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Vapor Recovery Calculations

L VAPOR CONTROL SYSTEM CALCULATIONS - SUMMARY

A. General Description of Vessel:
Builder:

Builder's hull numbers:
Year Built:

Official Numbers;
Owner:

Vessel Names:
VYessel Dimensions:
Service:

Classification;

Max Design Working Pressure of Tanks:

Max Cargo Loading Rate

Maximum Discharge Rate

VCS Cargoes:

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

B. General Description of Vapor Control System:

CONRAD INDUSTRIES, INC

Conrad C-2%4 THRY L-997
2012 / 2013

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/ft"3)
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 lengitudinal vapor header fitted with a 6" high-velocity 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 Valve:
Model:
Pressure Setting:
Vacuum Setting:
PV Valve Flow Capacity:

3. Spill Valve:
Model:
Pressure Setting:

4. Vapor Recovery Hose:
Diameter:
Length:

§. Cargo Tank P-V Valves:
Model;

Pressure Setting:
Vacuum Setting:

Tanktech/Bergan KLPH-6

1,50 {psig)
0.5 (psig)
See Att, 1 (bblhr)

Nong 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)



Vapor Recovery Calculations

C. VCS Calculations:

1. Cargo Authority:
The vapor collection system installed on this barge is designed for Grade A and lower petroleum products
and chemicals. Typical cargoes to be carried by ihis barge are listed in Table 1. These cargoes are to be
listed in the Cargo Authority Atiachment (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
vapaor 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 selecled 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/r) 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 0.24 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 (1.03 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 Liguid Transfer Rate as Imposed by the Relieving Capacity of the Cargo Tank Spill
Valves:
No spill valves are installed on this barge.

§. The Maximum Liquid Transfer Rafe as Imposed by the Set Pcint of the Overfill Alarm:

At the maximum cargo loading rate of 5,500 bbl/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, [n 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 Liguid 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 lengest path from the cargo tank to the vessel vapor
connection and the back pressure at the facility vapor cennection not to exceed 80 percent of the pressure
setting of any pressure relief valve 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 1o
tha facility vapor connection is given in Table 4.

Using Darcy's equation, and friction factors selecied 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 af 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 net exceed 80
percent of the P-V valve pressure setting. [f 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 parcent 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 Denslty & Vapor Growth Rate
Pressure [Pressure
Dropto  |Droptc
Vapor-air Alr PV Valve |Facility
*Vapor Mixture |Vapor [Max. Vapor Equivalent |InVCS  |Connection
CHRIS VGS Liguid |Press. @| Vapor [Weight |Growth [Loading |Volumetric [Volumetric |(See in VCS (Sea
Code  (Mame Category| S.G. 116 F 5.G. |Density jRate IRate Flow Rate (Flow Rate |Table 3} |Tabla 5)
(psia) (I/ftA3) {bblhry {bhlthr) (psig) {psig)

1|ACN  |Acrylonitrile 4 .81 5.00 1.80 0.095 1.10 5,500 8050 6766 0.033 0.068

2|ACT Acetohe 1 0.79 10.00 2.00 0.123 1.20 5,500 6600 8393 0.052 0.102

3|ACP __ Acetophenone 1 1.03 060 414 0.085 1.01 5,600 5566 5881 0.025 0.060

4|AND Adfponitrile 1 0.85 0.01 373 0,078 1.00 5,500 5501 5508 0.022 0,044

S|AEC _ [Amyl acetate (all isomers) 1 0.88 033 o©10f 0075 1.01 5,500 55636 5485 0.022 0.044

BjAAL Amyl Alcohol {iso-, n-, sec-, primary) 1 0.82 0.30] 304 0079 1.01 5,500 5533 5637 0.023 0.048
TIATN Acetanitrile 3 0,78 0.03 1.41 0.078 1.00 5,500 5503 5505 0,022 0.044

BIBAL Benzyl Alcohol 1 1.05 0.10 3,73 0.077 1.00 5,500 5511 5657 0.023 0,045

9|BNZ Benzene 1 0.88 4.50 2.80 0.114 1.25 5,500 6875 8420 0.052 0.103

Benzene, Toluene, Xylene mixtures (10%

10|BTX Benzene or more) 1 0.84 7,30 2.80 0,138 1.26 5,600 6875 9252 0.083 G.124
11|BAR Butyl Acrylate (iso-, n) 2 0,80 0.601 442 0.086 1.01 5,500 5566 5908 0.026 0.051
12[BAX Butyl Acetate {all isomers) 1 0,87 0.80 4.00 0.085 1.04 5,600 5566 5867 0.025 0.050
13]1AL Butyl Alcchol {iso-) 1 0.81 0.80 2,60 0,083 1.02 5,600 5599 5843 0.025 0,050
14|BAN Butyl Aleohol (n-) 1 Q.81 060 0.10 0.074 1.01 5,500 5555 5477 0.022 0.044
15|BAS Butyl Alcohol {sec) 1 0.81 1.30 2.60 0.086 1.03 5,500 5643 5984 0.026 0.052
18|BAT Butyl Alcohol (tert-} 1 0.78 2.80, 260 0,087 1.06 5,500 5308 6562 0.032 0,063
17|BPH Butyl Benzyl Phihalate 1 112 0.01; 10.80 0.077 1.00 5,500 5501 5518 0.022 0.044
18[BAD Iso-Butyraldehyde 1 0.80 7.80] 2.50 0.131 1.16 5,600 6358 B344 0.051 0.101
18|BTR n-Bulyraldehyde 1 0.80 7.80] 250 0.131 1.18 5,500 6358 8344 0,051 0.101
20|BUE Butyl Toluene 1 0.85 0.10 511 0.078 1.00 5,500 5511 5580 0,023 0.045
21|GLS Caprolactam Solutions 1 1.02 0.05 3.90 0.077 1.00 5,500 5506 5530 0.022 0,044
22{CCH __ |Cyclohexanone 1 0.95 0.20 3.40 0.078 1.00 5,500 5522 5603 0.023 0.046
23CHA Cyclohexylamine 1 0.87 0,62 3.42 0,083 1.01 5,500 5568 5820 0.028 0.049
24|CHX  [Cyclohexane 1 0.78 4,50  2.00 0118 1.09 5,500 5995 7410 0.040 0.080
25|CHN _ [Cyclohexanol 1 0.95 0.15 3.45 0.078 1,00 5,500 5817 5579 0.023 0.045
261CPD  |1,3-Cyclopentadiene dimer (molten) 2 0.6€ 0.25] 455 o080 1.01] 5500 5528 56771 0,024 0.047
27|CMP__ |p-Cymene 1 0.86 0.1 4.62 0.078 1.00 5,600 5512 B579 0.023 0.045
28|CRB Chlorobenzene 1 1.11 0.80 3.88 0.087 1.02 5,500 5588 5972 0,026 0.052
29|CRS  |Cresols 1 1.08 0.08 3.72 0.077 1.00 5,500 5509 5546 0,022 0.045
30|/CUM  |Cumene 1 0.86 0.60] 4.20 0,085 1,0% 5,600 5566 5887 0.025 0,050
31]IDA Drecaldehyde (ise-) 1 0.83 0.01 5.00 0.076 1.00 5,500 5501 5508 0.022 0.044
32| DAL Decaldshyde (n-) 1 0.83 0.00 5.01 0.076 1.00 §,500 5500 5500 0.022 0.044
33|DCE Decene 1 0.74 0.12] 4.8 0,078 1.00 5,600 B5513| 5590 0.023 0.045
34|DAX  |Pecyl Alcohol {all isomers) (Decanol) 1 0.83 0.0 5.30 0.078] 1.00 5,500 5501 5508 0,022 0.044
35|DBZ Decylbenzene (n-) 1 0,85 0.01 7.62 0.076 1.00 5,500 5501 5512 0,022 C.044
36| DAA Diacetone Alcohol 1 0.7 0.10) 4.00 0.078 1,00 5,600 5511 5562 0.023 0,045
37\DCH 1,1-Dicholorosthane 1 1.18 9.90 3.41 0.188 1.20 5,500/ 6589 10361 0,079 0.156
38|DPA Dibutyt Phthalate {ortho-} 4 1.05 0,00 9.58 0.076 1.80 5,500 5500 5800 0,022 0.044
39|DEB Diethybenzene 1 0.87 0.08 4.62 0.078 1.00 5,500 6509 5558 0.023 0.045
40|DEG | Diethylene Glycol 1 1,12 0.01 3.66 0.076 1.00 5,500 5501 5508 0.022 0.044
41|DEN Diethylamine 3 0.71 1.000  2.50 0,083 1.02 5,500 6610 5864 0.025 0.050
42|DBL Diischulyiene 1 0.72 2.00 3.88 0.103 1.04 5,600 5720 6654 0.032 0.064
43|DIK Diisobutyl Ketone 1 0.81 016 490 0.079 1.00 5,500 5518 5623 0,023 0.046)
44|DIP Diisopropanolamme 1 0,98 0.01 4.5¢ 0.078]  1.00 5,500 5501 5607 0,022 0.044
45|DIX Diisopropylbenzene (all isomers) 1 0.88 0.03] 5.50 0077 1.00 5,500 5503 65527 0.022 0,044
A6IDTL Bimethyl Phthalate 1 1.19 0.00 6.69 0.076 1.00 5,500 5500 5500 0.022 0.044
47|DOP  |Bioclyl Phthalate 1 0.98 0.00f 13.47 0,078 1.00 5,500 5500 5500 0.022 0.044
48|DPN Dipentene 1 0.84 0.10 4.90 0.078 1.00 5500 5511 5577 0.023 0.045]
49|D]L Diphanyl 1 0.99 0.01 531 0.078 1.00 5,500 5501 5508 0.022 0.044
50{DDO _ [Diphenyl, Diphenyl Ether Mixtures 1 1.07 0.01 5.86 0.076 1.00 5,500 5501 5509 0.022 0.044
51|DMF _ |Dimethylformamide 1 0.95 0.30 2.51 0.078 1.01 5,500 5533 5610 0.023 0.048
52|DPE Diphenyl Ether 1 1.07 0.01 5.87 0.076 1.00 5,500 5501 5509 0.022 0.044
53|DPG  |Dipropylene Glycol 1 1.03 0,07] 4863 0.077 1.00 5,500 5508 5581 0.023 0.045
54(DFX 1,15, 1,2-, 1,3-Bichlaroprepane 3 1.16 6.30 3.90 0.162] 1.13 5,500 65193 9034 0.060 0.119
55(DFF Distillates Flashed Feed Stocks 1 0.75 2.30 3.40 0.102 1.08 5,500 5753 66861 0.032 0.084
56[DSR Distillates Straight Run 1 0.73 2,30 3.40 0.102 1.05 5,500 5753 6661 0,032 0.084
57|D0OZ Dodecene (4l isotners) 1 0.76 0.02 5.81 0.077 1.00 5,500 5502 5519 0.022 0.044
58|DDB Dodecylbenzene 1 0.86 4.70 8.40 0.240 1.25 5,500 6875 12196 0.109 0.216
59|EAC Ethyl Acrylate 2 0.93 2,00 3,50 6.100 1.04 5,500 5720 6543 0.031 0.062
BO|EAl 2-Ethylhexyl acrylate 2 0.89 0.02] 6.35 0.077 1.00 5,500 5502 5520 0.022 0.044
61|EEA 2-Ethoxyethyl acetate 1 0.97 0.02] 470 0.077 1.00 5,500 5503 5517 0.022 0.044
B2|ETG Ethoxy Triglycok (crude) 1 1.02 0.00 6.14 0.076 1.00 5,600 5500 5500 0,022 0.044
B3|ETA Ethyl Acetate 1 0.90 4.50 3.04 0.119 1.09 5,500 5995 7504 0.041 0.082
B4IEAA Ethyl Acetoacetate 1 1,03 G.20] 448 0,079 1.00 5,500 5522 5630 0.023 0.046
B65|EAL Ethyl Alcohol {Ethanal) 1 079 3.50 1.60 0.086 1.07 5,600 5385 B255 0.029 0.067
66|ETB Ethyl Benzene 1 0.87 0.60 3.56 0.083 1.01 5,600 5566 5824 0,025 0.049
B7|EBT Ethyl Butanol 1 0.83 012 3.52 0.078 1.00 5,500 5513 5564 0.023 0.045
68|EBE Ethyl tert-buty ether 1 0.74 G.19 .60 0.078 1.00 5,600 5521 5602 0.023 0.045
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Pressure |Pressure
Dropto  |Dropto
Vapor-air Air PV Valve |Facility
*Vapor Mixture [Vapor |Max. Vapor Equivalent [inVCS  |[Connection
CHRIS VCS Liguid |Press. @| Yapor |Weight |Growth (Loading |Volumetric |Volumetric |(See In VCS (See
Code  |Name Category| S.G. 116F | S.G. |Density [Rate |Rate Flow Rate |Flow Rate [Table 3) [Table 5)
{psia) (Ib/ft*3) {bbl/hr) (bbl/he} {psia) {psig}

