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APPENDIX I

VESSELS TRANSPORTING CRUDE OIL
AND GASOLINE IN THE HOUSTON-
GALVESTON AREA
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VESSELS TRANSPORTING CRUDz OIL AND GASOLINE
IN THE HOUSTON-GALVESTON AREA

Appendix I contains information supplied by owners of
the larger marine terminals in the Houston-Galveston area concern-
ing the marine tankers which visited their docks to transfer crude
0il or gasoline. The responses were not consistent in the type
of information presented. Data on vessel names, DWT, ownership,
service, quantity loaded in 1975, number of cargo tanks, and
number of visits in 1975 were obrained in different responses.
Very little information was obtained on the specific barges that

transferred gasoline and crude oil in 1975 in the Houston-Galveston



TABLE I-1
SHIPS UNLOADING CRUDE OIL AT EXXON'S
BAYTOWN REFINERY IN 1975

Vessel Name DWT Ownership
Alchiba 28,315 Foreign
Argolis 53,520 Foreign
Buckeye 46,194 Foreign
Carcape 76,996 Foreign
Capetan Mathios 30,200 Foreign
Capto 62,150 Foreign
Caspain Trader 75,669 Foreign
Carolyn Jane NA NA
Ekaterini 69,119 Foreign
Esso Torino 70,324 Foreign
Esso Stuttgart 50,420 Foreign
Esso Lorraine 51,628 Foreign
Esso Phillipines 69,742 Foreign
Esso Puerto Rico 33,581 Foreign
Esso Antwerp 76,209 Foreign
Esso Bremen 50,900 Foreign
Esso Koln 50,640 Foreign
Esso Karachi 20,987 Foreign
Esso Albany 22,367 Foreign
Esso Lincoln 50,769 Foreign
Esso Stockholm 52,425 Foreign
Esso Everett NA Foreign
Esso Roma 37,698 Foreign
Esso Brasilia 38,154 Foreign
Esso Milano f0,3lO Foreign
Esso Castellon 76,290 Foreign
Esso Mukaishima 22,500 Foreign
Esso Coral Bagles NA Foreign
Esso Guam 22,360 Foreign
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TABLZ I-1 (Conctinued)
SHIPS UNLOADING CRUDE OIL AT ZXXON'S
BAYTOWN REFINERY IN 1975

Vessel Name DWT Ownership
Exxon Baltimore 51,926 Exxon
Exxon Lexington 40,910 Exxon
Exxon Jamestown 40,872 Exxon
Exxon Philadelphia 75,649 Exxon
Faran Pahlavi 56,800 Foreign
FFM Matarangi 38,200 Foreign
Global Hope 38,275 Foreign
Gherania 58,543 Foreign
Gherestos 62,281 Foreign
Grete Maersk 31,500 Foreign
George Vergottis 59,412 Foreign
King Cadmus 56,023 Foreign
Mostun Sanko 70,983 Foreign
Manhattan Baron NA NA
Olympic Glory 77,874 Foreign
Onoha 52,600 Foreign
Romelia 34,300 Foreign
Tamarita 74,883 Foreign
Slavisa Vajner 69,874 Foreign
Vasiliki 69,119 Foreign
World Beauty 49,751 Foreign

NA - Not Available
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TABLE I-2

SHIPS LOADING GASOLINE AT EXXON'S
BAYTOWN REFINERY IN 1975
Vessel Nanoe Service
Exxon Bangor Multiple
Exxon Baton Route Multiple
Exxon Boston Multiple
Exxon Gettysburg Multiple
Exxon Houston Multiple
Exxon New Orleans Multiple
Exxon Philadelphia Multiple
Exxon San Francisco Multiple
Exxon Chester Multiple
Exxon Jamestown Multiple
American Trader Multiple
Anja Multiple
3ald Butte Dedicated
Sealift Atlantic Multiple
Sealift Mediterranean Dedicated
Shenandoah Dedicated
Sealift Caribbean Dedicated
William J. Fields Multiple
Tampice Multiple
Eagle Transporter Multiple
Wilke Multiple
Hess Voyager Multiple
Gulf Solar Dedicated
Mobil Aero Multiple
Texaco Florida Dedicated
Texaco California Dedicated
Texaco Maryland Mulciple
Shoshone Dedicated

I-5

Ownersinip

Exxon
Exxon
Exxon
Exxon
Exxon
Exxon
Exxon
Exxon
Exxon
Exxon
American
American
American
American
American
American
American
American
American
American

American

Charter
Charter
Charter
Charcter
Charter
Charter
Charter
Charter
Charter
Charter
Charter

Hess Shipping Co.

Blackships, Inc.
Mobil Oil Corp.

Texaco,
Texaco,
Domestic
Military

Inc.

Inc.

Tankers
Sealift

Command



TABLE I-2 .( c11ued)

SHIPS LOADING GASOLI NE A

J.

T C XXOV'S

BAYTOWN REFINERY IV 1975

Vessel Name

Millicoma

USNS Yukon

Sealift Arctic

Sealifc Indian Ocean

Service
Dedicated

Mulctiple
Dedicated

Multiple
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Ownership.
Milirary. Sealift
Command
Military Sealift
Command
Military Sealift
Command
Military Sealift
Command



TABLE I-3
SHIPS LOADING CRUDE OIL AT EXXON'S
BAYTOWN REFINERY IN 1875

Vessel Name Ownershin Quantitv Loaded (103bbl)
Exxon Baltimore Exxon 1,457 3
Exxon Jamestown Exxon 835.1
Exxon Lexington Exxon 1,447 .8
Exxon Philadelphia Exxon 3,120.1
TABLE I-4

SHIPS LOADING GASOLINE AT SHELL'S
DEER PARK REFINERY IN 19735

Vessel Name Gross Capacity (l0’bbls) Number of Cargo Tanks
Key Tanker 156 33
Perrvuville 204 27
Tullahoma 207 27
Colorado 260 30
Pasadena 230 ' 24
Seabulk Challenger 320 18
Valley Forge 322 27

TABLE I-5

TYPICAL SHIPS CHARTERED BY SHELL FOR
DELIVERING CRUDE OIL TO DEER PARK

Vessel Name DWT Number of Cargo Tanks Ownership
Oliva 55,000 21 German
Michael Carras 59,000 33 Greek
Helfrid Billner 47,000 15 Swedish



TABLE I-©
SHIPS LOADING GASOLINE AT AMOCO'S
TEXAS CITY REFINERY IN 1975

Number of Visits

Vessel Name Ownersnipo At Texas City in 1975
AMOCO Delaware AMOCO 20
AMOCO Connecticut AMOCO 20
AMOCO Virginia AMOCO 7
Mobile Gas Mobil 1
Mobile Fuel Mobil 1
Mobil Power Mobil 1
Hess Petrol Amerada Hess 3
tHess Voyager Amerada Hess 2
E.M. Quenny Keystone Shipping 3
American Eagle American Foreign Steamship 1
Exxon Florance Exxon 11
Trinity NA 2
F. Hoskins NA 1
LaGetty NA 2
Corsair NA 2
TOTAL 77

NA - Not Available
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TABLE I-7
SEIPS UNLOADINC CRUCDE OIL AT AMOCO'S
TEXAS CITY REFINERY IN 1975

Number of Visirts

Vessel Name Ownership to AMOCO Texas Citv
Kini Foreign 9
Maria Foreign 8.
Pella Foreign 2
Baraolla Foreign 1
Adreana Fassio Foreign 1
Thomas Q Foreign 1
Verconella Foreign 1
Donold Foreign 3
Perikem Foreign 1
Persepolis Foreign 4
Crinis Foreign 2
Conqueror Foreign 7
Exxon Munchen Exxon 1
Alvega Foreign 9
Alkes Foreign )
Exxon Ghent Exxon 1
Tamba ilara Foreign 4
Triposis Foreign 4
Varanger Foreign 1
Tasso Foreign 2
Desert Song Foreign 4
Ocean Challenger Foreign 1
Sally II Foreign 2
Petro Pan Foreign 1
Attica Foreign 1
Texaco Alaska Texaco 2
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TA3BLE I-7 (Continced)

SHIPS UNLOADING CRUDE OIL AT ANOCO'S

TEXAS CITY REFINERY IN 1975

Number of Visits

Vessel Name Ownership to AMOCO Texas Citv
Dauntless Colocotronas Foreign 2
Fearless Colocothronas Foreign 2
St. Thomas Foreign 2
Cosmonaztis Foreign 2
AMOCO Yorktown AMOCO 2
TABLE I-8

Vessel Name

Esther Moran
Clipper

M. Ingram

OCEAN BARGES LOADING GASOLINE
AT AMOCO TEXAS CITY IN 19753

Number of Visits

Ownership to AMOCO Texas City
Moran Towing Co. 32

NA
Ingram Barge Co 1

NA - Not Available



INTERCOASTAL

TABLE I-9

BARGES WHICH LOADED GASOLIWE

AT AMOCO'S TEXAS CITY TERMINAL

Vessel Name

Duncan L. Hines
James R. Hines
Thomas W. Hines
Billy Waxler
Ray Waxler
Achilles

Apollo

Atlas

Poseidon
Zephyr

Ladv Kimberly
Lady Linda

Lady Patricia
Exxon Baytown
Exxon Bayport

Exxon Brownsville

Ownershig

Hines, Inc.

Hines, Inc.

Hines, Inc.

Waxler Towing
Waxler Towing
Sabine Towing
Sabine Towing
Sabine Towing
Sabine Towing
Sabine Towing

Inland 0il & Trans.
Inland 0il & T-rans.
Inland 0il & Trans.

Exxon
Exxon

Exxon

I-11

Number of Visits
to AMOCO Texas Citv

10
29

6
14
10

14
28
12

13



TABLE I-10

SHIPS LOADING GASOLINE AT ARCO'S
HOUSTON REFINERY IN 1975
ARCO or Time or Not Controlled
Vessel Name Company Charter Trip Charter Bv ARCO

Atlantic Prestige 4
Atlantic Heritage v
Atlantic Enterprise v
Edgar M. Queeny v
Monmouch 4
Phillips Washington v
Texaco Illinois v
Texaco Montano Y

TABLE I-11

BARGES LOADING GASOLINE AT ARCO'S
HOUSTON REFINERY IN 1975

ARCO or Time or Not Controlled
Vessel Name Company Charter Trip Charcer By ARCO

GDM-60 Y
Exxon 119 v
Ellis 2003 v
Petrochem v

REB 2202 v

AD 315 v

T10-500 v

Patco 507 v
SMT 416 v

I-12



TABLE I-12
SHAIPS UNLOADING CRUDE CIL AT ARCO'S
HOUSTON REFINERY IN 1975

ARCO or Time or
Vessel Name Company Charter Trip Charter

Not Controlled
Bv ARCO

Kenai Peninsula v/
Clairhall v
Ibeaux .

