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	Oxygen Deficiency (ODH) Safety Review Form
(See ES&H Manual Chapter 6540 Appendix T1 ODH Safety Review for instructions)

	


PART 1 - PRELIMINARY ANALYSIS:
	1.0 INTRODUCTION

	Task/Title:
	Hall D Gas Blending Room
	Task # (If applicable)
	

	Location of Use: Bldg/Room/Area
	Gas Room of Hall D Counting House (Bldg. 202 rm. 410)
	Effective Date:
	24APR14
	Expiration Date:

(Not to exceed three years.)
	24APR17

	Document Owner:
	Tim Whitlatch
	Division Owner:
	Physics
	Department Owner:
	Hall D


	2.0 PRELIMINARY INFORMATION
	( if YES

	Gas to be Introduced: 

(List Name(s) and Source Concentration(s))
	Argon, Pure, and CO2, Pure, from outdoors cylinders.  There are two gas blend tanks inside the room.
	Flammable
	

	
	
	Corrosive
	

	Is gas self-contained?

(In a Dewar or similar?) 
	Yes
	No
	Size
	Toxic
	

	
	
	(
	
	Other
	

	Attach copies of any related “Oxygen Deficiency Hazard Risk Assessments” for the building and any additional supporting documents/calculations.


	ATTACH A ROOM FLOOR PLAN (Show location of ODH):

	


	3.0 PRELIMINARY ODH Calculation:

	Source is Inside Proposed ODH Area
(e.g. dewar, tank, etc.)
	OR

	Source is outside Proposed ODH Area
(e.g. from a compressor, pump, etc.)

	Total volume of room:
	VR (ft3) =
	2085
	
	
	Total volume of room:
	VR (ft3) =
	2085
	

	
	
	
	
	
	
	
	
	

	Volume of gas at room temperature and pressure
	VG (ft3) =
	6.8
	
	
	Volumetric flow rate of gas into room at room temperature and pressure  

(Contact Engineering)
	Q = (ft3/hour) =
	2507
	

	
	
	
	
	
	
	
	
	

	21(VR – VG)

VR
	=
	20.9
	
	
	21(VR – Q)   *
VR 
	=
	0
	

	
	
	
	
	
	
	
	
	


* Assuming minimum one fresh air change per hour (ACH).  If more than one ACH is needed additional review may be required.
	If Resulting % Oxygen is:
	Then:

	<18
	Continue to Part Two – Additional Information.  
Then submit form to ODH Safety. 

	>18
	Submit form to ODH Safety.  


	The above referenced hazard has been determined to be: 
	0 
	If resulting % oxygen is between 
18 and 19.5 a second ODH Safety Reviewer approval is required.

	APPROVALS
	Print




Signature
	Date:

	ODH Safety Reviewer
	Dick owen
	
	28apr2014

	Second ODH Safety Reviewer (if required)
	
	
	

	


	Additional Approvals per Department Procedures

	
	Department or Group Head:
	
	
	

	
	Division Safety Officer:
	
	
	

	
	Other:
	
	
	
	
	

	
	Other:
	
	
	
	
	

	

	Review per Department Procedures

	
	Print



Signature
	Date

	
	Area Safety Warden:
	
	
	

	
	Other:
	
	
	
	
	

	


PART 2 – ADDITIONAL INFORMATION:
	1.0 Engineering and Administrative Controls (be as specific as possible, provide existing and planned)

	Engineering Controls: 
Example: Fume hoods, valves, critical orifice, etc.
	Two restrictor orifices at inlet lines, one for Argon, one for CO2, each one of 0.052” diameter.  Fan provided inside gas room is intended only for temperature control, so it has not been considered here. 

	Administrative Controls:

including, but not limited to:
 (list names, types, and document numbers)  
· Training Required
· Standard Protecting Measures
· Work Control Documents
	Operators will be trained to perform the procedures of the Gas System Operation Manual (D00000-10-02-P001).

	Attachments - list all that apply:

(e.g.: Confirmation Communications, Risk Assessment, Task Hazard Analysis etc) 
	Attached calculations of ODH and orifice diameter.


Submit: Completed form to ODH Safety for review and approval
After Approval Distribution: 
Original: Document Author; Copies: affected area, all approvers, all reviewers, and ESH&Q Document Control.
	Form Revision Summary
Revision 0 - ##/##/## – New content.
ISSUING AUTHORITY

FORM TECHNICAL

POINT-OF-CONTACT

APPROVAL DATE

EXPIRATION DATE

REV.

