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The National Board of Boiler & Pressure Vessel Inspectors 
1055 Crupper Avenue 

Columbus, Ohio 43229-1183 
Phone: (614)888-8320 
FAX: (614)847-1828  



1. Call to Order – 1:00 p.m. 
 
 Chairman, Mr. Gary Scribner called the meeting to order at 12:35 p.m. 
 
2. Announcements 
 

 Lunch will be served each day at 12:00 - 2nd floor - Training and Conference Center. 
 

 A trip to the Clippers game will take place Wednesday evening (7/18/2012), with buses leaving the 
Crowne Plaza at 5:30 p.m.  It was noted that attendees should plan to meet at the hotel at 5:00 p.m. 

    
 A continental breakfast will be served Thursday morning (7/19/2012) - 2nd floor - Training and 

Conference Center. 
 

 The Executive Committee meeting was re-scheduled from Monday (7/16/2012) to Tuesday (7/17/2012 
– 5:00 p.m.) 

 
3. Adoption of the Agenda 
 

There was a motion to adopt the agenda as published.  The motion was unanimously approved. 
 
4. Approval of Minutes of January 17, 2012 
 

There was a motion to approve the minutes as published.  The motion was unanimously approved. 
 
5. Review of the Roster  

(Attachments 1, pages 5 – 6) 
 

There was a motion to approve the roster as published. The motion was unanimously approved. 
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6.  Action Items  
(Attachments 2 – 4, pages 7 – 25) 
 
NB10-0201 Part 1 S3, SG Pressure Vessels and Piping- Expand the section on installation of thermal fluid 
heaters. This action item is a result of splitting NB09-0601into two parts.  A task group of D. Patten, G. 
Halley, M. Wadkinson and P. Bourgeois has been assigned.  
(No Attachment) 

 
July 2012 
Mr. Patten and Ms. Wadkinson presented a progress report.  This continues to be a work in progress.  Mr. 
Patten will put together an update and send to Mr. Scribner who will in-turn get this out to the group and if 
need be for letter ballot. 

 
NB10-1201 Part 1 SC Installation- Request for a format change to NBIC Part 1 Code Rules. A task group 
of G. Scribner, S. Torkildson, S. Konopacki and D. Patten has been assigned. 
(No Attachment) 

 
July 2012 
Mr. Scribner presented a progress report. 
 
NB11-2001 Part 1, 2.9.4 SG Pressure Vessels and Piping- Address the safe venting of isolatable 
economizers where the outlet is below the inlet of other communicable chambers (Headers, drums, etc.)  
(Attachments 2, pages 7 – 16) 
 
Secretary note:  A letter ballot was given for this action item and the item’s Chair, Don Patten, decided this 
item needed revision and requested that the ballot be closed for more work. 
 
July 2012 
Mr. Patten presented the negative feedback he had received.  The group revisited with Mr. Pillow on his 
reasoning behind his negative vote.  After taking into consideration Mr. Pillow’s opinion and others the 
group unanimously agreed to make a motion to reaffirm.  The motion was unanimously approved. 
 
NB12-0302 Part 1, SG V&P Define installation requirements for (PVHO) hyperbaric chambers) This action 
item is a result of splitting NB09-0601into two parts. A task group of G. Scribner (Chair) and M. Richards 
has been assigned.  
(No Attachment) 
 
July 2012 
Mr. Scribner presented a progress report.  Concentration will be aimed in defining types and then identifying 
installation requirements. 
 
NB12-0304 Part 1, SG Pressure Vessels and Piping - Installation requirements for carbonated beverage 
systems.  
(Attachments 3, pages 17 – 22) 
 
July 2012 
Mr. Scribner presented a progress report with a proposal.  Mr. Scribner presented a proposed System 
Description and Figures.  There was a motion to approve this proposal with the intent of placing the System 
Description at the beginning of the Supplement and the figures at the end.  Mr. Moore brought up concerns 
with regard to the figures.  He will submit his question/concern to Mr. Scribner. There was a motion to 
approve both items as modified, move to the SC and send out as letter ballots at the MC.  The motion was 
approved with 1 negative. 
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7. New Business   
 (Attachments 4, pages 23 – 26) 
 

New Action Item NB13-0101:  As a result of action item NB12-0304, new action item NB13-0101 was 
assigned to propose a functional description of these systems.   
 