El Steininger v

Atlantic Challenger v

Vardis V

Capetan Mathios Y
Esso Jamestown

Esso New Haven

Apollonian Wave v
Grigorcusa

Essc Karachi

Tassos

Romelia

St. Thomas

Mikton v
World Promise
Zaria

~ X\

Afran Neptune
Llangorse
Coranado
Albisola

Lady Clio
Cepheus

N N N X

I-13
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APPENDIX II

VAPOR CONTROL SYSTEM COST DATA
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VAPOR CONTROL SYSTEM COST DATA

The cost data presented in Appendix II represent ''best
estimates' and are based upon the best cost information available.
There are no marine loading vapor control systems currently in
use for gasoline transfers from which'to draw cost information.
Although tanktruck loading emission control systems are in
operation, they are much smaller and are designed to cope with
a different set of problems.
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EXXON COMPANY

Svstem Information

System: Refrigeration
Size: 50,000 bbl/hr

Shoreside Costs

Ship to shore connection $1,920,000
Vapor collection system $2,280,000
Installed vapor recovery unit $4,030,000
Off sites $1,460,000

$9,690,000

Vessel Modification Costs

Ship $350,000/ship
Barge $ 85,000/barge

All Exxon Vessels $4,000,000

Operating Costs (annual) 35x10° bbl/yr
(shoreside)
Depreciation $1,607,000
Labor $ 393,000
Maintenance $ 260,000
Utilicies $ 30,000
Overhead $ 331,000
Taxes $ 170,000
$2,791,000

II-3



Operating Costs (ennual) (Conctinued)”

(vessel)
Depreciation
Retrofitting
Maintenance

Loading Delay

Recovered product credit

Total

Reference 13

II-4

424,000
147,000
343,000
750,000

| »v v Ww W»n

1,664,000

$ 134,000

$4,321,000/yr



AMOCO OIL COMPAXNY

Svstem Informatcion

System: Refrigeration
Size: 18,000 bbl/hr

Shoreside Costs

Labor $1,360,000
Contengencies S 325,000
Engineering $ 300,000
Dock platforms $1,200,000
Piping & Supporcs $ 500,000
Water seals $ 150,000
Vapor hoses S 45,000
Instrumentation $ 90,000
Pressure storage systém $ 30,000
Vapor recovery unit $1,000,000
$5,000, 000
Ship Modificarion Costs

3 ships at 300,000 $ 900,000
35 barges at 50,000 $§1,750,000
1 ocean barge $ 150,000
$2,800,000
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Operating Costs (annual)

Electric power

Labor

Maintenance

Chemicals

Recovered product credit

Reference &

20x10°3

II-6

bbl/yr

64,000
35,000
200,000
1,000
-75,000

w| »n w»n w»v n wn

225,000



ARCO

Svstem Information

System: Refrigeracion
Size: 16,000 bbl/kr

Shoreside Costs

Vapor collection system
Installed vapor recovery unit
Off-sices

Ship Modification Costs

fcdification of two ships

r

Reference 6

IT

$2,400,000
$2,100,000
$1,200,000

'
~J

$5,700,000

$

300,000



EDWARDS ENGINEERING

Svscem Information

System: Reifrigeration
Size- 20,000 bbl/hr

Shoreside Costs

Vapor collection system $ 200,000
Installed vapor recovery unit S 700,000

Reference 10
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MARATHON OIL COMPANY

System Information

System: Absorption
Size: 30,000 bbl/hr

Shoreside Costs

Vapor collection system $ 450,000
Installed vapor recovery unit $ 850,000
$1,300,000

Rererence 15
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SHELL OIL COMPANY

System Information

System: Absorption
Size: 25,000 bbl/hr

Shoreside Costs

Onsite Capital $2,000, 000
Offsite Capital $2,500,000
Non-capital Expense 500,000

$5,000,000

Ship Modification Costs

Cost for 7 vessels $800,000 to $1,200,000

Operating Costs

Electricity S 36,000
Water (supply & waste treatment) $ 12,000
Fuel $ 92,000

$ 140,000

Reference 18
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Announcement Area of Applicant
le, Series & Grade Location Number Consideration Selected
earch Chemist HERL EPA-RTP-TT7-3 EPA-NC J. Huisingh
1320-13
logical Lab Tech HERL  EPA-RTP-TT7-2 FEPA-NC E. Rogers
LO4-5
logical Lab Tech HERL EPA-RTP-TT7-2 EPA-NC M. Bercegesay
Lok-5
logical Lab Tech HERL  EPA-RTP-TT-1 EPA-NC S. Carter
Lok-5
logist HERL  EPA-RTP-T6-133  EPA-NC M. Daniel
Lo1-T
pputer Aid HERL EPA-RTP-TT7-8 EPA-NC B. Hodges

335-3

Source of
Agglicant
CS Reg.
Vac Annct
CS- Reg.
CS Reg.

Vac Annct

C3 Reg.
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RESULTS FROM INDUSTRY TEST PROGRAMS
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RESULTS FROM INDUSTRY TEST PROGRAMS

The tables and figures presented in Appendix III
summarize the emission test data collected by the petroleum
industry concerning hydrocarbon emissions from marine terminal
operations. Test data collected by the petroleum industry are

presented in Appendix IV.
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CURVE A
CURVE B
CURVE C
CURVE D

AVERAGE GAS FRED CONDITION
TOTALLY GAS FREED CONDITION
NOT GAS FREED

DIRTY BALLAST TANK (PRE-LOADING
VAPOR CONC~ 3% BY VOLUME)

REFERENCE 7

LIQUID ULLAGE., m

FIGURE -1 B.P. TEST DATA
HYDROCARBON EMISSIONS FROM LOADING A 215,000 DWT TANKER
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CURVE A - AVERAGE GAS FREED CONDITION
CURVE B - TOTALLY GAS FREED CONDITION
AND DIRTY BALLAST TANKS
(NEGLIGIBLE PRE-LOADING VAPOR)
CURVE C - NOT GAS FREED
1.6
- 1.4
= 1,2
= 1.0
> 0.8
- 0.6
Cc
- 0.4
A
- 0.2
r L T T T T - T 0
K] 16 14 12 10 8 4 2 0

CUMULATIVE VOLUME OF VENTED VAPOR m3 PER m2 OIL SURFACE

LIQUID ULLAGE. m

FIGURE [M-2 B.P. TEST DATA
HYDROCARBON EMISSIONS FROM LOADING A 54,000 DWT CRUDE TANKER

:FERENCE 7 I1II-4



TABLE III-1
AMOCO GASOLINE LOADING TEST RESULTS

PERCENT GASOLINE VAPOR IN AIR EMITTED FROM TANKERS DURING LOADING

Ship Date Port Previous Ambient RVP # Vapor in Air Compartment
(1974) Cargo Temp Present
Cargo Lmpty Half Full Almost Full
wisconsin 2/26 W Gasoline 41 -- 9
Wisconsin 2/26 W Half Ballast 41 - 14
Wisconsin 3/14 W CGasoline 46 - 6 6.5 24
Delaware 3/26 TC Gasoline 57 11 7
Delaware 3/26 TC Half Ballast 57 11 4
Connecticut March TC Gasoline 82 10.5 4 9.4 27
Connecticut 3/9 TC Ballast 70 11.5 1.1
Virginia 3/13 TC Gasoline 66 13.5 0 .5
Delaware 4/8 TC Gasoline 77 11 2.8 3.4 4.6
Butterworth
Wisconsin 5/31 W Gasoline 67 19 19 64
Virginia 6/5 TC Casoline 86 11.3 1.2 2.9 6.8
Wilm. Getty 6/26 TC Gasoline 78 7.4 7.4 25
Connecticut 8/2 TC Gasoline 80 11 11.4 40
Indiana 8/13 W Gasoline 68 7 47
Barpe St 132 8/13 TC - -- 9.2 1.2 50

Reference 4
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TABLE III-2

ATLANTIC RICHFIELD COMPANY

VARIOUS EMISSION EFFECTS RATED ACCORDING TO EMISSION MAGNITUDE

Group Lifting/Compartments
A 1./7C, 5P
B 3./1Cc, 4cC, 7C, 1ll1C
C 2./1S, 9S
D 2./58, 7S, 8§

Reference 6

Average Average
Emission Factor Percent Hydrocarbons
Comment 1b/1000 gal Volume
Fast Loading, Low TVP, 0.40 2.1
Clean Compartments
Fast Loading, Medium TVP 0.52 2.6
Clean Compartments
Slow Loading, High TVP 0.92 4.2
Clean Compartments
Slow Loading, High TVP, 1.51 6.9

Partially Clean Compartments



TABLE IT1I-3

SHELL OIL TEST DATA

MARINE LOADING VAPOR EM1SS10NS

(MOTOR GASOLINES)

Test No. 1
Ship Valley Forge
Compartment

Sampled 6S
Month Oct.
RVP (PSI) 12.0
Temperature(°F) 77
True Vapor 8.6
Pressure (PSI)

Previous Cargo  Gasoline
Comparcment
Capacirty

(bbls @ 98% Full) 15,4385
Cleaning Method a
Inicial HC

Concentration 1.12
Emitted Hydrocarbons
Max. Concentration 67.4%
Avg. Concentration 6.3%

Avg. Molecular Wt. 64

Lb/1000 Gallons

Loaded

Tons HC/Ton
Loaded

1.38

.00023

(Assuming 6 1lb/gallon)

a = hand hosing for 20 minutes

Reference 19

DECR PARK, TEXAS

2

Valley Torge

45

Oct.

12.0

79

8.9

Gasoline

11,653

0.1%

1.52

0.00025

3

Valley Forge

1C

Oct.

13.5

17

S.7

Gasoline

33,264

o
N
o2

65.3%

63

1.50

.00025

111-7

4

Valley Forge

6S

Oct.

12.0

75

8.3

Gasoline

15,485

67

1.90

.00032

3

Valley Forge

1s

Nov.

13.3

56

6.3

Gasoline

13,020

None

8.2%

59.5%

16.6%

61

3.61

.00060
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TABLE ITI-4

EXXON TEST _DATA

HYDROCARBON EMISSTONS FROM TANKERS AND BARCES
DURING MOTOR GASOLINE LOADING AT BAYTOWN (1975)

Volume % Welighted
loaded Into Average Annual
Tank Volume % Vessel and X Hydrocarbon Annual Amount* | Emission, Emission Factor
Vensel Condition Hydrocarbon Tank Type (As Butane) Loaded, M Gal M Lb (Lb/1,000 Gal)
Effectively 3.24 50.4
Gas-Freed
Tanker Ballasted 6.96 8.8 6.43 1,134%% 1.67+ 1.47
(81.3%)
Empty, Not 10.26 40.8
Cleaned
Effectively 5.69 11.2
Gas-Freed
Barge Ballasted 9.08 32.3 11.711 146%% 0.39+ 2.66
(Port (10.52)
Everglades) :
Baupty, Not 14.40 56.5
Cleaned
Barge Bopty, Not 18.35 100.0 18.35 114%% 0.48+ 4.14
Cleaned (8.2%)

Total = 2.54

* Numbers in parentheses = volume X of total 1975 motor gasoline marine loading; M= 1,000,000,

k% Average 1972, 1973, and 1974 loadings:

Tanker loadings = 1,198 M gallons (82.3%).
Port Everglades loadings = 188 M gallons (12.9%).
Other barge loadings = 70 M gallons (4.82).

+ Average 1972, 1973, and 1974 ewmlssfons:

Tanker emlssions = 1.76 M pounds/year.
Port Everglades emisslons = 0.50 M pounds/year.
Other barge emissions = 0.29 M pounds/year.

Total = 2.55 M pounds/year.

Reference 13
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TABLE 1II-5

EXXON TEST DATA

HIYDROCARKOR EMISSIONS FROM TANKERS AND BARGES
DURING AVIATION GASOLINE LOADING AT BAYTOWN (1975)

Volume X Weighted
Loaded [nto Average Annual
Volume X Vessel aund X Hydrocarbon Annual Amount* | Emission, Emission Factor

Vessel Tank Condition liydrocarbon Tank Type (As Butane) Loaded, M Cal M 1b (Lb/1,000 Gal)

Bffectively 1,63 50.2

Gas~Freed

Empty, Uncleaned;
sxxzn- :LE;:OuB Cargo: 6,66 19.2 5.35 22.74% 0.027+ 1.47
anker Ve (40.5%)

Edpty, Uncleaned:

Previous Cargo: 10.64 30.6

Mogas

Effectively 1,63 50.2

Gas-Freed 4.1 21.1%4 0.020+ 1.13
Ocher Eppty, Uncleaned; (37.6X)
Tanker++ Previous Cargo: 6.66 49.8

Avgas

Expty, Uncleaned;
Barge I'revious Cargo: 18.35%k% 100.0 18.35 12.3%% 0.052+ .25

Mogas (21.9%)

Total = 0.099 « 0.10

* Nuwbers In parentheses = volume X of total 1975 aviation gasoline marine loading;

M = 1,000,000,
*%  Average 1972, 1973, and 1974 loadlags:
Exxon Tanker Loadings = 23 M gallons (36.5%).
Other Tanker Loadings = 33 M gallons (52.4X).

arge Loadings =

%k Barge ssyumed some B8 motor gasvline,

+ Average 1972, 1973, aud 1974 cmissions:
bxxon Tanker Emissions = 0.03
Other Tanker Emissions = 0.04

Barge Emisslons

Total

= 0.03
= 0.10

? M gallons (11.1X).

