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Vapor Recovery Calculations

I VAPOR CONTROL SYSTEM CALCULATIONS - SUMMARY

A. Geperal Description of Vessel:
Builder:

Builder's hull numbers:
Year Built:

Official Numbers:
Owner:;

Vessel Names:
Vessel Dimensions:
Service:

Classification:

Max Design Working Pressure of Tanks:

Max Cargo Loading Rate

Maximum Discharge Rate

VCS Cargoes:

Maximum Vapor-Air Mixture Density:
Maximum Vapor Growth Rate:

B. General Description of Vapor Control System:

CONRAD ORANGE SHIPYARD
H447, H448, H449

2012

TBD

TBD
297'-6" x 54'-0" x 12'-0"
Inland Tank Barge (D/O)

None

3.00 (psig)
5,500 (bbl/hr)
4,300 (bbl/hr)
See Table 1

0.35 (Pentane, all isomers) (Ibm/ftA3)
1.54 (Pentane, all isomers) (Ibm/ft*3)

[Note: Also see Reference 6 for details of vapor control system.]

1. Pipe:

One (1) 8" diam longitudinal vapor header fitted with a 6" high-velacity PV Valve.
One (1) 8" diam tranverse vapor header with 8" shore connection valves.
One (1) 8" diam branch line off longitudinal header to each cargo tank.

(See Reference 6 for system layout)

2, High Velocity PV Vaive:
Model:
Pressure Setting:
Vacuum Setting:
PV Valve Flow Capacity:

3. Spill Valve:
Model:
Pressure Setting:

4. Vapor Recovery Hose:
Diameter:
Length:

5. Cargo Tank P-V Vaives:
Model:

Pressure Setting:
Vacuum Setting:

Tanktech/Bergan KLPH-6

1.50 (psig)
0.5 (psig)
SeeAtt. t (bbl/hr)

None installed
N/A

8" (assumed)
50' (assumed)

{One central P/V valve only, no individual tank P-V

valves)

See #2 above.

1.50 (psig)
0.5 (psig)
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C. VCS Calcuiations:

1. Cargo Authority:
The vapor collection system installed on this barge is designed for Grade A and lower petroleum products
and Type II/lll chemicals. Typical cargoes to be carried by this barge are listed in Table 1. These cargoes
are to be listed in the Cargo Authority Attachment (CAA) of the barge's Certificate of Inspection. Note that
Table 1 is not intended to be an all-inclusive list and the CAA should therefore not be limited to these
cargoes. Other cargoes with less restrictive or equal characteristics shall also be included on the CAA.

2. Determining Vapor-Air Mixture Density and Vapor Growth Rate:
Of the cargoes carried, Pentane has the highest vapor-air mixture density. Pentane also has the greatest
vapor growth rate. (See Table 1)

3. The Maximum Liquid Transfer Rate as imposed by the Capacity of the Cargo Tank Venting System:
(Ref: 46 CFR 39.20-11)
Tanks #1 P/S are the farthest tanks from the High-Velocity P-V Valve in terms of total equivalent pipe
length. Using factors from Reference 4 and 9, the total equivalent length of pipe is calculated for this path.
This calculation is shown in Table 2.

Using Darcy's equation, and friction factors selected as appropriate for the pipe size, and the maximum
liquid transfer rate, the pressure drop along the VCS piping from tank #1P to the P-V Valve is calculated
using the total equivalent length of pipe from Table 2. The pressure drop calculations were done for the
maximum loading rate (5,500 BBL/hr) for this barge. This maximum loading rate is based on loading one
tank at a time. This calculation is shown in Table 3.

Conclusions:

Using a 5,500 bbl’hr maximum liquid transfer rate (for Pentane and lower cargos), the vapor-air mixture
and air-equivalent volumetric flow rates for each cargo are shown in Table 3. The greatest pressure drop
in the cargo tank venting system is 0.25 psig for Pentane cargo. At a pressure relief setting of 1.5 psig,
the high-velocity P-V valve has an adequate flow capacity (see attachment 1). The greatest total back
pressure imposed on the tanks by the cargo tank venting system (1.02 psig) does not exceeed the design
working pressure of the cargo tanks (3.00 psig). Also, the vacuum relieving capacity of the P-V Valve has
been checked against the maximum discharge rate and has been found to have adequate vacuum
relieving capacity (see Table 3).

4. The Maximum Liquid Transfer Rate as Imposed by the Relisving Capacity of the Cargo Tank Spill

Valves:
No spill valves are installed on this barge.

5. The Maximum Liquid Transfer Rate as Imposed by the Set Point of the Overfill Alarm:

At the maximum cargo loading rate of 5,500 bbi/hr, required overfill alarm set points have been calculated
such that the person in charge of the transfer operations has more than 60 seconds from the overfill alarm
to stop the transfer operations before the tank overflows. (See attached overfill alarm set point calculation
sheets.) The overfill alarms will need to be set at or below these calculated levels to ensure that the VCS
complies with 46 CFR 39.20-9. In addition, the overfill alarms must also be set at or below a capacity of
98.5% to comply with 33CFR155.775.
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6. The Maximum Liquid Transfer Rate as imposed by the pressure drop between the most remote
tank and the facility vapor connection (Ref: 46 CFR 39.30-1(d)(3):
This requires the sum of the pressure drop along the longest path from the cargo tank to the vessel vapor
connection and the back pressure at the facility vapor connection not to exceed 80 percent of the pressure
setting of any pressure relief vaive in the system. Tanks #1 P/S are the farthest from the facility vapor
connection (in terms of total equivalent length of pipe). The total equivalent length from cargo tank #1P to
the facility vapor connection is given in Table 4.

Using Darcy's equation, and friction factors selected as appropriate for the pipe size, and the maximum
liquid transfer rate, the pressure drop along the VCS piping from tank #1P to the facility vapor connection
is calculated using the total equivalent length of pipe from Table 4. These calculations are shown in Table
5.

Conclusions:
Pressure drop at the maximum liquid transfer rate of 5,500 bbl/hr (for Pentane and lower cargoes) along

this path for each cargo is given in Table 5. The highest pressure drop {for Pentane) does not exceed 80
percent of the P-V valve pressure setting. If the pressure drop between the facility vapor connection and
the shore facility's pressure sensor is known, it should be added to the pressure drop along this path to
ensure that the total pressure drop does not exceed 80 percent of the P-V valve pressure setting.

7. Graph as Required by 46 CFR 39.30-1(b)(3):
See attached.
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Table 1 Determination of Vapor-Air Mixture Density & Vapor Growth Rate
] ] l ’ Pressure |Pressure
Dropto (Dropto
Vapar-air Air PV Valve (Facility
| “Vapor Mixture |Vapor |Max. Vapor Equivalent |in VCS |Connection
CHRIS vCs Liquid |Press. @ | Vapor |Weight Growth |Loading |Volumetric [Volumatric [(See in VCS (Ses

Code |Name Typa | Category S.G. 115F S§.G. |Density |Rate |Rate Flow Rate Flow Rate |Table 3) |Table 5)

(psia) (Ib/ft*3 (bbimr) (bbithr)  [(psig)  l(psig)
1JACN_ [Acrylonitrile i 4 0.81 500 180] 0095 1.10] 5500 60501 6756 0.034 0.079
2|ACT __[Acetone D 1 0.79] 1000} 200] 0123} 1.20] 5500 6600] 8393] 0053 0.121
3|ACP__ [Acetophenone [5) 1 1.03 060] 414] 0085 1.01] 5500 5566 5881 0.026 0.060
4/AND__ [Adiponitrie 1 1 0.95 0.01] 373] o0o7el 1.00] 5500 5501 5506]  0.023 0.052
_. _5|AEC _ |Amylacstateallisomers) . D ) . _ 1) 088 033 010] 007§ 1.0t/ 5500] 5536/ ~ 5485) 0023] 0052
6/AA " |Amyl Alcohol (iso-, n-, sec-, primary) I6) 1] 082 030] 304 0o7s] 1.01] 5500 5533 5637] 0024 0.055
7]ATN __Acatonitrite 1] 3 0.78 0.03[ 141] 0.076] 1.00] 5500 5503 5505  0.023 0.052
8|BAL __|Benzyl Alcohal 3] 1 1.05 010 373] 0077] 1.00] 5500 5511 5557  0.023 0.053
9[BNZ___[Benzene W 1 0.88 450]  280] 0.114] 1.25] 5500 6875 B420] 0054 0.122