8. Future Meetings 
 
 July 17-20, 2012, Columbus, Ohio 
 January 14-18, 2013, Mobile, Alabama 
 
9. Adjournment 
 
 The meeting adjourned at 3:10 pm  
 
 Respectfully Submitted, 
 

  
 
 Jeanne Bock 
 Secretary 
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NB12-0304                                                   NBIC Part 1 
 

SUPPLEMENT 3 
 INSTALLATION OF LIQUID CARBON DIOXIDE STORAGE VESSELS 
 
S3.1  SCOPE 
This section provides requirements for the installation of Liquid Carbon Dioxide Storage Vessels 
(LCDSV’s), fill boxes, fill lines and pressure relief discharge/vent circuits used for carbonated 
beverage systems, swimming pool PH control systems and other fill in place systems storing 
1,000lbs or less of liquid CO2.  
 
S3.2  GENERAL REQUIREMENTS 
STORAGE TANK LOCATION 
LCDSV’s should be installed in an unenclosed area whenever possible. LCDSV’s that do not 
meet all criteria for an unenclosed area shall be considered an enclosed area installation. 
 
An unenclosed area: 

 Shall be outdoors 
 Shall be above grade 
 Should not have a roof or overhead cover 
 Shall not obstruct more than three sides of the perimeter with supports and walls. At least 

25% of the perimeter area as calculated from the maximum height of the storage 
container shall be open to atmosphere and openings shall be in direct conveyance with 
ground level. 

 
S3.2 a) General Requirements (enclosed and unenclosed areas) 

1) LCDSV’s shall not be located within 10 feet of elevators, unprotected platform 
ledges or other areas where falling would result in dropping distances exceeding 
half the container height. 

2) LCDSV’s shall be installed with sufficient clearance for filling, operation, 
maintenance, inspection and replacement.  

3) Orientation of nozzles and attachments shall be such that sufficient clearance 
between the nozzels, attachments, and the surrounding structures is maintained 
during the installation, the attachment of associated piping, and operation. 

4) LCDSV’s shall not be installed on roofs. 
5) LCDSV’s shall be safely supported. Vessel supports, foundations and settings shall 

be in accordance with jurisdictional requirements, manufacturer recommendations 
and/or other industry standards as applicable. The weight of the vessel when full of 
liquid carbon dioxide shall be considered when designing vessel supports. Design 
of supports, foundations, and settings shall consider vibration (including seismic 
and wind loads where necessary), movement (including thermal movement), and 
loadings. Vessel foundations or floors in multistory buildings must be capable of 
supporting the full system weight and in accordance with building codes.  

6) LCDSV’s shall not be installed within 36 in. (914 mm) of electrical panels. 
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7) LCDSV’s installed outdoors in areas in the vicinity of vehicular traffic shall be 
guarded to prevent accidental impact by vehicles. The guards or bollards shall be 
installed in accordance with local building codes or to a national recognized 
standard when no local building code exists.  

8) LCDSV’s shall be equipped with isolation valves in accordance with paragraph 
S3.6.  

S3.2 b) Unenclosed area LCDSV installations. 
If LCDSV’s are installed outdoors and exposed to the elements, appropriate additional 
protection may be provided as necessary based on the general weather conditions and 
temperatures that the tank may be exposed to.  Some possible issues include: 

a. Exposure to high solar heating loads will increase the net evaporation rate 
and will decrease hold times in low CO2 usage applications. The vessel may 
be covered or shade provided to help reduce the solar load and increase the 
time needed to reach the relief valve setting in low use applications.    

b. If supply line is not UV resistant then supply line should be protected via 
conduit or appropriate covering. 