69|EBR  |Ethyl butyrate 1 0.88 1.00 4.00| 0.000( 1.02[ 5500 5610 6107 0.027 0,054
7O0[ECY  |Ethyl Cyclohexane 1 0.79 0.50) 387 0083 1.01 5,500 5565 5796 0.025 0.04e
71|EDC _ |Ethylene dichiorde 1 1.26 4.00] 342 0122] 1,08 5,500 5040 7508 0.041 0.082
72|EGL__ |Ethylens Glycol 1 1.18 0.01| 221 0.075| _1.00 5,500 5501 5503 0,022 0.044
73|EMA  [Ethylene Glycol Bulyl Ether Acetate 1 0.84 0.08] 6.52 0.077]  t.00 5,500 5506 5544 0.022 0.045
74|[EGY  |Ethylene Ghycol Diacetate 1 1.10 0.01 5.03]  0.076] 1.00{ 5500 5501 5508 0.022 0.044
75[EPE  |Ethylene Glycol Phenyi Ether 1 1.10 0.01| 4.80] 0.0v8] 1.00{ 5500 5501 5508 0,022 0.044
76|EEP  |Ethyl-3-ethoxypropionate 1 0.95 0,01 600 0076 1.00] 5,500 5501 5510 0.022 0.044
77|IEHX  |2-Ethylhexanol 1 0.84 0.02] 4.50 0.076f 1.00] 5,500 5502 5514 0.022 0,044
78|EPR__ |Ethyl Propionate 1 0.89 3.50,  1.80 0,088] 1.07[ 5,500 5885 6255 0.029 0.057
T9|ETE Ethyl Toluene 1 0.88 0.28]  4.15 0080 101 5,500 5531 5679 0.024 0.047
80[FAM _|Formamide 4 1.13 010, 155 0.076] 1.00] 5,500 5511 5520 0.022 0.044
81|FMS Formaldehyde Solution 1 1.13 015 1.03 0,076 1,00 5,500 5517 5517 0.022 0.044
82|FAL Furfuryl Alcohol 1 1.13 005 3400 0077 1.00f §500 5506 5526 0.022 0.044
83|FFA Furfural 1 1.20 0.15[ 3.3% 0.078| 1.00] 5,600 5517 5575 0.023 D.045
84|GAK | Gasoline Blending Stocks: Alkylates 1 0.75 12,50 3.40{ 0217 1.25{ 5500 8875 11610 0,099 0.196
85|GRF  Gasoline Blending Stocks; Reformates 1 0.80 1250 3.40 0217 1.25 5,500 6875 11810 0,099 0.196
86|GAT  |Gasolines: Automotive 1 0.74 12,501 340 0217 1.25 5,500 6875 11610 0.089 0,188
87[GAV___ |Gasolines: Aviation 1 0.71 1250 2340 0.217| 1.25 5,500 6875 11610 0.099 0.186
88|GCS  |Gasolines: Casinghead 1 0.67 12.50| 340 0.217] 125 5500 B875 11610 0.099 0.196
89|GPL (asclines: Polymer 1 0.75 12.80]  3.40 0.217(  1.25 5,500 6875 11610 0.089 0.196
90[GSR  |Gasolines: StraightRun 1 0.75 12.50] 3.40f 0217 125 5,500 6875 11610 0.089 0.198
91}GCR __ |Glycerine 1 1.26 0,00 317 0078 1.000 5500 5500 5500 0.022 0,044
82[HMX __ |Heptane (all isomers) 1 0.68 2601 3.45 0105 1.05 5,500 5775 6779 0,034 0.067
93|HEP  |Heptonic Acid 1 0.92 0,011 449 0078 1.00| 5,500 5601 5507 0.022 0.044
94 |HTX Heptanol (all isomers) 1 0.52 004 400 0.077F  1.00 5,600 5504 5525 0.022 0,044
96|HPX Heptene (all isomers) 2 0.70 2.90 3.40 0.108 1.06 5,500 5819 8858 0.035 0.070
96|HXS Hexane (all isomers) 1 0.65 7.00 3.00 0.142 1.14 5,500 6270 8661 0.054 0.108
97[HXKO _ |Hexaonic Acid 1 0,93 001} 4.00 0.076] 1.00] 5,500 5501 5506 0.022 0.044
98|HXN  [Hexanol 1 0.82 1.00[ 3.52| 0088] 1.02} 5500 5610 6031 0.027 0.053
99|HEX Hexene (all isomers) 2 0.67 8.00] 2.90 0.148{ 1.16 5,600 6380 B882 0.068 0.115
100JHXG  [Hexylene Glycol 1 0,92 0.01 1.10f 0078 1.00| 5,500 5501 5501 0.022 0.044
101|IPH Isophorone 1 0.93 0.01] A75{ 0076 1.00] 5500 5501 5507 0.022 0.044
102|JPF Jet Fuels: JP-4 1 0.81 340 4.00[ 0.124] 1.07| 5500 5874 7499 0.041 0.082
103 1PV Jet Fuels JP-5 {Kerosene. heavy) 1 0.82 0.10( 4.00 0,078 1.00 5,500 5511 5562 0.023 0.045
1041KRS _ [Kerosene 1 0.81 0.15) 450 0079 1.00] 5500 5517 5605 0.023 0.048
1056|MTT _ [Methyl Acetate 1 0.92 810 260 0122 1.12 5,500 6171 7812 0,045 0.089
106|MAL _ [Methyl Alcoho! {Methancl) 1 0.79 6.63] 110 0079 1.13] 5500 6229 6355 0.030 0.058
107|MAC  [Methylamyl Acetate 1 0.86 033 497 o0.082] 1.01 5,500 5536 5756 0.024 0.048
108|MAA _ [Methylamyl Alcohol 1 0.81 043 3562 0.081 1.01 5,500 5547 5730 0.024 0.048
108|MAK  |Methylamyl Keytone 1 0.82 0.0 14.00f 0.078| 100 5,500 5506 5506 0.022 0.044
110|MAM  [Methyl Ackylate 2 0.95 410 300} 0115 1.08] 5,500 5951 7303 0.039 0.078
111jMBE _ |Methyl Terl-Butyl Ether (MTBE) 1 0.74 004 310/ 0077 1.00 5500 5504 5519 0.022 0.044
112|MBK_ [Methyl Butyl Ketone 1 0.8 0.67| 3.50] 0.088 1.02] 5500 5607 6012 0.028 0.053
113|MBU __ |Methyl Butyrate 1 0,80 1.26]  3.53] 0091 1.03] 6,500 5639 6168 0.028 0.055
114{MEK__ [Methyl Ethyl Ketone 1 0.80 4.50] 250 0108 1.08] 5,500 5995 7135 0.037 0.074
116|MHK Methyl Heptyl Ketone 1 0.83 0.08 4,90 0.077 1.00 5,500 5507 5546 0,023 0.045
116[MIK Methyl Isobutyl Ketone 1 0.80 1.15 3.45 0.089 1.02 5,500 6827 8096 0.027 0.054
117|MMM _ [Methyl methacrylate 2 0.94 2.02) 345 0,098} 104 5500 5722 6538 0.031 0.062
118|MNA_ [Methyl Naphthalene 1 1.02 0.01 4.9 0.076] 1.00] 5,500 5501 5508 0.022 0.044
118|MNS  [Mineral Spirits 1 0.75 0200 4,30 0.079] 1.00] 5,500 5622 5633 0,023 0,046
120[MPL __ [Morpholine 1 1.00 080, 3.0 0.084] 102 5,500 5588 6857 0.025 0.050
121|MRE _ {Myrcene 1 0.50 0.17] 470 0.079] 1.00 5500 5519 5625 0,023 0.046
122{PTN Naphtha: Petroleum 1 0.74 019 350 0.078]  1.00 5,500 5521 5600 0.023 0.046
123|NSV Naphtha; Solvent 1 0.87 0.20 3.50 0.078 1.00 5,600 5522 5607 0.023 0.046
124|NSS Naphtha; Stoddard Selvent 1 0.78 0.20 4,30 0,079 1.00 5,600 5822 5633 0.023 0,046
125|NVM  [Naphtha: VMEP 1 077 0.19] 430/ 0079 1.00] 5500 5521 5627 0.023 0.046
126|NAX _ [Nonane (all isomers}) 1 0.72 0.27] 4.40[ o080 1.01 5,500 5530 5684 0.024 0.047
127|NON _ [Nonene (all isomers) 2 0.73 0.35] 4.30 0,082  1.01 5,600 5539 5733 0.024 0.048
128|NNS  [Nonyl Alcohol (all isomers) 1 0.94 00| 5.00 0.078] 1.00 5,500 5511 5579 0.023 0.045
129|NNP_ [Nonyt Phenol i 0.95 001 750, 0076 1.00] 5500 5501 5512 0.022 0,044
130|NPM___ [1-, 2-Nitropropane 1 0.99 1.05| 308 0.086) 1.02 5500 5616 5979 0.026 0.052
131|0AX _ |Octane (all isomers) 1 0.70 079 390 0087 1.02[ 5500 5587 5969 0,026 0.052
132|0CX__ |Octanol (all isomers) 1 0.83 C.01| 448| 0078 1.00[ 5500 5501 5507 0.022 0,044
133[0TX_ |[Octene {all isomers) 2 0.72 0.90| 3.90| 0088 1.02] 5500 5599 6033 0.027 0.053
134jOTW | Oil, fuel; No, 2 1 088 0.56 200 0.095 1.01 5,500 5562 6198 0,028 0.086
135]0TD _ |Oil, fuel: No. 2-D 1 0.90 069) 340 0084 1.01 5,500 5576 5853 0.025 0.050
136]OFR |0, fuel: No, 4 1 0.90 0.15] 340 0078 1.00 5,500 5517 5577 0.023 0.045
_____137|1OFY__ |Cil, fuek No. & 1 0.94 0.15{ 340 0078] 1.00 5,500 5517 5577 0.023 0.045
138]OSX  |Oil, fuel: No, 6 1 0.95 0.15] 340/ 0078 1.00 5,500 5517 5877 0,023 0.045
138|0IL Qil, misc: Crude 1 0.95 0.15| 340 0078 1.25 5,500 6875 6951 0.035 0,070
140|0DS  |Oil, Misc: Diesel 1 0.90 0.69] 340 o084 101 5,500 5578 5854 0.028 0.050
141|0LB [0, Misc: Lubricating 1 0.90 015 1.00] 0.076] 1.00] 5500 5517 5517 0.022 0.044