+  "Other Tanker" category represents tankers owned or leased by the Military Sealift
Commond to transport primarily jet tuel and aviation gasoline.

Reference 13




TABLE III-6
EXXON LOADING EMISSION CORRELATION

E =[C—1('T(TV]+[P . A - (G~U)]

where

E is the total volume of pure HC emitted in ft® at the loading
conditions,

C 1is the appropriate arrival HC concentration (%) selected from
the table below

is the volume of cargo loaded in ft?,
is the true vapor pressure (TVP) of the cargo in psia,
is the surface area of the cargo in ft?,

is the HC generation coefficient value of 0.36 ft3/(ft?. psia),

o Qo P ovog

is the final true ullage correction in ft?/(ft? - psia), from
Figure III-3.

The Exxon correlation is based principally upon gasoline loading
data.

Cargo Tank Arrival Average Arrival Range of Arrival
Condition Category HC Concentration (Vol %) HC Concentration (Vol %)
Cleaned 2.5 0 -5.0

Dirty 5.0 2.0 - 8.0

Empty and Undisturbed 8.0 2.5 - 13.5

Reference 12
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TABLE III-7

WOGA TEST PROGRAM
CALCULATED HYDROCARBON -EMISSION VALUES
CRUDE OIL LOADING TEST, 5-8-76,
AVILA TERMINAL, TANKER: LION OF CALIFORNIA

Gallons Molecular
0il Total Vapor Volume Hydrocarbon Weight HC Emission
Cargo Tank Loaded Vented, SCF  Hydrocarbon Vented, SCF of HC Lb/1000 Gal.
3P 164,262 21,811 3.4 742 53.5 0.64
3S 164,262 21,640 3.8 822 57.5 0.76
7P 157,080 20,850 2.1 438 55.3 0.40
78 157,080 20,714 2.1 435 63.1 0.46
Wing Tanks 642,684 85,015 2.9 2437 56.9 0.57
3C 365,652 47,989 5.3 2543 70.3 1.28
7C-0VA 354,732 46,562 5.9 2747 62.3 1.27
Center Tanks 720,384 94,551 5.6 5290 66.1 1.28
Centers and Wings 1,363,068 179,556 4.3 7727 63.2 0.94
3C 365,652 47,989 5.3 2543 70.3 1.2
7C-Gascope 354,732 46,562 7.4 3446 62.3 1.60
Center Tanks 720,384 94,551 6.3 5989 65.7 1.44
Centers and Wings 1,363,068 179,556 4.7 8426 63.2 1.03

Reference 22
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TABLE 171-8
AMOCO TEST RESULTS
RESTDUAL HYDROCARBON CONCENTRATIONS IN UNLOADED CRUDE BARGES

High Point Johnson Forked
Crude Island Comfort Bayou Island Trinidad Sun-B Zueitona Empire Essider
Gravity 31.6° 39.4° 46.4° 46.6° 33.1° 43.1° 40.5° 30.4° 36.2"
RVP 1.7 3.7 5.5 6.8 2.4 4.2 4.8 3.0 7.3
Deck Temp. 82°F 86°F 84°F 84°F 86°F 88°F 88°F 91°F 82°F
Half-Way Down
C) - 1.4 3.3 4.8 2.5 .9 .9 1.4 S
C2 .1 .5 2.6 5.1 1.0 .8 .4 .3 2
C, .1 .7 2.7 5.8 .7 .9 i .5 5
iCy trace .3 .8 2.1 .2 .3 .2 .2 -
nC - .3 .7 1.8 .2 A .6 .3 3
Cst - .7 1.2 3.0 - .9 .7 3 .2
€O, 1 - .2 4 .2 .1 .2 - -
Inert .9 .9 .8 .7 .9 .9 1.1 .9 )
Total HC .2 3.9 11.3 22.6 4.6 4.2 3.5 3.0 1.9
N, 77.9 75.1 69.1 60.2 74.4 74.8 75.3 75.7 76.6
0, 20.9 20.1 18.6 16.1 19.9 20.0 20.1 20.4 20.6
6" Off Bottom
C) - 2.7 6.8 7.0 4.0 4.5 1.6 2.8 1.7
C, 1.0 2.5 9.3 9.9 3.3 5.4 2.0 1.3 3.2
Ca 1.7 4.6 11.4 12.1 3.6 8.6 5.2 2.5 8.0
icC, 1.0 2.8 3.9 4.6 1.3 3.4 2.0 1.0 2.5
nC, 1.2 2.6 3.6 3.9 1.5 3.7 4.4 1.7 5.4
Cs+ 2.7 3.3 4.6 5.0 1.8 4.2 5.0 2.0 4.0
co, - - 4 .6 .6 A .3 - -
Inert .9 .8 .6 .5 .8 .7 1.1 .8 .7
Total HC 8.8 18.5 39.6 42.5 15.5 29.8 20.2 11.3 24.8
N2 71.1 63.6 46.9 44.5 65.5 54.5 62.1 69.2 58.7
0, 19.1 17.1 12.5 11.9 17.6 14.6 16.6 18.7 15.8

Reference 2
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INDUSTRY TEST DATA

Appendix IV presents a cross section of the test data
collected by the petroleum industry concerning hydrocarbon
emissions from marine terminal operations. The test data were
supplied by Arco, Amoco, Exxon, and Shell.
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AMOCO TEST RESULTS

(Reference 3)
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% GASOLINE VAPOR:

VAPOR BLANKET HEIGHT vs DEPTH OF FILL

AMOCO ILLINOIS — NOV.6,1974

WHITING, INDIANA

NORMAL FILLING RATE — FIRST FOOT 3-4 MINUTES
AMBIENT TEMP. 55° — VAPOR TEMP. 73°

40 —~ A
S s =0
<7 2 FROM FULL /A/-
30 [~ ©
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20 |- A/}g

A A
10 —
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5 4 3 2 1

FEET ABOVE SURFACE

FIGURE 1
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% GASOLINE VAPOR

VAPOR BLANKET HEIGHT vs DEPTH OF FILL

AMOCO ILLINOIS — NOV.6,1974

WHITING, INDIANA

SLOW INITIAL FILL ~ 1 FOOT IN 20 MINUTES
THEN NORMAL FiLL RATE

AMBIENT TEMP. 55 — VAPOR TEMP. 62

40
(® 1 OF LiaquiD
X 50% FULL
YV 2 FROM FULL
30 -~
COMPOSITE ,
OF DATA \‘
20 - FROM FAST
INITIAL -
FILL
10 P~
@
0 1 i !
5 4 3 2 1

FEET ABOVE SURFACE

FIGURE 2



% GASOLINE VAPOR

GASOLINE VAPOR EMITTED DURING FILLING

AMOCO ILLINOIS NOV.6, 1974

30

20

®

(® NORMAL INITIAL FILL RATE
X SLOW INITIAL FILL RATE

l ] |

1

16

12 8 4
ULLAGE FROM TOP OF TRUNK

FIGURE 3
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% GASOLINE VAPOR

GASOLINE VAPOR EMITTED DURING LOADING

AMOCO CONNECTICUT
TEXAS CITY — NOV.21,1974

AMOCO REGULAR
@ NORMAL FiLL RATE -~ 2 HOURS 20 MIN. TO FiLL
X SLOW INITIAL FILL RATE — 6 INCHES IN 6 MINUTES
THEN NORMAL FILL - 2 HOURS 20 MIN. TO FiLL

30
4
O,
20 |-
x'
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x .
RO,
o !
50 75
% FULL

FIGURE 4
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% GASOLINE VAPOR

GASOLINE VAPOR EMITTED DURING LOADING

AMOCO WISCONSIN — WHITING, INDIANA
NOV.22,1974

FILLING RATE 4300 BPH

AMBIENT TEMP. 41° — FUEL TEMP. 42°

(®) NORMAL FILL RATE
X SLOW INITIAL FILL — 6" IN 6 MINUTES

40
OLO)
30 - ®
X
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®©
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ULLAGE FROM TOP OF TRUNK
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EFFECT OF SLOW FINAL LOADING
GASOLINE VAPOR EMITTED DURING LOADING

AMOCO WISCONSIN — WHITING, INDIANA
DEC.5,1974 — NORMAL LODING RATE 4200 BPH
AMBIENT TEMP, 37° FULL TEMmP, 42°

RVP 11.8 PSIA

@FILL FIRST FOOT IN 15 MINUTES — THEN NORMAL FILL

X FILL FIRST FOOT IN 14 MINUTES — THEN NORMAL—
FILL LAST 2 FEET IN 16 MINUTES
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FIGURE 6
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% GASOLINE VAPOR

GASOLINE VAPOR EMITTED DURING LOADING

30

20

AMOCO INDIANA — DEC.27,1974

WHITING, INDIANA
AMBIENT TEMP. 36° — FUEL TEMP. 36°

FILL RATE 4400 BPH RVP 12.8 PSIA

O nNoRMAL FILL

% FILL FIRST FOOT IN 8 MINUTES — THEN NORMAL —
LAST 2 FEET SLOWLY

W/ FILL FIRST 2 FEET IN 20 MINUTES — THEN NORMAL -
LAST 2 FEET SLOWLY
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ULLAGE-BELOW TOP OF TRUNK

FIGURE 7
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ATLANTIC RICHFIEID COMPANY

TAHLE I

S/S ATLANTIC ENTERPRISE, FEBRUARY 13, 1975
VOLATILE PRODUCT I0ADING AND EMISSION DATA

OOMPARTMENT
LOADING INFORMATICN 1s 5s Is Bs 9s
AMOINT, BARRELS 4,401 7,590 7,573 7,493 7,272
TIME, HOURS 17.2 16.0 15.7 17.6 17.9
CARO Clear Gasoline Clear Gasoline Clear Gasoline Clear Gasoline Clear Gasoline
PREVIOUS CARQD Furmace 0il Regular Gasoline Clear Gasoline Premium Gasoline Furnace 0Oil
PRETREATMENT Flood Bottom Butterworth Strip Dry Butterworth Flood Bottom
Strip Dry Strip Dry Strip Dry Strip Dry
TEMPERATURE , CARGD, OF 70 70 70 70 70
AMBIENT,OF 45-70 45-70 45-70 45-70 45-70
FINAL HEIGHT OF LIQUID,FT. 44 46 46 46 46
RvVP, PSIA 13.5 13.5 13.5 13.5 13.5
HYDROCARPBON CONCENTRATIONS
EQUILIBRIUM VAPOR, MOL PERCENT 58.5 58.5 58.5 58.5 58.5
AVERAGE EMISSTON*:
MOL PERCENT 4.95 5.5 7.0 8.2 3.4
PARTTAL PRESSURE, PSIA 0.73 0.81 1.0 1.2 0.50

*FROM FIGURLS 1-5 INCLUSIVE

PWW: 1k

3/7/75



e —

—p—
g
—
PRSEE QIS SUNS S

30

!
. ]
e b

|
it L i i | il

1 1 : ._ - . m..

~ THE Tttt S HR LR i w1

i g atb il 4?;1144. ! -k

JHklH LS i [

i il _—_w IR YL 1; w R A

)

t

e

pamae

1ot

T
T2

=

PERCENT FULL —=?
4.95

-

!

.

