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1. Scope 

MSS SP-134-2025 covers additional requirements for material, design, dimensions, fabrication, NDE 
(non-destructive examination), and pressure testing of metallic valves intended for cryogenic service. 

Applicable Valve Types: 

• Gate, Globe, Butterfly, Ball, and Check valves 

• Stop-check valves follow globe valve extension rules; other check valves do not require 
extensions 

Compatible Parent Standards: 

• ASME B16.34 – Flanged, Threaded, and Welding End Valves 

• API Std 594 – Check Valves 

• API Spec 6D – Pipeline Valves 

• API Std 600, 602, 603, 608, 609, 623 – Various gate, globe, ball, butterfly valves 

Note: Requirements of this Standard Practice supplement — not supersede — parent valve standards. 

Out of Scope: Unplanned non-cryogenic events (e.g., auto-refrigeration during gas blow-down) are 
excluded. 

2. Key Definitions 

Term Definition 

Cryogenic Temperature -100°F (-73°C) to -425°F (-254°C) 

Cryogenic Fluid Gas liquefied by refrigeration to -100°F (-73°C) or colder 

Cold Box Enclosure insulating equipment; individual components inside do not need 
individual insulation 

Cold Box Extension Extension moving the valve operating mechanism outside the cold box; longer 
than non-cold box extension 

Non-Cold Box Extension Extension for individually insulated valves 

Gas Column Section of body/bonnet extension forming an insulating vapor column 

Drip Plate Circular plate on extension preventing water ingress into insulation 

Double Block and Bleed 
Valve 

Two seating surfaces blocking both ends; cavity vented via bleed connection 



3. Materials (Section 4) 

All materials in contact with or exposed to cryogenic fluid must be suitable for the minimum specified 
service temperature. 

• Body, bonnet, body/bonnet extension, and pressure-retaining bolting: per ASME B16.34 Table 
A-1 and ASME B31.3 Table A-4C 

• Body/bonnet extension: same ASME B16.34 Table 1 group as valve body, or compatible 
cryogenic material group 

• Internal wetted parts: suitable for specified cryogenic temperature with corrosion resistance 
comparable to body material 

• Packing and gaskets in contact with fluid: operable from +150°F (+65°C) to the coldest specified 
cryogenic temperature 

• Pipe or non-standard wall tube used for extensions: must be seamless 

4. Design Requirements (Section 5) 

4.1 General 

• Weld-fabricated extensions: per ASME B16.34, paragraph 2.1.6 

• Extension must distance stem packing and operating mechanism from cryogenic fluid 

• Extension length must create an insulating gas column to prevent packing/mechanism freezing 

• Design temperature range: +150°F (+65°C) to minimum cryogenic service temperature 

• Pressure rating at temperatures below -20°F (-29°C): shall not exceed ASME B16.34 rating at -
20°F to 100°F 

4.2 Wall Thickness 

• Must meet ASME B16.34, paragraph 6.1.3 minimum wall thickness for applicable pressure 
class 

• If extension material has lower P-T rating than body: thickness must be proportionally increased 

• Consider pressure stresses, operating torque, stem thrust, and bending stresses from 
actuators/handwheels 

4.3 Extension Usage 

• Primary use: temperatures colder than -100°F (-73°C) 

• May also be specified for temperatures warmer than -100°F (-73°C) when purchaser specifies 

• Stem-to-extension tube diametrical clearance should be minimized to reduce convective heat 
losses 

• Cold Box Liquid Service: stem must be operable at or above 15° from horizontal; Table 1 cold 
box lengths apply 

• Non-Cold Box Liquid Service: stem must be operable at or above 45° from horizontal; Table 1 
non-cold box lengths apply 

• Gas Service (both types): operable in any stem orientation; Table 1 lengths apply 

• Drip plate: not required unless specified by purchaser 

5. Valve Stems (Section 5.6) 



• Extended stems require stem buckling and angle-of-twist design calculations 

• Stem calculations are mandatory; manufacturer shall use Appendix X1 methodology or 
equivalent 

• Multiple column end models available (fixed, pinned, combinations); Appendix X1 provides 
guidance 

Key equations (Appendix X1): 

• Critical slenderness ratio: L/r = π√(2CE/Sy)  [Eq. #1]  or  L/d = (π/4)√(2CE/Sy)  [Eq. #2] 

• Buckling failure (Euler): Fc = Cπ²EA/(L/r)²  [Eq. #3]  or  Fc = Cπ²EA/16(L/d)²  [Eq. #4] 

• Combined compression/buckling (J.B. Johnson): Fcr = SyA[1 – Sy(L/r)²/(4Cπ²E)]  [Eq. #6, #7] 

• Safe load: Fs = Fc or Fcr / N  where N = factor of safety (commonly 2)  [Eq. #5, #8] 

• Quarter-turn valves: angle of twist ≤ π/90 radians (2°); stem torque ≤ πds³τmax/16N  [Eq. #9, 
#10] 

6. Body/Bonnet Extension Lengths — Table 1 

Dimensions = centerline of valve to top of stuffing box. In inches (mm). 

