Flexible conduit installed with proper bending radius and with standard 

fittings? 
 
n. Junction boxes leveled and supported per drawings with proper hubs, 

locknuts and bushings installed? 
 
o. Seals poured? 

 
 
14.4   Electrical Inspection Cable Tray 

 
a. Conformance to specifications and drawings? 
 
b. Expansion joints properly installed? 
 
c. Supports and braces adequate to handle weight of tray and cable? 
 
d. Hold-downs properly installed. Tray is anchored only in locations shown on 

drawings? 
 
e. Check for sharp edges that may cut cable or present a hazard 10 personnel? 
 
f. No obstruction to pulling of cable? 
 
g. All covers, tire stops and partitions installed? 
 
h. All bonding jumpers installed? 
 

14.5       Electrical Inspection G rounding 
 

a.     Conformance to specifications and drawings? 
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b.     Conductor is correct size and type? 
      
c.     Thermal connections checked? (No cold joints or burn-outs) 
 
d.     Thermal connection insulation checked? 
 
e.     Ground well locations per drawings? 
 
f.    Ground well conductors checked? 
 
g.      Ground conductor burial depth per specification? 
 
h.      Location, type and size of equipment taps per drawings, and  
         protected during construction? 
             
i.   Ground continuity check? 
 
j.   Witness resistance test and record on proper Field Test Reports. 
 

 
14.6     Electrical Inspection- Switchgear Above 600 Volts 

   
   a. Inspect for damage and any missing parts. 
  
   b. Measure clearance between exposed live parts and ground. 
 
   c.    Check switch action for operation, contact surfaces, arc chute 
          placement and fuses sizes with spares.                
 
  d.     Observe bracing for tightness and support of bus. 
 

e.     Assure tripping relays are properly calibrated and all settings are correct. 
 

f. Check structure for outdoor installation; ventilation is correct and adequate and 
the structure is weather tight. 

 
g. Check power/lighting panel for breaker schedule, main breaker size and bus 

capacity. 
h. Note sizes and ratios of potential and current transformers. Check 

that current transformers are connected properly and that the 
shipping jumpers have been removed. 

 
 i. Obtain and record all name plate data. 
 
j. Measure clear working space, front and back of electrical 

equipment. 
 
k. Check all terminations for tightness and phasing. Assure adequate space for 

bending of conductors. 
 
L. Grounds are secured? 
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m. Assure proper instructions are installed at each switch for taking gear out of 
service. 

 
n. All external gear doors are provided with stops to hold open. 
 
o. Witness Hi-Pot test of the bus and switches. 
 
p. Witness function test of tripping relays and meters. 
 
q. Assure area and gear is free of debris and jumpers prior to energizing of 

equipment. 
 
r. Check barriers to assure they are clean of any dust or film prior to energizing 

equipment 
 
 
14.7   Inspection Oil Circuit Breakers 

 
a. Inspect assembly for damage and missing parts. 
 
b. Contact points clean (no corrosion)? 
 
c. No moisture present? 
 
d. Enclosure has a breather and drain? 
 
e. Seals filled? 
 
f. Current Transformer polarity and connections checked? 
 
g. Shorting links removed? 
 
h. Installed with proper orientation? 
 
i. Breaker control system checked? 
 
j. Blocking removed? 
 
k. Check oil level? 
 
l. Grounding secured? 
 
m. If required, determine dielectric strength (by laboratory analysis) of oil and 

record on an Engineering Field Test Report. 
 
n. Check operation of breaker? 
 
o. Perform operating checks per manufacturer's instructions. 

 
 
14.8 Electrical Inspection Distribution Transformed 
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a. Inspect for damage or missing parts? 
 
b. Check for moisture in the cooling oil? 
 
c. Check for oil leaks at bushings and gaskets? 
 
d. Obtain oil sample for dielectric test. 
 
e. Check bolt placement for pad mounting. 
 
f. Assure alignment of conduit stub-ups to termination box. 
 
g. Check that grounding is secure. 
 
h. Operate isolation switch, if attached to transformer, check closure, ease of 

operation and locking capability. 
 
i. Witness Hi-Pot test to primary and secondary windings rated above 1,000 volts. 
 
j. Witness and record Megger Test to windings rated below 600 volts. 
 
k. Assure cooling fans are fastened tightly and operate for vibration check. 
l. Check all instruments for damage and function test each circuit 

(continuity test). 
 
m. Assure tap changer is set to specified setting and locked. 
 
n. Check feeder terminations for tightness, and phasing. Cables are properly 

tagged. 
 