3
b R, St

I
S Jeihd o

-
1
*
h—

B

PERCENT FULL

FIGURE 1

GASQOLINE LOADING

|
Sprng el pl b

TV-15

—td

S/S ATLANTIC ENTERPRISE

ATLANTIC RICGHFIELD COMPANY

O ANALYZED WITH MASS SPECTROMETRY
S gy

+ MEASURED WITH OXYGEN METER

AVERAGE PERCENT HYDROCARBON

2

:.TW m F t i i .T
_i i L
il 6 | i

11 ~ Tl i 1
u”:: : . Hil o
Gl i I i | Ii
_..—lﬂ.ﬂ . :m ._u m wm.
SRR B AR R RRmak ﬁ
il SOl il ﬂ

: T Tl I
P ;ﬁ._.,:_- | Hitithmne it T T L I_T_ hit .“. I il
TR T R g [ el i
R IR H t AR R ST HE R H I “:_.er._;_. _:
..Hll .“.v. M e _ﬂl% ] H] 13 r,.. ”r? ] = UU H H “ H11 HHA H1 md ” ﬁ " —»w“ 1L m.u..“
e it e B0l

S | A HiH R ¥ Hi
. - «I.mm “M“m-m ..“ D4 A_ SENERE HH HH Mw bt et 1 nwfvr 1sEgs t.__ WM:‘[;H Iﬁrg - ﬁ ._.“'ml IA.ﬂw —— :I ,_Lrﬁ
eI i il st e T R
A Entin TV HITH 1 LT T A il R
BN T _
S :

T
—t:
o
7
'
- :-l
— L
b
:




i | T T | HHTHAHE HitH HHH i I ﬂ:,“; :“
A __.. i __““T

—

e
.

- m u_ i it Lm_ | “ I il _Lm:f._L i ;f_l__ ol
8l | ¢ DR GL
i 1l el m LT T T 1 08 :_ 3 il w

~ mml 3 [H TR T el i

CEl g aEn B Bl bttt e o e P

gy mm A w T : _. ) T ;_ T _“_ ﬂ_ -

2| B o @l Hi i R R T R mn.
SO et
i o all A e R A |
| ” W g B 1 i ot Y |
| = 3 (Netttne as a  eE I
m w i g JHILE | 1 R |
| TR e S e e
| % I i il i m, ___ I o j
Lelefafyehe L | | s, L HHHH {he i iy
il (Lt A HIIHHH AT
i

—— g ———

——
- —— et e |-

TR . L
m__ it f it HilL ﬁ

————— e e § e

S — S
Py S (MR DAY S

NORIVOOMAAH JNERAd TOH

——{.—.— —
i
a
Smag s Sww pemg il pnding §

.:.- THAHI] i
i

e e
——
b

plunna

| S

frm: g -




Iv-17

L HIHTH I TN 1] AT i e
T R A
i i : N _
RAL __4:_: il i [l ﬁ it Hiil A
LR (AR | i Rl it
N RSN A M ST A L1 K SRNEEspi Rt 111111 1] 151siianeisd 1 LH L el B
N i ____ﬁ ﬁ. ! _ _ _— N | :w
T i e R TIGE
I M | 1 Z_ﬁ Iﬁ{ Lt ‘M 3 ,.H_.x‘ i .mLLh Wﬁ“ 3 sl ﬂw.z 1
. L | ﬂ%.?t_ A el el
; 1 HI TR LS N (o) il e
z 1T il AT AFE AT R G T G O A A TR
. s b il il 4:? i L cil 4_;__ G m*lm Lﬁ
M i W g J_ L 1 ___ .J: _m._F__ ! S..illu,_._:_ 3l
4 LR G R G e AR AR AR R R O R T
B Bk e e
. . <1544 1S m L] I | il : L ! LI LN LR IR AL L I W.: + [l
_ - mm e A R TEE AR KRR EREE RIS LR O e T 1
TR e B g o6 Ll e e
T Bl EiERER £ 4 gl i tneh LRIk i W_ A
o m g £ I A PACH At ECHE
B P E D A A A
- y I HH ? shafatannntts ﬁ __ i _ t .
B m W m m Al it Ly " i il | ___“
> (A ARG R il
I m m ; Ao L i
x | i TRHTHE Tt
Ly + 0 i i m ot F L. HHH :x: ; ,_ dv: ._rwu.
I g e e L AL il
™ it = ! ! Tl
R e m I : b i_‘ i SL “4?:
il fli il i t . If i
! : | L Aﬁ.. L ‘ &L . L ﬁ,“ ,_ S ] r_ p_m
N it ;* ;., g i . b T i1 idl 1! L LH_ i i | i
Attt | | il it i
I LR G AR AR | R
I r L I Il nomrvoouamn axeaa 1 i) it _;




ATLANTIC RICHFTEILD OOMPANY

FIGURE 4

S/S ATLANTIC ENTERPRISE

e T ? -
y —
T T - T 1
r T AVERAGE HYDROCARBON CONCENTRATION=S. 2 -
Y 1 T . Ay + L4
1 — = - {—
1 T T
T T L )
5. - — .
-
+
1 - +
+ = T
e ? - + MEASURED WITH OXYGEN METER
— e T
Tt T
e
r—— O ANALYZED WITH MASS SPECTROMETER
T r
r a— 4 -
- b — N [ 1 . 0 « -
— iy T re re
T T T T : T ) Sanell bt T o T— I~ e
Tt v T It T I T - — T e ye
I : 1 e s ; == T 1
- - + e +
T —_— 3o ———g —— -
— 4 4 _b_j—_:....._- f— ) i b
) i - + 1 2 re 3 —1-—-— - — -
I + }S Samme Slmad S = — 4 e
+ +
T : —_ -
+ T ) -~ = - b - ——~ T — :
T 1 »4 T t T
= — e - o = o T =
-
1 T+ 1 T : —+
Y - — —
r —+— ——r r ¥ — r} - ¥ ;
- e 1 —— + . I
- Loy i T ppuiy ™ 1 T
: e re T na -~ ——— . + 1
- $ T T T e T
—
—
= - re e r o T " -
4 A ’t T T b T =T T e
: : T 1 P Py S ’ n b
—— e T " o = + 4 = =1 - +
T : o s gw! " g Z 1 s T re
+ T —1d T e S T s
s = = tm=1.2 r :
- — 3 — JE— — {1 =
T A i i —- 4 ¥ — -
- +
- — ~ —— - - 1 <+ '
T 3 " m—— T
w0 = e f—— | —— —} -= + ‘ -
2 —— - -
1 % - - P S
=T o SARDE Dms e e by Glindng - + —— i g i
- z o= — ey — b4 —— - i =
T Sl 7 T = e S = pus - s L
= e
re +
> T 3 1 Y T 1= —F 18 N L T by T
s " Lt re " s ¥ pu oy = e T 14
L 'r | S 1 3 S =T 3= ¥ 1 —7 T
T T e F= p + — — e pre T
+ " ToT 1 T " s * 1 1
— t T - 1 Doy e 1 T r
=30 T =+ : z : —
| T et pa
e T 1 T P e g rn T I T
e T 1 —— -+ II . M — T
- e 1 T -
e ~+ T it 1 T T
n — —— 4 -
ra— r i i Py T -
E ' —— } b
{ — 1 ¢ 1= -
) T
= T — n
T -—— - )
e s 1 T -y T
Y e T T
T
T
T —
+
o -
-
S e
|- —= :
Ip—
. S E——
T ol T
t
— e T
- -
— 4
.-
e
.{ -

+ g <=
= T =t T
e
— wen
== I~ el arny
P da—— i
ompgiiban T




—_
mavmests SN
st Yy
o
— —
pm
—r -
T
i 3. ———
. —t S/S ATLANTIC ENTERPRISE == :
.1 —— T + ‘ [ — |
, GASOLINE LOADING 7
T v
- —T e )l
t FEBRUARY 13, 1975 } :
v — vy ] =
L L )
T CQOMPARTMENT 95 = —
T — e e T ’ ~
PERCENT ROCARBCN IN =
, : 1L HYD EMISSIONS VS. PERCENT FULL
n s yo e : -
- o
T be .Lk -
1
! VERAGE ROCARBON PERCENT=3
T : K HYD .4 = :
T +
™ ) g >
i
1.
e i
T t - = KEY : —
i el ena T :
+ - r
R S— —
= = + MEASURED WITH OXYGEN METER
i ¥ - —
3 y r + i . {_ 1
7 .
i
! O ANALYZED WITH MASS SPECTROMETRY Tt T
— 3
‘{ I - n - IR +
o —L -t
1= T = & ANALYZED WITH GAS CI'MATIUGRAPHY : -
T Y . _.__.._1_.,
o r— rovoae-—Con e ERRERRSERI DAL LL Ehany - R ——
1 T P + re T ; r 7 — b B _‘f‘ ‘l T -
g = : = : =
— — T e ——
— y [ + n T =i . ——— 1 4 —
b T et I T s 1 I—1 —1 T T ;
~7 y 1T 1 " — — i ¢ > — 1 Y
= = - = ‘ — :
T — - & —de 3
{ p— - 1 1 byt e l[ & e
1 L 1 —— i e re -
+ 2 e e "
T rw—we T T T pd L ?
- T —— = T - e 7] I ¥ ~T
r
- + e - —— o — - — 4
T T e T 1 g Somgy G Sumnd T T
: t 2 rime Y —— ba ': y —F ;1
———— —y ¥ § s sngo—— »e nadl
L — re pu *
w0 =] i " — 3 : ;
+ == = = : T >
4 1 [ - >
r F re
oo r == T e — g gt
[ . — —— o P— -} = p——— 4 18
" T —= - — T pom— = £ =% :
e b
9 . T J———
- . - = 7 ——— >
L + ——— re —— — I L
o 1 na . + T LI ¢ + N < 1 T
- v + - 4 v
o Y oy " e
1 T yura s e 3 r -t T
. —3 - : = % e e e e ; :
- —— .
o
F - ot ) ya e ey 4 +
g = ud ) e re T * T o pd e
8 e t T o I bty nna.vy s ane il 4 -
- n T - — T —_
F : ' S T =1} ; .
'S QS r >— ——— -
= e roy B T ) 1 e == 1 T
o —— 7
- E I T T T — {"““__ T = T T
- d _— — —4—._
C re pame — e — T — g —] = 1
- T 4 s 3
.| | T z I 9 e +
- -y -t T ) e p s L - —e pae .{._. -4 - 4+
20— : o 3 pn ot gty : pappnny o re— ;
= j SSGnt Sy g Py S - —— — 3. e mef ——q-—— e — 1= ——n
C —— P il Sl bl artugenimany St Sty wuupyey PSS Sibauin PApu) S Sefuppmach uuighy lumpyl ey
== — =} P g oy dinsintey gauiiid Skl fiatant RN R quil g gy =
o . [ S el fipoutrs: ey Busdbese) wifi g g fulbhe wlivie ingey grpoal SRR S St iy == T
s - —— - —— emad = ol - g e—— = f - ot = ——— ) p o or— b —
: P puivn inimonves o ! iy Sl (pieudionis Sl Sl asbmilduiipung Sl vy
—— - — ppies u I +—
T r Sageiie =laoidy ' , Ti.- % = - s -t
t r y— s bnguon e T T [ jupay Spihy ppmu aynnabehpimn ety gumn fuvs § S fuppe sxme
P, oy O - - —— -
1= YUY wy g '{_.L-. Lo eiaae ok Bl Ered PR i o i -—— —}




0C-AI

ATLANTIC RICHFIEID COMPANY

TABIE I

VOLATILE PRODUCT LOADING AND EMISSION DATA
S/S ARDO PRESTIGE, APRIL 28, 1975

ILOADING INFORMATION QOMPARTMENT
1C 4C C 11C
Amount, Barrels 10011 12974 12974 8912
Time, Hours 1.7 3.8 3.5 2.0
Average Fill Rate
BPH 5889 3414 3707 4456
GPM 4122 2390 2595 3119
Cargo Clear Gasoline Clear Gasoline Clear Gasoline Clear Gasolin¢
Previous Cargo Furnace 0il Leaded Gasoline Leaded Gasoline Furnace 0il
Pretreatment Flood Bottam Butterworth Butterworth Flood Bottom
Strip Dry Hot Wash Hot Wash Strip Dry
Strip Dry Strip Dry
Rallasted Ballasted
Temperature, Cargo ©F 87 87 87 87
,Ambient OF 80-84 80-84 B0~-84 80-84
Final Height of 45.7 45.7 45.7 45.7
Liquid, Feet
RVP, PSIA 9.7 8.7 9.7 9.7
TVP, PSIA 8.0 8.0 8.0 8.0
HYDROCARBON OINCENTRATIONS
Equilibrium Vapor 54.4 54.4 54.4 54.4
Mol Percent
Average Dmission®*
Mol Percent 2.8 3.0 1.8 2.6
Partial Pressure PSIA 0.41 0.44 0.43 0.38

*Based on "“mol percent hydrocarbon versus percent full" curves.