NPS DN Rising Stem 
Cold Box in 

(mm) 

Rising Stem 
Non-Cold Box 

in (mm) 

Quarter-Turn 
Cold Box in 

(mm) 

Quarter-Turn 
Non-Cold Box 

in (mm) 

1/2 15 17 (425) 12 (300) 16 (400) 7.5 (200) 

3/4 20 17 (425) 12 (300) 16 (400) 7.5 (200) 

1 25 17 (425) 12 (300) 16 (400) 7.5 (200) 

1-1/2 40 21 (500) 14 (350) 20 (500) 8.5 (225) 

2 50 21 (500) 16 (400) 20 (500) 10 (250) 

3 80 24 (600) 18 (450) 22 (550) 13 (300) 

4 100 26 (650) 22 (550) 24 (600) 14 (350) 

6 150 30 (750) 24 (600) 24 (600) 17 (425) 

8 200 34 (900) 27 (700) 26 (650) 18 (450) 

10 250 40 (1000) 32 (800) 28 (700) 25 (600) 

12 300 45 (1150) 36 (900) 32 (800) 28 (700) 

14 350 48 (1200) 36 (900) 34 (850) 28 (700) 

16 400 52 (1300) 36 (900) 34 (850) 28 (700) 

18 450 56 (1400) 36 (900) 36 (900) 28 (700) 

20 500 60 (1500) 36 (900) 38 (950) 28 (700) 

24 600 64 (1600) 42 (1050) 40 (1000) 32 (800) 

30 750 76 (1900) 42 (1050) 46 (1150) 32 (800) 

36 900 88 (2200) 48 (1200) 52 (1300) 36 (900) 

Note: Purchaser shall advise if special length extensions are required. Valve size based on end port dimensions. 

7. Gate and Globe Valves (Section 6) 

• Must have provision to vent body/bonnet extension cavity to high-pressure side of closed 
obturator (e.g., vent hole on higher-pressure side of wedge) 



• Double block and bleed valves: use pressure relief device that does not violate dual seating 
requirement 

• Unidirectional valves: flow arrow must be cast, stamped, etched, or welded onto body 

• Backseats may be at bottom or top of extension; bottom backseats require pressure build-up 
protection 

8. Ball and Butterfly Valves (Section 7) 

• Ball valves: must vent body/bonnet extension cavity to upstream side of closed ball (bleed hole 
in ball or equivalent) 

• Double block and bleed: pressure relief device required without violating dual seating 

• Flow arrow required (cast, stamped, etched, or welded); not required for bi-directional ball 
valves including block and bleed 

9. Fabrication (Section 9) 

• Welding per ASME B16.34 paragraph 2.1.6 

• Welders and procedures qualified per ASME BPVC Section IX, Division 1 

• Extension-to-body/bonnet weld configurations: full penetration V-groove, partial penetration V-
groove, fillet, or full-strength threaded joints with seal welds 

• NDE of welds per ASME BPVC Section VIII, Division 1 for required joint efficiency 

10. Production Pressure Testing (Section 10) 

• Each valve cleaned and degreased before testing (if specified in purchase order) 

• Each valve tested per applicable parent standard 

• After ASME B16.34 final testing: valve dried of all trapped water test solutions 

• Supplemental pneumatic test for fabricated body/bonnet extensions: 80–100 psig (5.5–6.9 barg) 
air or inert gas, minimum 60 seconds 

• No visible bubble leakage through welds or pressure boundary (tested submerged, foaming 
solution, or mass leak detector) 

11. Low Temperature Cryogenic Testing (Annex A) 

11.1 Test Fluid & Scope 

• Group 2 & 3 ASME B16.34 materials (−150°F to −425°F / −100°C to −255°C): immersion, vapor 
spray, or equivalent 

• Group 1 alloy steels (A352 LC2, LC3; −100°F to −150°F / −73°C to −100°C): same methods as 
above 

• Temperatures below −320°F (−196°C) are outside the scope of Annex A 

11.2 Test Preparation 

• Pre-test per parent valve standard at ambient temperature 

• Purge valve with clean dry nitrogen or air to remove moisture 

• Sample size: 10% of each valve type/class/size on purchase order (minimum 1 piece), unless 
otherwise agreed 



• All instruments calibrated per manufacturer/facility quality process; helium sniffers calibrated per 
manufacturer recommendation 

11.3 Test Procedure Summary 

• Gate/globe: partially open; ball/butterfly: fully open before immersion in liquid nitrogen 

