CGA G-6.7—2019 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page

S I 101 oo [8 o3 1o o P PRSPPI 1

DS Yoo o T TR= 1 0 To I 010 o o 1 N 1

Rt S o o OSSPSR 1

D U |y o To 1= PSR 1

K B L= 1011 o o S SO PO PP PP PP PP 1

L = T T PP PP PP PPPPTN 3

S AT = T o 1 o o OO P U PR ORI 3

6 Properties of CarbON dIOXIAE ... ... ..ottt e et e e et e e e e e e e e e e e enee e e e aneeeens 4

7 TemMPerature @NA PrESSUIE .......ccui i it ieee e e e e ettt e e e e e e e et e e e e e e e e s s s eb e e eeeaeeaaaanbbeeeeeeeeeaaanbbbeeeeeeeaannnnneeeeeeeaann 10

8 Physiological effects of Carbon dIOXIAE ........ccoeiieiiiiiie e e a e 11

S T 7= 1Y | SRRSO 11

8.2  Effects of inhaled carbon dioXide...........coouiiiiiiii e 11

8.3  Physical effects of overexposure to carbon dioXide ...........cccuuiiiiiiiiiiiiiiee e 12

8.4 ReguIatory SLANAAI .........oooi e e e e e s e e e e eeeaan 12

8.5  Safely PreCAULIONS........eeieiii e e e e e e e e e e e eaaeeaaan 12

8.6  ReSCUE aNd fIrSt @Id.......eiiiiiiiieeiiii ettt e e e e e ee e e e nee e e e eneneeeanneeeeanns 13

S TS T o =Yool g E= V= o PR PRERS 13

S R T 7= T3 T | SRR 13

S IO B YA (et o] (o Tod {1 Vo T PP 13

9.3  Low temperature effects 0N MaterialS ............oooeiiiiiiiiie e 13

S I =T o] o 1Yo I [T [ o SRS 13

9.5 OVErfilliNG CONTAINETS ...ttt b et sb et e e e nanes 14

0.6 PerSONNEl OVEIEXPOSUIE. ......ciiuiiiieiteeeeeeeit ettt e e e e e et e e e e e e st e et e e e e e e aaaabeeeeeeeesaansbeeeeeeeessannnneeeeeeaann 14

9.7  Thermal expansion and CONtraCtion ...........cccooieiiiiiiii i 14

10 Hazards of carbon dioxide container repreSSUNZation ............c.ooiiiiiiiiiiee e eee e 14

10.1  Movement of transportable CONTAINETS ..........ccuuviiiiie e e e e 14

T2 o = V2= | (o [PPSO PPPRPPN 15

ORI o 1= Tor 1o o] = Tor= T 11 o] o T TS PEERR 16

11 Preliminary procedures for returning depressurized containers {0 SErviCe ..........ccooccviiieeieiiiicciiieeee e 17

11.1 Personnel reqQUIFBMENTS .........oiiiiiiiiie et e et e e e e e s s bbb e e e e e e e s s e abbbeeeeeeesnnnnes 18

11.2  Provisions for alterNate SOUICE ..........ccoiuiii it e 18

11.3 Depressurized container @ValUation .............ooouuiiiiiiiiiii e 18

11.4 Facts to consider in evaluating repressurization methods ... 18

12 Guidelines for evaluation of the condition of a depressurized container............ccccooeeiiiiiiiiiiiiiiciiicccecc e, 20

12.1 Container pressure greater than 200 psi (1380 KPa) ......coiiiiiiiiiiii e 20

12.2 Container pressure less than 200 psi (1380 kPa) but greater than 60.4 psi (416 kPa)..................... 20

12.3 Container pressure less than 60.4 PsSi (416 KPa) ........cceiiiiiiiiiiiiii et 21

12.4 Special low-temperature CONTAINEIS ........ccoi i e e e e e e e e s snnnraeeeeaesennnnes 21

12.5  Uninterruptible appliCatioNS ..........ooiiiiiiiii e 21

13 Recommended repressurization MeEthOUS. ...... ..o e e e 21

13.1  Recommendations and continUOUS MONITOMING ......coiiiiiiiiiiiiieie e e e e e 21

13.2 Carbon dioxide gas pressurization up to 100 psi (690 kPa) (Method 1).........ccoocoieiiiiieiieeeee, 22

13.3 Recirculation of warmed liquid (Method 2) ..........ooiiiiiiiii e e 23

13.4 Hot gas warming at no pressure (Method 3) .........oeiiiiii e 25

13.5 Unassisted natural repressurization (Method 4)...........ccuuuiiiiiii i 25

14 Repressurization methods—not reCOMMENAEd .............uiiiiiiiiiiii e 26
14.1 Transfer liquid carbon dioxide into the container to melt the dry ice and warm the liquid—not