GJZ:1k



ATIANTIC RICHFI=ID COMPANY

TABLE II

SUMMARY OF SAMPLE DATA FROM UNTEADED GASCLINE
LOADING TEST-S/S ARCO PRESTICE

APRIL 28, 1975

PERCENT HYDROCAREON

QQMPART- TIME PERCENT MASS GAS
MENT P.M. FULL SPEC. CHROM. MOL. WEIGHT MASS SPEC.
7C 2:45 2 0.03 0.03 58.13
7C 3:20 28 0.04 0.06 56.66
7C 4:52 71 0.13 0.16 57.01
7C 5:22 88 0.22 0.63 55.03
7C 5:55 96 17.44 . 24.0 57.86
7C 6:05 98 39.07 33.0 56.67
4C 2:48 3 0.02 - 58.11
4C 3:30 22 0.03 - 58.11
4C 5:00 65 0.24 - 51.38
4C 6:15 92 8.78 - 55.26
ig 6:26 97 34.20 - 56.78
6:32 99 38.73 - 56.95
1C 6:35 4 0.98 - 65.99
1c 8:00 96 25.76 - 55.03
1c 8:05 98 23.69 - 55.16
11C 6:10 5 0.13 - 65.95
11¢C 7:50 96 24.84 - 59.90
11C 7:54 99 24.68 - 56.01
GJZ:1k
8/22/75
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APPENDIX V

RADIAN EMISSTON TESTING RESULTS




RADIAN EMISSION TESTING RESULTS

The figures in Appendix V graphically present the test
data collected by Radian on hydrocarbon emissions from gasoline
loading onto ships, barges, and ocean barges and on hydrocarbon
emissions from crude ballasting. Sampling trip reports which
detail the test procedures applied and the testing conditions
are presented in Appendix VI.



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

FIGURE V-1

RADIAN TEST RESULTS

501 SHIP: SHELL - PASADENA
e OPERATION: GASOLINE LOADING
40 1 TANK: ¢
PREVIOUS CARGO: KEROSINE-CLEANED
0 -
S RVP: 10.2
20 - DATE: 573’76
AVG HC CONCENTRATION: 3 VOL%
10
1S
o.l—::;%:———‘c o
1 i T
0 10 20 30 40 5Q
ULLAGE (FT.)
FIGURE VT-2
RADIAN TEST RESULTS
50 5
R SHIP: SHELL - PASADENA
o QPERATION: GASOLINE LOADING
4 .
ﬂ\ TANK: 7€
30 - ' PREVIOUS CARGO: GASOLINE - CLEANED
RVP: 10,2
204 DATE: 5/3/7s
AVG HC CONCENTRATION: 4.5 VOL%
10-1
1
Q 10 20 30 40 50
ULLAGE (FT.)



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

FIGURE V-3

RADIAN TEST RESULTS

50 -~ SHIP: SHELL - PASADENA
OPERATION: GASOLINE LOADING
40 \ TANK: 7S
Q
PREVIOUS CARGQO: GASOLINE
o -
3 RVP: 10.2
[+]
DATE: 5-3-76
20 A
AVG HC CONCENTRATION: 3 VOL. %
10 1 0\
Q
0 ™,
i 1 U g I3
0 10 20 30 40 50
ULLAGE (FT.)
FIGURE
RADIAN TEST RESULTS
50
SHIP:
OPERATION:
40 4 .
TANK:
30 - PREVIOUS CARGO:
RVP:
20 - DATE:
AVG HC CONCENTRATION:
10 4
0 L T 1y T T
0 10 20 30 40 50
ULLAGE (FT.)



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

§0 1

40 A1

s e ™ cntteeeen

20 -

FIGURE V-4
RADIAN TEST RESULTS

SHIP: AMOCO - OCEAN CHALLENGER

OPERATION: BALLASTING
TANK: 6C

PREVIOUS CARGO: TRINIDAD CRUDE

RVP: 2.8 PsSIA

DATE: sr27/78

AVG HC CONCENTRATION: 20 vOoL®

10 -

P [} I i
o 10 20 30 4Q

ULLAGE (FT.)

FIGURE V-5

RADIAN TES. RESULTS

SHIP: AMOCO - OCEAN CHALLENGER

50

]
40 4-
30 1

2041

PN

OPERATION: BALLASTING
TANK: 4C

- NOTE: THIS TANK ARRIVED ONLY 1/2 FULL

PREVIOUS CARGO: ESSIDER CRUDE

RVP: 8.4 PSIA
DATE: s/27/78
AVG HC CONCENTRATION:

ULLAGE (FT)

50

V-5

7 VOL®



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

50 -
40 -
30 A
20 4

10 4

FIGURE V-6

RADIAN TEST RESULTS

SHIP: AMOCO - OCEAN CHALLENGER
OPERATION: BALLASTING

TANK: 3C

PREVIOUS CARGO: ESSIDER CRUDE
RVP: 6.4 PSIA

DATE: 5-27-76

-AVG HC CONCENTRATION: 8 VOL. %

50

40 4

30 4

20 4

10

] b
20 30

ULLAGE (FT.)

T

40

i

50

FIGURE V-7

RADIAN TEST RESULTS

SHIP: AMOCO - OCEAN CHALLENGER
OPERATION: BALLASTING

TANK: SP

PREVIOUS CARGO: TRINIDAD CRUDE
RVP: 2.8 PSIA

DATE: 5-27-76

AVG HC CONCENTRATION: 6 VOL. %

i

10

' i

20 30
ULLAGE (FTJ)



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

FIGURE V-8

RADIAN TEST RESULTS

50 1 SHIP: AMOCO - OCEAN CHALLENGER
OPERATION: BALLASTING
40 o TANK: 7C
PREVIOUS CARGO: TRINIDAD CRUDE
30 - RVP: 2.8 PSIA
20 DATE: 5-27-76
AVG HC CONCENTRATION: 8 VOL. %
10 4
< Q Q
0 T 1 T T T
o) 10 20 30 40 50
ULLAGE (FT.)
FIGURE V-9
RADIAN TEST RESULTS
50 -
SHIP: AMOCO - OCEAN CHALLENGER
OPERATION: BALLASTING
40 4
TANK: 10C
30 PREVIOUS CARGO: TRINIDAD CRUDE
J
RVP: 2.8 PSIA
20 4— —0— DATE: 5-27-76
AVG HC CONCENTRATION: 14 VOL %
] . NOTE:
10 THIS TANK WAS USED TO COLLECT
STRIPPINGS BEFORE THEY WERE
0 T r r T T PUMPED TO SHORE.
o) 10 20 30 40 50
ULLAGE (FT.)

V-7



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

FIGURE VY-10

RADIAN TEST RESULTS

ULLAGE (FT.)

50 1 SHIP! AMOCO-VIRGINIA
OPERATION: LOADING GASOLINE
40 4 TANK: 3C
L\ PREVIOUS CARGOQ: DIESEL - CLEANED
30 1 RVP: 9.1
DATE: 5-28-76
20 +
AVG HC CONCENTRATION: 5 VOL. %
104 ¢
0 T | 3 b 1
0 10 20 30 40 50
ULLAGE (FT.)
FIGURE V-11
- RADIAN TEST RESULTS
50 +
o SHIP: AMOCO - VIRGINIA
OPERATION: LOADING GASOLINE
40
TANK: 4C
30 - PREVIOUS CARGQ: GASOLINE - CLEANED
RVP: 11.1
20 - DATE: 5-28-76
AVG HC CONCENTRATION: 4 VOL. %
o\
\o
0 T T T L | E—
0 10 20 30 40 50



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

507
40 o

30 4

]

20 4

10 4

FIGURE V-12

RADIAN TEST RESULTS

SHIP: AMOCO - VIRGINIA
OPERATION: LOADING GASOLINE
TANK: 4P

PREVIOUS CARGO: GASOLINE - CLEANED
RvVP: 11.1

DATE: 5-28-76

AVG HC CONCENTRATION: 3 VOL. %

ULLAGE (FT.)

50

FIGURE ¥-13

RADIAN TEST RESULTS

50 4

40 4o

30 -

204

SHIP: AMOCO - VIRGINIA
OPERATION: LOADING GASOLINE

TANK: 5C

PREVIOUS CARGO: GASOLINE - CLEANED
RVP: 11.1

DATE: 5-28-76

AVG HC CONCENTRATION: 10 VOL. %

0 ——————
0 10 20 30 40

ULLAGE (FT.)

50

V-9



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

- FIGURE V-14
RADIAN TEST RESULTS

507\ SHIP: AMOCO-VIRGINIA
° OPERATION: LOADING GASOLINE
40 4 \ TANK: 8C
Q
\ PREVIOUS CARGO: GASOLINE - UNCLEANED
304 © .
\ RVP:
ATE: 5-28-
20 DATE: § 76
AVG HC CONCENTRATION: 25 VOL. %
10 -
0 T T 3 1l |
0 10 20 30 40 50
ULLAGE (FT.)
FIGURE
RADIAN TEST RESULTS
50 «
SHIP:
OPERATION:
40 4
TANK:
30 PREVIOUS CARGO:
RVP:
204 DATE:
AVG HC CONCENTRATION:
10 1
0 T T T T T
0 10 20 30 40 50

ULLAGE (FT.)



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

FIGURE Y-15
RAD!AN TEST RESULTS

50} SHIP: PORT EVERGLADES
OPERATION: GASOLINE LOADING
40 - TANK: 1S
PREVIOUS CARGO: GASOLINE - BALLASTED
30 1 RVP:
(o]
DATE: 6-3-76
20 -
AVG HC CONCENTRATION: 11 VOL. %
10- (o olo]
o T T Y T T
0 10 20 30 40 sO
ULLAGE (FT.)
o
\ FIGURE V-16
°\ RADIAN TEST RESULTS
50 1 | SHIP: PORT EVERGLADES
OPERATION: GASOLINE LOADING
40 - -
TANK: 3P
agd o PREVIOUS CARGO: GASOLINE BALLASTED
\ RvVP:
zoq ° DATE: 6-3‘76
l AVG HC CONCENTRATION: 8.7 VOL. %
10 - )
\O
heolo)
0 i 1§ T ] RS
0 10 20 30 40 50
ULLAGE (FT.)

V-11



HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION (VOL%)

_ FIGURE V-17
RADIAN TEST RESULTS

507 SHIP: PORT EVERGLADES
K OPERATION: GASOLINE LOADING
40 A TANK: 38
PREVIOUS CARGO: GASOLINE BALLASTED
30 1 RVP:
DATE: 6-3-76
20 -
AVG HC CONCENTRATION: 13 VOL. %
10- &D
0 T T T T T
0 16 20 30 40 50
ULLAGE (FT.)
FIGURE
RADIAN TEST RESULTS
50 -
SHIP:
OPERATION:
40 4
TANK:
30 - PREVIOUS CARGO:
RVP:
204 DATE:
AVG HC CONCENTRATION:
10 -
0 i T i 1§ T
o) 10 20 30 40 50
ULLAGE (FT.)
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HYDROCARBON CONCENTRATION (VOL%)

HYDROCARBON CONCENTRATION Vv OL%)

FIGURE V-18

RADIAN TEST RESULTS

501z SHIP* EXXON BARGE 119
\ OPERATION: GASOLINE LOADING
40 - ’\ TANK: 2P
> PREVIOUS CARGQ: GASOLINE - UNCLEANED
o -
3 \ RVP:
e DATE: 6-15-7
20 - °
AVG HC CONCENTRATION: 27 VOL. %
!
10 S BOTTOM
<
|
0 rl 1 T T 1
0 10 20 30 40 50
ULLAGE (FT.)
FIGURE
RADIAN TEST RESULTS
50 -
SHIP:
OPERATION:
40 -
TANK:
30- PREVIOUS CARGO:
RVP:
204 DATE:
AVG HC CONCENTRATION:
10 -+
0 T 1 1 RS 1
0 10 20 30 40 50

ULLAGE (FT.)