ESH&Q Division

Richard Owen
01/17/12
01/17/2017
0

This document is controlled as an on line file.  It may be printed but the print copy is not a controlled document.  It is the user’s responsibility to ensure that the document is the same revision as the current on line file.  This copy was printed on 4/28/2014.


Calculations References:
Crane Corporation, “Flow of Fluids”, Technical Paper No. 410, 2009 Version.

“Perry's Chemical Engineers' Handbook”, McGraw-Hill, Eighth Edition, 2007. 
L. K. Spink, “Principles and Practice of Flow Meter Engineering”, Foxboro Co.; 9th revised edition (1967)
Attachment to Oxygen Deficiency (ODH) Safety Review Form
The calculations for oxygen content (0%) on part 1 of the ODH safety review form reflect no engineered or administrative controls in place. The controls from part 2 (engineered orifice) brings the oxygen content to 18.75% (worst case- 2 lines rupture in gas room simultaneously) when using the calculation on part 1. There is a 0.052 inch orifice installed in both the argon and C02 lines. The 3 references listed on the previous page were used as well as an internet calculator and the most conservative numbers were used. Below are the summary of the engineered orifice calculations.
ODH and Orifice Calculations for Hall D Gas Room
Results with proposed 0.052” diameter orifices on both Argon and CO2 lines

Note: Calculations tables follow
Input Data:

Room Volume [VR] = 2085 ft3     (row 31 of calculations)  
Flow after Argon line ruptures [QAr] = 117.9 sft3 / hr     (row 86 of calculations)
Flow after CO2 line ruptures [QCO2] = 105.3 sft3 / hr     (row 128 of calculations)
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Oxygen Percentages inside room:

Calculations summary:

1. Flows of ruptured lines of Argon and CO2, without orifices, were calculated following a theoretical model (Crane).

2. Flows described in point 1, were verified using an Internet calculator, and these were found to be about 9% lower.

3. Conservatively, the higher flows obtained in point 1 above, were used for the preliminary ODH calculation, arriving to the conclusion that orifice restrictors are needed on both lines, even in the event of only one line being broken.

4. The most critical ODH situation calculated, is the event of simultaneous rupture of both lines. It was considered that this event will occur with the regulator working properly and set to the operating pressure of 50 psig.
5. Sizing of the orifices must meet simultaneously three requirements: flows of Argon and CO2, to be minimum 0.5 lbm/hr, and 0.6 lbm/hr, respectively, as were calculated in the Gas System Analysis (Doc. D00000-10-02-A002); an acceptable pressure drop through the orifice with those flows, which was set to be 0.5 psi or less; and a calculated oxygen content inside the gas room after the rupture of both lines between 18 and 19.5%, as per ESH&Q requirements.

6. Calculations were done with a theoretical model (Perry) for the minimum ratio of orifice diameter to upstream diameter that it covers, which is 0.2.
7. Results of the theoretical model were verified with an internet calculator, and extremely close correlations between those values for both lines were found.  It was also verified that this internet calculator does not have a minimum diameter ratio like the model, at least it does not show any error message even with an impossibly small orifice.
8. The internet calculator was then used with orifices diameter of 0.052”, resulting in an acceptable room oxygen level after rupture of both lines, even when neglecting the pressure drops after the orifice, which increases the flows above the actual values.  This configuration could not be calculated with the model, being its diameters ratio 0.129, smaller than the minimum indicated in point 6.
9. Finally, ruptured lines flows were verified with an empirical equation (Spink), resulting in flows in average 10% lower than those obtained using the internet calculator.
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FACTORS TO CHANGE FACTORS TO CHANGE FROM A TEMPERATURE
FROM A PRESSURE BASE BASE OF 60° F. TO OTHER TEMPERATURE
OF 14.73 PSIA TO BASES
ER PRI E BASES
OTHER PRESSUR o= 520 &— IN °R
Fp = 1473/
Temperature Temperature
Pressure Base R Fa o) Fu
psia £
e N 32 9462
14.4 1.0229
14.525 10141 40 9615 65 1.0096
1465 1.0055 41 29635 66 1.0115
1470 10020 a2 9654 67 | 10135
1473 1.0000 43 9673 8 1.0154
44 9692 69 | 1.0173
14775 9970 |
14.90 ‘9886 45 9712 70 1.0192
15025 | 9804 46 9731 7 1.0212
15.15 9723 47 9750 72 1.0231
15.225 9675 48 9769 73 1.0250
49 9788 74 1.0269
15.275 19643
15.325 9612 50 9808 75 1.0288
15.40 l9565 51 9827 76 1.0308
15.525 l9488 52 9846 77 1.0327
15.65 o412 53 9865 78 1.0346
54 L0885 79 1.0365
15,775 9338
1590 9264 55 9904 80 1.0385
16,025 9192 56 9923 81 1.0404
1615 o121 57 19942 82 | 1.0423
16275 19051 58 19962 83 1.0442
59 9981 84 1.0462
16.40 8982
1670 ‘3820 60 1.0000 85 | 1.0481
61 1.0019 86 1.0500
62 1.0038 87 1.0519
63 1.0058 88 1.0538
64 1.0077 89 1.0558
90 1.0577
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(cont.)

