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ABSTRACT

The effect of hydrate formation on flow was evaluated. Orifice Flow equation was applied to compute the flow
rates of Gas Stream A through the orifice before hydrate formation and after hydrate formation. From the computations and
Figure-3.1, it is seen that hydrate formation reduces the amount of flow through the orifice. The flow rate through the
orifice before hydrate formation was 2465829.4scf/hr but after hydrate of about 2.25° thickness was formed the flow rate
reduced to 668146.4scf/hr. Also, from Figure-3.1, as the thickness of the hydrate increases, the flow rate of gas through the

orifice decreases.

Keywords: natural gas stream, flow rate, hydrate, water content, orifice, inhibition.

1. INTRODUCTION

Flow assurance can be defined as an operation
that provides a reliable and controlled flow of fluids from
the reservoir to the sales point. Flow assurance operation
deals with formation, depositions and blockages of gas
hydrates, paraffin, asphaltenes, and scales that can reduce
flow efficiency of oil and gas pipelines. Due to significant
technical difficulties and challenges, providing safe and
efficient flow assurance needs interdisciplinary focus on
the issue and joined efforts of scientists, engineers and
operation engineers (Guo et al., 2005).

The formation of hydrates in a pipeline is
common in seasonally cold or sub-sea environments with
low temperatures and high pressures. In particular, hydrate
blockages become a real menace to flow assurance in
inadequately protected flowlines (Hunt, 1996).

Gas hydrates can form at the gas liquid interfaces
along the entire length of the static pipeline. This can
create small volumes of hydrate over time, but usually do
not block the pipeline. However, when flow resumes,
plugs can form at any point where the flow regime
changes. Small-scale hydrate formation in the interface
sometimes cannot be avoided in the pipeline. Moreover,
under certain conditions, small-scale agglomerates are also
observed in the bulk phase. Hydrate formation does not
become a threat to pipe flow unless the agglomerates and
hydrates formed at the interface start forming bridges. In
such cases blockage occurs where the small accumulations
of hydrates adhere to the walls and begin to bridge and
reduce flow. This bridging can eventually shut down the

entire pipeline or field until the hydrates have been
removed (Austvik, 2000).

Hydrates may exist far above the freezing point
of water, and hence they can cause plugging of pipelines
and nozzles. Also, they may cause many difficulties in
deep water drilling platform because they could block mud
line, choke, and blow out preventer (BOP). For over 160
years hydrates remained a mere scientific curiosity. Their
importance to the oil and gas industry was realized in the
early 1930’s when Hammerschmidt discovered that the
solid compounds, which frequently plugged the gas
transmission lines during cold weather, were not ice but
hydrates (Hammerschmidt, 1934).

Hydrate formation poses challenge to natural gas
pipeline, some of which are:

- Flow restriction: Hydrate blockages are major
problem in offshore and arctic operations. They can
formed in subsea transfer lines, high residence time
pipelines, gas expansion cross valves due to sub-
cooling effect, etc. Hydrate formation is also common
in hydrocarbon transmission lines such as ethane,
propane and ethylene that are operating under low
temperature environment.

Figure-1 is a diagram showing a large gas hydrate
plug formed in an oil and gas pipeline.
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Figure-1. A large gas hydrate plug formed in a subsea hydrocarbon pipeline.
Source: Heriot-Watt University Institute of Petroleum Engineering, (2013).

2. METHODOLOGY
The flow rate of gas through the orifice is
computed with equation 1 shown below:

Q=C'(h,Pp™ (1)

Where C' is the Orifice flow constant expressed
in equation 2 below:

C' = Fy"F*Y "By *Fop *F*Fy “Fi *Fo 4, @)

Fy = Base Orifice Factor read from the Orifice Meter
Table shown in Appendix B1

F, = Reynold’s Number Factor given by equation 3

as:

F, = 1+b/(h,Pp)"” 3)

b is read from Appendix B2

Y = Expansion Factor read from the Orifice Meter
Table shown in Appendix B3 at d/D and h,/P;

Fp = Pressure Base Factor given by equation 4 as:

pr = 1473/Pb (4)

F., = Temperature Base Factor given by equation 5 as:
Fy, = (Ty + 460)/520 5)
Fis = Flowing Temperature Factor given by equation 6 as:
Fy¢ = [520/(T + 460)]° (6)