S3.2 c) Enclosed area LCDSV Installations 
1) Permanent LCDSV installations with remote fill connections. 

a. Shall be equipped with a gas detection system installed in accordance with 
paragraph S3.4 

b. Shall have signage posted in accordance with paragraph S3.5 
c. Shall be equipped with fill boxes; fill lines and safety relief/vent valve 

circuits installed in accordance with paragraph S3.6 
 

2) Portable LCDSV installations with no permanent remote fill connection. Warning: 
LCDSV’s shall not be filled indoors or in enclosed areas under any circumstances. 
Tanks must always be moved to the outside to an unenclosed, free airflow area for 
filling.  
a. Shall be equipped with a gas detection system installed in accordance with 

paragraph S3.4 
b. Shall have signage posted in accordance with paragraph S3.5 
c. Shall have safety relieve/vent valve circuit connected at all times except 

when the tank is being removed for filling. Connects may be fitted with quick 
disconnect fitting meeting the requirements of paragraph S3.6 

d. Shall be provided with a pathway that provides a smooth rolling surface to 
the outdoor, unenclosed fill area. There shall not be any stairs or other than 
minimal inclines in the pathway.  
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S3.3  FILL BOX LOCATION / SAFETY RELIEF/VENT VALVE CIRCUIT 
TERMINATION 
Fill boxes and/or vent valve terminations shall be installed above grade, outdoors in an 
unenclosed, free airflow area.  The fill connection shall be located so not to impede means of 
egress or the operation of sidewalk cellar entrance doors, including during the delivery process 
and shall be: 

a)  At least three (3) feet from any door or operable windows.   
b) At least three (3) feet above grade. 
c) Shall not be located within ten (10) feet from side to side at the same level or below, from 

any air intakes. 
d) Shall not be located within ten (10) feet from stair wells that go below grade. 

 
S3.4 GAS DETECTION SYSTEMS 
Rooms or areas where carbon dioxide storage vessel(s) are located indoors or in enclosed or 
below grade outdoor locations shall be provided with a gas detection and alarm system for 
general area monitoring that is capable of detecting and notifying building occupants of a CO2 
gas release.  Alarms will be designed to activate a low level pre-alarm at 1.5% concentration of  
CO2 and a full high alarm at 3% concentration of CO2 (which is the OSHA & ACGIH 15 minute 
and NIOSH 10 minute Short Term Exposure Limit for CO2.) These systems are not designed for 
employee personal exposure monitoring.   Gas detection systems shall be installed and tested in 
accordance with manufactures installation instructions and the following requirements; 

a) Activation of the gas detection system shall activate an audible alarm within the room or 
area in which the carbon dioxide storage vessel is located.  

b) Audible alarms shall also be placed at the entrance(s) to the room or area where the 
carbon dioxide storage vessel and/ or fill box is located to notify anyone who might try to 
enter the area of a potential problem. 
 

S3.5 SIGNAGE 
Warning signs shall be posted at the entrance to the building, room, enclosure, or enclosed area 
where the container is located.  The warning sign shall be at least 8 in (200mm) wide and 6 in 
(150mm) high. The wording shall be concise and easy to read and the upper portion of the sign 
must be orange as shown in figure S3.5.  The size of the lettering must be as large as possible for 
the intended viewing distance and in accordance with jurisdictional requirements. When no 
jurisdictional requirements exist, the minimum letter height shall be in accordance with NEMA 
American National Standard for Environmental and Facility Safety Signs (ANSI Z535.2). The 
warning signs shall state the following: 
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“WARNING – CARBON DIOXIDE GAS. Ventilate the area before entering. A high 
carbon dioxide (CO2) gas concentration in this area can cause suffocation.” 

 

 
 

 
Figure S3.5 

a) Additional instruction signage shall be posted outside of the area where the container is 
located and such signage shall contain at minimum the following information; 
 
Carbon Dioxide Monitors for general area monitoring (not employee personal exposure 
monitoring) are provided in this area.  These monitors are set to alarm at 15,000ppm 
(1.5% concentration) for the low level alarm and at 30,000ppm (3% concentration) for 
high level alarm.   
  
Low Level Alarm (15,000ppm) – Provide appropriate cross ventilation to the 
area.  Personnel may enter area for short periods of time (not to exceed 15 minutes at a 
time) in order to identify and repair potential leaks.   
  
High Level Alarm (30,000ppm) – Personnel should evacuate the area and nobody should 
enter the affected area without proper self contained breathing apparatus until the area is 
adequately ventilated and the concentration of CO2 is reduced below the high alarm 
limit.   