V-13



APPENDIX VI

RADIAN EMISSION TEST DATA
AND TRIP REPORTS

VI-1



13 May 1976 Project No. 200-045-56
JDC: swm

MEMORANDUM

TO: Distribution

FROM: J. D. Colley

SUBJECT: Sampling trip to Shell, Deer Park, meeting notes with
Exxon, Crown Central Petroleum, and Charter International
Oil.

On May 3, Milton Owen and myself left for Houston to
sample a gasoline loading operation at Shell's Deer Park marine
facility. On May &, we visited with Shell's Shipping Coordinator,
Don Lanning, and toured the Shell tank farm and dock areas.
Wednesday, May 5, we met with Lee Fuller, John Bentz, and Bruce
Nichols of Exxon's Environmental Group and toured their terminal.
Then on Thursday, we visited Crown (Bill Warnement) and Charter
(Bill Miles) and inspected their marine facilities. The remainder
of this memorandum summarizes the results of the testing at Shell
and presents an outline of the meetings and tours between Radian
and Shell, Exxon, Charter, and Crown personnel.

SHELL

Plans had been made with Shell 0il to sample the loading
of Super Shell and Shell Regular into the tanker '"'Pasadena' on
Tuesday, May 4. Monday morning Don Lanning notified Radian that
the tanker was a day early and was expected to arrive at their
docks by noon Monday. Milton Owen and I loaded the equipment and
left for Deer Park as soon as possible. We arrived about an hour
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13 May 1976
JDC. swm
Page 2

before the tanker was to be loaded and set up our equipment for

testing.

After talking with the Chief Mate of the ''Pasadena',
Mr. Knox, we decided that it would be possible to sample the
loading of three carge tanks with Super Shell (1C, 7C, and 7S)
The test runs went smoothly and we sampled tank 1C beginning at
7:50 p.m. and finished with tank 7C at midnight. Although the
data have not been fully processed at this time, a preliminary
examination indicates a vapor concentration profile similar to
that seen in the test results from the literature. The ''Pasadena's"
cargo tanks 1C, 7S, and 7C had a less than 1 percent uniform
hydrocarbon concentration prior to the loading. The final hydro-
carbon concentration was 43 percent for tank 7S; 45.5 percent for
tank 1C; and 47 percent for tank 7C. Thre primary reason for the
difference in the final vapor concentration is thought to be the
loading rates. Tank 7S was loaced the fastest, while tanks 7C
md 1C took over twice as long to load.

Th~ RVP of the gasoline was 10 2 psi and its initial
loading temperature was 73°F.

Tuesday, Milt and I met with Don Lanning, Shell's
Shipping Coordinator. He showed us around the Shell tank farm
and the dock site. We discussed with him the dockside equipment
at their terminal and the operating procedures there. We traced
with him to path of the Shell gasolines from storage to blending
to pumping of the product either to the bulk pipeline or to the
marine dock. The pumps which deliver the gasoline to the docks
are located within the tank farm area. These pumps are of the
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centrifugal type and they can deliver gasoline at the rate of
nearly 6,000 barrels per hour each. They operate at 150 psi.

At the terminal itself, there are four docks either of
which they can each load gasoline. Also, the Shell refinery

receives approximately one-half of its crude oil from ships and
barges.

Mr. Lanning indicated that approximately twelve tankers
are chartered by Shell to serve the Deer Park refinery on a reg-
ular basis. The collection system for Shell's proposed vapor
recovery unit will consist of flexible hoses which would transfer
the vented gasoline vapors from these ships to four recovery units
located next to each of the four docks. He claimed that the
system has been designed to be compatible with the Exxon ships
which must mate with the Exxon vapor recovery system. He said
the two systems are soméwhat differént. Mr. Lanning agreed to
supply a rough schematic of the piping which transfers gasoline
to the docks from the refinery and crude oil from the docks to the
tank farm. Additional information concerning Shell's marine
terminals (which will be supplied to Radian by Shell personnel in
the near future) will describe the facility and the operations

in more detail.

In summary, this sampling visit and tour should be very
valuable in completing the program. The data we gathered on the
loading operation appear to agree with data observed from past
tests by other companies. Shell's Deer Park marine facility is
one of the largest of its kind. The sampling and tour along with
further cooperation by Shell personnel in providing Radian with
more detailed information on their terminal will go a long way
toward achieving the objectives of this program.
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet I

Survey of Shore-Side Information

General Information

Date Moy 3 19206

Name of vesse{ SS s a_(é;g@

Terminal Shedl Zeer Tank MHE Complic
Product(s) loaded iLfF,;A[ Stet 2/,,)[,.\./ /12.49‘/'/’/

Terminal Information

Storage tank number

Storage tank size

Type of roof

Length of time stored

Tank color; age ,

Storage temperature

Pump type QL;UZT‘Z ‘E . 716

Png size

Pump nominal rate __umy. 5 £&C Lii/er
I !

Ambient Conditions

Air temperature (S - 918 °F

Weather conditions (Cloarde pertly doady, 5710 wil wuu/
/ N4 Va4 7

Prepared by: [)&A/\ft c}>{/bl

/
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RADIAN MARINE TERMINALS TEST PROGRAM .
Data Sheet II

Survey of Vessel Information

General Information

Date %/Lg’,_[ 3. /C( YAz

4 7 wa T
Name of vessel! S S [Crss Loua
Type of vessel: ship o barge
Total number of cargo tanks 2 &
Vessel size (DWT) 35,.CcO

Prior Cargo Information

Prior cargo_ ﬁ7a bo'/fhﬁ (. 76 ?— 73 }_ﬁ{’ﬂ\é/f/xm,{() 7it /C .

Prior cargo RVP

Where unloaded

Date unloaded

Does cargo tank have stripper lines VES
-

Vessel In-Transit Conditions

Type clea\ning and/or ballasting for ??‘?h tank &/{ j—_fw}is wlires

}/ blees //77

Open or closed hatches

Ratings on PV valve &.‘J’/,mi Vacos _ 2.3 07, greSsuse
7 /

Time at sea

Prepared by: ey /,[ éﬁ //é//
/,
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet ITI

Recorded Data

Date l@( 3 1976 Product Loaded SLU;JJ¢~ Sl\,e/( , /(dﬁ:,g.:
Cargo Tank tZo l ] C Loading Rate FﬁffS@(‘ é[o///lm
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom “+ = |
Middle & =
Top (deck level) “ < |

II. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullage (ft) | % LEL { % Gas |Vapor T(°F) |Liquid T(°F)

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F)
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet IIT

Recorded Data

Date Jf’f A7 3 /9 7(,; Product Loaded Su,,a/" S/L/é/ ﬂ VP = )
Cargo Tank No/ ’ _7 ( Loading Rate }@,,M/W §sy s J—g 48 14/4/ >
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom g —:(
Middle g < |
Top (deck level) ¢ =

II. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullape (ft) | % LEL | % Gas |Vapor T(°F) |Liquid T(°F)

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F)
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III

Recorded Data

Date /ﬁ 2,/ 3 B Product Loaded S:m.;,«» 5[«‘//[, \ X 2= /1 Z.2-
Cargo Tank No / ;7/f1 Loading Rate :ngj‘r ML&?/A//
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom & <=/
Middle i && <:Z
Top (deck level) jf ~/

II. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullage (ft) ] Z LEL | % Gas | Vapor T("F) jLiquaid T(°F)

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F)

VI-9



RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III (Conc.)

Recorded Data

Date /j/jﬂ_// 37 (97¢ Product Loaded _ 57 ,u« Q/J,/ KoPpzie
Y / :
Cargo Tank f‘% 1C. Loading Rate 20 /0/4///1f
o 4

IIT. Hydrocarbon Concentration on Vented Vapors

Time Ullage (ft) % LEL | % Gas | Vapor T(°F) Liquid T (°F)
Wise Empty
55
/25°¢C 450" 3 = | ¢ 73°F
[S¢¢ 45 3 = | 99
1S52.0 40 s = 99
g 45 35 Z =| 93
LR 30 Z = 9 L
|G 3 25 2 </ 9 L
19 5C 20 2 = 7/
2Cecr 18 2 = 9¢
2% 16 ) =| 7r
20 (h 14 7 <] %7
2o25 12 (2 | <] % )
23 10 JAs: =z DA
233 9 2. 2 S
253 8 26 | 3Y
204 7 >ico | 9 5
252 6 26 Y3
Z LST 5 ¢ 3 $3
LClto7e/-> 2659 40" Y495 Y 3
3
2
1
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III (Cont.)
Recorded Data

Product Loaded » Viv=10.2
Loading Rate |/,..: @ IC Yo Jyre Léelf, .

Hydrocarbon Concentration on Vented Vapors

Mas 3 19706

/
/C

Date

Cargo Taak Ng

III.

Time Ullage (ft) % LEL | Z Gas | Vapor T(°F) Liquid T (°F)
Empty
55
50
45
40
35
30
25
216 20 |z = S
2126 17 | 5° =1 79
"l‘fdzobf 2330 |5 ¥ | 3 7/
.;77,, 2337 B3 |3 73 722
‘ 2343 21l bTo | 5 22
- 10 ' yZ-
2 3¢ 9 >ce | Fs y )
23T 8 7 14
235Y 7 Z0 75
235t 6 35 75
z4c ¢ 5 4 75
iwl.(il(afé —s 24¢ A 147 75 7
3
2
1
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III {(Cont.)
Recorded Data

Date Moy D, 1570 Product Loaded _ S,y Sthed/ R =Ir.7

4

Cargo Tank 79 Loading Rate 2250 b6l /ns

III. Hydrocarbon Concentration on Vented Vapors

Time | Ullage (ft) | Z LEL | % Gas | Vapor T(°F) | Liquid T (°F)
Empty
55
50
45
40
35
22120 30 7 | < 77
zz25 25 l =/ 27
z2ln 20 1Y / e
18
2255 w15 | zY4 [ 75
23¢cz B3 25 | | 74
2317 BNy 34 1z s
- 10
2315 9 de | 2 73
23517 8 >t & 77
232 7 (¢ 723
2324 6 24 23
2325 5 3 7 23
23227 46" 43 1 2% 77
3
2
1
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21 June 1976

MEMORANDUM
TO: Distribution
FROM: J. D. Colley

SUBJECT: Trip Report - AMOCO Oil Company, Texas City, Texas
May 26-28, 1976

1. Purpose

The purpose of this trip was to measure and record the hydro-
carbon emissions from the ballasting'of a crude oil tanker and the
loading of gasoline onto a tanker at AMOCO Oil Company docks and
Marathon 0il Company docks in Texas City, Texas.

IT. Place and Date

AMOCO Texas City refinery marine dock No 40, May 27 (crude
ballasting), AMOCO dock No. 32, May 28 (gasoline loading), and
Marathon dock No. 22, May 28 (gasoline loading).

III. Attendees

AMOCO: Captain Larkin
Captain Park (M/V Ocean Challenger)
Captain Skibba (S.S. AMOCO Virginia)
Bill Bulger, N Y. Office (M/V Ocean Challenger)
Howard Husa, Engineer
Jim Ross
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Radian: David Colley
Clint Burklin

EPA: Bill Polglase, ESED

IV. Discussion

A. M/V QOcean Challenger

The M/V Ocean Challenger is a Class A tanker of approxi-
mately 53,000 DWT. It is owned by AMOCO Petroleum Corporation,
has a Korean crew, and sails under the Liberian flag. Currently
the ship is in service between the Caribbean and the AMOCO Texas
City refinery. On this particular voyage, the ship had arrived
at Dock 40, a .dock used exclusively by AMOCO to handle crude oil,
on Tuesday May 25, to unload Trinidad (Galeota crude-RVP 2.8) and
Essider (Lybian crude-RVP 6.4). The average unloading rate was
approximately 14,000 barrels per hour. The tanker had nine center
tanks and seven port and starboard wing tanks.