Vaper Recovery Calculations

Notes:

Prassure |Pressure
Dropio  |Dropto
Vapor-air Air PV Valve {Facility
“apor Mixture [Vapor [Max. Vapor Equivalent |in VCS  Connection
CHRIS VCS Liquid [Press. @| Vapor {Welght |Growth |Loading [Volumetic |Volumetric |(See in VCS (See
Code  |Name Category| S8.G. 115F | S.G. |Density (Rate |Rate Flow Rate (Flow Rate {Table 3) |Table 5)
(psla) (Ib/E3) {bbl/hr} {bbithr) {psig} (psig)

142|0RL Oil, Misc: Residual 1 1.02 0.16 1.00 0.076 1.00 5,500 5517 5517 0.022 0.044
143|0TB Qil, Misc: Turbine 1 0.87 0.30 5.40 0.082 1.01 5,500 5533 5754 0.024 0.048
144 [PTY Pentane {all isomers) 5 0.63 27,00 250 0,350 1.54 5,600 8470 18150 0.241 0.479
146|PTE Pentene {all isomers) & 0.64 2495 240 0310 1.50 5,500 8245 168640 0.203 0.402
148|PIN Pinene 1 0.86 0.38 470 0.083 1.01 5,500 5542 5777 0.024 0.048
147 |PLB Palybutens 1 0.91 0.01 1.00 0.078 1.00 5,600/ 5501 5501 0.022 0.044
148{PGC Polypropylene Glycol 1 1.01 0.10 1.00 0.076 1.00 5,500 5611 5511 0.022 0.044
149/IAC ___ iPropyl Acetate (iso-) 1 0.89 1.80] 3.52] o0.007] 1.04] 5500 5698 6447|0030 0.080
150|PAT Propyl Acetate (n-) 1 0.00 1.85] 3.52 0.098 1.04 5,600 5704 8472 0.031 0.061
151 IPA Propyl Alcohol (iso-) 1 0.79 3.00f 207 0.091 1.06 5,600 5830 6382 0.030 0.058
52| PAL Propyl Alcohol {n-) 1 C.80 1200 2.07 0.082 1.02 5,500 5632 5861 0.025 0.050
153|PBY Propylbenzene {all isomers) 1 0.86 0.20] 414 0.079]  1.00 5,600 5522 5628 0.023 0.048
154FPX iso-Propylcyclohexane 1 0.80 0.01) 435 0.076]1 1.00 §,500 5504 5507 0.022 0.044
155|PPG Propylene Glycol 1 1.04 0.01 2.62 0,076 1.00 5,500 5501 5504 0.022 0.044
156|PGN___|Propylene Glycol Methyl Ether Acetate 1 0.92 0.70 311 0.083 1.01 5,500 5577 5826 0.025 0.049
1571PTT Propylene Tetramer 1 0.28 0,02 1.00 0.076] 1.00 5,500 5502 5502 0.022 0.044
158 |SFL Sulfolane 1 1.26 0.01 4.14 0.076 1.00 5,500 5501 5506 0.022 0.044
159|8TY Styrene 2 0.82 0.40 3.60 0.081 1.01 5,600 5544 5718 0.024 0.048
160{TTG Tetraethylene Glycol 1 1,20 0.0 6,70 0,076 1.00 6,600 5501 5511 0.022 0.044
181|THN Tetrahydronaphthalene 1 0,87 0.04] 4.5 0.077 1.00 5,500 5504 5529 0.022 0.044
162|TOL Toluene 1 0,87 1.50 3.14 0.091 1.03 5,500 5665 6201 0.028 0.056
163|TCN 1,2,3-Trichloropropane 2 1.39 0.15 5.60 0.079 1.00 5,500 8517 5633 0.023 0.046
164|TCP Tricresyl Phosphate {lass than 1% of orlho 1 1.18 0.01) 1269 0.077 1.00 5,500 5501 5521 0.022 0.044
165|TEB Triethylbenzene 1 0.88 002 580 0.077 1.00 5,500 5502 5518 0.022 0.044
166|TEN Trethylamine 3 0.73 2.50] 3.498 0.105 1.08 5,500 5775 6795 0.034 0.067
167|TEG  |Triethylene Glycol 1 1.12 0.01 5,17 0.076 1.0Q 5,500 5501 5508 0,022 0.044
168|TPS Triethyl Phosphate 1 1.07 0.03 6.28 0,077 1,00 5,500 5603 5530 0.022 0.044
189|TRE _ 1Trdmethylbenzene (all iscmers) 1 0.89 014,  4.20 0.078f  1.00 5,500 5515 5588 0.023 0.045
170[TRP Trixylenyl Phosphate 1 1.16 0.00] 14.20 0.076 1.00 5,500 5500 5500 0,022 0.044
71| THF Tetrahydrofuran 1 0.89 8.60 1.36 0.080 1.17 5,500 6435 7001 0.036 0.071
172{UDC_ [Undecene 1 0.75 0.05] 532 0.077 1.00 5,500 5508 65542 £.022 0,048
173[UND - |Undecyl Alcohol 1 0.84 0.01 5.94 0.076 1.00 5,500 5501 5509 0.022 0.044
174IVAM  |Vinyl Acetate 2 0.94 5.80] 297 0.130] 1.12 5,500 68138 8015 0.047 0.083
175|XLX Aytenes (ortho-, meta-, para-) 1 0.89 051 368 00831 1,01 5,500 5556 5786 0.024 0,048

max = 0.360 1.64 max = 0.241 0.479

1. The above data is sourced from the USCG CHRIS Manual {Ref, 7) & from varicus manufactwrer's MSDS's.




Table 2

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

(Ref 9).

Calculation of Maximum Liguid Transfer Rate as Imposed by the Capacity of the

Vapor Recovery Caloulations

Cargo Tank Venting System

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) (ft) (ft)
11Entrance 8 1 23.3 23.3
2|Straight Pipe 8 1 54.0 54.0
3|Tes, branch 8 2 39.9 79.8
4|Tee, flow 8 1 13.3 13.3
5
6
Sum (pipe run #1) 170.4
h. Pipe run #2
Description: 8" branch at P-V valve
Pipe size, hominal: 6" sch. 40 pipe
Pipe ID {inches): 6.07
Unit Total
Equivalent [Equivalent
ltem Description Size |Qty [Length Length
(in) (ft) {ft)
1| Straight Pipe 6 1 3.0 3.0
2|Reducer (8x8) 6 1 6.4 6.4
Sum {pipe run #2) 9.4




Table 3

A Caleulate pressure drob using Darcy's equation:

Vapor Recovery Cal

lcutations

Calculation of Maximum Liquid Transfor Rate as Imposead by the Capachty of the Cargo Tank Venting Systam (Continued)