O. Assure bushings are not stressed or damaged after terminations are complete. 
 
p. Assure nitrogen pressure is present in transformer. 
 
q. Check name plate data for accuracy. 
 
r. Monitor temperature during first week of operation. Check daily to assure oil 

temperature does not exceed 90°C (194° F) for oil-immersed, forced air cooled 
transformers. 

 
s. Monitor noise level (refer to specification requirements). 

 
14.9   Electrical Inspection Bus Duct 

 
a. Inspect complete assembly, including auxiliary equipment, for 

apparent damage or missing parts. 
 
b. Remove shipping blocks and supports? 
 
c. Torque the connections as per manufacturer's recommendations. 
 
d. Drain holes unplugged? 
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e. Gaskets installed as required? 
 
f. Witness the Megger Test of the bus and record on Field Test Report 
 
g. Witness the check for proper phasing after installation. 
 
h. Connect space heaters and check operability (where applicable).  

 
14.10  Electrical Inspection 480 Volt Switchracks 

 
a. Inspect assembly for damage and missing parts? 
 

 b. Overload relay heaters sized as par drawings? 
 
c. Contractor coil rated for operational voltage? 
 
d. Reset button free and functional? 
 
e. Check nameplate information for accuracy. 
 
f. Check for corroded parts; check for cleanliness and freedom from moisture. 
 
g. Enclosure has breather and drain? 
 
h. Covers on tight, and screws and bolts in place? 
 
i. Seals Filled? 
 
j. Grounding checked? 
 
k. Enclosure approved for area classification? 
 
l. Check size and rating of control transformers, if applicable. 
 
m. Conductor connections checked and identified? 
 
n. Feeder breakers sized correctly? 
 
o. Witness Megger Test and record readings on Engineering Field Test Report 
 
p. Check instantaneous trip breakers for specified settings and missing parts. 
 

14.11 Electrical Inspection .Motor Control Center 
 
a.  Inspect entire assembly including auxiliary equipment for damage 
 
b. Remove all foreign material from Motor Control Center, including shipping 

blocks. Inspect for cleanliness. 
 
c. Inspect main bus and bus taps to switches and potential transformers. Torque 

bolted joints per manufacturer's recommendations. 
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d. Inspect each unit or cubicle for proper nameplate per approved drawings. 
 

 e. Contractor size correct? 
 

f. Contact points clean and making contact? Movable parts are free? 
 

g. Determine that all terminal block connections are secure and properly identified. 
 

h. Manually operate breakers and contactors. Check for freedom of movement of all 
moving parts. 

 
 i. Check nameplate for information accuracy. 
 

j. Check for correct sizing of overload relay heaters in accordance with approved 
drawings. 

 
 k. Protective grounding is correctly installed and connected to main ground.  
 
 l. Witness Megger Test and record readings on Field Test Report. 

 
m. Check for main contact pressure alignment and full contact area. 

 
 n. Check effectiveness of tripping devices. 
 
 o. Inspect all protective relays and devices for correct operation and settings. 
 

p. Check to see that space heaters are connected and operable (when applicable). 
 

 q. Check instantaneous trip breakers for specific settings. 
 
Note:  Precommission energizing of electrical equipment shall be conducted only when 

specified by project specifications, and only by permission from Hanover 
Engineering/ Owner. All safety rules must be strictly enforced. 

 
14.12  Electrical Inspection Power and Lighting Panel boards 

 
a. Assembly checked for damage and missing parts? 

 
b. Proper enclosure for area classification? 

 
c. Panel board circuit schedule filled out? 

 
d. Correct circuit breaker size and location? 

 
e. Neutral feeder has white taped ends or white insulation? 

 
f. Grounding installed and connected? 

 
g. Seal installed (if required)? 

 
h. Seals poured (if required)? 
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i. Check for breather and drain. 

 
j. Witness check of panel load balance. 

 
k. Check color coding of branch circuit conductor. 

 
l. Clean out? 

 
m. Check mounting and supports? 

 
n. Fixtures and receptacles are correct type and installed as 

per drawings? 
 

o. Fixtures and receptacles on correct circuit? 
 

p. Size agrees with lighting panel transformer? 
 
 

14.13   Electrical Inspection .Batteries and Battery Chargers 
 

a. Batteries and racks installed and checked for proper 
mechanical installation, including connections? 

 
b. Batteries filled with electrolyte to proper level and 

charged in accordance with manufacturer's 
recommendations? 

 
c. Lead acid batteries check with hydrometer for correct 

specific gravity? 
 

d. Battery charger checked for proper installation, wiring 
complete and properly connected? 