• Maintain helium purge at 15 psig (1 barg) minimum during cool-down immersion 

• After temperature stabilizes: turn off helium purge; cycle valve open/closed 3 times 

• Verify helium purge flow is zero before pressurization 

• Stem orientation during testing: vertical for gate, globe, ball, butterfly 

11.4 Low Pressure Seat Test 

• Pressurize with 80 psig (5.5 barg) helium in open position 

• Close valve; hold minimum 10 minutes to stabilize 

• Record body and packing temperatures; measure leakage after 5 minutes 

• Correct leakage to standard conditions (14.7 psig, 60°F) via Boyle-Charles rule, or use 
electronic mass flow device 

• Leakage must not exceed Table A-1 limits (see leakage table below) 

• Repeat on each seat for bi-directional valves 

11.5 High Pressure Seat Test 

• Gradually increase from 80 psig to test pressure per Table A-2; close valve and hold 10 minutes 

• Same temperature and leakage measurement procedure as low pressure test 

• Leakage limits per Table A-1 

11.6 Shell Test (Cryogenic) 

• Measured with helium sniffing device only 

• Performed while valve is still at cryogenic temperature from seat testing 

• Pressurize partially-open valve to 200 psig (13.8 barg) minimum 

• Lift valve from liquid nitrogen for sniffer access 

• Acceptance: reading must NOT exceed 1×10⁻⁴ cc/sec or 50 PPM(v) sustained for more than 10 

seconds 

• Packing/gasket leakage correctable by adjustment is not cause for rejection; one re-torque 
allowed, then shell test repeated 

11.7 Ambient Tests (Post-Cryogenic) 

• Ambient Low Pressure Seat Test: warm valve to ambient; test with 80 psig (5.5 barg) nitrogen; 
acceptance per parent standard 

• Ambient Shell Test: 200 psig (13.8 barg) helium or inert gas; hold 10 minutes; same 1×10⁻⁴ 
cc/sec limit 

CAUTION: Safety precautions must be taken when gas is used. 

Table A-1: Allowable Helium Seat Leakage Rates (SCC/minute/NPS) 



Seat Test Gate/Globe/Butterfly/Ball 
Soft Seat (SCC/min/NPS) 

Gate/Globe/Butterfly/Ball 
Metal Seat 

(SCC/min/NPS) 

Check Valve 
(SCC/min/NPS) 

Low Pressure 
Seat Test (80 

psig) 

25 50 100 

High Pressure 
– Class 150, 

300, 600 

75 150 300 

High Pressure 
– Class 800, 
900, 1500, 

2500 

100 200 400 

Table A-2: Helium Test Pressures 

Class High Pressure Seat Test (psig) High Pressure Seat Test 
(barg) 

150 230 16 

300 600 41 

600 1200 83 

800 1600 110 

900 1800 124 

1500 1800 124 

2500 1800 124 

Notes: (a) Pressures for valves >NPS 24 may be reduced by purchaser/manufacturer agreement. (b) Butt-weld valves in test 
fixture (not welded caps): limited to 200 psig (14 barg). 

12. Corrective Action & Test Report 

• Valves failing test requirements: review for root cause, take corrective action, re-test 

• Corrective modifications on test valve must also be applied to all valves represented by that test 
valve 

• Test report must include: valve information, tester's name, date, temperatures, pressures, 
durations 

• Pressure-temperature charts provided if required by customer purchase order 

13. Key Referenced Standards (Annex B) 

Standard Description 

ASME B16.34-2020 Valves – Flanged, Threaded, and Welding End 

ASME B31.3-2024 Process Piping 

ASME BPVC.VIII.1-2025 Boiler & Pressure Vessel Code, Section VIII, Division 1 

API Spec 6D-2022 Specifications for Pipeline Valves (ISO 14313:2025) 

API Std 594-2022 Check Valves: Flanged, Lug, Wafer, and Butt-welding 

API Std 600-2021 Steel Gate Valves – Flanged and Butt-welding Ends, Bolted Bonnets 

API Std 602-2022 Gate, Globe, Check Valves ≤ DN 100 (NPS 4), Petroleum and Gas 



Standard Description 

API Std 603-2018 Corrosion-resistant Bolted Bonnet Gate Valves 

API Std 608-2025 Metal Ball Valves – Flanged, Threaded, and Welding Ends 

API Std 609-2021 Butterfly Valves: Double-flanged, Lug/Wafer, and Butt-welding Ends 

API Std 623-2021 Steel Globe Valves – Flanged and Butt-welding Ends, Bolted Bonnets 

MSS SP-86-2021 Recommended Rules for SI (Metric) Data in MSS Standards 

MSS SP-96-2017 Terminology for Valves, Fittings, and Related Components 
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