Pipe run #2
8" Branch (Exp irunk to vaper
slack) Desctiption; 8" branch at P valve
: 7.88 {in} Pipe 1D 6.07 (In}
Equlv, Plpe Equiy, Pipa
Langih (table Length {table
2a) 170.4 {feet) 2b): 9.4 (feel)
Darcy frictlen Darey friction
|factor; 0.014 factor: 0.015
Vapor-air
Mixture Weight  [Uiquid \apor WVapor Pressure Al Equlv.
GHRIS Denslly {Fom  |Transfer Vaper Growth  Molumetrie Flow Prassure Drop  |Veolumetiie Flow |Pressure Drop  |Drop Volumetric
Code |Name Tabls 1) Rate {flling) |Rate Rata Meen Velocly [{piperunit1)  |Rate Mean Velocity [{pipe nn$2)  |(Total} Flow Rate
(Ibit*3) (bbihr) Jghb\lhr) [(55] 5l (Bbithr} (fis} sl (psigh (bblir)
TACN Aorylonitrile 0.095| 8,500 1.109] 6950 2718 0.027 6060 0,008 9,033 B7565]
2|ACT Acotone 4423 5500 1.200) 6500) 29.63 0.042 Gﬂ@l 0.010 052 8383
3|ACP Acetophenone 2.085| 8,600 1,012 5566 2499 0.024 5566 0.005) 025 6681
4|AND  [Adiponitlle 4078 5,500 1.000! 5501 24.70 0.01§ @‘ 0.004] ,022 6506
S|AEC  [Awmyl acetate (all i 0,075 5600 007 6636 24,86 0.018f 5538 0.004 0.022 5485|
G[AAl Amy] Alcohol {iso-, n-, se¢-, primary) 0.079 5,600 008 5533 24.84 0, 5533 0.004 0,023 5637)
TIATN | Acetonitrile 0.078| 5,500 001 5503 4.1 [X 5503 0,004 0.022 5500)
8|BAL Benzy| Alcchol £.077 5,600 .002 5611 24.74 0, 5511 0.004 0.023 5557
B|BNZ Benzene 0114 5,600 250 6875 30.8 0.042} G875) 0.010 0.0582 8420
10|BTX _ |Benzene, Toluene, Xylene mixtures {10% Benzen| 0.138 600 1.250 6875 308 0,051 (% 0.012 0.063 9252
11|BAR Butyl Acrylata {iso-, n-} 0.085 500 1.042 5666 24 0.021 5566) 0.005 0.026 5908]
| . 12|8AX Butyl Acetede (all lsomers) 0,085 600 2 5566 24 0.020 5568 0.005 0.025 6857
3[IAL Butyl Alcohol (ise-} 0.083) 5,500/ .018 5599 25,14 0.020 5599 0.005] 0,025 534
4|BAN Butyl Alechol (o) 0.074 5,500 010 55 24,94 0.018] 5555 0,004 0.022 547
5|BAS Butyl Aleohol {sec-) 0.088 6,500] 026 564, 25.34 0.021 564: 0.005 0.026 599
18|BAT Butyl Alcohol (tert-) ,097 5,500 056 0! 26.08] 0.628| 580: 0,006 0032 8552
17|BPH Butyl Benzy| Phthalate 077! 5,500 000 50 24.70| 0.018] 550 0.004] 0.022 551
181BAD lso-Butyraldehyde 131 5,500 158 358 28,55 0.04 6358 .010) 0,05 8344
1$IBTR n-Butyraldehyds 131 5,500 158 5358 28,65 0.04 6358 .01 0.05 8344
20|BUE Butyl Toluene 0.078 5,500 002 5511 24.74| 0.0 5511 .004 0.02: 5380
21|cLs Caprolactam Sclutions 0.077 5,500 001 5505] 24.72] 0.0 5606 ,004 0.022 5530
22|CCH |Cyclohexanong 0,078 5,500 1.004] 65221 24,78 0.0 5522 0.00- 0.023 5803
23[CHA __ |Cyslohexylamine 0.083 5,500 1,012 5568 25.00] 0,020 568 0.00: 0.025] 5A20)
24|CHX__|Cyclohexane 0.176] 6,500| 1,080 5355 26.92 0.033 5995| 0,00 0.040) 7H0O
25|CHN Cyclot | 0.078 5,500 1.003 B517] 4. ?I 0.018 5517 0.004] 0.023 6578
26|GPD |1,3-Cyclopentadiena dimer {molten) 0.080 5,500 1.005 5528 24.82] 0.019 §528 0.004 0,024 5677]
27T|CMP __ [p-Cyimene 0.078 5,500 1.002 5512 24.75! 0.018 5612 0.004 0.023 5579]
28{CRB | 087 5,500 1.016-l 5588 25,08 0.021 5588 0.005 0,028 59721
29[CRS __ |€resols 077 5,500 1,002 5509) 24, _a‘ 0.078 5509 0.004 0.022 5546
30|CUM  ‘Cumena 025 5 012 5566 24.99 0,024 5586 005 0.026 5887
31[IiDA Decaldehyde (lso-) 076 501 .000] 5501 24,70 0.018] 3501 .004; 0,022 5508
32[DAL |Pacaldehyde (-} 076 o0 L00) 5500) 24,70 0.018| 5500 .00 0,022 5500
33|DCE Decene .078 S0 002 5513 24.75 0.0149 5513 .00 0.023 56390
34|DAX Decyl Atcehol (all isomers) (Decancl) 0.076 5,500 1.000] 5601 24.70] 0.018} 5501 0.00: 0.022 5508
Decylhsainzens {n-) 0.076 5,500 1.000( 5501 24.70 0.018] 5501 0.00 0.022 5512|
0,078 5,500 1,002 5511 24.74 0.0184 5511 0.00: 0.023 5682)
0,158 6,500 1.198 6589 20.68 0,064} 6589 0.01 0.07¢ 10381
Dibutyt Phthalate {ortho-} 0.076 6,500 1,000 5500 24.70 ¢.518] 5500] 0,00 022 6500
b 0,078 4,500 1.002] 5509 24.73 0,018] 5509 0.004 023 5558
| 40|DEG Digthytane Glycol 0.076 5,600 1.000 5501 24.70 O.Ul 5501 0.004 ,022] §508]
41|DEN Diethylamine 0.082 5,500 020 5610 25,19 0.020] 5610 0.005 0.025 5884]
42|DAI.__ |Diisobulylene 0103 5,500 .040 5720 25.88 o.028] 5720 0.008 0.032 6654
43|DIK Crisobutyi Ketone 0.07¢ 5,500 .003 5514 24.77 0.018] ESE 0,004 0.023 5623
Dilsoprepanalamme £.078 4,500 1.000 8504 24.70 0,018 5501 0.004 0.022 8507
Dilsopropylbenzene (all lsomars) 2.077 5,600 1.001 5502 247 Q.018] 5503 0.004 0,022 8527
Dimethyl Phihalate 0.078 5,500 1.000 5500 24.70] 0.018] 5500 0.004 0.022 5500
Dioclyl Phthalate 0.078 5,500 1,000 5600 24.70 0.018| 5500 0.004 0,022 5500
Dipantene 0.078 5,500 1,002 551 24 .71| Q.01 8] 6511 0,004 0.023 5677
Ciphenyl 0,078 5,500 .000) E50 24.70 0.018§| 5501 0,004 0.032 6508
S01BDG Diphenyl, Dipbenyl Ether Mixiures 0.078] §,500] 000 550 24.70] 0Q.0185] 5501 0.004 0,022 5508
511DMF__[Dimethylformamide 0.078 5,500 006 5533 24.84 0.019] 5533/ 0,004 0.023 5610
62IDPE DOiphenyl Ether 9.078 §,500] .000 5601 24.70 0,018 6501 0.004) 0.022 5508
53|DP3 Dipropylens Glycol 0.077 5800 001 -B508 24731 0.018] 5508 0.004 0,023 6551
54 |DPX 1.1-,1,2-, §,3-Dichloroprepans 0,162 500 Az 6193 27.8§ 0.048 6183 0.011 0.080 9034
55 |DFF Disfillates Flashed Feed Stocks 0.102 5,500 046 5753 2583 0.028 5763 1.006 0.032 6661
66 [DSR Distillates Straight Run 0,102 5,600 046 5753 2583 0.026] 5753 9,006 2.032 6661
67|DOZ D. (all 0.077 5800 000 5502 2471 0.018| 5502 0.004 0,022 5518
0.240] 5,500 250 8875 20,87] 088 BB7E, 0.021 0,108
0.109 5,500 0440 5720 254 025, 6720 9.006 0.03
0.077) 5,500 000 5502 24, .0H 8 5602 0,004 .02
2-Et hyl acetate 0,077 5,800 000 55603 24, 018 5502 0.004 .02
62|ETG Ethony Friglycol {crude) 0.078] 6,500] 000 5500 24,70| 0.018 #500 0.004 0,02
G3|ETA Ethyl Acetate 0.119 5,500 090 5995 26.92| 0.033 5995 0,048] 0.041
B4|EAA Ethyl 0.079 5,500 1.004 5522 24,79 0,018 5622 0.004 0.023
65 EAL Ethyl Alcohol {Ethanol 0.085 5,500 1.070 5885 26,42 0.023 5885 0.005 0,028
66 Ethyl Benzene 0.083 5,500 1.012 5568 24.99] D.(ﬁl 6566 0.00%] 0.025]
67 [EBT Ethyl Butano| 0.078 5,500 1.002] 6513 24.75| 0,018] 5513 0.004 0.023]
68|EBE Ethyl tert-butyl ether D.DTE] 6,500 1.004 5521 24,79 0.01_9‘ §521 0.004 0.023]
69|EBR Ethyl butyrate 0.090] 6,500 1.020 5610 26.19 0.022 5610 0.005] 0.027
TO[ECY Ethyl Cyclohexane 0.083| 5,500 1.010] 6555 24.94| 0.020| 5555 0,005 0.025
1 Ethylene dichloride [Nl 22| 5,600 1.080 5840 26,67 U.OSQI 5940] 0,008 0.041
Ethylene Glycel 0.078 5,500 1.000 5501 24.70] 0.018 5501 0.004] 0.022
Etnylene Glycol Butyl Ether Acetate 0.0?4 5,500 1004 5508 24.72 0.018 5506 0.004 0.022]
Ethylene Glycol Diacelate 0.076 5,500 1.000] 550 24.70 0.018 560 0,004 0.022]
Ethylane Clycesl Phenyt Ether 0.076 5,500 1.000 650 24.701 0.018 550 0.004 0.022
T6[EEP Ethyi-3-ethoxypropionate 0.078 5,500 1.000 650 24,70, 0.018 5§50 0.004 9,022
77 2-Ethylhexanol 0.078 5,500 008 5502 24.71 0.018 5602 0.004 0.022
7B|EPR Fthy) Propionate 0.086 6,500 070 6385 28.42 0.023 5885 0.005 0.029
T8[ETE Ethyl Toluene 0.08—D| 5,500 008 5531 24.83 0.019 5631 0,004 0.024
80|FAM Fi 0 0,076 5,500 .002 5611 24.74 0.018 5511 0.004 0.022
81|FMS  [Formeldehyde Solution 0.078 5,500 003 5517 2437 0.018) 5517 0.004 0,022
82|FAL__|Furfuryd Alcohol 0.077 5,500 1.001 5508 24,12 0.013 5508] 0.004 0.022
83 [FFA Furfural 0.078 5,500 1.003 6517 24,77 0.018 8517 0.004 0,023
84[GAK  [Gasoline Blending Stocks: Alkylates 0.217 5,500 1250 6875 30.87 0.080 6875 0.01% 0.098
85|GRF Gasoline Blending Stocks: Reformates 0.217 5,500 1.250] 6875 30.87 0,030 6875 0.012 0.099
B6|GAT Qasolines: Automotive 0.217 5,500 1.260 5875| 0.87 0.080 6875 0,018 099
87|aRY li Awiation 0,217 5,500 250 6875| 0,87 0.080] 6875 0.018] .099
|GCS Gasdlines: Casinghead 0.217 5,500 250 6875 0.87 0.080 6875 53,35 0.019| .099
848|GPL. _ {Gasolines: Polymer 0.217] 5,500 2501 6876 0.87 0.080) @‘ 53.35 0.018 ,099
S0|GSR Gasalines: S¥ralghtRun 0.217 5,500 250 6875 30.87 0.080 5875 53.35 0.019 0.099
H|GCR  |Glyeeine 0,078 5,500 000 5500 24.70] 0.018 55tm| 42,68 0.004 0.022
S2|HMX  [Heptane {ali Isomers) 0.105) 5,500 050 5275 25,93 0.027] B775] 44,82 0.008] 0,034
93IHEP Heptonle Acid 0.076 5,500 1.000 5501 24.70 0.018 550H| 42.69 0.004 0.022
S4IHTX Heptanol all 0.077 5,500 1.001 5504 24,72 0,013 5504 4272 0.004] 0.022
95 HPX Heptena (all isomersy 0,109 5,500 1.058| 5819) 2613 0.029 5819) 4616 0,007 0.035
96 IHXS Hexane {all lsomers’ 0.142 5,500 1.140] B270 2815 0.044] 6270| 48,66 0.010] 0.054
97 [HXO Hexzonic Acid 0.076 5,500 1.000| 5601| 24.70 0,014} 5501 42.69 0.004 0.022
98 [HXN Hexano] 0.088 5,600 1.020 ﬁﬁml 25.19 0.022| G610| 40.54] 0,005 0.027
99|HEX Hexena {all I 0.148 5800 1.189 5330] 2865 0.047 6380| 4951| 0.011 0.058