 
 

e Charger operates in accordance with manufacturers 
recommendations? Current output, voltage and 
operations of control components checked? 

 
f. Accessory equipment such as hydrometer, thermometer, 

special wrenches, and spare electrolyte accounted for? 
 

g. Batteries, battery racks, and chargers cleaned? Terminals 
and inter-connectors covered with protective base? 

 
Note: When batteries are placed in service while work is still being 
performed around them, protection should be provided. Metal objects 
laid or dropped on them could cause a short or an explosion. Tarpaulin, 
plastic or similar material should not be used, because batteries in 
service require ventilation. 
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 14.14 Electrical Inspection Cable Pulling 
 

a. Check cable real assignments and cutting schedules. 
 

b. Check cable test voltages, minimum pulling temperature, and type of 
pulling compound. 

 
c. Check cable pulling schedule for direction of pull and method of pulling 

in conduit for high voltage cable. 
 

d. Check arrows on high voltage cable reels for direction of pulling off reel. 
 

e. Inspect cables for jacket damage. 
 

f. Witness the Megger Test of the metal-clad cables on reel before 
installation. 

 
g. Witness the check of the instrument cable for continuity and isolation 

from drain wire on reel before installation (250 volts mm.). 
 

h. Witness the Megger Test of the Power and control wire and cable after 
installation, and record on Field Test Report. 

 
i. Witness the Megger Test of the instrument cable for continuity and 

isolation from drain and ground after installation, and record on Field 
Test Report. 
 

j. Witness the Hi-pot Test of the high voltage cables (when required), and 
record on Field Test Report. 

 
k. Conductors identified as per specifications and drawings. 

 
l. Cable ends sealed after cutting. 

 
Note: All water and debris must be removed from underground conduit before 

pulling cable. 
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 14.15  Electrical Inspection -Motors 
 

a. Check for damage and missing parts? 
 

b. Protective grounding is correctly installed and connected to main 
ground system. 

  
c. Remove all foreign material and inspect for cleanliness? 

 
d. Screens, guards and other personnel protective devices are in place? 

 
e. Witness the Megger Test and record readings on Engineering Field Test 

Report. 
 

f. Motor nameplate ratings are consistent with the intended source of 
power in voltage, frequency and amperage requirements. 

 
g. "Bump" motor to verify rotation. 

 
h. Determine that all motor accessories are properly connected and 

functioning, i.e., space heaters, thermal elements, vibration switches, 
etc. 

 
i. Spare wires (pigtails) on multiple voltage motors are properly 

insulated? 
 

j. Motor splices and terminations complete? 
 
14.16    Electrical Inspection Lighting and Receptacles 

 
a. Lighting 

 
* Inspect for damage and missing parts.  
* Fixture is correct unit for lamp to be used and agrees with the drawing 

bill of material?  
* Ballast are correct?  
* Fixtures are mounted as detailed on drawings?  
* Lighting plan is correct?  
* Correct insulated wire is used for the lighting circuit?  
* Grounding conductors are secured properly?  
* Lighting circuit breakers are properly sized for the lighting load and are 

located per the panel schedule?  
* Neutral conductors are properly sized and identified? 

 
b. Receptacles 

 
* Receptacles are of the proper voltage and capacity?  
* Outlet locations are per the drawings?  
* Circuit branch conductors are of the proper size?  
* Grounding is correct and secure?  
* Circuit breakers are correct for each branch circuit?  
* Neutral conductors are correctly identified and sized properly? 
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Note: Lighting switches shall have the proper voltage and capacity for the load and be 
connected as shown on the drawing. 
 
 

 
14.17  Instrumentation Inspection 

        
The Field Instrument Inspector shall verify the following as applicable to project 
specifications, drawings, codes and standards: 
 
a. Physically check tubing connections on junction boxes and piping 

of instrument air systems. 
 
b. Verify pressure test of pneumatic loops for leaks and proper 

operation of signal valves, pneumatic actuated valve, transmitters, 
etc. 

 
c. Witness the calibration of the field loop with transmitter, controller and 

recorder in service. 
 
d. Witness loop-check of the electronic circuits for continuity and 

ground fault before power is applied. 
 