Prior to taking hydrocarbon measurements on the tanker's
ballasting operation, a meeting was held with Captain Park and his
first mate to discuss the purpose of our visit. Communication was
difficult with them, however, we determined that 40 percent of the
ship's capacity would be ballasted and we obtained a ballasting
diagram showing the final ullage of each tank to be ballasted.
From this information a preliminary sampling strategy was decided
upon. Data was to be taken on the hydrocarbon concentration pro-
file of as many tanks as possible prior to ballasting. Then the
probe would be positioned near the open ullage hatch and the

rented vapor concentrations recorded for a selected tank.
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At 4:00 a.m. all the crude oil had been discharged from
the tanks. We began taking measurements at this time with our
MSA Gascope, Model 53. Simultaneous readings were taken by
AMOCO using a similar type measuring instrument which was cali-
brated to read hydrocarbons as percent butane. Their readings
were generally lower than our readings since our gascope was
calibrated to read in percent methane.

Because of interference with intermal structures in certain
cargo tanks, we were able to drop the sampling probe to the bottom
of only six cargo tanks, before ballasting operations began. Access
to each tank was through the 10% inch diameter ullage gauging
opening which was located 40 inches above deck level and atop the
tank manhole hatch cover. Measurements recorded from our gascope
are presented on data sheets at the end of this report.

Several points worth noting are.

Higher concentrations were observed in tanks

6C and 10C than in the other tanks sampled.

This was because 6C had arrived only half full

of crude thereby providing a large vapor space
ibove the crude for light hydrocarbons to evapor-
ate into. Also it was reported that the steam
coils in the tank were in poor repair and
possibly leaking steam. The reason tank 10C

had higher than average hydrocarbon concen-
trations is that strippings from the bottoms of
all the other cargo tanks were pumped to this tank
and collected before being pumped ashore.

A hydrocarbon concentration versus depth analysis

was run on tank 4C at two times which were separated by
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several hours. Data taken prior to ballasting on
this tank showed a vapor blanket of about 2-3
feet thick ranging in concentration from 6 to 40
percent. After about 5 or 6 hours another test
was made. The tank had been ballasted to a 34
foot ullage by then. The measurements indicated
that the blanket was now about 6-7 feet thick
ranging in concentration from 7 to 36 percent.
Several factors could account for this: (1) ini-
tial ballast water inlet agitating and dispensing
the vapor blanket in the bottom of the tank,

(2) evaporation of volatile hydrocarbons from

the crude o0il heel left in the tank, and (3)
vertical diffusion of these vapors into the empty
compartment.

Forty percent of the cargo space was ballasted.
This is a larger amount than was expected.
Various sources estimate the amount of ballast
typically taken on at dock for crude tankers to
be 20 to 30 percent.

Ship pefsonnel mentioned that the crude cargo
tanks are washed with oil (similar to butter-
worthing with water) to remove the heavy ends
(waxes, paraffins, tars, etc.) which stick to the
tank walls. More information about this operation
is needed since little detail was obtained during
the discussion. Hydrocarbon concentrations in a
tank ''cleaned" in this manner could increase sub-
stantially due to this operation.
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Ballast water was pumped into each tank at

a relatively slow rate. Rough calculations
indicate the water was pumped in at 2,000-

3,000 barrels per hour.

The M/V Ocean Challenger is classified as a type
"A" tanker. For this class of ships the dis-
placed vapors from the cargo tanks can be vented
through a manifold system which includes a P/V
valve and a flame arrestor at masthead level
(approximately 55 feet above deck). All tanks,
however, were vented not through this system, but
through their ullage measuring hatches during
ballasting.

The residual hydrocarbon concentration in the
cargo tanks did not appear to be a function of

crude RVP.

B. §.S. AMOCO Virginia

This ship is owned by AMOCO 0il Company, has an American
crew and sails under the American Flig. The ship is approximately
20,000 DWT and has 27 cargo tanks - 9 center tanks and 9 port and
starboard tanks. The Virginia had just returned from a trip to
Wilmington, N C. and Savannah, Georgia. The return trip took 4
days. The cargo unloaded at those ports was fuel oil (1, 2, 3,
and 9 tanks across) and gasoline (4, 5, 6, 7, and 8 across).
Deballasting operations were completed at approximately 2:45 a.m.
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Points worth noting include:

A full range of arrival conditions were found

in the tanks. Tanks 1, 2, 3 and 4 wings had a
less than 1 percent arrival hydrocarbon concen-
tration, tank 5C had a 9 percent concentration,
and tanks 7C and 8C had a 20-21 percent concen-
tration. The differences were due to the prior
cargo and degree of cleaning each tank had had.
Tanks 1, 2, and 3 across had all previously carried
a non-volatile product fuel oil. Number 4 port
and starboard wing tanks had been gas freed so

the crew could enter them for necessary repair
work. Tank 5C had carried gasoline on the pre-
vious voyage but had béen ballasted, vented and
washed on the return trip. Tanks 7C and 8C had
carried gasoline previously but had been left
uncleaned.

The typical loading sequence used to fill three
tanks across with the same product was discussed
with one of the mates onboard the Virginia. He
said that all three tanks are brought up roughly
at the same level until an ullage of 15 to 20 feet
is reached in the center tank. Then flow to it is
shut off and the two wing tanks are topped off
(filled to their final height). After they are
finished, loading is resumed into the center tank
until it too is topped off. The mate said this
sequence is followed for two reasons. It is more
difficult to top off three tanks than two and
should any problem arise while topping the wing
tanks, flow can be easily diverted into the larger
center tank until the problem is worked out.
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While talking to the Chief Mate onboard the
Virginia, the ballasting of the ship on its return
voyage was discussed. He said that the ship is
ballasted once at the port that it discharges its
cargo, but that it usually dumps this ballast

(if over 100 miles from shore) and takes on a fresh
ballast. This operation, he explained, cleans the
cargo holds and also allows the ship to discharge
ballast into port waters rather than return them
to the refinery for disposal. This aids the ship
in reducing its turnaround time in port since the
slop line at most docks can handle only a small
discharge rate.

Measurements taken during the loading of the Virginia are
presented at the end of this trip report.

v. Conclusions

From observations made during this sampling trip, several
conclusions may be drawn.

(1Y Factors which cause higuer residual hydrocarbon
concentrations in crude oil cargo tanks prior
to ballasting are: (a) partially loaded tanks;
(b) pumping strippings from the ships tanks
into a designated tank prior to final unloading
causes higher concentrations in that tank; and
(¢) washing crude cargo tanks with oil.

(2) Based on the data taken onboard the M/V Ocean
Challenger, the RVP of the crude oil unloaded
has no effect on the residual hydrocarbon con-
centration of the empty tanks.
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(3)

(4)

Factors which cause higher emission levels
for gasoline loading onto a tanker include:
(a) prior cdrgo, (b) extent of cleaning
(ballasted once or twice, vented, blown dry,
butterworthed, stripped); (c) initial loading
rate; (d) product RVP and temperature; (e)
ambient temperature; and (f) fill time.

The hydrocarbon emissions from the loading
of gasoline onto a tanker can be substantially
reduced by ballasting, washing, and venting

cargo tanks on the return voyage.
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MEASUREMENTS TAKEN ABOARD

M/V OCEAN CHALLENGER AND

SS AMOCO VIRGINIA
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet I
Survey of Shore-Side Information

General Information

/ -
Date /Yy -
1/\"- = "

T z D22

Name of vessel

. f -~ .
Terminal T N AT

Product(s) loaded /> ridz/ A ep oo s, - e 2ty s i 2

Terminal Information

SO . 1

Storage tank number

Storage ctank size

3

Type of roof Tl L ove = P U I

Length of time stored

Tank color; age ,

Storage temperature

Pump type

Pump size

Pump nominal rate

Ambient Conditions

Air temperature Pttt 2 2= oa PR .»./ PRy Y R E-r LS, R

Weather conditions 7L s :

Prepared by: - T -
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RADIAN MARINE TERMINALS TEST PROGRAM
Data Sheet II

Survey of Vessel Information

General Information

Date

Name of vessel T Dl n iy
Type of vessel: ship - ba;ge
Total number of cargo tanks 22
Vessel size (DWT) K2 ~rrs s

-

A8L S, 24
AN 3

Prior Cargo Information

Prior cargo , o/ ve o 1, o, ANt e e st

Prior cargo RVP 77. 5, ¢2 [ - 2.8 _. AT LR Sy

Where unloaded

Date unloaded

Does cargo tank have stripper 1lines X

Vessel In-Tra. s5it Conditions

Type cleaning and/or ballasting for each tank

Open or closed hatches

Ratings on PV valve ,

Time at sea

Prepared by:
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Date

Cargo Tank No

I.

II.

RADIAN MARINE TERMINAILS TEST PROGRAM

Data Sheet ITI

Recorded Darta

Product Loaded™— ~

< ‘

.

- 4 , ' . ’
Loading Rate —wri’ =~ 4 <prpt ""/”‘"j‘,'":ﬂ:’.?;tz(

14 ¢

4 ’
Taane)  _e Y

Hydrocarbon Profile Prior to Lqédiﬁg

_% LEL % Gas
Bottom
Middle
Top (deck level)
. . Y
Vapor: BlanketiDepth & orocorbon e o// Az T3S
-

: & =
Time | BTPe (ft) | 7% LEL|'% Gas |Vapor T(°F) jLiquid T(°F)
5 ) 2=
Nae 2= -
tr.\". : <
Lz 7 _
. o= _ -
> RS

B. aAETppes-level=af Tank <«

.
ﬂaJ/?ﬁftﬁA
, '

Deptan .
Time | BFTape (ft)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F)
P ol
T
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Date

Cargo Tank No

II.

RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet 1II
Recorded Data

Product Loaded

Loading Rate #~-%." '~/

. 7’
2 T TN D )

7~ v
Aokl edie JPI6D "",‘,.
Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom
Middle
Top (deck level)
- o g e 7/ ! — z 7 7 4
Vapor=bibelet=lapth, f‘/,\/:./rccar-oo—. Jrefila 7,/.-%‘7‘7}1/- oo L
& .
A. SE=wvgar-iymed=prs Tank < C. lvtima c’.-,,.;’zan’,.-_-/.,
’7“.‘::"” J.G": ”- . 4
Time | werxmss (££)'| 2 LEL | Z Gas |Vapor T("F) ;Liquid T(°F)
1.3 2o .
3 = Caniat co2s 2 f
22 OR 2 } ’x;.:‘/J.J-_'_
A ~ L
L o /,-‘.
~2 2
~r -
B. ArUppersEewSINEf Tank 3C M7
D o= ° . o
Time | UTESPW (ft)]| %Z LEL | Z Gas | Vapor T(°F) | Liquid T(°F)
=k £
E% - =
— 33

-
e
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet IIT

Recorded Darta

ot Med Product Loaded

Date AT A
~
Loading Rate  “~~=/ - ;,% =ty .

sl UA T LS Prey

Cargo Tank No

Fewans  Letis R
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom
Middie

Top (deck level)

. . 4
II. Vapor—Blanket—Papth »‘rjfu!.cs.us.». PP Re O:C 5’./";"-”,’. S,

Time | UaEEwe (fr)y °% LEL~{%-Gis |Vapor T(°F) |Liduid T(°F)

B. AtXPfer=towinordatk /= JS~2e."7

..
LR Y

Time | UITdpe (fr)} % LEL | % Gas | Vapor T(°F) | Liquid T(°F)

-

riR
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RADTAN MARINE TERMINALS TEST PROGRAM

Data Sheet IIL

Recorded Data

Date Product Loaded
Cargo Tank No Loading Rate
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom
Middle

Top (deck level)

- keg=Bemrir . . . ) T2, 00 £ = i =0
II. Wan 1-”‘4_,’, PPl SRV d B e S c R :,.;’_, '/,,) ,:;JV’/'C
r "l
A. fFepewer—leuvel-of Tank /2 =  =. 02,77
:-_‘l’/‘u

Time | UEEsme (ft) | % LEL | % Gas | Vapor T(°F) ;Liquid T(°F)

— - ‘/
PR o Py Rl IV PR

J

hY

1Y [y
!

- N - . ra
PARPICEERY AN A4

’,
e - -~
= T e

<.
~ . '/__1

~ 7 -
’

o~

)
s
al;

A }
'fl’,'/ vrd I:" J
. 4

P e AP R,
‘

-—

— -
- - - - ._.’.