9



Vapor Recovery Calculations

Eﬁ]]e run #1 Pipe run #2.
8" Branch {Exp trunk to vapor
Dessription: stack) Description: 6" branch at P-V valve
Pipe ID: 7.98 (in) Pipe 1D 6.07 {in}
Edqulv. Pipe Equiv, Pipe
Lznglh (tabla Length (table
2a): 170.4 (feet) Zb): 9.4 (fest)
Daruoy friclion Daruy fricllon
factor: 0.014 faclor: 0.015
Vapor-alr
Mixturs Welght  [Liquld Vapor Vapor Prassure  |AlIr Equiv,
CHRIS Density {from  {Trangfer [Vaper Growth  [Volumelric Flow Pressure Drop  [Volumatrle Flow Presaura Orop  |Drop Volumetro
Code  (Name Table 1) Rate (fling) |Rate Rate Mean Veloclty |{plpe run#1)  |Rate Meen Veloclly  |(pipesun #2)  [(Total) Flow Rate
|{bR*2) {bbtthir} (bbb} {fts) (psig} N{bblar} (fiis} {psig) (pelg) {bblhr
100[HXG Hexylene Glyeol 0.076 5,500 00 6501 24.70] . 5501 42,88 0.004 0.022 5501
10t |IPH Isophorone 0.076 6,600 000 £501 24,70 ! 55/ 0.004 0,022 507
102|JPF Jet Fuels: JP-4 0,124 5,500 06 6874 26.37] .| 5874 0,008 0.041 499
| 103]JPY __ |Jet Fuels JP-5 {Kerosene. heavy} 0.073 5,500, .00 5511 24,74 X 55 42,77 0,004/ 0.028 562
|._104|KRS Keroseneg 0,079 6,500 e 5517 24,77 0.018] &5 42.81 0.004 4.023 5605
Methyl Acetate 122 SO0 1.122 6171 2.7 0.038 6171 47.89 0.008] 2.045 7812
Methyl Aloohe! (Methanal) .07 ,500] 1.433 6229 27.97| 0.024 6223 48,34 ©.006 £.030 6355
1 082 ,500] 1,007 5636 24.86 0.020 5536 42,96 0.005 0,024 5768
1 0,08 ,500 009 5547 24,91 0018 5547 43.05] 0,005 0.024 5730
0.071 5,500 001 5608 24,72 0018 5508/ 2.12) 0.004 0.022 5506
:_ ryl 0,11 5,500 082 5951 26.72! 0.032 E951 46.18 0,007 9.032 7303
| 11 Methy! Tert-Butyl Ether {MTBE) &7 ,500) 1.001 5504 24.72 0.018] 5504 42,72 0,004 0.022] 5519
1 Butyl Ketone 0.08: ,500 1.018 5607| 2517 0.021 5807 4351 0.005 0,025 5012
[ 113[MBU__[Methy) Bulyrate [ 50 028 FREL] 26,32 0.023 5639 43,76 005 0,028 5168
14|MEK  iMsthyl Eilwl Ketone 0, 501 .090 5895 26.92] 0,030 5985 48.52] .007] 0,037 7135
| 116|MHK__{Methyl Hapiyl Ketone [ 501 001 6507 2473 0.018| 5507 42.73 .004] 023 5545[
Ketone 0.088] 6,501 023 5627| 25.28 0,022 5627 4366 .005 .027) 5036|
K 0.099 5,500 040 5722 26.69) 0.025 6722 4441 006 031 8536)
Methyl Nephthalene 0.076 5,500 1.000 5801 24.70 0.018] 5501 42,69 ,004 022 5608
1 Mineral Spirits 0.07 5,600 1.004 5522 24.79 0.019] 6522 42,85 .004 023 5633
1 0,08 5,500 01 5588 25 ﬁ 0.020| 5588, 43.36 005 0.025 5857)
0,07 5,600 .00 5519) 24.78 0,019 5519 42.83 .004 0,023 5626
[ Naphiha: Petrol 0.07 5,500 00 5521 2 .7g| 0.019] 5521 42,84 00 0,023 6500
aphtina: Selvent 0.078 5,600 .00 5522| 24.79 0.019| 5522 42.85 .00 0.023 5607|
1 aphtha: Sloddard Solvent 0.079 5500 .00 5522, 24.719 0.019| 5522 42.85 0.00 0,023 5623
1 Naphtha: VM3P 0,078 5500 004 5521 24.79 0.019] 5621 42.84] 0.004 0,023 5627|
28|NAX onane (all lsomers) 0.080 5,500 .G(E' 5530 24.83 0,019] 5530 42.01| 0.004 0,024 5684]
: 2Z7|NON onene (alf lsomers) 0.082 5,500 007 5539 24.87 0.020] 5539 42.98 0,005 0.024 §733
28|NNS onyl Alcahol {all isomers) 0.078 5,500 1.002] 6611 24.74 0.018] 5511 42,77 0.004 0.023 5579
129|NNP Nonyl Phenol 0.076 5,500 1.000] 5501 24,70 0.018 5501 42,88 0.004 0,022 5512|
120{NPM  [1-, 2-Nitroprepane 0,086 5,500 1.021 5616 25.21 0.021 5616 4358 0005 0.026 5979
1310AX__ |Octane (all lsomers) 0.031| 5,508} 1,016] 5667 25.09 0.021 5567 43,38 0.005 0,026 [
132[0CX __[Octanof (all lsomers) 0,076 5,500 1,000 5504 24,70 618 5501 A2.69 0.004 0,022 5507
133|0TX__ [Oclena {all [somars) 0,038 5,560 018 5585 25,14 022 5594 4345 0,005 0.027 6033
34jOTW O], fuel: Ne. 2 0,086 6,500/ 011 5652 24.07| .023] 5562 43.16 0,005 0.028 €183
35070 Ol fuel: Ne. 2-0 0.084 5,500 .014 8676 25.04| 0201 5576 43.27 0.006| 0.025 5853
[ Ts6[OFR Qil, fuel: No. 4 0.978 5,500 003 5517 24.77 0.018 5517 4281 0.004 0,023 5577
S7[OFY Oll, fuel; No, 5 0.078 5,500 003 £617 24.77] 0.018 5517 4281 0.004 0.023 5677
138|0SX Oll, fuel: No. § 0.073 5,500 053 5617 24.77] 0,018 5517 42.81 0.004 0.023 5577
139]0IL Qil, mize: Crude 0.078 5,500 250 6875 30.87: 0.028 6875| 53.(@! 0,007 £.038 6951
140005 Gil, Mise: Diesel 0.084 ,500 1,014 5675 20.04 0.020 5576 43.27 D,ODSi 0.026 5854
41|0LB Qil, Miso; Lubricating 0.076 ,500 1.003] 8517 24,77 0.018 5517 42.81 ©.004] 0,022 3517
42(0RL Gil, Mise; Residual 0,076 ,500 .003 5517 2437 0.0 E[ 5537) 42.84 G.004 0.02: 5617
Qll, Mise: Turblne 0.082 ,600 006 5633 24.84 0,020 5533 42.94 0.005 0.02: 5754
Pentane (all lsomers) 0.350 600 540 5470] 38.03 0,196 M?_D‘i 6573 0,045 0.24 18160
Fentene (all lsomers) 0.310 8,500 1.489 8245 37.02 0.184) 6245 63,98 0,038 0.20° 18640
Pinene 0.082 5,500 1.008 5542| 24.B§| 0.020 5542 43,01 0,005 0.024 5777
tid 0,078 5,500 1.000 5501 24.70 D.Olal 5501 42,69 0.004 0.022 5501
| 148/PGC [Podypropylens Glyco! 0.076 5,500 1.002 5511 24.74 0.018 5511 A2.TT) 0.004 0.022 5511
49|IAC [Propyl Acatals (lso-} 0.007 5,500 1.03¢ 5698 25.58 0.025 5698 44.22| 0,006 0.030] 8447
150(PAT Propyl Acetate (n-) 0.098 5,500 1037 5704] 25.61 0.025] 5704 4426 0.006 0.031 5472
151]IPA. Propyl Alechol (iso-} 0.091 6,500 1.080 5830) 2618 0.024 5820 46,24/ 0,008 9.030 5382
182|PAL Propyl Aleohol {n-) 9.082] 4,500 024 6632 256.29 0.020 5632 43,11 0.005 0.025 5851
Propylaenzene (all isomers) 0.079] 5,500 004 5522 24.78] 0,019 5522 42.85 0.004 0.023] 5628
fiso-Propyleyclobexane 0.078 6,500 000 5501 24.70 0.018] 6501 42,69 0,004 0,022 5507 |
Propylene Glyen| 0,078 5,600 1.600] 5501 24.70 0.018 5504 42,69 0.004 0,022] 5504
186 pyleno Glycol Methyl Ether Acctale 0.082 5,500 1.014 8577 25.04| 0,020 5577 43.28 0.008 0.025 5826]
Prapylene Teframer 0.078 5,500 1,000, 5502 24.71_| 0.018 5602 42.70 0,004 0.022 6502
158[SFL Sulfolane 0.078 5,500 1.000] 6501 24.70 0.013] 650 42,69 0.004 0.022 5505
159[STY Styrene 0.081 5,600 1.008 5544/ 24.89 0.019] G54 43.02 0.005 0,024 6719
160{TTG [Tedr Qlyeol 0,075 5,600 .00 8501 24,70 0.018] 550 42.69 00 0.022 5511
161|THN [Teirahydronaphthalens 0.0 6,600 001 5504/ 24.72 0.018 5604 42.72 0D 0.022 55241
162|TOL __ |Toluene 09 500 030 BaE5| 25.44 o023 5665 43,96 .00 0.028 8209
163/ TCN 1,2,3-Trichloropropane 0! 500 003 5517] 24,17 0.019| 8517 42.81 .00 0.023 5533
164{TCP _ |Tricresyl Phosphiate {less than 1% of ortho lsomoa| 07 500 1,009 5501 24.70 0.018] 5501 42.69 0.004 0.022 5521
165(TER Triethylbenzene 0.077] 5,600 1.000 5502| 24.71 0.018} 5602 42,10 0,004 0.022 5518
166|TEN Triethylanine 0.105 5500 1.050 5775 25,93 G.027 3775, 44.82 0.008 0.034 6795]
187|TEG Trlothylane Glycol 0,078 5600 1.009 3501 24.70 0.018 5601 42,69 0.004 0.022 5508]
| 168|TPS Triethyl Phosphate 0.077] 5,500 1.001 5503, 24.7¢ 0,018 5602 4211 0.004 0.022 5530)
69[TRE __[Trimethyibenzene (all inomera} 0.078 5,600 1.003 5515 24.76 0.019 5515 42.80 0.004 0.023 5588
TO[TRP Trixylenyl Phosphat 0.078 5,500 .000| 5500 2470 0.018] 5500 42,68 02.004 0.022 5500
71|THF Tetrahydrofuran 0.080 6,500 170 6436 28.89| 0,029 6435 49.94 0.007 0,038 7001
72[UDC_ |Undecene 0.077 §,500 001 5506 24.72 0.014] 5506 4232 0,004 0.022 5542
73|UND Lindecyl Aleohal 2.078 4,500 1.000] 5501 24.70; 0.018| 5501 42,69 0.004 0.022 5509
174[vAM Winyl Acetate 0,130 5,500 1.118 6128 27 .56 0.038 6138 47.63 0.009 0,047 8015
17E{XLX Rylenas (orlho-, meta-, para-) 0,083 5,500 1.010 5556 24.9% 0.020 5556 43.42 0.005 0.024 5786
max = 0.241 18150
Greatest pressure drop to P-V valve: (psig) Pentane (all lsomers)
High velocily P-V valve mressure setling: 1,50 {psig)
Back pressure Imposed by P-V valve @ highost flow rato 0.72 {pslg)
Total back pressure imposad on casgoe tank by venlng 1.03 {psla} |Concluslnn: Atthe maximum cargo loading rate, the total back pressure imposed by the {ank venting sysiem does not excesd tha maximum
Max design working pressure of tanks: 2.00 fpsig) design warking pressure of the tanks.
B.  Check vacuum relleving capacity at maximum dischargs rale:
Opening vacuum selting for PY Valve: 0,5 {pslg)
Maximum discharge rate {total): 4300 (bbihr}
Corresponding vacuum at max discharge rate: {sae
attached PV valve flow capacily cusve} 0.51 {psig}
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Vapor Recovery Calculations