Benzene, Toluene, Xytene mixturas (10%

10|BTX _ |Benzene or more) n 1 0.84 7.30] 280 o.mai 1.25] 5,500 6875 9252  0.065 0.147
11]JBAR __|Butyl Acrylate (iso- _n-) ] 2" 090 060] 442 0086] 1.01] 5500 5566 5908]  0.026 0.060
12]BAX___|Butyl Acatate (all isomers) [} 1] _ 087 0.60] 400] 0.085 1.01] 5500 5566 5867] 0.026 0.058,
13]1AL Butyl Alcohol (iso-) 3] 11 081 0.90] 260] 0083[ 1.02] 5500 5599 5843]  0.026 0.059
14{BAN___[Bulyl Alcohal (n-) D 1, 081 0.50] 010 0.074] 1.01] 5500 5555 6477| 0023 0.052
15[BAS __[Butyl Alcohol (sec-) D 1 081 130 2e60] o0o088] 1.03[ 5500 5643 5394 0027 0.062
16]BAT | Butyl Alcohol {ter-) 3] 1 0.78 2.80] 260] 0.007] 1.06] 5500 5808 6562] 0.032 0.074
17]BPH__ [Butyl Benzyl Phthalate 0 1 1.12 001] 1080 ©0077] 1.00] 5500 5501 5518] 0023 0.052
18{BAD _ |iso-Butyraldehyde it 1 0.80 780 250 ©131] 1.18] 5500 6358 8344]  0.053 0.120
19[BTR _ |n-Butyraldehyde ] 1 080[ 780 250 0131] 1.t6] 5500 6358 8344] 0053 0.120
20[BUE___[Butyl Toiuene D 1 0.85 0.10{ 511] 0.078] 100} 5500 5511 5580 0.024 0.054
21[CLS __ [Caprolactam Sofutions 0 1 1.02 0.05] 390] 0077 1.00] 5500, 5506 5530  0.023 0.053
22[CCH__|Cyclohexanane {Anolone) it 1 095 020; 340] 0078] 1.00] 5500 5522 5603 0.024 0.054
23|CHA__|Cyclohexylamine ] 1 o087 062 342] 0083 1.01] 5500 5568 5820] 0.026 0.058
24[CHX __|Cyclohexans D 1 0.78 450 200 0116] 1.09] 5500 5995 7410 0041 0,094
25|CHN__[Cyclohexanol 0 1 0.95 0.15] 345] o0p78f 100 5500 5517 5579]  0.023 0.054
26[CPD__ |1,3-Cyciopentadiena dimer {molten) D 2 0.69 0.25] 455! 0.080] 1.01] 5500 5528 5677]  0.024 0.055
27JCMP__|p-Cymene D 1 0.86 01| 462 o0078] 1.00] 5500] 5512 5579]  0.023 0.054
28[CRB__ [Chiorobenzene __Im 1 11 0.80/ 388 0087 102 5500 5588 5972] _ 0.027] 0.061
29|CRS __|Cresols [ 1 1.05 0.08) 372| o0.077] 100 5500 5509 5546] 0,023 0.053
30[CUM__[Cumene [3] 1 0.86 0.60] 420] o0o085] 1.01] 5,500 5566 5887|  0.026 0.060
31]IDA___[Decaldehyde {iso-) D 1 0.83] 0.01] s500f o0076] 1.00] 5500 5501 5508 0023 0.052
32|DAL__ [Decaidehyds {n-) D 1 0.83' 000l 501 0076] 1.00] 5500 5500 5500 0.023 0.052
33|DCE__ |Decene D 1 0.74] 0.12] 480] 0078] 1.00] 5500 5513 5590]  0.024 0.054
34]DAX__ |Decyl Acohol (all isomers) (Decanal) D 1 0.83] 0.01] 530] 0076 1.00] 5500 5501 §508]  0.023 0.052
35|DBZ _ [Decylbenzena (n-) ) 1 0.86, 0.01] 7.52] 0.076f 1.00] 5500 5501 5512]  0.023 0.052
36[DAA __ |Diacetone Alcohol )] 1 0.97] 010 400 0078] 1.00] 5,500 5511 5562|  0.023 0.053
37[DCH__T1,1-Dicholoroethane t 1 118! 990 341 o188l 1.20] 5,500 6589 10361  0.081 0.185
38]DPA__ |Dibutyl Phthalats (ortho-) o 1] 1.05) 0.00] 959 0.076] 1.00] 5,500 5500 5500] _0.023 0.052
30{DEB _ |Diethybenzena D 1 0.87 008] 462 0078 1.00] 5500 5509 5558]  0.023 0.053
40[DEG__ |Diethylsne Giycol 10N 1 1.12; 001] 366 o0.076] 1.00] 5,500 5501 5506]  0.023 0.052
41]DEN__ [Diethylamine [T 3 071 1.00] 250] 0083 1.02] 5500 5610 5864]  0.026 0.059
42]DBL___ |Diisobulylene D 1 0.72! 200! 36| 0103 1.04] 5,560 5720 6654] 0033 0.076
43|DIK___|Diisobutyl Ketone D 1 0.81 016] 490! 0079 1.00] 5500 5518 5623] 0.024 0.054
44[DIP | Diisopropanalamme m 1 098] 001 459 oo76f 1.00f 5500 5501 §507] _ 0.023 0.052
45[DIX___|Diisopropylbenzens {all isomers) D 1 086 003] 560] 0077] 1.00] 5500 5503 5527  0.023 0.053
46{0TL.__ |Dimathyl Phthalate D 1 1.18, 000] 663] 0076] 1.00] 5500 5500, 5500)  0.023 0.052
47{DOP__ |Dioclyi Phihalate D 1 0.98] o000 1347] 0078] 1.00] 5500 5500 5500]  0.023 0.052
48[0OPN _ [Dipentens o 1 0.84 010 asool o0078] 1.00] 5500 5511 §577]  0.023 0.054
49{DIL Dipheny! D 1 039 001] 531] o0076] 1.00] 5500 5501 5508]  0.023 0.052
50IDDO__ |Diphenyt, Diphenyl Ether Mixtures D 1 1.07 001] 586 ©0076] 1.00f 5500 5501 5509  0.023 0.052
51]DMF__ |Dimethylformamide [ 1 0.95 030] 251 o078 101 5500 5533 5610] 0024 0.054
52[DPE _ [Diphenyl Ether D 1 107 001, 587 0.076] 100[ 5500 5501 5508 0023 0.052
53|DPG__ |Dipropylene Giycol_ D 1 1.03] 007 463 0077 1.00[ 5500 5508 5551 0.023 0.053]
54J0PX__|1,1-_1,2-, 1,3-Dichloropropane ] I 3 1.16 630] 390] 0.162] 113] 5500 6193 9034]  0.062 0.140
55{DFF___|Distillates Flashed Fead Stocks D 1 0.75 230; 340l o0102] 105 5,500 5753 6661 0.033 0.076
| 56|DSR __ | Distillates Straight Run 5] 1 073 230 340] 0102] 105 5,560 5753 6661] 0033 0.076]
57|002 _ [Dodacena (all isomers) 0 1 0.76 002" 581 0077] 1.00] 5500 5502 5519;  0.023 0.052
f 58[DDB _ |Dodecylbenzene D 1 0.86 4700 840 0240 125 5500 6875 12196]  0.112 0.2
S9|EAC _ |Ethyl Acrylate 1} 2 093 200 350 0100] 1.04] 5500 5720 6543]  0.032 0.074
60[EAl___ [2-Ethyihexyl acrylate [ 2 0.89 002 635 o0077f 100 5500 5502 5520 0023 0.052
| 81[EEA __|2-Ethoxyethyl acetate ) 11 097 QE][_.AJO 0.077]  1.00] 5500 5503 §517] 0023 0.052
62[ETG __ [Ethoxy Triglycal (crude) D IR o000l 614 core] 106l 5500 5500 §500] 0023 0.052
63[ETA __ [Ethyl Acetate D 1 0.90 450 304f on9[ 109] 5500 5995 7504|  0.042 0.097
64[EAA__ [Ethyl Acetoacetate o 1 1.03 020] 448] o0079] 100[ 5500 5522 5639  0.024 0.055
B5[EAL___ | Ethyl Alcohot (Ethanal) D 1 079 350 160] 0085 107 5500 5885 6255|0030 0.067
66|ETR  |EthyiBenzene D _ | 1 087 060, 356 0083] 101 5500 _ 5566|  5824) 0026]  _ 0.058]
67|EBT | Ethyl Butanal D 1 0.83 012] 352 o0078] 1.00] 5500 5513 5564  0.023 0.053
68[EBE__|Ethyi tent-butyl ether D 1 074 019 350 0078 1.00] 5500 5521 5602! 0024 0054
69[EBR _ |Ethyl butyrate D 1 0.68 1.00; _400] 0090 102[ 5500 5610 6107] 0028 0064
—70[ECY__[|Ethyi Cyclohexane . D | i orsl __osol 387| oos3a] 101] 5500 5555|5796 _ 0025 0.058
71)EDC__ |Eihyiene dichioride W 7.26| 400 342] 0122] 308 5500 5940 7508] _ 0.043 0.097
72[€GL__ [Ethylene Giyeal I 1 118 001; 221 o0076] 00| 5500 5501 5503]  0.023 0052
73[EMA__ [Ethylens Glycol Butyl Ether Acetata _ |D 1 0.94; 005" 552] 0.077] 1.00[ 5500 5506 5544] 0023 0.053
| " 74]EGY__|Ethylene Giycol Diacetale D 1 t10] 001, 503 0076 100 5500 5501 5508] 0023 0 052]
|~ " 75|EPE__|Ethylene Glycol Phany! Ether o] 1 110" 001| 480l oo76| 1.00] 5800 5501 5508) _ 0023] 0052
[ 76{EEP __|Ethyl-3-ethoxypropionate To i 7095 00t 00| _oo76] 100] 5500{ _s501] 551G _ 0023] 0052
77]ERX__|2-Ethylhexanol (Octanal) io_,_#_ﬂ,__[ __o8sl 002] 450 o076 100 5500 5502 5514 0023} 0.052
78lEPR__|Ethyl Propionate ) | 089 _350] 160} 0086 1.07] 5500 5885 6255  0.030! 0067