Fpu— CORRECTED FOR FLOWING TEMPERATURE 40° F.-180° F.

Fﬂu
Bose Temperature °F.
Temp. - o .
60 to 55 to
64°F. 40 50 59 65 70 75 80 85 90 100 110 125 140 160 180
1.016 | 1.018 | 1.017 | 1.016 | 1.016 | 1.015 | 1.015 | 1.014 | 1.014 [ 1.013 | 1,013 | 1.012 | 1.011 | 1.010 | 1.009 1.008
1.017 1.019 | 1.018 | 10.18 | 1.017 | 1.016 | 1.016 | 1.015 | 1.015 | 1.014 | 1.013 | 1.012 | 1.012 | 1.011 | 1.009 | 1.008
1.018 | 1.020 | 1.019 | 1.019 | 1.018 | 1.017 | 1.016 | 1.016 | 1.015 | 1.015 | 1.014 | 1.013 | 1.012 | 1.011 | 1.010 | 1.009
1.019 | 1.021 | 1.020 | 1.020 | 1.018 | 1.018 | 1.017 | 1.017 | 1.016 | 1.016 | 1.015 | 1.014 | 1.013 | 1.012 | 1.010 | 1.009
1.020 | 1.022 | 1.021 | 1.021 | 1.019 | 1.019 | 1.018 | 1.018 | 1.017 | 1.017 | 1.016 | 1.015 | 1.013 | 1.012 | 1.011 | 1.009
1.021 1.023 | 1.022 | 1.022 | 1.020 | 1.020 | 1.019 | 1.019 | 1.018 | 1.017 | 1.016 | 1.015 | 1.014 | 1.013 | 1.011 1.010
1.022 | 1.025 | 1.023 | 1.023 | 1.021 | 1.021 | 1.020 | 1.020 | 1.019 | 1.018 | 1.017 | 1.016 | 1.015 | 1.013 | 1.012 | 1.010
1.023 | 1.026 | 1.024 | 1.024 | 1.022 | 1.022 | 1.021 | 1.020 | 1.020 | 1.019 | 1.018 | 1.017 | 1.016 | 1.014 | 1.012 1.011
1.024 | 1.027 | 1.026 | 1.025 | 1.023 | 1.022 | 1.022 | 1.021 | 1.020 | 1.020 | 1.019 | 1.017 | 1.016 | 1.015 | 1.013 | 1.012
1.025 | 1.028 | 1.027 | 1.026 | 1.024 | 1.023 | 1.022 | 1.022 | 1.021 | 1.020 | 1.019 | 1.018 | 1.016 | 1.015 | 1.013 | 1.012
1.026 1.029 | 1.028 | 1.027 | 1.025 | 1.024 | 1.023 | 1.022 | 1.022 | 1.021 | 1.020 1.017 | 1.015 | 1.013 | 1.012
1.027 1.030 | 1.029 | 1.028 | 1.026 | 1.025 | 1.024 | 1,023 | 1.023 | 1.021 | 1.020 | 1.019 | 1.017 | 1.015 | 1.014 | 1.013
1.028 | 1.032 | 1.030 | 1.029 | 1.027 | 1.026 | 1.025 | 1.024 | 1.023 | 1.022 | 1.021 | 1.019 | 1.018 | 1.016 | 1.014 | 1.013
1.029 | 1.033 | 1.031 | 1.030 | 1.028 | 1.027 | 1.026 | 1.025 | 1.024 | 1.023 | 1.021 | 1.020 | 1.018 | 1.016 | 1.015 | 1.014
1.030 | 1.034 | 1.032 | 1.031 | 1.029 | 1.028 | 1.026 | 1.026 | 1.025 | 1.024 | 1.022 | 1.021 | 1.019 | 1.017 | 1.015 | 1.014