Calculation of the Maximum Liquid Transfer Rate as Imposed by the pressure
Table 4 drop between the most remote tank and the facility vapor connection (Ref: 46
CFR 39.30-1(d){(3):

Note: Parcy'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) fo the facility connection. Equivalent length for this path is
calculated using Crane's Technical Paper 410 (Ref. 4) and Cameron Hydraulic Data handbook (Ref. 9)

Calculate eguivalent lengths of pipe;

a. Pipe run #1
Description: 8" Piping
Pipe size, nominal; 8" sch. 40 pipe
Pipe ID (inches): 7.98
Unit Total
Equivalent [Equivalent
ltemm Description Size |Qty {Length Length
{in) (ft) (ft)
1|Entrance 8 1 23.3 23.3
2|Straight Pipe 8 1 1956.0 185.0
3| Tee, branch 8 2 39.9 79.8
4iTee, run 8 3 13.3 39.9
5|Elbow, 45 deg, 8 2 10.2 20.4
6|Valve, Gate 8 1 8.6 8.6
7|Hose 8 1 50.0 50.0
Sum (pipe run #1) 417.0
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Table & 39.30-1(d)(3} {continued):

1. Caleulate pressure drop using Derey's equatlon:

Vapor Recovery Caleulalions

Caleulation of the Maximum Liquid Transfer Rate as kmposed by the pressure drop between the most remote tank and the factlity vapor connection (Ref: 46 CFR

Eipe run #1
Dascription; " Piping
Pips 1D: 7.92 {in)
Equivalent Length of
Pipe {from Table 4a): 417.0 (fas?)
Darcy frictlen faotor: 0014
Vapor-air Mixture Alr Equivatent
CHRIS ‘Welght Densiiy (from |Liquid Trensfer Rate [Vepor Volumetric Flow Pressure Drop Prassure Drop 'Volumelrie Flow
Code  [Name Table 1} (filling) [Vaper Growth Rate  |Rate Mean Veloclty  |{plpe run #1) {Total} Rate
{hA*3) (bblthr) bbizhr} (ft's) 8l Hpsin) (bblenry
#|ACN Acrylonitrile 0,095 5,500 J00 6050 27.16 . 068 0,066 6756
2|AGT Acetons 0.123 5,500 200 6800 29,83 102} 402 8393
=’ACP Acetophenone 0.085 5,500 012 5566 24.951' .050] .050 5881
41AND _ |Adipontiile 0078 5,500 000 5504 24.70 0,044 044 5506
S|AEC Amyl acetate (all isomers) 0.075 5,600 007 5536 24.48° 0.0441 044 5485
BALL Amyl Aleehol (jse-, n-, sec-, primary) 0,078 ,500] 006 5533 24.84 0.048] X 6637
TIATH |Aoetonlitrile 6,076 500 001 5503 241 0.044 D 5505
&|BAL Benzyl Alcohol 0,077] ,500) .002 6511 24.74 0.045] 0. 5557
0.11% ,500 .260 6875 30,87 0,503 103 8420
0.128 ,600) 250 6875 30.87 0.124 124 9252
0.086 5,600 012 5566 24.99 0,051 051 5308
E 0.085 5,500 012 5566 24,99 0.050 050 5867
Iso-) 0,083 5,50 1.018] 5609 26.14 0.050 050 5843
4|BAN Butyt Alcohol (n-) 0.074 5,501 1.010 5555, 24,94 0.044 0,044 5477
5[BAS Butyl Alcohel (sec-) 0.028 5,501 026 5643 25,34 0.062 0,052 5094
6|BAT Butyl Alcohol {tert-) 0.087 5,600 .56 5808 26.08 0.083 0.08; 6562
7|BPH___|Butyl Benzyl Phthalate 0.077 5,500 000 5501 24.70 0.044 0.04: 5518
8[BAD Iso-Bulyraldehyds 6,131 5,500 .15_6' 6368 28.55 0.1¢4 0,10’ 8344
9{BTR n-Butyraldehyde 0.13 5,500 158 6358 28,55 0.1¢4 0,10 8344
20]BUE Butyl Toluene 6.072 5,500 002 5511 24.74 D.Uﬁ 9.04 5580]
H|6L6 " |Gaprolactem 0.077 5,600 00 5506 24.72 0,644 0,044 5530|
22]CCH Cyeclohexanone 0.078 5,600 A0 5622 24,74 .046 0.046] 6503
23|CHA Cycloh 8 0.083 5,500 012 5568 26.00 049 0,049 5620
24|CHX Cyclohexane Q.116 5,500 490 6995 26.92 ,080 0.080 7410
256|CHN Cyctohexanal 0.078] 5,500 003 5517 24,71 .045| 0.045 5579
ZB|EPD__[1,5-Cydlop fena diner (molten) 0.060 5,500 054 5526 24,82 047 £.047| 5677
27|CMP p-Gymena 0.078] 5,500 002 5612 24,75 045 0.045 5579
281CRB Chlorobenzene 0.087 5,500 016 o508 25.09 .062] 0.052 5972
29|CRS___[Cresals 0.077) 5,500 002 5509 24.73 045 0.048| 5546
46 |DTL. methy] Phihalate 0,078 5500 1.000 E500] 24.70 0.044 0,044 5600
AT|DOP Dloclyt Phthalate 0.078 6,500 1.000 5500 24,70 0.044 0.044 5500
43|DPN [ 0.078 5,500 1.002 3511 24.74 0.045 0.045 5577
49[DIL Diphenyl 0.078 $,500¢ 1.000] 5601 24.70| 0,044 .044 6608
60[DDO__ |Diphenyl, Diphenyt Ether Mixtures 0.076 6,500 1,000 550 24.70 0,044 .044 5504
51|DMF  [Dimethylformamide 0.078 5,500 1.006 653 24.84 0.048 046 5610
62|DPE Diphenyl Ether 0.078 5500 1.000 550 24.70 0.044 0.044 5509
53lDPG [Dipropylene Glysol 0.077 5,500 001 6508 24.73 0.045| 0,045 5551
54|oPX _ [1.4- 1,2-, 1,3-Dichlorepropane 0.162 5,500 .126 8193 27.81 0.119 0.118 9034|
66(DFF Distillales Flashed Feed Stooks 0,102 5,500 045 5783 25.83] 0.064 0.054 5661
56[|0SR Distillaies Straight Run 0.102 5,500 1.046 5753 26.83 0,084 0.054 6661
57|D0Z _ |Dodacene (all isomsis) 0.077] 5,500] 1.000 5502 2411 .044 0,044 5518
68|CDB Codacyll 0.240 5,500 .250] 8375 30.87 .216 0.218 12198
59(EAC Ethyl Acrylate 0.1c0 6,500] 040 5720 25,68 067 0.062] 6543
GO[EAI 2-Ethylhexyl acrylate 0.077 6,500 060 5502 24.7 0.044 0.044 5520
61|EEA 2-Ethoxyethyl acetate 0,077 5,500 1.000] 5603 2471 0,044 0.044 5517|
B2[ET3 Ethoxy Triglyce! {crude; 0.076 5,500 1.000 5600 24.70 0.044 0.044 6500
BI|ETA Ethyl Acetate 0,119 5,500 .00 5985 26.92 0,083 0,082 7504
BA{EAA Ethyl A tate 0.079 5,600 004 6522 24,79 0,046 0.046] 5529]
B6|EAL Ethyl Alcehel (Ethanel 0.086 5,500 070 5885 26.42 0.057 0.067 6255
BG|ETE Ethyl Be 0,083 5,500 012 6666 24.99 0.049] 0.049 5824
9.078 5,500 ,GOﬂ 6513 24,75 0,045 9.045| 5564
EE: 0.078 5,500 1.004] 5521 24.79 0.046] 0.048 5602:
B0|EBR Eihyl hutyrata 0,050 5500 1.0@' 5610 2519 0.054| 0,054 6107,
TO|ECY Ethyl Cyolohekane 0.083 5,500 1.010 5555 24,94 0.049 2,049} 5788
HEDC Ethylene dichioride 0.422 5,500 080 5940 26.67 0.082 0.082[ 7508
T2|EGL Eihylene Glycol 0,076 5,500 .000 5501 24,70 0.044] 0.044 5603
73{EMA " |Ethylene Glycol Butyl Ether Acetala 0.077 5,600 .ooll 5505 24.72 0.045] 0,045 G544 ]
THEGY lene Glycol Digcetate 0.076 5,600 G 5501 24.70 0,044 0.044 5508
7BEPE Ethylene Glycol Phenyl Eiher 0,076 5,500 J000) 5501 24.70 0.044 0.044 5508
FEIEEP _|Ethyl-3-slhaxyprop 0,076 5 500 1.uoql 5601 24.70] 0.044 0,044 5610
F7|EHX lhexanol 0.076 5,500 1.000 5502 24.71] 0.044 0.044 5514
78|EPR Ethyl Propionate 0.086 5,500 1.070] 5385 26,42 0.057] 0,05 8255
7¢|[ETE _ |Ethyl Toluene 0.080 ,500] 1.0ﬁ| 5531 24.83 0,047 0.047 5679
8¢{FAM Formamide 0.076 5,500 1.002 6511 24.74] 0.044 0.044 5520
81|FMs F Idehyde Selution 0.076 5,600 03| 6817 24.77 0.044| 0.044 517
82(FAL Furfuryl Aleohol 0.077 5,500 008 6506 24.721 0,044 0.044 5526
B3|FFA Furjural 0.078 5,600 003 517 24.77 0.045| 0.045] 5578
84[GAK  |Gasolina Blending Stocks: Alkylutes o217 55001 250 6875 30.87 0.198 0,196 1610
85|GRF | Gasoline Blending Stocks: Reformates 0.217 5,600 260 5875| 30,87 0.196] 0.186 1610
BB|GAT _ [Gasolines: Automative 0.217 5,500 +250] M' 30.87 0.196 0,156 610
B7IGAY Gasolines: Aviation 0.217 5,600 250 6875 30.87 0,186 0,186 610
88|GCS8  |Gasolines: Caslinghaad 0.217 5,500 250 6875 30.57 0.196 0.1%6 610
89[GPL Polymer 0.217 5,500 1.250 6475 30.87 0.198 0,196 11610
90|GSR__ [Gasolines: StralghtRun 0.217 5,500 1,260 8875 30,87 0.198 0.196 11610
81[GCR__[Slycuiine 0.076] 5,500 1.000| 5502' 24.70 0.044 Q.044 5500
92|HMX  [Heptane dall | 0,105 5,500 1.050 5776 25.93| 0.087| 0.087 6778
93[HEP Heptonle Acid 0.076) 6,600 1.000 5501 24,70] 0.044 0.044 5507
94|HTX Heptanal (all Isanters; 0.077] 5,500 001 5504 24.72] 0.044] 0.044 5525
95[HPX Heptene {alli 2.109 6,500| .958, 5819] 26.13] 0.070] ¢.070 8958
9B[HAS —|Hextane il isomers) 0.142 5,500 140 6270 28.15 0105 0108 556
97 |HXG Hexaonie Acld 0,075 5,800 1.000| 5604 24.70 0,044 0.044 550 r
98|HXN Hexanot 0.088 5,500 1.020 5540! 2519 0.053 0.053 603
99[HEX Hexeng (all isemers) 0.148 5,500 69| 6330 28,651 0.115 %115 8862
00|HXG _ |Hexvlene Glycol 0.078 5,500 000 550 24,70 0.044 0.044 550
O1[IPH pl 0.076 5,500 000 5504 24.70: 0,044 0.044 5807
02]4PF Jet Fuels: JP-4 0.124 5,500, 068 5874 26.37 0,082 0.082 7499|
G3[JP |Jut Fusls JP-5 (Rerosena. haavy) 0,078 5,500 1,002 5511 2474 0,045 0.045 5562
04 |KRS Kerosena 0.078. 5,500 1.003] 8517 24,07 0. 0-&[ 0.046 5605
105|MTT Methyl Acatate 0122 5500 22 817 27.71 0.089 0,089 7812
106|MAL _ [Methyl Alcoho] (Mett [ 2.078 5500 REE] 8229 27.87 0,059 0.058 8355
107[MAC_|Meth Iam | Acetate 0.082 5,500 007 5536 24.86 0.048 0.048 5758
168|MAA__ [Mothylamyl Alcohol 0.081 5,500 1.009 6547 24.61 0.048] 0.048 5730
108|MAK Meth: Iam | Keytone 0.076 5,500 1.001 5508 24,72 0.044| 0.044 5508
110 Methyl Acrylate 0.115 5,500 1.082] 5951 26.72 0,078 0.678 7303
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Vapor Recovery Calculations