 

e. Witness calibration of the field loop with transmitter, controller, 
transducer and valve in service. 

  
f. Recheck flow direction and bore of orifice plates, after installation, 

to requirements of applicable drawings. 
 

g. Check pressure taps and gauge connections on isolation valves for 
serviceability. 

 
h. Witness the ring out of thermocouple wire extensions and verify accuracy 

of thermocouple at ambient temperature. 
 

i. Check flow direction and actuation of pneumatic-operated mechanics of 
control valves. 

 
j. Check orifice lines connected to "Hi" and "Lo" side of meter. 

 
k. Check gas meters mounted above line and liquid meters mounted at the 

side or bottom of the line. 
 

l. All tubing and tubing connections checked for leaks before start-up. 
  

m. Verify tagging to the P&ID drawings for each instrument. 
 

n. Most projects will require block valves and bleed valves in series with 
pressure gauges or liquid level transmitters on piping or pressure vessels 
for ease of removal or repair. 
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o. Check service (vapor-liquid) verify orientation of block valves on meter 

runs. 
 

p. Check specifications for allowance of thread lubricant or Teflon tape. 
 
15.0  PAINT AND INSULATION 
 

15.1  Standards and Specifications 
  

The painting and insulation shall conform to the applicable project 
specifications and manufacturer's recommendations. 

 
Surface preparation will conform to the following "Surface Preparation 
Table". 

 
RECOMMENDED METHOD         PURPOSE OF CLEANING 

 
Solvent Cleaning Removal of oil, grease, dirt, soil, salts, 

and contaminants by cleaning with 
solvent, vapor, alkali emulsion, or steam. 

Hand Tool Removal of loose rust, loose mill  
 
Cleaning                           scale, and loose paint to degree 

specified, hand chipping, scrapping, 
sanding and wire brushing. Power Tool 
Removal of loose rust, loose mill  

 
Cleaning                                                        scale, and loose paint to degree 

specified, by power tool chipping, 
descaling, sanding, wire brushing and 
grinding. 

 
Frame Cleaning of New Steel Dehydrating and removal of rust, loose 

mill scale, and some tight mill scale by 
use of flame, followed by wire brushing. 

 
White Metal Blast                                             Removal of all visible rust, mill  Cleaning 
by                                                        scale, paint and foreign matter. 
                Blast cleaning by wheel or nozzle 
                                                                       (dry or wet) using sand, grit or  

shot. (For every corrosive atmosphere 
where high cost cleaning is warranted. 

 
Commercial Blast                                             Blast cleaning until at least  
Cleaning                                                          two-thirds of each element of  
                surface area is free of all  
                           visible residues. (For rather 
                                                                       severe conditions of exposure.) 
 
Brush-Off Blast     Blast cleaning of all except tightly 
Cleaning     adhering residues of mill scale,  
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      rust and coatings, exposing  
                                                                        numerous evenly distributed 
                                                                        flecks of underlying metal. 
 
Pickling      Complete removal of rust and mill  
      scale by acid pickling, duplex  
                                                                        pickling or electrolytic pickling. 
                                                                        May passivate surface. 
 
Weathering         Weathering to remove all or part 
Followed by     of mill scale followed by blast   Blast 
Cleaning                                                           cleaning to one of the above  
      standards as required. 
 
Near-White     Blast cleaning nearly to White Metal. 
            
Blast Cleaning      Cleanliness, until at least 95% of  

     element of surface area is free 
     of all visible residues. (For high 
     chemical atmosphere, marine 
     or other corrosive environments.) 
 
 

15.2  Receiving Inspection Painted Items and Paint 
 

Check for areas where paint may have been applied over mill scale or 
rust. Check for the use of correct paint. 

 
Check for damage to paint. 

 
Check for dry film thickness. 

 
Paint material will be checked for damage containers. 

 
 
15.3  Inspection Procedures -Paint 
 

All painting must conform to the applicable approved painting 
specifications. The following items will be checked prior to, during, and 
after final painting: 

 
* Surface preparation per applicable drawings. 

 
* Surface shall be dry and clean, free from dirt, oil, grease, water, and 

other foreign matter, and approved. 
 

* Motors, pumps and related equipment which may be damaged by sand 
blasting, shall be protected. 

 
* After cleaning or sandblasting has been performed, the prepared surfaces 

must be painted before contamination or oxidation re occurs. 
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Items received already insulated shall be checked against the applicable 
purchase order for the following: 

 
* Correct paint type and thickness 

 
* Correct color 

 
* Damage 

Insulation received will be checked for the following: 
 

* Water damage to insulating cements or insulation. 
 