1.051 | 1,036 | 1.034 | 1.032 | 1.050 | 1.029 | 1.028 | 1.027 | 1.026 | 1.025 | 1.023 | 1.021 | 1.019 | 1.017 | 1.015 | 1.014
1032 | 1,037 | 1,035 | 1.033 | 1,031 | 1.030 | 1,029 | 1.028 | 1.027 | 1.025 | 1.024 | 1.021 | 1.020 | 1.018 | 1.015 | 1.014
1033 | 1038 | 1.036 | 1,034 | 1.032 | 1.031 | 1.029 | 1.028 | 1.028 | 1.026 | 1.024 | 1.022 | 1.020 | 1.018 | 1.016 | 1.015
1034 | 1,039 | 1.037 | 1.035 | 1.033 | 1.052 | 1.030 | 1.020 | 1.029 | 1.027 | 1.025 | 1.923 | 1,021 | 1.018 | 1.016 | 1.015
1.035 | 1.040 | 1.038 | 1.036 | 1.034 | 1.033 | 1.031.-1.030 | 1.029 | 1.028 | 1.026 | 1.024 | 1.021 | 1.019 | 1.017 | 1.015
1036 | 1,041 | 1.050 | 1.037 | 1,035 | 1.053 | 1.032 | 1.031 | 1.030 | 1.028 | 1.026 | 1.024 | 1.022 | 1.019 | 1.017 | 1.015
1.037 1.042 | 1.040 | 1.038 | 1.036 | 1.034 | 1.033 | 1.032 | 1.031 | 1.029 | 1.027 | 1.025 | 1.022 | 1.020 | 1.018 | 1.016
1.0%8 | 1.043 | 1.041 | 1.039 | 1.037 | 1.035 | 1.034 | 1.033 | 1.032 | 1.030 | 1.028 | 1.025 | 1,023 | 1.021 | 1.018 | 1.016
1.039 | 1.044 | 1.042 | 1.040 | 1.037 | 1.036 | 1.035 | 1.033 | 1,032 | 1.030 | 1.028 | 1.026 | 1.024 | 1.021 | 1.019 1.017
1.040 | 1.045 | 1.043 | 1.041 | 1.038 | 1.037 | 1.036 | 1.034 | 1,033 | 1.031 | 1.029 | 1.027 | 1.024 | 1.022 | 1.019 | 1.017
Fvv
Base Temperature °F.
Temp.
Sorol 40 | so | %3] s | 70 | 75 | s | s | 90 | 100 | 110 | 125 | 140 | 160 | 180
1.041 | 1.046 | 1.044 | 1.043 | 1.039 | 1.038 | 1.037 | 1.035 | 1.034 | 1.032 | 1.030 | 1.027 | 1.025 | 1.022 | 1.020 | 1.018
1042 | 1.048 | 1.045 | 1.044 | 1040 | 1.039 | 1037 | 1:036 | 1035 | 1.033 | 1.031 | 1.028 | 1.025 | 1023 | 1.020 | 1.018
1.043 | 1.049 | 1.046 | 1.045 | 1.041 | 1.040 | 1.038 | 1.037 | 1.036 | 1.034 | 1.032 | 1.029 | 1.026 | 1.023 | 1.021 1.018
1.044 | 1.050 | 1.047 | 1.046 | 1.042 | 1.041 | 1.039 | 1.038 | 1.036 | 1.034 | 1.032 | 1.029 | 1.027 | 1.024 | 1.022 | 1.019
1.045 | 1.051 | 1,049 | 1.047 | 1.043 | 1.042 | 1.040 | 1.039 [ 1.037 | 1.035 | 1.033 | 1.030 | 1.027 | 1,024 | 1.022 | 1.019
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[image: image13.png]TABLE 47
FACTORS TO ADJUST FOR FLOWING TEMPERATURE