F, = Specific Gravity Factor given by equation 7 as:

F, = (1/SG)"’ (7
F,y = Super compressibility Factor given by equation 8 as:
F,, = (1/2)"? (8)
F., = Manometer Factor given by equation 9 as:

Fp = [(62.3663-(Pyn+(hy/27.707))/192.4)/62.36631° (9)
F, = Gauge Location Factor given by equation 10 as:

F, = (¢/32.17405)%3 (10)

F, = Orifice thermal expansion factor given by equation 11
as:

F,=1+0.000018(T - T,,) an

3. RESULTS

In order to evaluate the effect of hydrate
formation on the flow of gas through flow areas, Natural
Gas Stream A was taken into consideration and the work
station report was obtained. The report states that hydrate
is known to have formed in the orifice and the thickness of
the hydrate is obtained as 2.25”’. The effect of the hydrate
formation on the flow of gas through the orifice is
evaluated thus. The data for the evaluation is given in
Table-1 below.
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Table-1. Data for natural gas stream A.

Gas temperature, T, 'F 35
Gas Pressure, P, psig 1200
Gas Specific Gravity, SG 0.70
Water Content of the Gas, C,,, 393
Ib/MMscf
Differential Pressure at 600F, h,, in 65
Absolute Static Pressure, Py, psia 2000
Orifice Size, d, in 4.75
Pipe Size, D, in 11.376
Absolute Base Pressure, P, psia 14.65
Absolute Base Temperature, Ty, o 60
Gas Compressibility Factor, z 0.7
Atmospheric Pressure, P, psia 14.4
Gravitational Acceleration, g, fi/s? 32.1418
Temperature During Orifice Boring, 25

T, °F

3.1 Flow through the Orifice without hydrate
formation

F, = Base Orifice Factor read from the Orifice
Meter Table shown in Appendix B1 at pipe size of 11.376
as 5191.5
b is read from Appendix B2 at d =4.75 and D = 11.376 as
0.0178
From equation 3, F, =
1.000049368
Y = Expansion Factor read from the Orifice Meter Table
shown in Appendix B3 at d/D of 4.75/11.376 which is
0.418 and h,/P; of 0.03 as 1.003824
From equation 4, F, = 14.73/P, = 14.73/14.65 = 1.00546
From equation 5, Fy, = (60 + 460)/520 = 1
From equation 6, F;y = [520/(35 + 460)]"° = 1.02494
From equation 7, F, = (1/0.7)*°= 1.195
From equation 8, F,, = (1/0.7)*° = 1.195
From equation 9, F,, = [(62.3663 - (14.4 +
(65/27.707))/192.4)/62.3663]" = 0.9993
From equation 10, F, = (32.1418/32.17405)"" = 0.9995
From equation 11, F, = 1 + 0.000018(35 - 25) = 1.00018
From equation 2, C' = 5191.5 * 1.000049368 * 1.003824 *
1.00546 * 1 * 1.02494 * 1.195 * 1.195 * 0.9993 * 0.9995
*1.00018 = 7661.75
From equation 1, Q = 7661.75 * (65 * 2000)"° = 2762482
scf/hr

140.0178/(65%2000)"

2762482scf/hr is the flow rate through the orifice without
hydrate formation.

3.2 Flow through the Orifice with hydrate formation
The flow rate through the orifice after hydrate
formation is computed as follows:

The New Orifice Size, d, = Orifice Size - Hydrate
Thickness 3.1

dy=4.75-2.25=25

The New Base Orifice Factor Fy, is read from the
Orifice Meter Table shown in Appendix B1 at pipe size of
11.376 as 1295.9

For the New Reynold’s Number Factor:

The New b is read from Appendix B2 at d = 2.5
and D =11.376 as 0.0342

The New F. F, = 1+0.0342/(65%2000)"° =
1.000094854

The New Expansion Factor, Y, read from the
Orifice Meter Table shown in Appendix B3 at d/D of
2.5/11.376 which is 0.22 and h,/P; of 0.03 as 0.99967

' The New Flow Constant is computed as follows:

C' = 1295.9 * 1.000094854 * 0.99967 * 1.00546 * 1 *
1.02494 * 1.195 * 1.195 * 0.9993 * 0.9995 * 1.00018 =
1904.7

The flow rate after hydrate formation is then
evaluated using equation 1 as:

Q =1904.7 * (65 * 2000)"™ = 686747.2 scf/hr

Using equation 1, the Orifice Flow Rate at
various Hydrate Thicknesses is computed and presented in
Table-2 and used to generate plot of Orifice Flow Rate at

various Hydrate Thicknesses as shown in Figure-1.