* Excessive breakage of block or pre-form pipe insulation. 
 

* Damage to jacketing materials. 
 

* To ensure that all material conforms to specifications. 
 

* Check for the use of the correct primer. 
 

* On pressure vessels and piping, any laminar areas exposed by 
sandblasting shall be repaired by grinding and welding, as required. 
Repair shall be executed by qualified welders and with approved weld 
procedures. The Quality Control Manager shall be notified before grinding 
or welding has started. 

 
* If multiple layers of primer are to be used (holiday method), each layer 

shall be checked by the Inspector for correct mil thickness, surface 
conditions, and compatibility with other paint. 

 
* Intermediate coat shall not be applied until the Inspector has approved 

the primer coat(s). 
 
* Check intermediate painting material to ensure c conformance 10 

specifications. 
 
* The final coat of paint shall not be applied until intermediate coats have 

been approved by Inspector. 
 
* Check for the use of correct paint materials of final coat. 
 
* Check thickness of finished product. 
 
* Check for good workmanship; i.e., no paint runs, excessive sand which 

may have blown on wet paint, scratches, etc. 
 

Some of the following items may require special procedures or paint 
applications and should be found in the job specifications: 

 
* Equipment and piping requiring cold insulation. 

 
* Equipment and piping requiring high temperature paint. 
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* Vessel skirts and structural steel requiring fireproofing. 

 
  * Galvanized items .when painting is required. 

 
* On pumps and motors, paint should not be allowed on parts which may 

affect operation; i.e., seals, air filters and rotating shafts, bearings, etc. 
 
 
16.0 THERMAL PROTECTION 
 

16.1 Receiving Inspection Insulated Items and Insulation 
 

Items received already insulated shall be checked against the applicable 
purchase order for the following: 

 
   * Correct thickness 
 

   * Correct material 
 

 * Damage 
 

 Insulation received shall be checked for the following: 
 

* Water damage to insulating cements or insulation. 
 

* Excessive breakage of block or pre-form pipe insulation. 
 

* Damage to jacketing materials 
 

* To ensure that all material conforms to specifications. 
 
16.2   Inspection Procedures- Insulation 
 

a. General 
 

All insulation must conform to the applicable project insulation 
specifications. 

 
The specifications will list the approved materials for insulating 
equipment and piping for both hot and cold services. The Inspector must 
examine all piping for both hot and cold services. The Inspector must 
examine all materials as they are used to see that they conform to 
specifications. 

 
b. Equipment 

 
The Inspector must inspect the following equipment before insulation is 
applied: 

 
* Confirm the completion of all testing; i.e. hydro, pneumatic, 

NDE, soap test on pads, etc. 
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* Confirm that equipment in cold service has been painted as 

required. 
 

* Surface of equipment should be free of ice, snow, dirt, grease, 
etc. 

 
* Nozzles and other protruding items usually require paint before 

insulation. 
 

* Make certain that bull plugs or other small connections are of 
sufficient length to project through insulation, or make positive 
note of their locations so that insulation can be subsequently cut 
away to expose the connections. Bull plugs may be required by 
specification to be seal-welded before insulation. 

 
The following is a supplemental checklist for inspection of 
insulation: 

 
* Check for the use of proper materials. 

 
* Check thickness of insulation and jacketing. 

 
* Check distance between bands, screws, etc. 

 
* Check the nameplates, couplings, Code stamps, etc., are left 

exposed. 
 

* Where double layer insulation is used, see that there are no 
common joints between layers. 

 
* Insulation must be kept dry until properly weatherproofed. 

 
* Check insulation expansion or contraction joints when required. 

 
* Check on amount of lap and use "5" clips on jacketing. 
 
* Inspect sealing and caulking around protrusions through 

jacketing, 
 

* Check the expansion bands have been installed where specified. 
 

* Check that insulation support rings and stiffener rings are 
covered with insulation where required. 

 
* Insulation shall be beveled at all flanged connections to allow for 

removal of bolts without insulation damage. 
 

* Inspect the joints on cold insulated equipment to assure that 
they are completely sealed. 

 
c. Piping 
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Piping shall be checked for the following, prior to insulation: 

 
* Confirm the completion of all[ testing, i.e., hydro, pneumatic, 

NDE, soap test on pads, etc. 
 

* Mechanical check for completion of supports, clips, shoes, 
guides, stops, branch connections, line size and line number, 
heat treatment, etc. 

 
* Piping in cold service may require special paint. 