[=Telo] g0l 1= gTo =T H O PO PP T PPOPUPPPTPP 26

14.2 Pressure building vaporizer/internal heater method only—not recommended.................ccccceeeeen. 26



PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA G-6.7—2019

14.3 Transferring carbon dioxide vapor into the vapor connection of the depressurized container—not

[g=Telo] g0l 0 1= g o =T H O PO PO PP OPPPPPTPP 26
14.4 Remove liquid carbon dioxide from the container and transfer to cargo tanks—not recommended . 27
14.5 Manual removal of dry ice—not reCoOmMMENEd..........ooiiiiiiiiiiii e 27
15 Suggested measures to prevent container depressurization .............ccceeeiiiiieiiiiee e 27
15.1  Backpressure regulating ValVe ............ueiiiiiiiiiee e 27
15.2  DiIr€Ct {0 PrOCESS VAPOIIZET ......oeeeeiiiieiiieeeieeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesseessssssssssssssssssssssssssssssnnnseessnnnnnnnes 27
15.3  LOW PreSSUIE @lAIM ..ottt e ettt e e e e e sttt e e e e e e s s nb b b e et e e e e e s aannbeeeeeeeeaannnes 27
15.4 RemMOtE MONITOMING ...oiiiiiiiiiieiie et e e e et e e e e e e s sttt et e e e e e s s asbbbeeeeaeessaannbeeeeeeeeannnnnes 27
15.5 Diverter valve on pressure relief deVICES. ... . ..o i 27
15.6 Pressure relief device discharge piping deSIigN .........cooiiiiiiiiiii e 27
LA o= o TSR 28
LI =) =T (=T ot PSPPI 28
LA Vo Lo [1iTe] g F= TN ] (=TT o= PP RPURN 29
Tables
Table 1—Physical constants of carbon diOXIAE ..........coceiiiiiiiii e 5
Table 2—Thermodynamic properties of saturated carbon dioxide solid, liquid, and vapor phases (U.S.
CUSTOMAIY UNIES) ...ttt ettt ettt b e h e sa e s et e et et e b e e e e e e e naneenanes 7
Table 3—Thermodynamic properties of saturated carbon dioxide solid, liquid, and vapor phases (Sl units)...... 9
Table 4—Carbon dioxide container pressure/wall stress relationships...........ccccooeviiiiii e 15
Table 5—Typical quantities of carbon dioxide and times needed for container repressurization ....................... 19
Figures
Figure 1—Phase diagram for carbon diOXIAe............uuiiiiiiiiiiiiiie et e e s s e e e e e e e snnnees 6
Figure 2—Typical CAULION SIGN ....ccueiiiiiiee et e e e e e e e e e e e e e e e nnneeens 12
Figure 3—Examples of incorrect and preferred pressure relief device installations on liquid carbon dioxide
11 11 o TP RPPRT 14
Figure 4—Allowable pressure-temperatures in an ASME liquid carbon dioxide container (pre-1976 safety
L= 103 (o A ) T PP OPURRRO: 16
Figure 5—Allowable pressure-temperature in an ASME liquid carbon dioxide container (pre-1998 safety factor
4X, post-1998 safety factor 3.5X). ... i e e a e e e e e anre 16
Figure 6—Depressurized container evaluation fOrm ... ... ... e 18
Figure 7—Method 1, Step 1 partial reliquification of solid carbon dioxide (dry ice) container pressurization with
vapor Up t0 100 PSi (690 KP@) ... ...ttt e e ee et e e e en e e e e e neeeeenes 23
Figure 8—Recirculation of warmed liquid t0 200 psi (1380 KPa) .....cccoiiiiiiiiiiieieiee e 24
Appendices
Appendix A—EN pressure vessel material design information_(Informative)............ccccoiiiiiiiiiiiiii s 30
Appendix B—ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 Rules for Construction of
Pressure Vessels [1] (INfFOrMative) .......coooo i e 33
Appendix C—Flow chart for Methods 1 through 4 ... ..o e 36
Appendices Figures
Figure A-1—EN allowable MDMT conditions for a carbon dioxide container being repressurized..................... 30
Figure A-2—Design reference and impact test temperatures as welded condition for and EN pressure vessel,
310 N/MM2 < Rp S 360 N/MM? 2 27J .ottt aeeae e 31
Figure B-1—Allowable MDMT conditions for the carbon dioxide container in this example
o1 aTo I (=Y o =TT U Yo [ USRS 34
Figure C-1—Decision process for tank repressurization per Section 12 and 13 ........cccci i, 36
Figure C-2—Method 1 repressurization with vapor then Method 2, circulate liquid per 13.2 and 13.3............... 37
Figure C-3—Method 3 repressurization by hot warming at no pressure per 13.4 ........c.ccccoviiriiiinie e 38
Figure C-4—Method 4 repressurization by natural ambient heat gain per 13.5 ..., 39
Appendix Table

Table B-1—Example on UCS-66 CUIVE SEIECLION ............eviiieiiieeieiee et e e e 34