Table-2. Orifice flow rate at various hydrate thicknesses.

Hydrate thickness, in Orifice flow rate, scf/hr
0 2762482.0
0.5 1959776.4
1 1517364.2
1.5 1134777.5
2 809684.8
2.5 540390.4
3 325972.3
3.5 165826.4
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Figure-2. Orifice flow rate at various hydrate thicknesses.
4. CONCLUSIONS Engineering, Heriot-Watt University, Edinburgh EH14

From the evaluations conducted using the
equations, computer models and charts, the following
conclusion may be drawn:

According to Figure-2, hydrate formation reduces
the amount of gas flow through the orifice. The flow rate
through the orifice conducting natural gas stream A before
hydrate formation was 2465829 .4scf/hr but after hydrate
of about 2.25” thickness was formed the flow rate reduced
to 668146.4sct/hr.
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APPENDIX A: NOMENCLATURE

C = Orifice Flow Constant

D = Pipe diameter

d = Orifice diameter

DegF = Degree Fahrenheit

ft/s” = Foot per square second

F, = Base Orifice Factor read

F; = Reynold’s Number Factor

| = Pressure Base Factor

Fy = Temperature Base Factor

Fi¢ = Flowing Temperature Factor
F, = Specific Gravity Factor

Fpy = Super compressibility Factor
Fn = Manometer Factor

F = Gauge Location Factor

F, = Orifice Thermal Expansion Factor
g = Gravitational acceleration

psia = Pound per square inch (atmosphere)
psig = Pound per square inch (gauge)
q = Gas flow rate

scf/hr = Standard cubic foot per hour
SG = Specific gravity

Y = Expansion Factor

Z = Compressibility factor

°c = Degree celsius

F = Degree Fahrenheit
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APPENDIX B: ORIFICE METER TABLES

324 Appendix C Orifice Meter Tables for Natural Gas

" 12

(in) 95564 10020 10136 11376 11838 12090 14688

1000 20216

1250 31690 31656 31649 31584 31557 315»:

1375 38429 38379 38368 38266 38230 w222

1500 45852 45779 45763 45616 45554 45552 4559
1625 53972 53869 53845 53638 53566 53548 53327
1750 62803 62661 62620 62344 62245 6220 61918
1875 723861 72170 T21.2Z7 TV743 T80 71578 T3
2000 82663 82412 82354 81848 81673 81630 81089
2125 93728 93402 93327 92672 92444 S238B8 97N
2250 10557 10516 10506 10423 10394 10387 10299
2375 11822 11770 11758 11653 11616 11607 11497
2500 13169 13105 13090 12959 12914 12002 12765
2625 145800 1452171 14503 14343 14287 14274 14105
2750 16118 16023 16001 1S807 15739 15722 115517
2875 17725 17610 17584 17351 17268 17249 17001
3000 19425 19288 189256 18978 18881 18857 18561
3125 21221 217057 217020 206890 20575 20547 20195
3250 23116 22022 22878 22489 22354 22321 21907
3375 25115 24886 24834 24377 24218 24180 23696
3500 27223 26953 26891 26356 26172 26126 25565
3625

3750 31781 31412 31327 306802 30353 30293 29545
3875 34243 33813 33715 32874 32587 32517 3,169
4000 36835 36335 36221 35249 34920 34839 33858
4250 42438 47768 41676 40328 39895 39790 358516
4500 48651 47762 47561 45871 45308 45172 43534
4750 55549 S4379 54115 51915 51190 S5.1190 48929
S000 683222 61682 61349 58506 57578 57578 5478
S250 71777 65789 689344 65694 64515 64515 60925
5500 81341 78772 78200 73541 72051 72051 67570
5750 92070 88763 88031 82114 80242 80242 74680
6000 10415 99912 S8978 99,1495 89154 89154 82285
6250 11,783 11240 11121 10,178 98861 98851 90416
6500 13340 12544 124592 11,307 10945 105945 99112