 
* Material surfaces should be free of foreign matter. 

 
* Vertical piping may require insulation supports. 

 
* Remove all temporary supports, brackets, etc. 

 
* Insure that steam and electric tracing systems are complete, if 

applicable. 
 

Most of the recommended inspection procedures as listed in the above 
equipment insulation checklist may apply to piping. A review of 
applicable piping specifications is recommended for detail requirements. 
 

16.3 Electrical Inspection Electric Heat Tracing 
 

a. Check identification tag for correctness. 
 

b. Continuity check made to insure no conductors broken. 
 

c. Witness the Megger Test from conductor to sheath to 
check insulation 

 
d. Heaters stored in dry location. 

 
e. Cables protected from severe blows and welding slag. 

 
f. The correct cable is on the right pipe and in the right 

location. 
 

g. Heat transfer cement applied as directed, if used. 
 

h. Thermostats installed so as not to interfere with 
insulation. 
 

i. Correct type thermostats and contactors installed in right 
location. 
 

j. Witness the Megger Test and record on aEngineering Field 
Test Report before installation, after installation, and 
after applying insulation. 
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16.4 Inspection Steam -Tracing 
 

* Review the specified flow diagrams and standards.  
 

* Verify spacer tubing, fittings, and traps are correct per the 
applicable specification.  
 

* Check tracing wrap, spiral, cradle, parallel or basket.  
 

* Verify heat transfer cement is in accordance with specifications.  
 

* Verify tracing installation is correct at all valves, fittings, pumps 
and instruments.  
 

* Verify tracers originate at highest point specified.  
 

* Verify lines drain through traps to condensate return lines or 
sewers.  
 

* Check steam tags for correct information.  
 

* Witness all testing and record results using forms. 
 

17.0 Prefabricated Steel Buildings 
  

Check for possible warpage or "racking" of structural steel. 
     

Verify window and door opening locations. 
 

A physical count of accessories, i.e., louvers, ridge vents, vents, etc., 
and their proper locations. 

 
Check for possible roof and wall leaks. 

 
For weather-exposed structural steel, the members will probably be seal 
welded and galvanized. 

 
Check for minimum sized anchor bolts and bracing rods. 

 
17.1  Doors and Window Frames 
 

Verify correct door and window swing directions to drawings. 
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1.1.1 MODE 0: NORMAL PLANT SHUTDOWN 
 

Item Description 

1 

The following support devices STOP: 
P150A-STOP - Methanol Injection Pump A 
P150B-STOP - Methanol Injection Pump B 
Compressor #1 
Compressor #2 
Dehy_Control = Off (Stand-By as per skid control) 

2 Disable the following PID Control Loops, Loop Mode = MANUAL: 
 

3 

The following Valve CV are set to 0.0%: 
FIC-150A - Withdrawal Flow Control 
PIC-150A – WD Press Control 
FIC-150B - Injection Flow Control 
PIC-150B – Inj Press Control 

4 

The following setpoints are reset: 
Injection Flow Setpoint = 0.0 
Withdrawal Flow Setpoint = 0.0 
Pause for FT-501 to meet zero flow setpoint. 
 

5 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-515 - 16" Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
SCV-518 - 16" Mode Valve 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 
 
 
 

6 

The following valves OPEN: 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 

7 
Enable the following Operator Control Functions: 
Operator Select For Modes One (1), Two(2), Three (3),  Four (4). 
Operator Select Of  System MANUAL & AUTO. 
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Item Description 

8 Operator select of System AUTO places all devices listed above (MODE-0) into it’s 
default state as specified above (MODE-0). 

9 

Operator select of System MANUAL allows operator to remove all devices listed above 
(MODE-0) from Program Control Mode and manipulate those devices as operator 
desires. Operator selections are as follows: 
If manual setting of devices equals a corresponding MODE  Configuration & MODE 
Permissives the HMI Mode selection screen will indicate such configuration by means 
of an indicator adjoining that specific MODE. 

10 

Operator select of System AUTO allows operator return all devices listed above 
(MODE-0) to their Program Control Mode. Upon operator select of System AUTO, 
operator will have two (2) options. Selections are as follows: 
  

11 Select SYSTEM AUTO:  
All devices return to their MODE-0 state. Operator may now select alternant MODE. 

12 

Select MODE-0 BYPASS OPTION: 
All devices REMAIN in their operator selected state. When operator selects System 
AUTO  all devices are returned to Program Control Mode and system immediately 
proceeds to the MODE NUMBER WITHOUT resetting devices to the MODE-0 state. 
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1.1.2 MODE 1: INJECTION WITH HORSEPOWER 
 

Item Description 

1 

Permissive to allow selection of this mode: 
Minimum of one compressor available. 
Dome is < Max Volume. 
Dome is < Max pressure. 