5
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Pressura Prassure
Orop to  {Drop to
Vapor-air Air PV valve [Facility
“Vapor Mixture (Vapor [Max Vapor Equivalent (in VCS  (Conpection
CHRIS VvCs Liquid |Press. @| Vapor |Waight [Growth |Loading [Velumetric {Volumetric |(See in VCS (See
Code {Name Type | Category | S.G 115F ! S.G |Density |Rate |Rate ‘Flow Rale (Flow Rate |Table 3) [Table 5)
(psta) {to/ft3} {bbihr) (bblhr) (psig) (psig)

| .. . I9|ETE _ |Eihyl Toluene [N | > E 1. ..088 028) 415/ 0080 101} 5500/ 5531 5679 0024 0.056
80[FAM~_[Formamide D 1 T o10{ 1ss5] “oors| 100[ 5500 5511 5520 0.023] " 0.052
81|FMS__ |Formaldehyde Solution ] 1 1.13 015 103] o0076] 100 5500 5517 5517] 0.023 0.052
82|FAL__ [Furturyl Alcohol D 1 113 005 340! 0077{ 100 5500 5506 5526 _ 0.023 0.053
83[FFA__ |Furfural 1l 1 120 015 331] o078 100[ 500 5517 5575]  0.023 0.053
| 84|GAK _ |Gasoline Blending Stocks Alkylates D 1 075] 1250] 340] 0217] 125 s500 6875 11610}  0.102 0.232
85|GRF __|Gasoline Blending Stocks: Reformates  |D 1 0.80 12.50| 340 0.217 1.25 5,500 6875 11610 0.102 0.232
| 88|GAT _|Gasolines: Automotive D .1 074 1250, 340 0217] 125 5500 6875 11610] _ 0.102 0232
87|GAV__ |Gasolines: Aviation D 1 071] 1250 340] 0217} 125 5500 6875  11610] _ 0.102 0.232
88|GCS _ |Gasolines: Casinghead D 1 067] 1250 2340] 0217] 1.25{ 5500 6875 11610]  0.102 0232
89|GPl._ [Gasolines: Polymer D 1 075| 1250 340 0247] 1.28] 5500 6875 11610 _ 0.102 0232
90|GSR_|Gasolines: SlraighiRun D 1 075]  12.50] 340] 0.217] 125] 5500 6875 11610 0.102 0.232
31[GCR __|Glycerine D 1 126 000 317] oo7s] 100 5500 5500 5500 0023 0.052
92|HMX _[Heptane (all isomers) 0 1 0.68 2.50] 345[ 0105] 1.0s] 5500 5775 6779  0.035 0.079
93[HEP _ {Heptonic Acig D 1092 001] 448 0076] 1.00] 5500 5501 5507]  0.023 0.052
94]HTX_ [Heptanol {all isomers) D 1] o082 0.04] 400] o0077] 1.00] 5500 5504 5525]  0.023 0.053
95]HPX__ [Heptenae (all isomers) D 2 o070 290! 340] o109 106 5500 5819 6958]  0.037 0.083
96[HXS _ [Hexane (all isomers) D 1. 066 7.00] 300 0142 1.14] 5500 6270 8561]  0.055 0.126
97]HXO__ [Hexaonic Acid D 1 0.93 001 400] o0076] 1.00] 5500 5501 5506] 0023 0.052
98/HXN _ |Hexanol D 1] 082 1.00] 352] oo088] 1.02] 5500 5610 6031] 0027 0.063
99[HEX___[Hexene (all isomers) D 2 067 800 290f 0148] 1.16] 5500 6380 8882]  0.060 0.136
100[HXG__|Hexylene Glycol 0 1 0.92 001 110] 0076 1.00] 5500 5501 5501 0.023 0.052
101[iPH___ [isophorone D 1 093 001] 475] o076l 100 5500 5501 5507] 0023 0.052
102|UPF~_ lJet Fusls: JP4 D 1. 081 340 400] 0.124] 1.07] 5500 5874 7499]  0.042 0.097
103(JPV Jet Fuels JP-5 (Kerosane. heavy) 0 1 082 010 400 0.078 1.00 5,500 5511 5562 0.023 0.053
104|KRS __ |Kerosene D 1 0.81 0.15] 450l 0079] 1.00] 5500 5517 5605 0024 0.054
105{MTT___[Methyl Acetate D 1 0.92 6.10] 260[ 0122f 1.12] 5500 8171 7812]  0.046 0.105
106[MAL __|Methyl Alcohol {Methano!) D 1 0.79 663] 110/ o0079] 1.13] 5500 6229 6355]  0.030 0.070
107|MAC__ {Methylamyl Acetate D 1 0.86 0.33] 497] 0.082] 1.0t 5500 5536 5756] 0.025 0.057
108{MAA _ {Methylamyl Alcohol D 1 081 0.43| 352 0.081 1.0¢ 5,500 5547 5730 0.025 0.057
109{MAK__[Melhylamyl Keytone D 1 0.82 005 100 0076 1.00] 5500 5506 5506]  0.023 0.052
110]MAM__[Mathyi Acrylate l 2 095 410/ 300] 0115 1.08] 5500 5951 7303] _ 0.040 0.092]
111IMBE _ Methyl Tert-Buly! Ether (MTBE) D 1 0.74 0.04] 310 0.077 1.00, 5,500, 5504 5519, 0.023 0.052
112]MBK__ [Methyl Butyi Ketone 3] 1 0.81 097] 350 0088 102 5500 5607 6012]  0.027 0.062
113[MBU __[Methyl Butyrate [3] 1 0.90 1.26] 353] 0091 1.03] 5500 5639 6168  0.029 0.065
114|MEK __[Methyl Ethy! Kstone D 1 0.80 450] 250 o07108] 1.09] 5500 5995 7135]  0.038 0.088
115]MHK_[Methyl Heptyl Ketone 5] 1 0.83 006] 490 o0077] 1.00] 5500 5507 5546  0.023 0.053
116{MIK___[Methyl Isobutyl Ketone 5] 1 0.80 115] 345| 0088 102] 5500 5627 6096]  0.028 0.064
117[MMM_ {Methyl methacrylate i 2 0.94 202! "345{ 0099] 1.04] 5500 5722 6538{  0.032 0.074
118[MNA__|Methyl Naphthalene 5] 1; 1.02 0.01] 491] 0076f 1.00] 5500 5501 5508]  0.023 0.052
119]MNS  |Mineral Spirits D 1 0.75 020 430 0.079 1.00] 5,500 5522 5633 0.024 0.085
120[MPL___ |Morphofine it 1 1.00 080] 2300] o0084f 1.02[ 5500 5588 5867| 0.026 0.059
121IMRE__|Myrcene D 1 0.80 017 470f 0079] 1.00[ 5500 5519 5625  0.024 0.054
122[PTN __ [Naphtha: Petrolaum D 1 0.74 019] 3s0] o0078] 1.00] 5500 5521 5600] _ 0.024 0.054
123|NSV__ [Naphtha: Solvent D 1 0.87 0.20] 350] o0.078] 1.00] 5500 5522 5607|  0.024 0.054
124|NSS__|Naphtha: Stoddard Solvent 5] 1 0.78 020] 430] 0079 1.00{ 5500 5522 56833  0.024 0.055
125|NVM__[Naphtha: VM&P D 1 0.77 0.19] 430] 0079] 1.00[ 5500 5521 5627|  0.024 0.054
126{NAX__ |Nonane (all isamers) 3] 1 0.72 027] 440] 0080] 1.01] 5500 5530 5684]  0.024 0.056
127|NON _ [Nonens (all isomers) ] 2 073 035] 4.30 0.082 1.01 5,500 5539 5733 0.025 0.057