453.78
533.07
61882
71138
81053
91643
108926
1.1488
12754
1,408.1
15489
16881
18536
20166
21872

25517
27459

315886
33775
38409
43398
48758
54505
60659
67241
7A276
81792
8.981.7
9538.7

54343

66994
73574
81423
8.937.0
87647

Appendix-B1. Orifice Meter Table for F, (Without Hydrate Formation)

Source: Guo and Ghalambor, (2005)
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330 Appendix C Orifice Meter Tables for Natural Gas
Orifice 0 12 15
Diaameter
(in) 9.564 1002 10136 11376 11838 1209 14688 15 1525
1 00728
1.125 00674 00688 00684
125 00624 00641 00546 00587 00704 00708
1375 00576 00584 00598 00543 00661 00586
15 00532 0055 00555 00807 00682 00825 00887 00705
1625 0042 00508 00514 00561 00S8 00585 006882 00687 00676
1.95 00452 00471 00476 00523 00543 00548 00628 006836 0.08642
1875 00417 00436 0044 00488 00S08 00513 00554 008503 o005
2 00385 00403 00407 00454 00475 0048 00583 00572 00578
2125 003S5 00372 00377 00423 00443 00448 00532 00547 00548
225 00329 00345 00349 00354 00414 00419 00503 00512 00519
2375 00305 0032 00324 00367 00387 00392 00475 00484 00492
25 00283 00298 00301 00342 00367 00366 00449 00458 0.04686
2625 00265 00277 00281 00319 00337 00342 00424 00433 0044
275 00248 0026 00262 00298 00316 o032 004 00409 00417
2875 00234 00244 00246 00279 00295 003 00378 00387 0.0394
3 00222 0023 00232 00262 00277 00281 00356 00365 00972
3125 00212 00218 0022 00244 0026 00264 00336 00345 0062
32s 00204 002090 00221 00232 00245 00249 00377 00326 O0332
3375 00199 00201 0C202 0022 00232 00235 003 00308 00314
35 00195 00155 00196 o021 0022 00222 00263 0.0291 0.0297
001893 00191 O0O0OM o2 00209 00212 00368 00275 0.02817
375 00182 00188 00188 00183 002 00202 00254 00267 0.0267
3875 00183 00187 00186 00187 00192 00154 0024 00247 002S3
K 00185 00187 00186 00182 00185 00187 00228 00235 0OC24
425 00203 00182 00188 00176 00196 00177 00207 00213 OCO217
45 o.oz1s ooz 00197 00175 00772 00777 0019 00154 00188
475 0023 00212 00208 00178 0017Y 0017 00176 0018 00182
S 00248 00228 00223 00185 00174 00173 00166 00168 0.017
00267 00244 00239 00194 Q081 O0O'78 0016 00167 00162
S5 00287 00263 00257 00207 0019 00186 001S6 001S6 00156
§75 00307 00282 00276 00221 00202 00197 00155 00154 00153
6 00326 00302 00295 00231 00215 0021 00157 00154 00153
6325 00343 0032 00316 00253 0023 00224 00161 00157 00154
65 00358 00336 00331 0027 00246 00239 007167 00182 00159

Appendix-B2. Orifice Meter Table for b (Without Hydrate Formation)
Source: Guo and Ghalambor, (2005)
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Table C-9 Y, Expansion Factors=Pipe Taps (Static Pressure Taken from Downstream Taps)

B'd

D

[

f

11
12
13
14
1§
18
17
18
19

010

1,008
10017
10026
1,004
10042
1,006
1,0089
1,006
10076
1,0088
1,000
10102
1011
10119
011
10136
10144
10183
10161

00

1.0008
10018
10023

10038
10048
10063
1,00
1,008
10078
1,003
1,001
1,008
10106
10113
1011
10128
101%

1014

00 040 04

10008 1,003 1,000
1001210007 1,004
100181001 1,000
10024 1,000 10008
1003 1.0008 1,001
10006 1.0021 1,001
10041 1.0025 1,004
1004710028 10016
10063 10082 1.0018
1,0069 1,006 1.0021
1006510099 10029
10071 1,003 1.0026
10077 1.0047 - 1.0027
10063 1,001 1,000
1.0089 10054 10082
10096 10088 1,004
10102 1,002 1.0036
10108 10086 1.0030