2 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-515 - 16" Mode Valve 
SCV-518 - 16" Mode Valve 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 
 

3 

The following valves OPEN: 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
 

4 

The following Compressor Motors / Engines operate as follows: 
If PowerLimit Setpoint = 10: 
 Issue Start Request to First Sequence Compressor. 
If PowerLimit Setpoint = 20: 
 Issue Start Request to First Sequence Compressor. 
 Issue Start Request to Second Sequence Compressor. 
 

5 

System Enters Injection Requirement Phase: 
Pause For: 
Operator selects STOP command system then proceeds to MODE-0 
OR 
System is in BATCH control mode and BATCH Setpoint is satisfied. 
 
Enable a delay timer and set operator notification.  
When Delay timer expires system will proceed to MODE-0. 
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1.1.3 MODE 2: WITHDRAWAL FREE FLOW 
 

Item Description 

1 

Permissive to allow start of this mode: 
Withdrawal flow and pressure setpoints > 0 
Cavern pressure > Pipeline pressure + deadband 
 

2 
The following support devices START: 
Dehy_Control = (RUN) 
 

3 
Pause For: 
Reboiler Temp > Setpoint. 
 

4 

The following valves CLOSE: 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-515 - 16" Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 
 

5 

The following valves OPEN: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-518 - 16" Mode Valve 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
 

6 

The following support devices START: 
Issue Start Request to Lead Methanol Injection Pump. 
 

7 

Enable the following PID Control Loops, Loop Mode = AUTO 
FIC-150A - Withdrawal Flow Control 
PIC-150A – WD Press Control 
 
Verify with PICS Simulation that loop is controlling correctly 
Verify that PRESS/OVR response is operating correctly 
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Item Description 

8 

System Enters Withdrawal Requirement Phase: 
Pause For: 
 
Operator selects STOP command system then proceeds to MODE-0 
OR 
System is in BATCH control mode and BATCH Setpoint is satisfied by entering a 
setpoint value and verify using PICS that batching is operating correctly 
 
Enable a delay timer and set operator notification.  
When Delay timer expires system will proceed to MODE-0. 
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1.1.4 MODE 3: INJECTION FREE FLOW 
 

Item Description 

1 
Permissive to allow start of this mode: 
Injection flow and pressure setpoints > 0 
Cavern pressure + deadband < Pipeline pressure 

2 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-518 - 16" Mode Valve 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 
 

3 

The following valves OPEN: 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-515 - 16" Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
 

4 

Enable the following PID Control Loops, Loop Mode = AUTO 
FIC-150B - Injection Flow Control 
PIC-150B – Inj Press Control 
Verify with PICS Simulation that loop is controlling correctly 
Verify that PRESS/OVR response is operating correctly 
 
 

5 

System Enters Injection Requirement Phase: 
Pause For: 
 
Operator selects STOP command system then proceeds to MODE-0 
OR 
System is in BATCH control mode and BATCH Setpoint is satisfied by entering a 
setpoint value and verify using PICS that batching is operating correctly 
 
 
Enable a delay timer and set operator notification.  
When Delay timer expires system will proceed to MODE-0. 
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1.1.5 MODE 4: WITHDRAWAL WITH HORSEPOWER 
 
Item Description 

1 

Permissive to allow selection of this mode: 
Minimum of one compressor available. 
Dome is > Min volume. 
Dome is > Min pressure. 

2 The following support devices START: 
Dehy_Control = (RUN) 

3 
Pause For: 
Reboiler Temp > Setpoint 

4 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-515 - 16" Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 

5 

The following valves OPEN: 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
SCV-518 - 16" Mode Valve 
 

6 Enable the following PID Control Loops, Loop Mode =  MANUAL: 
 

7 

The following valves OPEN 100%: 
FCV-150A-CMDWithdrawal Flow Control 
When valve position is verified to be > 90% the sequence proceeds. 

8 

The following Compressor Motors / Engines operate as follows: 
If PowerLimit Setpoint = 10: 
 Issue Start Request to First Sequence Compressor. 
If PowerLimit Setpoint = 20: 
 Issue Start Request to First Sequence Compressor. 
 Issue Start Request to Second Sequence Compressor. 