128]NNS__ [Nonyl Aicohol (all isomers) [i] t 0.94 010] 500] 0078] 1.00f 5500 5511 5578] _ 0.023 0.054
129|NNP__[Nonyi Phenol D 1, 095 0.01] 760 D0076] 1.00] 5500 5501 5612]  0.023 0.052
130INPM__[1-, 2-Nitropropane ] 1 0.99 1.05] 308] oo08s[ 102] 5500 5616 5979] _ 0.027 0.062
131{OAX __|Octana (all isorners) D 1 0.70 079] 390l oco87] 1.02[ 5500 5587 5969]  0.027 0.061
13210CX__[Cctanol (all isomers) D 1 083 001 448] oo76] 100 5500 5501 5507|  0.023 0.052
133|0TX__ |Octene (all isomers) D 2 072 090] 390] 0088] 1.02] 5500 5599 5033 0.027 0.063
134|0TW _|Oil, fuet: No. 2 D 1 0.88 056] 800] 0095] 1.01] 5500 5562 6198]  0.029 0.066
135[0TD__[Oil, fuel: No. 2-D D 1 0% 069] 340] oo084f 1.01] 5500 5576 5853]  0.026 0.059
| 136]OFR__|Oil, fuel: No. 4 D 1 0.90 015 340 0.078] 1.00] 5,500 5517 5577]  0.023 0.054]
137]oFv__ |Oil, fust: No. 5 D 1 0.94 015 340] 0078} 1.00] 5500 5517 5577] _ 0.023 0.054
138[08X [0l tuel: No. & D 1 095 015] 340] o0078] 1.00[ 5500 5517 5577] 0.023 0.054
139[0IL ]Gl misc: Crude D 1 0.95 015] 340] oo078] 125] 5500 6875 6861 0.036 0.083
140|0DS __ [Oil, Misc: Diesel ) I X 069] 340] 00B4] 1.01] 5500 5576 5854] 0026]  0.059)
141]OLB__ |Oil, Misc: Lubricating D 1 0.90 015 100] 0076] 1.00] 5500 5517 5517]  0.023 0.052
142|ORL | Oil, Misc: Residual D 1 1.02 015] 100] o0078] 1.00[ 5500 5517 §517] 0023 0.052
143[0TB~ [Oil, Misc: Turhine D 1 0.87 030] 540 0082 101 5500 5533 5754  0.025 0.057
T T 14a]PTY__[Pentane (allisomars) D s " osal  2700] 250] 0350 1.54] 5,500 8470 18150 0.249 0.567
145|PTE  |Pentene (all isomers) D 5 064 2495 240f 0310 1.50f 5500 8245 16640  0.209 0.477
146[PIN__|Pinene D 1 086 038] 470] 0083] 1.0t 5500 5542 5777|0025 0.057
147[PLB__|Polybutene [3) 1 oo 001] 00| o0076] 100 5500 5501 5501] 0023 0.052
148|PGC__|Polyprapylene Glycol D 1101 010 100/ o076} 1.00] 5500 5511 5511 0.023 0.052
149[IAC____[Propyl Acetata (iso-) D 1, 089 180 382 0097] 104l 5500 5698 6447] 0.031 0.072
150[PAT__|Propyl Acatats (n-) D 1 0.00] 185 352] 0098] 104 5500 5704 6472]  0.032 0.072
151{lPA__|Propyl Alcohol (iso-) D 1 0.79 300] 207{ 0091] 106] 5500 5830 6382]  0.031 0.070|
152!PAL___ [Propy! Alcohol (n- D 1 0.80 1200 207  oos2] 102] 5500 5632 5851 0.026 0.055
153|PBY __ |Propylbenzane (all isomers) o 1| 086 020 414 ©079] 100] 5500 5522 5628] 0024 0055
154[iPX___|iso-Propylcyclohexane D YD) 001] 435] oo076] 100 5500 5501] 5507 _ 0023 0.052
155|PPG _ [Propylene Glycol D 1 104 001 262] oo7e] 100 5500 5501 5504 0023 0 052
[~ 158]PGN " [Prapylene Glycol Methyl Ethar Acetate | 1 692] 070/ 311| 0083 101 5500 §577] 58281 0026] __ 0.058|
I 157[PTT__ |Propylene Tetramer D 1 029 002 100| 0076 100 5500 5502 5502|0023 0.052
158[SFL___ |Sulfolane D 1 126 001, 414 o076 100 5500 5501] 5506 0023 0.052
158[STY _ |Styrena B T | 2] 092 040 360f 0081 101] 5500, 5544] 5719! _ 0.025 0.056
160[TTG __[Tetraethylene Glycol o D 1 1.20 001 670] o0d76] 100[ 5500 5501 5511} _0.023 0.052]

6



Vapor Recovery Catculations

] Pressure [Pressurs
Dropto .Dropto
| Vapor-ar Arr PV Valve |Facility
“Vapor Mixiure |Vapor {Max. Vapor Equivaient lin VCS  jConnection
CHRIS VvCS Liquid |Prass. @ Vapor |Weight |Growth [Loading {Volumetric |Volumetric |{See in VCS (See
Cade |Name Type | Category | S.G. 115F | S.G. |Density [Rale |Rate Flow Rate |Flow Rate {Table 3) [Table5)
(psia) (Ibifr3) {pblihr) (bbhr)  lpsig)  i{psig)
“TGT|TAN _|Telrahydronaphthalene D _ | 1|  087] 003 _486| 0077 1.00] _5500] 5504 _ S29] 0023 0053
162|TOL Toluene 0 1 0.87 1.50 3.14 0.081 1.03, 5,500 5665 6201 0.029 0.066
" "183[TCN__ [1.2,3-Trichioropropane 1l 3 1.39 015] 560] _0.079] 1.00] 5500 5517 5633] 0024 0.055
164|TCP Tricresyl Phosphate (less than 1% of orthqD 1 1.16 0.01] 1269 0.077 1.00 5,500 5501 5521 0.023 0.052
165|TEB Triethylbenzene D 1 0.66 002 560] 00771 100j 5500 5502 5518 0.023 0.052
166{TEN Triethylamine I} 3 0.73 2.50 3.49 0.105 1.05 5,500 5775 6795 0.035 0.079
167|TEG Triathylene Glycot ] 1 1.12 0.01 517 0.076 1.00 5,500 5501 5508 0.023 0.052
~168[TPS___[Triethyl Phosphate 0 1 0077] 1.00] 5500 5503 5630]  0.023 "0.053]
169{TRE Trimethylbenzene (all isomers) D 1 0.078 1.00] 5,500 5515 5588 0.024 0.054
170{TRP Trixylenyl Phosphate 0 1 0.076 1.00 5,500 5500 5500 0.023 0.052
17 t{THF Tetrahydrofuran n 1 0.090 1.17 5,500 6435 7001 0.037 0.084
172|UDC Undecene D 1 0.75 0.05| 5.32 0.077 1.00: 5,500 5506 5542 0.023 0.053
173jUND Undecyl Alcohol D 1 0.84 0.01 594 0.076 1.001 5,500 5501 5509 0.023 0.052
174|VAM Viny! Acetate it 2 0.84 5.80 2897 0.130 112 5,500 6138 8015 0.048 0.1114
175|XLX__ |Xylenes (ortho- meta- para-) D 1 0.89 05t] 3e68] 0083 1.0 5,500 5556 5786 0.0251 0.058
max = 0.350 1.54 max = 0.249 0.567
Notes: 1. The above data is sourced from the USCG CHRIS Manual (Ref. 7} & from various manufacturer's MSDS's.