10111007 1,0041

080 082 05 0%

1.0000 00600 0.9696 09007
10000 0000 09967 09998
1,000 00996 0005 00962
10001 09907 0,004 0099
10001 00007 0,066 09060
1000109006 0.0991 09088
10002 00606 0999 09989
110002 00608 0.0666 0096
10002 09096 0.0067 09678
10003 09094 0.0086 09976
10009 0064 00064 00874
10004 00604 0,969 09972
10004 00604 00662 097
110004 0099 00961 09968
.0005 0090 0996 09966
110006 05999 00870 09964
10006 09002 09676 0962
10007 00662 0817 0.9%8
1100080992 09976 09958

068 060 081

00608 09695 09904
00003 0069 0,669
09089 09966 00084
00966 09961 00970
09062 09976 00073
0070 09672 09066
09675 09967 00982
00072 09062 00067
09069 00660 09952
00065 0994 09047
09662 09040 00642
09950 00045 0987
09956 00641 09602
0905 00636 00928
0005 09002 09628
09T 09028 00010
0004 09624 08013
0041 0962 09908
0908 00816 0994

06 08 oM

09004 00990 0,098
09960 00966 0.0966
00082 08079 0%6M
09076 00872 0.0969
0647 09066 09962
09064 00059 00084
09059 06063 0.0047
00952 09046 000
00046 0904 09902
0804 09080 09929
0990 0997 0916
02 08 00611
09924 09014 00804
00910 090 00897
00012 06002 0960
00907 09606 09680
09002 00869 09676
09606 05663 0967
09891 09677 0.9869

086 086 00

09681 0999 09089
00083 0081 06079
09074 06072 00969
0996 0,006 09988
00050 00963 00
00049 0004 00908
0901 00905 00908

0% 09026 06918 0

09025 06917 0008
0991706308 09698
09009 09699 09668
09001 0660 00678
00600 00881 00668
09685 09672 00860
09677 09664 09849
0667 00666 064
09662 09847 0083
00654 09836 09821
09647 0983 011

066 080 0N

0000 09067  0.0006
081 0%M 0%

04787

o

Appendix-B3. Orifice Meter Table for Y (Without Hydrate Formation)
Source: Guo and Ghalambor, (2005)
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324 Appendix C Orifice Meter Tables for Natural Gas

Orifice 1% 12 18
Drimrrmirtas

{in} 8564 10020 1013 11376 11838 12080 14688 15000 153250
1.000 20216

1125 25622 25601 25596

1250 31680 INMES56 64 31584 JFISS5T INS5S

1375 38429 381TR 3B168 36266 38250 JIE2DD

1.500 45852 457.79 457683 ASE.16 45554 45552 45382 45078

1625 53072 53869 53845 533E 53566 53548 530FT 53007 55299
1.750 62803 G2661 G26.20 62344 G2245 G220 61998 G188 61873
187 T2381 72170 TAZT 743 T80 TS5 T1L.73 71138 TiLi3
2000 B2ME3 EM.1Z2 B354 61848 81673 81630 8108 81053 B1019
21235 S37T28 93402 93327 2672 2444 SIABE SITON SN643 §1599
2250 10557 10516 10306 10423 10304 10387 102099 10926 10286
23T 14822 11770 11758 11653 19616 11607 17407 11488 1,1481
2500 13168 13105 13090 12959 12974 12902 12765 1.2754 12745
265 14600 145217 14503 14343 124287 14274 14105 1,40917 14080
2750 1618 16023 16001 158007 157389 1522 1.551.7 15489 15486
28BS 17725 1.Mf610 1,7584 1731 17288 17249 17001 18881 16985
3000 18425 1988 18975E& 1B97TA 18881 18857 18581 18536 18517
4125 21221 21057 29020 20600 20575 20547 20195 20166 20143
4250 2316 22022 22878 22480 220964 2221 218907 21872 21845
3375 25115 24836 2454 24T 24218 24180 23006 23655 23524
4500 27223 26953 26891 263856 26MT2 2626 25565 25517 25481
3635 29443 Z20M2T7 28055 28430 ZBENE 2B163 27514 27458 27417
ATS0 39TERY 412 AR T 30602 30953 30293 28545 25848171 29433
A8TS 34243 33813 3715 3A2ET4 AZSBT AT 31859 31586 3151
4000 3BE3AS 3635 3JEX2 1 3549 34820 34839 33858 3377SsS Aanz
4250 42438 49768 49616 40328 39895 350 358516 38409 38328
4500 48651 47762 47561 45571 45308 451772 43534 4338 433096
4750 555489 54370 S41S5 51915 51190 51190 480095 48758 4.86289
5000 B3IF7F H1682 E1349 S5BS068 575/B 57578 54719 54505 54343
5350 TAITT G69/A9 65044 E65884 64515 64515 60925 608589 60459
5500 81341 THETZ2 TEMNO0 7341 T2061 T2051 67570 67241 66994
5730 92070 668763 86031 82114 80242 B0242 7480 T42TE 73974
GOoDD 10415 99912 S68578 9,14565 89154 85154 BZMBS5 BITHZ B.1423
6250 M.TE3 1240 1121 10178 98361 98861 90416 89817 89370
6500 13340 12644 12452 11,307 10945 10545 99112 98387 97647