9 

System Enters Withdrawal Requirement Phase: 
Pause For: 
 
Operator selects STOP command system then proceeds to MODE-0 
OR 
System is in BATCH control mode and BATCH Setpoint is satisfied by entering a 
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Item Description 

setpoint value and verify using PICS that batching is operating correctly. 
 
Enable a delay timer and set operator notification.  
When Delay timer expires system will proceed to MODE-0. 
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1.1.6 ESD: EMERGENCY PLANT SHUTDOWN 
 
 
Item Description 

1 

The following support devices STOP: 
P150A-STOP - Methanol Injection Pump A 
P150B-STOP - Methanol Injection Pump B 
Compressor #1 
Compressor #2 
Dehy_Control = (Stop) 
 

2 Disable the following PID Control Loops, Loop Mode = MANUAL: 
 

3 

The following Valve CV are set to 0.0%: 
FCV-150A-CMD - Withdrawal Flow Control 
FCV-150B-CMD - Injection Flow Control 
 

4 

The following setpoints are reset: 
Injection Flow Setpoint = 0.0 
Withdrawal Flow Setpoint = 0.0 
 

5 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-515 - 16" Mode Valve 
SCV-518 - 16" Mode Valve 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 
 

6 

The following valves OPEN: 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
 

7 STATION ESD Output = TRUE 
 

8 

Disable the following Operator Control Functions: 
Operator Select For Modes One (1), Two(2), Three (3),  Four (4). 
Operator Select Of  System MANUAL & AUTO. 
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Item Description 

9 After correcting the shutdown trigger, the system should revert to Mode O 
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1.1.7 EBD: EMERGENCY PLANT BLOWDOWN 
 
Item Description 

1 

The following support devices STOP: 
P150A-STOP - Methanol Injection Pump A 
P150B-STOP - Methanol Injection Pump B 
Compressor #1 
Compressor #2 
Dehy_Control = 1 (Stop) 
 

2 Disable the following PID Control Loops, Loop Mode = MANUAL: 
 

3 

The following Valve CV are set to 0.0%: 
FIC-150A  - Withdrawal Flow Control 
FIC-150B - Injection Flow Control 
 

4 

The following setpoints are reset: 
Injection Flow Setpoint = 0.0 
Withdrawal Flow Setpoint = 0.0 
 

5 

The following valves CLOSE: 
SCV-503 - Tower 16" Withdrawal Mode Valve 
SCV-504 - Tower 16" Withdrawal Mode Valve 
SCV-513 - 16" Mode Valve Compressor Discharge 
SCV-515 - 16" Mode Valve 
SCV-518 - 16" Mode Valve 
ESD-500 - 16" Pipeline Emergency Shutdown Valve 
ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
SCV-524 - 4" Fuel Gas Inlet Valve to Glycol Regen Skid 
 

6 

The following valves OPEN: 
SCV-505 - Tower 16" Withdrawal Mode Valve 
SCV-516 - 16" Mode Valve Compressor Discharge 
BDV-506 - Blowdown Valve 
BDV-517 - Blowdown Valve 
BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
BDV-536 - 1" ESD Header Blowdown Valve 

7 STATION ESD Output = TRUE 

8 

Disable the following Operator Control Functions: 
Operator Select For Modes One (1), Two(2), Three (3),  Four (4). 
Operator Select Of  System MANUAL & AUTO. 
 

9 After correcting the shutdown trigger, the system should revert to Mode O 
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1.1.8 COMPONENT LATCHING/UNLATCHING AND LOCKING/UNLOCKING 
 
Item Description 

1 

SCV-503 - Tower 16" Withdrawal Mode Valve 
CLOSES only when 
 SCV-518 - 16" Mode Valve 
Indicates CLOSED 
 

2 

SCV-518 - 16" Mode Valve 
OPENS only after 
 SCV-503 - Tower 16" Withdrawal Mode Valve 
Indicates OPEN 

3 

BDV-506 - Blowdown Valve 
 BDV-517 - Blowdown Valve 
 BDV-530 - 3" Absorber Discharge Filter Separator Blowdown Valve 
 BDV-528 - 2" Fuel Gas Supply to Glycol Blowdown Valve 
 BDV-536 - 1" ESD Header Blowdown Valve 
OPEN only after 
 ESD-500 - 16" Pipeline Emergency Shutdown Valve 
 ESD-521 - 16” Cavern ESD1 Valve (ESD-521) 
 Indicate CLOSED 
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