Table 2

Vapor Recovery Calculations

Calculation of Maximum Liquid Transfer Rate as Imposed by the Ca pacity of the

Carqo Tank Venting System

Note: Darcy's equation will be used to estimate the pressure drop of the vapor-air mixture through the vent
piping from the farthest tank in terms of equivalent pipe length, #1P to the P-V valve. Equivalent length for
this path is calculated using Crane's Technical Paper 410 (Ref 4) and Cameron Hydraulic Data handbook

(Ref9).

Calculate equivalent lengths of pipe:

a. Pipe run #1
Description:
8" Branch (Exp trunk to vapor stack)
Pipe size, nominal: 8" sch. 40 pipe
Pipe ID (inches): 7.98
Unit Total
Equivalent |Equivalent
item Description Size |Qty [Length Length
(in) (f) (ft)
1|Entrance 8 1 233 23.3
2|Straight Pipe 8 1 53.0 53.0
3|Tee, branch 8 2 40.0 80.0
4{Tee, flow 8 1 14.0 14.0
5 0.0
6
Sum (pipe run #1) 170.3
b. Pipe run #2
Description: 6" branch at P-V valve
Pipe size, nominal: 6" sch. 40 pipe
Pipe ID (inches): 6.07
Unit Total
Equivalent [Equivalent
item Description Size |Qty |Length Length
(in) (ft) (ft)
1|Straight Pipe 6 1 3.0 3.0
21Sudden Contraction (8x6) 6 1 8.0 8.0
Sum (pipe run #2) 11.0




Vapor Recavery Catculatans

Table 3 Calculation of Maximarn Liquid Trensfer Rate as Imposed by the Capacity of the Cargo Tank Venting System {Cortinued)
A Calculate aressure drap using Darcy's equation:
Bige run #1 Piee run #2
8" Branch (Exp runk ta vapor
Description: stack) Description: 6" branch at P-V vane
Pipe ID: 7.98 {in) Pipe 10: 6.07 (in)
Equiv_ Pipe Equiv. Plpe
Length (table Length (table
23): 170.3 (teet) 2): 11.0 (feet)
Darcy friction Darcy fiction
tactor: 09.0t4 factor: 0015
Vapoi-air T
Mintue Weight  [Liquid Vapor 'Vapor Pressure  [Ait Equiv.
CHRIS Oensity (ko | Transter Vapor Growth  |Volumetric Flow Pressure Drop  [Volumetric Flow Pressure Drop | Orop Valnmuu:c
Code  [Name Table 1) Rate (Niling) Rate Rate Mean Veloaity  ((pipe un #1}  [Rate Mean Velacity !(pipe eun 82} |(Total} Flow Rate
Ib/tA3, bbi/tw (bbi/br] Ns 5 {psi i CL
1]ACN___ |Acrylonitrile .100; 8050 27. 002 95| .007 0034 5755
2JACT _ JAcetons 200} 6600 28 .04 22] 011 053] 3393
JAcP Ace! enone 012 3566 LR 02 18] .006) 5881
AND___[Adiponitrile . 000] 5501 4. 005 5506
AEC__[Amyl acetate (a isomens) T0.075[ 5508 1eey] T 553 28 X
AN Alcshol (iso-, -, sec-_primary) .079) 500] 008 5633] ~ 84 1.01¢
ATN __|Acelonitrile 078} 500! 001 5503
8]BAL Benzyl Alcohal .077, ,500i .002] 551
{_ S[BNZ _ Benzene .14 é% 250] 6475 Y
| 10/BTX  IBenzene, Toluene, Xylena mixturea {10% Benzen| 138, ,500 25 6875 .08
[ T1[BAR  {Bul ate (iso-, - 088 5001 | .02
| _12[BAX _ Butyl Acetate (all isomers) .085| ,800; .020;
AL Alcohol (iso-) 083 500 020,
4]BAN Butyl Alcohol (n-) 074 500} .018]
|~ 15/BAS___|Butyl Alcohal (sec) ,086) 500( 021
| _16[BAT [ Alcohdl (tert) 087 5007 026
7{BPH Butyl Benzyl Phihalate .077 ,5001 .01
.. t41BAD iao-Butyraldehyde .13 500 .04
9IBTR___in-Butyraidehyde .13 500/ 04
20/BUE__ [Butyl Toluene .07 500!
21CL. Caprolactam Solutions .07 500!
Cyciohsxanone (Andlone) =~ 078 _5%000 X
Cyciohexylarnine 083 500 .020|
Cyclohonane 500 .033)
ICyclohexanot .01
1.3-Cyclopentadienie dimer {molten .01
Cymene .01
Chiorobenzens .02
Crescls 01
Cumene. .02
Decaldehyde (is0-) .01
Decaldehyde (n-) .0
Decens .01
Decyl Acohol (all issmecs) (Decancl 0%
Decylbenzens (i) .01
Discetone Aicohal .01
1,1-Dichaloroethans .064
Phihaslate (odho-) .01
.01
.01
.020]
.026
Disobutyl Ketone .019
Diss opropanolamme .018
Dils, benzene (all isomers) 18]
Dimethyt Phthalate .018|
D Phthaiate a1
ipentene 018,
.01,

O
Dipheny!, Oipheny! Ether Mixtures

Dimethyliormamide

enyl Ether

ipropylene Glycol

1,1-, 1,2, 1,3-Dichloropropane

Distillates Fiashed Feed Stocks
Distillates § Run

2-Ethythexyl acrylats

2-Ethoxyethyl acetate

Ethaxy Tngiycol (crude)
thy

Ethyl Acelale

Ethyl Acetoacetate

Edryl Alcohol (Ethanol
Ethyi Benzens

Ethyl Butanol

Ethyt tert-butyt ether

2-Ethylhexanol {Octanol

Ethyl Propionate
Ethyl Toluene
Formamide .
Formaidehyde Solution KD
Furturyl Acohol i8]
Furural 2.018] 5
Gasoline Biending Stocks: Alxylates ,080) 6875
Gasoline Blending Slocks: Reformates 80
88/CAT Gasalines; Autamotive Q80

87|GAV___|Gasolines: Aviation
88;GCS _ iGasolines: Casinghead

89GPL iGasclines: Polymer
I~ ¢ fnes: StraightRun _ 0080
1jGCR y 18
2[HMX _ [Heptane (alt isomers] 27

3JHEP ___[Heplonic Acid
4[HTX _ [Heptanol {all isomers _u‘r
95 HPX Heptene (all isomers) 029,

96 |HXS Hexane {all isomers)

97HXO _ |Hexaonic Acid

98 [HXN Hexanol

99IHEX Hexene (all isomers)