 
S3.6  VALVES, PIPING, TUBING AND FITTINGS 

Materials -   Materials selected for valves, piping, tubing, hoses and fittings used in the LCDSV 
system shall meet following requirements: 

a) Components must be compatible for use with CO2 in the phase, (gas, or liquid) it 
encounters in the system. 

b) Components shall be rated for the operational temperatures and pressures encountered in 
the applicable circuit of the system. 

c) Shall be stainless steel, copper, brass, or plastic/polymer materials rated for CO2. 
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d) Only fittings and connections recommended by the manufacturer shall be used for all 
hoses, tubes, and piping.  

e) All valves and fittings used on the LCDSV shall be rated for the maximum allowable 
working pressure stamped on the tank.  

f) All piping, hoses and tubing used in the LCDSV system shall be rated for the working 
pressure of the applicable circuit in the system and have a burst pressure rating of at least 
four times the maximum allowable working pressure of the piping, hose or tubing. 

Relief Valves – Each LCDSV shall have at least one ASME stamped relief valve at or below the 
MAWP of the tank.  The relief valve shall be suitable for the temperatures and flows experienced 
during relief valve operation. The minimum relief valve capacity shall be designated by the 
manufacturer   Additional relief valves that do not require ASME stamps may be added per CGA 
S-1.3 recommendations. Discharge lines from the relief valves shall be sized in accordance with 
tables S3.6a & S3.6b Note: due to the design of the LCDSV the discharge line may be smaller in 
diameter than the relief valve outlet size. 
   

Caution: Company’s and or individuals filling or refilling LCDSV’s shall be responsible for 
utilizing fill equipment that is acceptable to the manufacture to prevent over pressurization of the 
vessel. 
Question - What is the ANSI number for CGA S-1.3? 
 
Isolation Valves - Each LCDSV shall have an isolation valve installed on the fill line and tank 
discharge, or gas supply line in accordance with the following requirements: 

a)  Isolation valves shall be located on the tank or at an accessible point as near to the 
storage tank as possible. 

b) All valves shall be designed or marked to indicate clearly whether it is open or closed.  
c) All valves shall be capable of being locked or tagged in the closed position for servicing.  
d) Gas Supply and Liquid CO2 Fill Valves shall be clearly marked for easy identification.  

 
Safety Relief/Vent Lines-Safety relief/vent lines shall be as short and straight as possible with a 
continuous routing to an unenclosed area outside the building and installed in accordance with 
the manufacturer’s instructions.  The vent line shall be a continuous run from PRD to outside 
vent line discharge fitting, without any splices.  These lines shall be free of physical defects such 
as cracking or kinking and all connections shall be securely fastened to the LCDSV and the fill 
box. The minimum size and length of the lines shall be in accordance with table S3.6a and S3.6b.  
Fittings or other connections may result in a localized reduction in diameter have been factored 
into the lengths given by the tables S3.6a and S3.6b. 
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Tank Size 

(Pounds) 

Fire Flow Rate 

Requirements (Pounds per 

Minute) 

Maximum length of 

3/8” ID  Nominal  

Metallic Tube Allowed 

Maximum length of ½” 

Metallic Tube Allowed  

Less than 500 2.60 maximum 80’ 100’ 

500-750 3.85 maximum 55’ 100’ 

Over 750 to 

1000 

5.51 maximum 18’ 100’ 

Table S3.6a Minimum LCDSV System Safety Relief/Vent Line Requirements (Metallic) 

 

Tank Size 

(Pounds) 

Fire Flow Rate 

Requirements (Pounds 

per Minute) 

Maximum length of 3/8 ID 

plastic/polymer materials 

Tube Allowed  

Maximum length of ½ ID 

plastic/polymer materials 

Tube Allowed  

Less than 500 2.60 maximum 100’ 100’ 

500-750 3.85 maximum 100’ 100’ 

Over 750 to 

1000 

5.51 maximum N/A (See ½” column) 100’ 

Table S3.6b Minimum LCDSV System Safety Relief/Vent Line Requirements (plastic/polymer) 

 

 

 

PAGE 22

ATTACHMENT 3 (PG 6 OF 6)