[Fine mn#1
Deseription: 8" Piping
Pipe I 7.98 {in)
Equivalant Length of
Pipe {from Table 4a): 417.0 {feet)
Darey friction factor: 0.014
111[MBE __ |Methyl Ter-Buiyl Ether (MTBE) 0.077 4,500 001 5504 2472 0.044] 044 6518
112[MBK Methyl Butyl Ketorts 0.028 5,500 CRE] 6607 25,17 0,053 .053 6012
113|MBY Meihyl Butyrats 0.051 5,500 ,OZEI 5639 25,52 0.055] ,055 5165
14{MEK__ [Methyl Ethyl Ketons G104 5,500 ,090 5995 28.92 0.074 074 7135
15IMHK __ [Methyl Heptyl Ketone 0.07 5,600 001 5507 24.73 045 046 5548
BIMIK Methy| |sabutyl Ketone 0,08! 5.60% 023 8627 26.26 054 064 6095
117 [MMK_ [Methyl methacrylate 0,08 5,500 040 5722 25,69 062 0.062, 6538
118|MNA  [Meihyl Naphty 0.076 5,500 A00 5501 24.70 044 0.044 5508
11%|MNS Mineral Spirlts 0.078 5,500 .04 5622 24,79 .046 048 5533
120]|MPL Mospholine 0.084 5,500 18 558 25.0 0.050 050 5857
21 |MRE Myroene 0.079 6,500 003 551 4. 71 0.04—§| .046 5625|
22{PTN Naphtha; Petroleum 0,078 5,500 .Do4 552 4. 7! 0.048 .046] 5600
23[NSYV Naphtha: Sclvent 0.078 6,500 .004 552, 4.7! 0.046 .046 5807
24|NSS __ [Naphtha: Stoddard Solvent 0,079 ,500 .004 5522 4.79 D.Uﬁl ,046] 6633
125[NVM Naphtha: VM&P 0.072 500/ 004 6521 4.79 0,046 0.046 5827
128|NAX Nonans {all i 0,080 500 2005 6530 24.83 0.047 0,047 5684
i27|NON_ {Nonens (all isomers) 0.082 00| 007 5539 24.87 0,043 048 5733
128|NNS MNonyl Alechel {all | 0.078 ,500 002 8511 24.74 0.045 045 5579
120{NNP_ [Nonyl Phenol 0.075 5,500/ 000 5501 24.70! 0.044] ,044 5512
130|NPM i, 2-Nitroprepans 0.086 5,600 021 5616 2521 0.052/ 052 5979
31 |OAX Gglane (alil [somers) 0,087 8,500 018 5587 26.09 0.052] 0,052 5989
32[0CX  |Cctanol (all Isomars) 0.076 E.SIEI .000 5501 24,70 0,044 0.044 5507
33|OTX Octane (all [somars) 0.088 5,500 018 5598 25.14 0.053] 0.052 6033
M|OTW  [Ol, fuel: No. 2 0.095 5,500 011 5662 24.97 0,056 0.056 [EL]
36OTD Qil, fuel: No, 2. 0.084 5,500 014 55786 2504 0,050 0,050 5853
38I1OFR Oil, Juek: No, 4 0.078 6,500 003 5547 24.77 0.045 C.045 5577
ITOFV Oll, fusl: No. § 078 5,600 003 6517 24,77] 0,045 0.045 BOT7
38108X il fuel: No. & 078 £,500 003 5517 24,77 0.045 0.045 5577
39]0IL Oll, misc: Grude 078 5,500 260 BB75 30.87. 0.070 0.070 8851
4¢{OD3 Oil, Misc: Dfesel 024 5,500 .014 5578 26,04 0.050 0.050| 5854
41 [OLB Oll, Mise: Lulby]cati .076 5,500 003 §517 24.77 0,044 0.044 5517]
42|0ORL Qil, Misc: Residual 0.076 5,600 ‘OOEI 5517 24.77 0.044 0.044 6517
43|0TH Qll, Misc: Turbing 0.082 5,500 008 5533 24,84 0.048 0.048 6754
44(PTY Pentane (all | ) 0,350 5,500 Sﬂi 8470 38.03 0.479 0479 16150
5|PTE [Pentene (all isomers) 0.310 5,500 499 8245 37,02 0,402 0.402 16640
46(PIN Plhene 0,083 5,600 008 5542 24,88 0.048 0.048 5717
r|ELB |Polybutens .07 5,500 000 6501 24.70 0.044] 044 5501
48|PGC  |Polypropylene Glyool .07 5,500 002 5511 2474 %' 044 551
48[IAC [Propyl Acetate {iso-) .08 5,600 .038 5688 25,58 ,060 060 B4
PAT __ |Propyl Acatats [n-} 0,00 5,500 1.037 5704 25,61 061 061 6472
151(IPA Propyl Alcoho (lso-) 0.081 5,500 1,060 5830 26.18 059 0.059 6382]
162|PAL Propyl Alcohol (n-) 0.082 5,500 1.024 5632 25.29 0.080 0.050
163[PBY__ |Propy {all Isomers) 0,078 5500 1,004 6622 24.79 0.045 0.046
154|IPX iso-Propyloyclchexane 0.076 5,500 1.000] 5501 24,70 [XIY] 0,044/
155|PPG  |Propylane Glyeol 0,078 5,500 000 6501 24,70 0,044 0.044
166|PGN___ [Propylene Glycol Mathyl Ether Acetate 0.083 5,500 .014 5577 25,04 0,049 0.049
157|FTT Propylene Tetramer 0.07¢ 5,500 000 5502 24.71 0.044 0.044
158|SFL |Sulfol 0.076! 5,500 1.000| 5501 24.700 0.044 0,044
168[STY E‘ma 0.081 6,500 1.008 5544 24.89 0,043 0.048
180|TTG Teiraethylene Glyeal 0.078 5,500 .000)] 9501 24.70 0.044 0.044
164 THN Tatrahydronaphthaleno 0.077 5,500 .001 5604 24,72 0.044 0.044
162iTOL Toluene 0.091 5,500] .030 5665 25.44 0.056] 0.058
163]TCN 1,2,3-Tri prop 0,079 5,600 003 6517 24.77 0.046 0,046
164|TCP_ |Tricresyl Phosphata {less than 1% of orino lsomer) 0.077 5,500 .000] 5501 24,70 0,044 0.044
165 |TEB Trlethyik 0.077 5,500 1.000 5502 240 0.044 0.044
GG [TEN Trigthytamine 0.105 5,500 060 57?ﬁ 25.93| 0,087 $.067
67 |TEG Triethylene Glyool 0.075| 5,500 000 5501 2470 0.044 0.044
68 [TPS Triethyl Phosphat 0,077 5,500 ] 5503 2471 0.044 0,044
69 |TRE Trimethylbenzene (all Isomars) 0.078 6,600 003 5515 24,76 0,045 0.045]
70[TRP xylenyl Phospl 0.078 5,500 0001 5500 24.70] D.04% 0.044
171|THE __ |Tetrahydrofuran 0.090] 6,500 1.170 6435 28.89 0.071 0.671
172|UDC Undecene 0.074 5,500 1.001 5506 24.7% 0,045 0.045
173{UND Undecyl Alcohol 0.078 5,500 1.000 5501 24.70 0.044 0.044
174[VAM __ Vinyl Acetate 0.130] 5,500 1136 5138 27,56 0,003 0.093
176[XLX [ Xylenes {ortho-, meta-, para-) 0.083] 5,500 1.040] 5556 24.95 0.049] 0.049]
max = 0472
2. ompare prassure drop te P-V yalve prossure sotfings
a, High-velocity PV Valve pressure selting: 1.50 (psig}
b. Cargo tank P-V Valve pressure setting: - 1.50 {psig} Cancluslon:
©, B0% of Jowest PV Valve Pressure Selling; 1.20 {psig) For the carge with the highest prossure drop {Pentane), the pressure drop is
d. Highest Pressure Drop from Tank to Faellity Connection: | Y for Pentane (all isomeis) 0,48 psig, This, when added o tha back pressure at the facility vapor
&, Max Allowable Back Presslira at Facllity Gonnegtion: 0.72 {pslg) connaction must not exceed 80% of the pressurs setling of any P-V valva in