Vapor Recavery Calculabans

Fiasrun #1 “Basnn#z
8" Branch {Exp runk to vapor
Desciption stack) Description 6" branch al PV vaive
Pipe 10: 798 {in) Pipa ID: 6.07 {in)
Equiv Pipe Equiv. Pipe
Length (tabie Length (lable
2a): 170.3 (feet) 2b) 11.0 (feen)
Darcy fiction Darcy friction
factor 0014 factor: 0.0t$
TVapor-air T
] Mixtur s Weight {Liquid Vapor Vapor ‘ Pressure 1A Equiv.
ICHRIS Density (fom | Transter Vapor Growth | Volumetric Flow |Pressure Drop  {Volumetric Flow Prassure Drop  |Orop [Volumetric
.Code  [Name Table 1) Rate (fing) |Rate Rate Mean Velocily  |(pipe run #t)  |Rate Mean Vetocity [(pipe run #2) (Tatal) Flow Rate
Ib/°3) (bbiv) bbime N si bbihr Ws, |(psig) gl l(bbi
100/HXG .07 ,900 .00 5501 24.7 5501 4269 .nus! .02 5501
1011PH H , 500 .00 55017 24, 5501 42.69 3| .02 5507
02 JPF Jet Fuels: JP-4 12 S500] 547 26. 5874 58" 049 04 7439
_|det Fuels JP-§ (Kerosene. heavy) .07 ,500] 581 24, 5511 .47 .005| .02 5562
.07 500! 851 24, X 5517] 3 .81 .005) .02 5605,
1122 500 __s17 .71 .036] [3ki] 49 7812
.079) 500, 229 27.97 024/ 355,
.082] 500 636! 4.86] .020) 756
.084 500 5547 4. 73
078 5,500 5506 4,72 £506
415 500 5951] 26. 730
077 500 55047 2, 551
048] .500] 5607 601
081 500! 5639, 5161
.108] , 500 5985 713
p .077 500 5507 554/
Methyllsobuty(Ketene | Q089 4500 .___3& 6098
I 099 500 5722 6538
.076 S00| 8501 550
.87 ,500 5522| 5633
.08, ,500 558 5857
.07 , 500 5628
Q78 500 5600
aphtha: .78 500 5507
Naphtha: Stoddard Selvent 079 500 5633
Naphtha: VM&P .079 500 5627,
K Nonane (al isomers) .040) ,500 X 5684)
zﬂuon Nonene {all isomers) 047 500 04! $73)]
|__128/NNS Acohol (sl isomers) .78 ,500) .01 5579]
|__129[NNP Phenol .076 500 .01 5512
J0[NPM 1+, 2-Nilr ane .088 500 .02 5979
,500 .02 5969
,500! .01 5507,
,500 022 6033}
|3 . 500 023 5138
| 135/0TD _ Od, fuei: No. 2-D .084 500 .020)] 5853
| _$38[OFR__ |ON, fuet: No. .078] 500 .018 5577
[ 137,0FV __[Oil, fuei: No. .078 ,500) .013] 5577
| _138]0SX  [Oil. tuel: No. .078 ,500] .013) 5577
[ tasfoi__ o0, mas: Crude 078 500 029) 6951
| 140(00S__ |Oil, Misc: Diesel 084/ 500 020 5854]
141{OLE __|Ofl, Minc: Lubricatin, 076 500 018 5517
2I0RL___[Oil. Misc: Residual .076 500 018 5517
143078 ___|OWl, Misc: Turbina .082 500| 020 5754
4 IPTY Pentane (all isnmers) .350] 500 195 18150
[(145[FTE__[Pentens (all somers) 310 560 | 164 16640)
[ T4E[FIN___|Pinene 0683 500 020 5777
47/PLE___ |Polybutens .078 500 .018] 5501
| _148.PGC Palyptopylens Giycol .078) ,500] .018 5511
| _49jiAC |Pr Acatate (iso-) 097 500 .025) 544 7]
[TTS0[PAT__[PropiAcstate (v} _____ 098 ss00f 025 a2
WREEL Propyl Alcohal {iso-) .081 500 .024| 382
52IPAL___|Propyl Alcohol (n-) .082. 500 .020] 451
| _153:PBY Propylbenzens (sl isomars}) .079 ,500 .019) 5628
[_154,1PX iso-Praj ohexane .076] 500] .018] 5507
S5[PPG __[Propylens Glycol 078 500 018 5504
S6|PGN___[Propylens i Methyl Ether Acetate .083 500/ .020| 5826
511PTT Propylene Tetramer 076 5001 ) .018| 5502
|._158:SFL Suifolans .076 ,500] 10 8 5506
59:3TY ene .081 500] A9 £l 5719
160;TTG Tetrasthylene Glycol 076, L 10 [} 8511
181]THN strahydronaphthalene .07 , 500 j 018 5528/
162{TOL oluene .08 ,$00. gggf 6201
163{TCN .2, 3-Trichlorepropsne 07! 500 .019 5633,
164 TCP e3yl Phosphate (iess than 1% of ortho isomer] .07 500 .01 5521
165,7€8__|Trethylbenzens 07 500) .01 5518
166/ TEN rinthylamina 500 .02 6795
167[TEG _|Tdathylene Glyeol | . 3,500 - 5508
63{TPS __[Triethyl Phosphate 500 5530
88, TRE rimethylbenzens (ail isomers) 300 5588
70/ TRP ixylenyl Phosphate ,500] 5500
iTHF Tewahydroturan . ,500] 7001
UDC__ lUndecene .077 ,500] 5506 $542
JUND __TUndecyl Alcohol .076 ,500, 5501) .005| .02) 5508,
IVAM Vingt Acatate 130 5,500 6138 .010 0.048 8015
7! ?X.X Xylenss (ortho-, meta-, para-} .083 5,500 5558 Oﬁl 0.025 5728,
max = 0.248 18150
Grestest pressure drop to P-V vaive: (pl!g) Pentane (all isomers) cima= 1699
High velocity P-V valve pressure sefting: 1.50 (psig) mih = 2886
Valve serting ¢+ pressure drop In piping = 1.7% (puig)
Back pressure imposed by P-V valve @ highest Row rate 0.77 (psig)
Tatal back pressure Imposed on cargo tank by vanting 1.02 (pvig) oK Concluslon: At the maximum carga loading r the total back press ed by the tank venting
Max design working pressure of tanks: 3.00 (psig) ki
.. - .
Opening vacuum setiing for PV Valve: .5 (psig)
Msximum discharge rate (totsi): 4300 (bbitv) 402 otm
Corresponding vacuum al max discharge rate: (ses
attached PV valve flow capaoty curve) 0.51 (puig)




Table 4

Note: Darcy's equation will be used to estimate the pressure drop of the vapor-air mixture through the vent piping from
the farthest tank in terms of equivalent pipe length, #1P to the facility connection. Equivatent length for this path is
calculated using Crane's Technical Paper 410 (Ref. 4) and Cameron Hydraulic Data handbook {Ref. 9)

Calculation of the Maximum Liquid Transfer Rate as Imposed by the pressure
drop between the most remote tank and the facility vapor connection (Ref: 46

CFR 39.30-1

Vapor Recovery Calculations

(d)(3):

Calculate equivalent lengths of pipe:

a. Pipe un #1
Description: 8" Piping
Pipe size, nominal: 8" sch. 40 pipe
Pipe ID (inches): 7.98
Unit Total
Equivalent {Equivalent
Item Description Size [Qty [Length Length
(in) (ft) (ft)
1{Entrance 8 1 23.3 23.3
2|Straight Pipe 8 1 190.0 190.0
3|Tee, branch 8 2 40.0 80.0
4|Tee, flow 8 7 14.0 98.0
5/Elbow, 90 deg. 8 0 14.0 0.0
B8|Elbow, 45 deg. 8 4 11.0 44.0
7|Vaive, Gate 8 1 8.6 8.6
8]Hose 8 1 50.0 50.0
Sum {pipe run #1 493.9




Vapor Recovery Calcuiations

Calculation of the Maximum Liquid Transfer Rale as Imposed by the pressure drop between the most ramots tank and the facility vapor connaction (Ref: 46 CFR