Appendix-B4. Orifice Meter Table for F, (With Hydrate Formation)
Source: Guo and Ghalambor, (2005)

9649



VOL. 13, NO. 24, DECEMBER 2018 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

330 Appendix C Orifice Meter Tables for Natural Gas

Orifice 0 12 15
Drameter

(in) §564 1002 10136 11376 11838 1209 14588 15 1525
1 00728

1.125 00674 0088 00654
125 00624 00641 006846 00687 00704 00708
1375 00576 00584 00598 00543 00661 00556
15 00532 0055 00SS5 00807 0062 00825 00887 0.0705
1.625 0048 00508 00574 00561 0058 00585 00682 0067 00676
1.75 00452 00471 00476 00523 00543 00548 00628 00636 00642
1.875 00417 00436 0044 00438 00508 00513 00554 00603 0.061
2 00385 00403 00407 00454 00475 0048 00SS3 00572 00578
2125 00355 00372 00377 00423 0.0443 00449 00532 00541 00Ses
225 00329 00345 00349 00394 00414 00419 00503 00512 00519
2375 00305 0032 00324 00367 00387 00332 00475 00484 004892
25 00283 00298 00307 00342 00361 00366 00445 00458 0.0466
2625 00265 00277 002871 00319 00337 00342 00424 00433 0044
275 00248 0026 OO0262 00298 00316 0032 004 00409 00417
2875 00234 00244 00246 00279 00295 003 00378 00387 0.0354
3 00222 0023 00232 00262 00277 00281 00356 00365 0.0372
3125 00212 00218 0022 00244 0026 00264 00336 00345 oO0GS2
325 00204 00209 00221 00232 00245 00249 00377 00326 00332
3375 00199 00201 00202 0022 00232 00235 003 00308 00314
35 00195 00195 00196 0021 0022 00222 00263 00291 00297
3625 00183 00191 00197 002 00209 00212 00368 00275 0.0281
375 00152 00188 00188 00183 002 00202 00254 00267 0.0267
3875 00183 00187 00186 00187 00192 00194 0024 00247 00253
K 00185 00187 00185 00182 00185 00187 00228 00235 0024
425 00203 00192 00182 00176 00186 00177 00207 00213 00217
45 0021S 002 00197 00175 00172 00177 0019 00154 00198
475 0023 00212 00208 00178 00171 0017 00176 0018 00182
5 00248 00228 00223 00185 00174 00173 00166 00168 0.017
525 00267 00244 00239 00194 00181 00778 0016 00161 00162
00287 00263 00257 00207 0019 00186 00156 00156 0.0156
575 00307 00282 00276 0022t 00202 00197 00155 00154 00153
6 00326 00302 00295 00231 00215 0021 00157 00154 00153
825 00343 0032 00316 00253 0023 00224 00161 00157 00154
65 00358 00338 00331 0027 00246 00239 00167 00162 00159

Appendix-BS. Orifice Meter Table for b (With Hydrate Formation)
Source: Guo and Ghalambor, (2005)
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Tablo C-8 ¥ Expansion Factors~Pipe Taps (Static Pressure Taken from Upstream Taps)
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Appendix-B6. Orifice Meter Table for Y (With Hydrate Formation)

Source: Guo and Ghalambor, (2005)
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