From Flowing Temperature of 60° F. to Temperature of Measurement

Fy = VT, €= IN °R

f.  F, |°F. R, |*F F, |F.  F

1.0621 [ 41 1.0188 | 81  .9804 | 121 9460
1.0609 [ 42 10178 | 82 .9795| 122 .9452
1.0598 | 43 1.0168 | 83 9786 | 123 9444
1.0586 | 44 1.0158 | 84 .9777 | 124 9436
1.0575 [ 45 1.0147 | 85 9768 | 125 9428

1.0564 [ 46 1.0137 | 86 .9759 | 126 .9420
1.0552 [ 47 1.0127 | 87 .9750 | 127 .9412
1.0541 | 48 1.0117 | 88 9741 | 128 9404
1.0530 | 49 1.0108 | 89 9732|129 .9396
1.0518 | 50  1.0098 | 90 .9723 | 130 .9388

11 1.0507 [ 51 1.0088 [ 91 .9715 [ 131 .9380
12 1.0496 | 52 1.0078 | 92 .9706 | 132 .9372
13 1.0485 |53  1.0068 [ 93 .9697 [ 133 .9364
14 1.04747 54  1.0038 | 94 9688 | 134 .9356
15 1.0463 | 55  1.0048 | 95 9680 [ 135 .9349

16 1.0452| 56 1.0039 | 96 9671|136 9341
17 1.0441 |57 10029 | 97 9662 | 137 .9333
18 1.0430 [ 58 1.0019 [ 98 9653 [ 138 .9325
19 1.0419 159  1.0010| 99 9645|139 .9317
20 1.0408 | 60 1.0000 [ 100 9636 | 140  .9309

21 1.0398| 61 .9990 | 101 9628 [ 141 9302
22 1.0387 | 62 9981|102 9619 [ 142 9294
23 10376 [ 63 9971|103 .9610 | 143 9286
24 1.0365| 64 . 9962 [ 104 9602 | 144 .9279
25 10355 (65 9952|105 .9594 | 145 9271

26 1.0344 66 9943 | 106 9585 | 146  .9263
27 10333 |67 9933|107 9577 | 147  .9256
28 1.0323 (68 9924 | 108 9568 | 148  .9248
29 1031269 9915 (109 9560 [ 149 .9240
30 1.0302| 70 .9905 | 110 9551 | 150 9233

31 1020171 9896 [111 9543 | 151 .9226
32 1028172 9887 [ 112 9535|152 .9218
33 1.0270| 73 9877 | 113 .9526 | 153 .9210
34 10260 | 74 9868 | 114 9518 | 154 9203
35 10249 | 75 9859 | 115 9510 | 155 9195

36 10239 | 76 9850 [ 116 9501 | 156 .9188
37 1022977 L9840 | 117 9493 | 157  .9180
38 1.0218]78  .9831 | 118 .9485| 158 .9173
39 1.0208| 79 9822|119 9477 [ 159 .9166
40 1.0198 | 80 (9813 | 120 9469 | 160 9158

Soouo tauea




[image: image14.png]TABLE 7
Fa VALUES, CORRECTION FOR THERMAL EXPANSION OF PRIMARY DEVICE*

Temperature at Orifice, °F.

Type 316] Corr.
Alum. |Copper 1;‘;‘3‘ cé;\//nio Cli%[o Bronze | Steel | Monel Typur ng:;r
ype 304 £,
1992
—298 ~360 iy
—230 | —378 —273 oo
—178 | —266 —216 —a2s | o
—131 | —190¢ —163 —281 | —226
—85 | —132 —111 —101| —152 | 2%
997
—a| =72 —60 -8 | —se | 0
+3 -15 8 -33 —24 999
+7 2| 2| 28| 427| | gat| os | s | P
491|499 | 112 | 4108 | £110 | 495 | 4106 | +104 | 00 | 000
+202 | 4184 | +191 | 4149 | +181 | +168 +158 1,002
20| 20| 22| 200 2se| 20| 2 | 0
374 | 31| 3s2| 249| 24| 200| 266
456 | 00| 426| 207 | 302| s348| 318 | OO
531 | 468 | 493| 3as| as7| 405| 367 | 1005
604 | 34| s60| 303| s20| 46| ara | 1006
677| 597| 628| 440 sa2| s16| 463 | MO0
749 | 660 | 696 ca4 | s71| sz | 1008
817 720( 763 705 | 626 | 60 | 1%
84| 780 | s27 765 | eso| co7 | MO0
952 | 842| 888 823| 733 ess 12:;
1020 | 899 | 948 s79| 785 | 703 |
1087 956 1009 934 835 750 1013
1155 | 1011 | 1071 oss | sse | 706 | MOM
1223 | 1065 | 1133 1041| o3| sap | MO1S

* Use one-half the values shown for annular orifices or target meters.