NB13‐0101 

 Note:  Place the System Description at the beginning of S3 

4.6.1  System Description 

The Liquid Carbon Dioxide Beverage systems include  the Liquid Carbon Dioxide Storage Vessel  or LCDSV (tank) and 

associated  sub‐system circuits ‐  Liquid CO2 fill circuit, and Pressure relief / vent line circuit. The LCDSV s are vacuum 

insulated pressure vessels, constructed of stainless steel, with Super Insulation wrapping between the inner pressure 

vessel and the outer vacuum jacket. (See Figure ….)  These Pressure vessels are typically designed for a Maximum 

Allowable Working Pressure (MAWP) of either 300 psig or 283 psig.    The LCDSV come equipped with a ASME/NB 

certified “UV” Primary Relief Valve (PRV) set at or below the MAWP of the vessel.  Additionally as recommended by CGA 

S‐1.3, (PRESSURE RELIEF DEVICE STANDARDS PART 3 ‐ STATIONARY STORAGE CONTAINERS FOR COMPRESSED GASES) a 

secondary relief valve may be installed.   This secondary relief valve is beyond the scope of ASME Section VIII, Division 1 

and is not required to be ASME/NB stamped and certified.  This additional PRV is typically rated no higher than 1.5 times 

the vessel MAWP.  

      Operating conditions of the system can cause temperatures and pressures to range from 90 psig (-56° F) to 300 

psig ( +2°F).  Below 60 psig in the tank, liquid CO2 begins changing to  solid phase ( dry ice). If the tank becomes 

completely depressurized to 0 psig, temperatures inside the tank could reach -109°F (solid dry ice). When liquid CO2 

turns to solid dry ice in a completely depressurized tank, all CO2gas flow in the system ceases and the tank becomes 

non-functional.    See the attached CO2 Phase Diagram figure 4.6.xxx, showing the typical operating range of these 

systems.  Components external to the LCDSV inner tank pressure vessel may encounter temperatures and pressures 

between 90 psig, (-56°F) and 300 psig (+2°F).      Typical operating pressures and temperatures vary in each of the 

associated sub‐system circuits.  See Table 4.6.xxx   
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 Note:  Place the Figures at the end of S3 

 

 Figure 4.6.xxx   Carbon Dioxide Phase Diagram 

 

 

 

 Table 4.6.xxx Typical Operating Pressures & Temperatures of the LCDSV 
System 

System Component 
Operating 
Pressure 

Operating 
Temperature 

        

Storage Vessel ( tank internal conditions)  90 ‐ 300 psig  ‐56°F to +2° F 

Liquid CO2 Fill Line  150 ‐ 300 psig  ‐34°F to +2° F 

Pressure Relief Gas Vent Line  0 ‐ 120 psig  ambient to ‐50° F 
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NB13-0101 – Explanation of negative vote 
 

1. The phase diagram included as part of the proposal is not consistent with 
publically available data.  For example, the published triple point is -56.6°C         
(-69.88°F) at 5.11 atmospheres (60.417 psig) (1 atm = 14.7 psia).  Four 
significant figures of precision requires the change. 
 
Alternative:  If the figure is changed to -70.0°F ( three significant figures 
consistent with 60.4), I would withdrawn my negative. 

2. The figure shows an intersection at 125 psig and -42°F with no corresponding 
explanation in the text. 
 
Suggested solution:  delete the axis labels and intersection lines or provide and 
explanation in the text. 

1. The second paragraph of the System Description confusing as written.  I suggest 
the following revision: 
Operating conditions of in the system, components, and inner pressure vessel 
can vary between cause temperatures and pressures to range from 90 psig (-56° 
F) to and 300 psig ( +2°F).  Below about 60 psig in the tank, liquid CO2 begins 
changing to  solid phase ( dry ice).  If the tank becomes completely 
depressurized to 0 psig, temperatures inside the tank could reach -109°F (solid 
dry ice).  When liquid CO2 turns to solid dry ice in a completely depressurized 
tank, all CO2 gas flow in the system ceases and the tank becomes non-
functional.  See the attached CO2 Phase Diagram figure Figure 4.6.xxxS3.2xxx, 
showing the typical operating range of these systems.  Components external to 
the LCDSV inner tank pressure vessel may encounter temperatures and 
pressures between 90 psig, (-56°F) and 300 psig (+2°F).      Typical operating 
pressures and temperatures vary in each of the associated sub-system circuits.  
See Table 4.6.xxxS3.2xxx. 

 
Brian W. Moore, P.E. 
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