Table § 38.30-4(){3) (continued):
1. Qalculate pressuce drop using Darcy's equation:
Ripe run #1
Desaiption: 8" Plping
Pipe 10 7.98 (in}
Equivalent Length of
Pipe (from Table 4a) 4939 (feety
Dascy friction factor 0014
\Vapor-sir Mizture ] lM Equivalent
CHRIS Vapor Valumatric Flow (Pressure Drop Volumelric Flow
Code  |Narne Rate Moan Velocity [(pipe run #1) |Rate
bbimr) ) (puig)
ACN __ |Acrylonitnle 27.16 .079
ACT Acetone 29.63
JACP __ [Acetophenone .98
AND Adiponitrile .70
AEC acetate (all isomers,
1AA  Amyl Atcohol (iso-, n-, sec,, primary)
ATN __lAcetonilriia
8[8AL Benzyl Alcohol
'BNZ _ [Benzens R
0 BTX Benzene, Toluene, Xylene mixtures (1% Benze
1{BAR b late (iso-, )
2]BAX Acetate (sl isomers]
3JIAL Alcohol {iso-}
4{BAN. Alcohd (n-]
5 8AS Butyl Alcohal (2e0-
16]BAT ) Alcohol {tert-)
17]BPH Benzyl Phthalate
18[BAD _Tiso- aldehyde
19(BTR n-Butyraldehyde
20(BUE Toluene
1CLS Caprolactam Salutions
2[CCH Cyclohexanone {Analone]
23[CHA Cyciohexylaming
Cyciohexane
Cyclohexanol
1,3-Cyclopentadiens Gmer moften) |
Cymena
Chiorobenzene
Cresols
Dimethyt Phthalate
Oi Phthalate
Dipentens
Diphsn:
Diphenyl, D) Ether Mixtures
Dimethytformamide
Diphenyl Ether
Ol efte Glycol
1,1~ 1,2, 1.3-Dichlaropropans
Distilates Fisshed Feed Stocks
Distilates Svaight Run
Dadecena (all isomers)
Dol enzene - ]
Eth atn
2-Ethythexyl scrytate
2-Ethoxyethy| acetate
Ethoxy Trigycol (crude
Ethyl Acetale
Ethyl Acetoacstate
Ettyyl Alcohal (Ethanol
Ethyl Senzens
Ethyt Butanol
Ethyl Yent-butyl sther
Ethyt butyrate
Ethyl Cyciohexane
Ethylene dichiotide
Ethylene Giycol

ene Glycol Butyl Ether Acetats

ens Glycol Diacetata

Ei
Ethylene Glycol Phend Ether |

thyl-3-ethoxypropionate

2-Ethythexano! (Octan

Ethyl Propionate

Ethyl Toluens

Formamide

Formaldehyde Solution

Furfurdl Alcohal

Furtural

_[Heptane (alisomers)

Gasaline Blending Stocks: Alkyiates

Gasdine Blending Stocks: Reformates

Gasdlines: Automotive

Gasdlines: Aviation

Gasdlines: Casinghead

Gasalines: Polymer

Gasdines. SraightRun

Glycerine

Heptonic Acid
Heptanol {all isomers

Heptene {al isomers)

Hexane (al isomers)

Hexaonic Acid

Hexanol

Hexene (3l isomers) P

Hexylene Giycal

iscphosone

Jet Fuels: JP-4

Jet Fuels JP-5 (Kerosene. heavy}

Kerosene

Methyl Acefate

109 {MAK
110iIMAM

Methyl Alcohol (Methandl

Methylamyl Acelats

Methylamyi Alcohof

Methylamyl Keytone . e

Methyt Acrytate

12




Vapot Recuvery Catcudatians

Pioe run #1
[Desciption: 8" Piping
Pipe 10: 7.98 (in)
Equivalent Length of
Pipe {rom Table 4a): 491 9 (feet}
Darcy triction factor 0014
11[MBE__ [Methyl Tent-Butyl Ethes (MTBE) 077 500 “1.60t 504] 247 0.952] 052] |
12]MBK___[Methyl Butyl Ketone 088 500 5607 25.1 0.062 062
13[MBU __[Methyl Butyrate .09% 500! 5639/ 253 0.065] 065
14/MEK Methyl Ethyl Ketane 108 , 500, al 995 26.92 0.088 088
§IMAK _ |Methyl Heptyl Ketone 077 500 ; 5507 zTﬁ} 0.05) .053
6{MIK___ |Methyl Iscbulyl Ketone 089 500, 10 5627 2526 0.064) 064
7IMMM __ Methyd methacrylale .099 500 1.0 722 25.69) 0.074] 074
3{MNA _ |Methyl Naphthalene .078| 500 1.000 501 2470 .052] 052
119)MNS _ [Mineral Spirife X 500 1.004 522 4.79 0.055| .055
120[MPL __ [Morphoalir L . .084 . _5sool 1.01 588 .09 0.059] 059
i 121|MRE cane . 500! 003 5519 .05 .05
12IPTN Naphtha: Petroleum 7 500 004 5521
123INSV N : Soivent 7 ,500) . 522
124|NSS Naphtha: Staddard Solvent o? .500| 522
125]NVM Naphtha: VMAP 07! .500] 52
26(NAX Nanane {al isomers) OAC 500 53
27[NON Nenene (all isomers) 082 500 53
28|NNS Norryl Alcohol (aif isomers) 078, 5001 51
23[NNP___[Nonyl Phenol 076 00 50
JOINPM__ 11-, 2-Nitroprepane .085 .500 561
31J0AX__ TOctane (all isomers) 087 500 58
32(0CX Octanol (! isomers) 076 ,500 50°
33°0TX__ Octene {all isomers) Qa8 500 589
34 OTW _ [Oil, fuel: No. 095 500 562
35/0TD  [Od, fuel: No. 2D .084 | ,500. 576,
3S{OFR Oil, fuel: Na. 4 .078 500 7
T A3T]OFV_ O, fuel: Na. ‘ s — 078 . 06 _
38,08X . fuel: Na. .078 500
OiL. Crude .078 500
0 0DS : Diesel .084 500 576
OLB : Lubricating .076 500 17
IORL isc: Residual 076, ,500 17
078 __[Oif, Misc: Tuibine 082 ,500 3,
“.PTY Pentane (all isomers) . 3501 ,500 7
PTE Pentena (all isomess) 310, 500 4
A8;PIN Pinens 083 500 34
47[PLB___ |Polybutene .076 00 50
48/PGC Polypropylens Glycol .078 , 500/ 51
49{IAC Propyl Acetate (j80-) .097) , 500 5658
50 PAT Pr 088 500 §704
51:1PA Pri .091 500 53301
52,PAL__ |Prop: 082 500 5632
53/PBY__|Pr 079 £,500 522
. _184[iPX___ liso-Propylcydohexane . N —0.076 500] 5801
55[PPG Propylene Glycol .076 , 500 5501]
56PGN__ |Propylene Giycat Methyl Ether Acetate .083 500 5577]
57 P11 Propyiene Tewramer .076 ,500( 5502
158 SFL. Sulfolanse .076 500 550
159[sTY ane 081 500 554,
160[TYG  Tetraethylene Glycol 078 500 550
161[THN etrahydronaphthalene .077) 500 550
[ 500 5665
078! ,500 5517]
o77] ,500] 5501
077, 500 5502 5518
108 500 5715 6795
.076) 500 5508
64[TPS Tiethyl Phosphale .077] 500 5530
69)TRE tnmemgm\zene (al isomers) ,078 500 5588
[ _176[TRP__[Trrytenyl Phosghate ___ _ o[ 55000 - 8500
1 [THF etrahydrofuran 090 500 7001
72[UDC Undecene .077 , 500, . 5542
3[UND__[Undecyl Alcohol .076 500 . $509|
4[VAM __[Vinyl Acetate 130 500 . CXEL) 8015]
S[XIX_ [Xylemes {ortho-_meta- para-] .083 ,500[ . 5556 5785
18150
2. X
o. Hgh-velodty P-V Vaive pressure setting: 1.50 (psig)
b. Cargo tank P-V Valve pressure sefting: 1.50 (peig) Conclusion:
. 80% of lowest P-V Valve Presaure Seiting: 1.20 (psig) For the caiga with the higheat pressure dr op (Pentane), the pressure drop is
d. Highest Pressure Drop irom Tank ta Facility Connection: for Pontane (all isomers)  0.57 paig. This, when added to the back prassure a\ the faciiity vapor
e. Max Allowable Back Pressise at Facility Connection: 0.63 (psig) connection must not excead 80% of the presaure setting of any P-V vaive in

the cargo tank venting system. Therafore, the masimum allowable back
pressure ot the shore facility must nol exceed 0.63 psig whan icading wih
Pentane at the maximum Hauid franster rate (5,500 bbihe).
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CONRAD ORANGE SHIPYARD
H447, H448, H449

Calculation of Overfill Alarm Set Point
(Cargo Tank No. 1 P/S)

Tank Length= 87 (feet)

Tank width= 23.50 (feet)

T

Recommended Minimum O verfill
Alarm Set Point:

7 (inches)
{below top of tank)

-

5,500 (bbithr)
91.67 (bb¥min)

Maximum (per tank) Cargo
Loading Rate

Minimum allowable time from
alam to overflow = 60 (sec)

Required v olume above overfil!

alarm set point = 91.7 (bbl)

Capacity ta deck at CL (17-8" ABL) = 5315 BBL

Capacity to 7" below dk at CL (17°-1* ABL) = 5203 BBL

Volume abov e alarm = 112.2 8BL RESULT OK
"*Recommended set point of = 7 (inches) [Appx. 98% full tank}

**Note: Or 98.5%, whichever is lower (to comply with 33CFR155.775)
Capacity at 98.5% = 5235 BBL
Dist from TT at CL = 049 ft.