[image: image15.png]464 Gas Flow Measurement

TABLE 50 (concl.) Fpy for Gravity 1.32-1.50

-

Press.
Lbc;s/ Specific Gravity

Sq. In.
Gauge | 1.32 | 1.34 | 1.36 | 1.38 | 1.40 | 1.42 | 1.44 | 1.46 | 1.48 1.50

0 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002 | 1.002
5 | 1.004 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.006 | 1.006 | 1.006 | 1.006
10 1.007 | 1.007 | 1.008 | 1.008 | 1.008 | 1.009 | 1.009 | 1.009 | 1.010 | 1.010
15 1,010 | 1.010 | 1.010 | 1.011 | 1.012 | 1.012 | 1.013 | 1.013 | 1.014 | 1.014
20 1,012 | 1,013 | 1.013 | 1.014 | 1.015 | 1.016 | 1.016 | 1.017 | 1.017 | 1.018
25 1.015 | 1.016 | 1.016 | 1.017 | 1.018 | 1.019 | 1.020 | 1.020 | 1.021 | 1.022

30 | 1.017 | 1.018 | 1.019 | 1.020 | 1.021 | 1.022 | 1.023 | 1.024 | 1.025 | 1.026
35 1,020 | 1.021 | 1.022 | 1.023 | 1.024 | 1.026 | 1.027 | 1.028 | 1.029 | 1.030
20 |10023]1.024 | 1.025 | 1.026 | 1.028 | 1.029 | 1.030 | 1.031 | 1.032 | 1.034
45 1,026 | 1.027 | 1.028 | 1.029 | 1.031 | 1.032 | 1.034 | 1.035 | 1.036 | 1.037
50 1,028 | 1.030 | 1.031 | 1.032 | 1.034 | 1.036 | 1.037 | 1.038 | 1.040 | 1.041

55 1,051 | 1.033 | 1.034 | 1.035 | 1.037 | 1.039 | 1.041 | 1.042 | 1.044 | 1.045
60 1.034 | 1.035 | 1.037 | 1.039 | 1.040 | 1.042 | 1.044 | 1.046 | 1.047 | 1.049
65 1,037 | 1.038 | 1.040 | 1.042 | 1.044 | 1.046 | 1.048 | 1.049 | 1.051 | 1.053
70 1.039 | 1.041 | 1.043 | 1.045 | 1.047 | 1.049 | 1.051 | 1.053 | 1.055 | 1.057
75 1.042 | 1.044 | 1.045 | 1.048 | 1.050 | 1.052 | 1.055 | 1.057 | 1.059 | 1.061

80 1.045 | 1.047 | 1.048 | 1.051 | 1.053 | 1.056 | 1.058 | 1.060 | 1.062 | 1.065
85 1.047 | 1.049 | 1.051 | 1.054 | 1.056 | 1.059 | 1.062 | 1.064 | 1.066 1.069
90 1,050 | 1.052 | 1.054 | 1.057 | 1.060 | 1.062 | 1.065 | 1.068 | 1.070 | 1.073
95 1.053 | 1.055 | 1.057 | 1.060 | 1.063 | 1.066 | 1.069 | 1.071 | 1.074 | 1.076
100 1.056 | 1.058 | 1.060 | 1.063 | 1.066 | 1.069 | 1.072 | 1.075 | 1.078 | 1.080

Note: Each heading is inclusive to next higher heading. Do not interpolate.
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Fig. B-2525 Y;Sp for Throttling Orifices at Critical Pressure Drop
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% Oxygen (Argon line ruptures) ( RV Qar) ( 2085 2 ) 19.81%
R
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% Oxygen (both lines rupture) 18.75%
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