the cargo tank venbing system, Thevedore, the maximum allawable back
pressure at the shore facllity must not exceed 0.72 psig when loading with
Pentane at the maximum llquid transter rate (5,500 bblmr),
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Graphs as required by 46 CFR 39.30-1{b)(3)

* Pressure Drop in VCS {psig)

Curve of Loading Rate vs. Pressure Drop

ConradHull C-9924 THRU C-927
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0.45 1
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0.15 ]

0.10 4

0.05 3
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Ref: 46 CFR 32.30-1(p}3)

Maximum Back Pressure at Facility Vapor Connection

{psig}

1.50 |

Curve of Allowable Back Pressure at Facility Connection

ConradHull C-994 THRU C-997
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Raf: 46 CFR 39,30-1(h}(3)
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Conrad C-994 THRU C-927
Calculation of Overfill Alarm Set Point
{Cargo Tank No. 1 PiS)

Tank Length= 87 (feet)

Tank width= 23.50 (feet)

Recommended Qverfili

Atarm Set Point:
7 {inches)
(below top of tank)
[

Maximum (per tank) Cargo
Loading Rate

5,500 (bbl/hr)
91.67 (bblimin)

now

Minimum allowable time from

alarm to overflow = 60 (sec)

Required volume above overdill

alarm set point = 91.7 (bbl)

Capacity fo deck at CL (17'-8" ABL) = 5278 BBL

Capacity to 7% below dk at CL (17'-1" ABL) = 5168 BBL

Volume above alarm = 110,1 BBL RESULT OK

*Recommended set point of 7 (inches) [Based on 98% full tank]

**Note: Or 98.5%, whichever is lower {tc comply with 33CFR155,775)
Capacity at 98.5% = 5199 BBL
Dist from TT at CL = 0.49 ft.
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Conrad C-994 THRU (C-92D7
Calculation of Overfill Alarm Set Point
(Carge Tank No. 2 P/S)

Tank Length=  86.67 (feet)

Tark width=  23.50 {feet)

Recommended Overfil
Alarm Set Point:

7 {inches) \

{below top of tank)

Maximum (per tank) Cargo

5,500 (bbihr)
Loading Rate

91.67 (bblimin)

il u

Minimum allowable time from

alarm to overflow = 60 (seo)

Required volume above overfill

alarm set point = 91.7 {bhl)

Capacity to deck at CL {17'-8" ABL) = 5258 BBL

Capacity to 7" below dk at CL {(17-1" ABL) = 5149 BBL

Volume above alarm = 109.6 BBL RESULT OK
**Recommended set point of = 7 (inches) [Based on 88% full tank]

**Note: Or 98.5%, whichever is lower (to comply with 33CFR155.775)
Capacity at 98.5% = 5179 BBL
Distfrom TT at CL = 0.49 ft.
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Conrad C-9924 THRU C-997

Calculation of Overfill Alarm Set Point
(Cargo Tank No. 3 PIS)

Tank Length=  86.33 (feet)
Trunk Length= 46,33 (feef)

Tank width=  23.50 (feet)

Recommended Overfill
Alarm Set Point:

9.5 (inches)
(below top of tank)

Maximum (per tank) Cargo
Loading Rate

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

Minimum allowable time from

alarm to overflow = 60 (sec)
Required volume above overflll

alarm set point = 91.7 {bhl}
Capacity to deck at CL. {(17'-8" ABL) = 4409 BBL
Capacity to 9.5" below dk at CL (16'-10.5" ABL} = 4314 BBL
Volume above alarm = 95.1 BBL
*Recommended set point of = 9.5 {inches)

*Note: Or 98.5%, whichever is lower (to comply with 33CFR155.775)
Capacity at 88.5% = 4343 BBL
Dist from TT at CL = 0.63 ft.

RESULT OK
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Vepor Recovery Calculations

REFERENCES

. 46 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 Gulidslines for Determining the Maximum Liquid Transfer Rate for a Tank Vessel

Transferring a Flammable or Combustible Cargo Using a Vapor Contral System

. Conrad Dwg. 924-P3 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

18



Vapor Recovery Caloulations

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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J U. S. Department of Homeland Security
United States Coast Guard

Certiticate of Approval

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

PRESSURE-VACUUM RELIEF VALVES FOR TANK VESSELS

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

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

Identifying Pata: Drwg: KSP #PHZZ3000 dtd. Nov 04, 1995, Korea Inst. of Mach. & Metalg Test

report #s 95139250, 95139250-1, 95139250-2, & $51392%0- 3, dtd. August 7, 1995 and report
dated December 19, 2000.

Pregsure 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,

k%% END *%*

THIS IS TO CERTIFY THAT the above named manufacturer has submitted to ths undersigned satisfactory evidence that the item specified herein complies
with the applicable laws and regulations as outlined on the revetse side of this Certificate, and approval is hereby given. This approvat shall be in effect until the
expiration date hercon wnless sooner canceled or suspended by proper authority.

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

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

DEPT, OF HOMELAND SECUHRITY, UECE, COHG-ME
[REV, 343




i Manne SatsticenterVahon Contigl SIRIRIIVES) o
Plan Review Information Sheet (PRIS) = = =

Vessel Name CBC 393 and CBC 394 Shipyard Conrad Industries

Official Number 1254159 and 1254160 Hull Number C-1084 and C-1085

1. This sheet consolidates critical VCS parameters for MSC Staff Engineers and CG Field Inspectors dealing with Vapor
Control Systems. CG Inspectors should verify the vessel's VCS design is consistent with the information listed in boxes 2, 6, 7
& 8 prior to updating the vapor control endorsement on the vessel's Certificate of Inspection. For cases where the information in
the VCS PRIS does not reflect the vessel's design the CG Inspector should contact the MSC's Cargo Authority branch.

Raised Trunk m

2. Tank Maximum Design Working Pressure psig Flush Deck
3. Authorized Maximum Cargo Transfer Rate(s) beIhr loading (max 2 tanks simultaneously)
[ 4300 |bblihr discharging

4. Authorized Maximum Vapor-Air Mixture Density Ibmlft°
5. Authorized VCS Categories

6. Cargoes with the highest vapor density and/or pressure drop:

a. Cargo Name ISO-PENTANE
b. Cargo Name ISO-PENTANE '
7. Pressure Vacuum Valve: 8. VCS Pipe Sizes:
Manufacturer Tank Tech Settings in psig: Approx. Inside Diameter
Size Bergan KLPH-6 Pressure-side| 1.5 Longitudinal Header (inches) 8
CG Approval 162.017/144/3 Vacuum-side| 0.5 Transverse Header (Inches) 8
Required Venting Capacity of Pressure-Side of P/V valve 14673 bbl/hy (air)
Required Venting Capacity of Vacuum-Side of P/V valve 4300 bbl/hr (air)
9. Tank Overfill Protection System (check appropriate box or boxes) . T
a. High LevelTank Overfill Alarm  [X] Type BERGAN
b. Overfill Control Shutdown = Type BERGAN Setting in psig
c. Spill Valve | Type N/A Meets ASTM F1271
d. Rupture Disk (| Type N/A

10. Closed Gauging Verify the vessel has closed gauging that satisfies 46 CFR 39.20-3 and 151.15-10(c).

11. Instructions/Guidelines for the OCMI:
11a. The following is the Marine Safety Center's recommended COI endorsement:

In accordance with 46 CFR Part 39, excluding part 39.4000, this vessel's vapor collection system has been inspected to the plans approved by MSC
letter C1-1204161 dated September 25, 2012 and extended by MSC Letter C1-1402449 dated July 11, 2014, and has been found acceptable for the
collection of bulk liquid cargo vapors annotated with "Yes" in the CAA's VCS column of the vessel's Cargo Authority Attachment. The VCS system has
been approved with a pressure side 1.5 psig P/V valve with Coast Guard Approval 162.017/144/3. The cargo tank top is suitable for a maximum
allowable working pressure (MAWP) of 3 psi. When the vessel is carrying cargoes containing greater than 0.5% benzene, the person in charge is
responsible for ensuring the provisions of 46 US Code of Federal Regulations Part 197, Subpart C are applied.

11b. The MSC approval letter/s must be available at the OCMI's request.

11¢. Verify isolation valve at the vapor connection flange is manually operable and designed in a way it is “clearly" open or
closed.

11d. Previous applicable approval letters: | MSC Letter C1-1204161 dated September 25, 2012 ]

VCS Approval Letter | MSC Letter C1-1402449 dated July 11, 2014 | MSC Plan Reviewer JLT R. W. Mowbray