CONRAD ORANGE SHIPYARD
H447, H448, Ha49

Calculation of Overfill Alarm Set Point
(Cargo Tank No. 2 P/S})

Tank Length= 86.67 (feet)

Tank width=  23.50 (feet)

fe— |
Recommended Minimum Overill [
Alarm Set Point:
7 (inches) ™
(below top of tank}
Maximum (per tank) Cargo = 5,500 (bbl/hr)
Loading Rate = 91.67 (bbl/min)
Minimum aliowable time from
alarm to overfiow = 60 (sec)
Required v olume above overfill
alarm set point = 81.7 (bbl)
Capacity to deck at CL (17*-8" ABL) = 5295 BBL
Capacity to 7° below dk at CL (17-1" ABL) = 5183 BBL
Volume above alarm = 111.8 BBL RESULT OK
"*Recommended set point of = 7 (inches) [Appx. 98% full tank]

**Note: Or 98.5%, whichever is lower (to comply with 33CFR155.775)
Capacity at 98.5% = 5215 BBL
Dist from TT at CL = 0.49 ft.
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CONRAD ORANGE SHIPYARD
H447, H443, H449

Calculation of Overfill Alarm Set Point
(Cargo Tank No. 3 P/S)

Tank Length= 86.33 (feet)
Trunk Length= 46.33 (feet)

Tank width= 23.50 (feet)

Recommended Minimum Overfil)
Alarm Set Point:

9.5 (inches)
(below top of tank)

-

5,500 (bblhr)
91.67 (bbl/min)

Maximum (per tank) Cargo
Loading Rate

h

Minimum allowable time from
alarm to overflow = 60 (sec)

Required volume above overfill

alarm set point = 81.7 (bbl)
Capacity to deck at CL (17-8" ABL) = 4427 BBL
Capacity to 9.5" below ak at CL (16'-10.5" ABL) = 4328 BBL
Volume above alarm = 99.5 BBL RESULT OK

"

**Recommended set point of 9.5 (inches) [Appx. 88% full tank]

**Note: Or 98.5%, whichever is lower (to comply with 33CFR155.775)
Capacity at 98.5% = 4361 BBL
Dist from TT at CL = 0.62 ft.

17
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Vapor Recovery Calculations

REFERENCES

. 48 CFR 32.55-25, Venting of cargo tanks of tank barges constructed on or after July 1, 1951 -

B/ALL

. 46 CFR 39.20-11, Vapor overpressure and vacuum protection - TB/ALL

. 46 CFR 39.30-1, Operational Requirements - TB/ALL

. Flow of Fluids Through Valves, Fittings, and Pipe; Crane Technical Paper No. 410

. USCG Guidelines for Determining the Maximum Liquid Transfer Rate for a Tank Vessel

Transferring a Flammable or Combustible Cargo Using a Vapor Control System

. Conrad Dwg. P-03 Vapor Control Piping

. USCG CHRIS (Chemical Hazards Response information System) Manual.
. 46 CFR 39.20-9, Tank Barge Liquid Overfill Protection - B/ALL

. Cameron Hydraulic Data, 15th edition



Vapor Recovery Calculations

LIST OF ATTACHMENTS

1. Flow Capacity Curves for High-Velocity P-V Valve
2. Vacuum flow diagram for High-Velocity P-V Valve
3. USCG Approval Certificate for High-Velocity P-V Valve
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CONRAD ORANGE SHIPYARD
HULLS H447 H448, H449

2886 m3/h=
18,150 bbl/h

540 mm Aq =
0.77 psi




CONRAD ORANGE SHIPYARD
HULLS H447. H448, H449

FLOW TEST FPERFORMID ON EQUIPMENT

FLOW CAPACITY CURVE GRAPH — vsne se. ot ewe 1-issc o
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U. S. Department of Homeland Security
United States Coast Guard

Certificate of Approbval

Coast Guard Approval Number: 162.017/144/3 Expires: 17 March 2016

PRESSURE-VACUUM RELIEF VALVES FOR TANK VESSELS

TANKTECH CO., LTD.
#1506-2 SONGJEONG-DONG
GANGSEO-GU
BUSAN 618-270
KOREA, REPUBLIC OF

Model KLPH-6 ND 150 high velocity pressure/vacuum relief valves. AISI 304 Stainless steel,
wt.-loaded construction.

Identifying Data: Drwg: KSP #PHZZ3000 dtd. Nov 04, 1995, Korea Inst. of Mach. & Metals Test
report #s 95139250, 95139250-1, 95139250-2, & 95139250- 3, dtd. August 7, 1995 and report
dated December 19, 2000.

Pressure setting: 700-2100 mm H20 (1-3 psig), Vacuum setting: 344 mm H20 (0.5 psig).
This certificate supersedes approval number 162.017/144/2, dated January 28, 2006.

*hk END *kx

THIS 1S TO CERTIFY THAT the above named manufacturer has submitted o the undersigned satisfactory evidence that the item specified herein complies
with the applicable Jaws and regulations as outlined on the reverse side of this Centificate, and approval is hereby given. This approval shall be in effect until the
expiration date hereon unless sooner canceled or suspended by proper authority.

GIVEN UNDER MY HAND THIS 17" DAY OF
MARCH 2011, AT WASHINGTON D.C.

(loe OHS

C.R. O’NEIL
Assistant Chief, Tank Vessel and Offshore Division
U.S. Coast Guard Marine Safety Center

DEPT. OF HOMELAND SECURITY, USCG, CGHQ-10030

(REV. 3-03)
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TERMS: The approval of the item described on the face of the Certificate has been based upon the submittal of satisfactory
evidence that the item complies with the applicable provisions of the navigation and shipping laws and the applicable regulations
in Title 33 and/or Title 46 of the Code of Federal Regulations. The approval is subject to any conditions noted on this Certificate
and in the applicable laws and regulations governing the use of the item on vessels subject to Coast Guard inspection or on other
vessels and boats.

Consideration will be given to an extension of this approval provided application is made 3 months prior to the
expiration date of this Certificate.

The approval holder is responsible for making sure that the required inspections or tests of materials or devices covered
by this approval are carried out during production as prescribed in the applicable regulations.

The approval of the item covered by this certificate is valid only so long as the item is manufactured in conformance
with the details of the approved drawings, specifications, or other data referred to. No modification in the approved design,
construction, or materials is to be adopted until the modification has been presented for consideration by the Commandant and
confirmation received that the proposed alteration is acceptable.

NOTICE: Where a manufacturer of safety-at-sea equipment is offering for sale to the maritime industry, directly or indirectly,
equipment represented to be approved, which fails to conform with either the design details or material specifications, or both, as
approved by the Coast Guard, immediate action may be taken to invoke the various penalties and sanctions provided by law
including prosecution under 46 U.S.C. 3318, which provides:

"A person that knowingly manufactures, sells, offers for sale, or possesses with intent to sell, any equipment subject to
this part (Part B. of Subtitle Il of Title 46 U.S.C.). and the equipment is so defective as to be insufficient 1o accomplish the purpose
for which it is intended, shall be fined not more than $10,000, imprisoned for not more than 5 years or both."
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