B. At Upper Level of Tank

Time | Ullage (ft)]| % LEL | Z Gas | Vapor T(°F) | Liquid T(°F)
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FORM NMD-BA )I-87

SHIP INNAGE / ULLAGE REPORT
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2 |32 28924 |27 enpry 323 28679 | 1=
3 250 | 16907 |ess{mf% ] 19 34T.9|es5 P || 39 | 2630.9 |zsip
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet I

Survey of Shore-Side Information

General Information

Date /j"”?gf it 320

Name of vessel '/.J;Wf{}7 I AOT NP
Terminal dpmr = T LW
Product (s) loaded e e, i

4

Terminal Information

Storage tank number

Storage tank size

Type of roof

Length of time stored

Tank color; age ,

Storage temperature

Pump type

Pump size

Pump nominal rate

Ambient Conditions

Air temperature &, /o o~ d

Weather conditions e s, -

Prepared by: __;? N, e
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RADIAN MARINE TERMINALS TEST PROGRAM
Data Sheet II

Survey of Vessel Information

General Information

Dace S—r/Z ;:,/‘7 J2

Name of vessel Yora /4 ./,/;’,;r :/._‘:ﬁ\
Type of vessel: ship ;;; barge

Total number of cargo tanks 27

Vessel size (DWT) 27 T

Prior Cargo Information

Prior cargo Ay S e

Prior cargo RVP U '

Where unloaded i)' .. ueen 4T s R
Date unlocaded ~ R

Does cargo tank have stripper lines o

Vessel In-Trarsit Conditions

Type cleaning and/or ballasting for each tank

Open or closed hatches LR L et Caa
Ratings on PV valve ,
Time at sea -

Prepared by:
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet II1T

Recorded Data

Date /A”%. e Product Loaded f%i; S et
Cargo Tank No ’ vz ::. Loading Rate Srm—— = S
I. Hydrocarbon Profile Prior to Lo3ding
% LEL % Gas

Bottom 2

Middle o]

Top (deck level) -
II. Vapor Blanket Depth

—‘:;.-"::’ -

A. At Lower Level,of Tank

% LEL

Time | Ullage (ft) %-Gas }Vapor T("F) ! Liquid T(°F)
SNELANE . £ 7- /’
G laT) AR - - - o T
Sisal =7 - -l ' -
S-'::- : . a - }3 L , .
ST;",- 2/ - e

B. At Upper Level of Tank
.’/If:';(i.u-l'

Time | Ulldge (ft)] % LEL | % Gas | Vapor T(°F) ] Liquid T(°F) i
A 7' <& =R T /
.-'k :o” ;"{0 “ [C‘;‘ > -
.‘". ) - /‘;_- B 3 /‘

£ r
.;_ :ﬂ
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Date

I.

II.

Ermwr s

4"'7#.\

RADTAN MARINE TERMINALS TEST PROGRAM

Data Sheet 1II
Recorded Data

14

Product Loaded $

-

# Lo o= -adic] LT spr dors
Cargo Tank No ‘ij} Loading Rate
Hydrocarbon Profile Prior to Loading
_% LEL_ _% Gas
Botcom
Middle
Top (deck level)
Vapor Blanket Depth
A. At Lower Level of Tank e
Zisid e
Time | Ullage (ft) ]| % LEL | % Gas | Vapor T("F) ;Liquid T(°F) ARSI FONRTS
A 7 | ] ’°
i +3 J¢ | 2 2
ST 3 2e 2 2
S o 3= S ’
B. At Upper Level of Tank
’w/-\___-_ I‘,f.‘r
Time | Ullage (fr)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F) phs i [1riee <
Q" /2 27 2& %~ 7’
y A L e 22 ' S’
Gl < G s g R
A ;! 3 ‘ J/
Q.7 /o7 29 °I°F PELF .
L 3T 2 . 27
I..'_:L g ! =
kR i ? ;
AT i . -




Date

II.

RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III

Recorded Data

/ . - Product Loaded L e ",,,,,,"
Cargo Tank No 4P Loading Rate <., %0
Hydrccarbon Profile Prior to Loading
% LEL % Gas
Bottom
Middle
Top (deck level)
Vapor Blanket Depch
A. At Lower Level of Tank — -
VAl X-1 SR Lo
- - - : -2 Ve ie mur fa
Time | Ullage (ft) | %-LEL }% Gas |Vapor T(" F)JngLn.d T(°F) A=/t Tvrie—
Sous 3a’ 2 | 7~ °F s
Senol 277 / ' o
Tiis | - L. 1 e 27
B. At Upper Level of Tank _ .
Time | Ullage (ft)]| % LEL | % Gas | Vapor T(°F) | Liquid T(°F) . s5:%- ,.é./’-
WAl 2 Al 77 A
L . A &
n J', I ‘e A et z
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Date /i'/:cu 2& Product Loaded . .,
Cargo Tank ‘No S 2 Loading Rate
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom G
Middle o) e
Top (deck level) >
—_
II. Vapor Blanket Depth
A. At Lower Level of Tank
Time | Ullage (ft) | % LEL {%Z Gas | Vapor T(°F) } Liquid T(°F)
oy 4C 2~ 2>
ez R P 2-.
Soil 3 T A

RADIAN MARINE TLRMINALS TEST PROGRAM

Data Sheet III

Recorded Data

B. At Upper Level of Tank

Time

Ullage (fr)

% LEL | % Gas

Vapor T(°F)

Liquid T(°F)
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet III
Recorded Data

—

/ , = ‘:'v—_' P
Date S 22 /iy Product Loaded _//3e2/: 1
Cargo Tank No Y 2c Loading Rate oo 27 o
I. Hydrocarbon Profile Prior to Loading
X LEL % _Gas
Bottom ye
Middle 2/
Top (deck level) =/
O - 82 CF
II. Vapor Blanket Depth Qo - £ 2 7K

A. At Lower Level of Tank

Time | Ullage (ft) | Z LEL | % Gas | Vapor T(°F) ;Liquid T(°F)

SR R Rk =YW

—2 2 - oot 29 1 7/ .
227 3! 2o [l 2 Xt
Z2'2Ll 4 2 yIx Ci=fe
ot | 2 ce | /1O Tl
AT S R 2l /= P,
2,52, 27 2 /2 e
Dy ) . 2 LR
KA~ T 2SS Jo =
3003 2 37 /0L

o == £3 o8

B. At Upver Level of Tank

-] s o
Time Ullage (ft)| %2 LEL | 2 Gas | Vapor T(°F) | Liquid T(°F)
¢ -, ’ ’, - P o Vo~ o
LT3 172 & 2 = >77 Rl
L 2C 174 n= i
. rd - " -
_71 9—;’ /.-‘ (Sed ;
‘ N N 7 _&.T f.":' " - A -
PRI 7 /_;"‘ /rL) 3D =, 7 ' ‘. ‘ dotel
L ’-’..“f" T S. -? B
.7"'7_ - . _7 -, "
N —= -~ g - -
o ! . = i - - )
o f
.- = - LI ’ . ' . D
tac — -
e L D N ¢ v,
L 2 ,
T =7 sz = ‘.
r S c v
- . . ! ~ -
=077 . ror ~er
c/e : T L
[P 007 ."' o

VI-36



RADIAN MARINC TERMINALS TEST PROGRAM

Data Sheet III

Recorded Data

Date /f_? S Product Loaded 2PN ) g s
Cargo Tank No . 7 Loading Rate
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom o 22
Middle zr

Top {(deck level)

II. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullage (ft) | % LEL | % Gas |Vapor T(°F) ;Liquid T(°F)

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL { % Gas | Vapor T(°F) | Liquid T(°F)
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SAMPLING TRIP REPORT

Gasoline Loading - Exxon's Port Everglades

On 3 June 1976 David Colley and Clint Burklin visited
the Exxon port facilities in Baytown, Texas for the purpose of
measuring hydrocarbon emissions during the loading of Exxon's
ocean barge; the Port Everglades. The Port Everglades is a
barge in that it is pushed by a detachable tugboat, however it
is as large as many tankers. Its tanks have 43 ft ullages, and
the barge's size is 30,000 DWT

The Port Everglades had just returned from a delivery
of motor gasoline to Tampa, Florida. Tanks 1 center, 3_port, and
3 starboard were ballasted on the return voyage. The return
voyage took 4 to 5 days. None of the empty cargo tanks had
been cleaned. Because of limited crew availability, tank
cleaning and vapor freeing is not a standard practice on ocean
barges.

Products were loaded onto the Port Everglades in much
the same manner as tanker loadings Ballast water was completely
discharged prior to taking on products. The ship to shore con-
nection was made with 8" -10" rubber hoses. Three products were
loaded simultaneously at individual pumping rates of 10,000 bbl/hr.

The Port Everglades is equipped with automatic ullage
gauges, all of which were in good working condition. Each gauge
window was equipped with an internal windshield-wiper for re-
moving condensate. These ullage gauges worked well, and were
used by the crew for monitoring tank levels. However, each tank
was topped of visually by sighting through the ullage caps.

The sampling data taken by Mr. Colley and !r Burklin

are presented on the following data sheets.
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet 1
Survey of Shore-Side Information

General Information

Date \TLW/ 197 ( 2
Name of vessel E;rxg}_7L 5qg£f k:b%hﬁz/46035

Terminal E’/XKM ﬁﬁ#%"wﬂ”" KLﬁfﬂ.l a4 D&P/S

Product(s) loaded 5&‘1{(/ E :gZQ ([u{ﬁ,;ZZ/Z Gueed gZ@;g{g{gy (L;-&s;/ﬂq{

Terminal Information

Storage tank number ¥ ¥ . PR .ﬁ]j /

Storage tank size

Type of roof

Length of time sctored

Tank color; age ,

Storage temperature

Pump type

Pump size

Pumy nominal rate _ /! 24/ béﬁéét Vindx  2le pdiegd

Ambient Corditions

— sv
Air temperature 75— 0%

Weather conditions 1QJ¢4&/ [ OIS pupl
a

Prepared by: D/;,, ' i‘ C(, [/{714
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RADIAN MARINE TERMINALS TCST PROGRAM
Data Sheet II

Survey of Vessel Information

General Information

pate __ J (s, 3 [27¢C

Name of vessel AEZ;;Cry_ fzgﬁwfj Ezb%%hgﬂidéés

Type of vessel: —ship— 54n4§%7bargg oo
Total number of cargo tanks / | 2

Vessel size (DWT) ’35}4&0@

Prior Cargo Information

E ;(%¢55KZ¢

Prior cargo RVP

Where unloaded T gwpa Flepida
1 7 ]

Date unloaded

Prior cargo

Does cargo tank have stripper lines VED

/

Vessel In-Transit Conditions

Type cleaning and/or ballasting for each tank

JnaUm{{tﬁ ML LC'/ U/M.‘& 3 wn,vizi

Open or closed hatches

Ratings on PV valve ,

Time at sea

Prepared by: l:)gjl_ilﬂ /jﬂ£Zi%/
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Date ;THAAAf

RADIAN MARINE TERMINALS TEST PROGRAM

a7,
J

Data Sheet III

Recorded Data

Product Loaded

Cargo Tank No

Loading Rate

R cxdings tabcon 3-Ulos afie Ll oty o

I. Hydrocarbon Profile Prior to Loading
% LEL
Bottom
Middle

Top (deck level)

y

% Gas

1I1. Vssor—Blanker _Death f+7qi¢fa¢«gwn Fbv{k[e, Prisr Yo L,ca4fff7

Av——rt—tower-—Ttevedr—of-Tank Tk |C
Time | Ullage (ft) | Z LEL ! % Gas |Vapor T(°F) |{Liquid T(°F)
5 RN l
[ 45 | b
zz " | /2
25 S
2267 P,
= | 3
35 L 35
qUg’'3” | 3¢
1
i L
. |
| i
B—At-Uppertevel of-Tamk | ank [ S
_Time | Ullage (ft)| % LEL | Z Gas | Vapor T(°F) | Liquid T(°F)
9 i
o 9
Z¢ 9
=Ry L0
4 LL
43 I
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RADIAN MARINE TERMINALS TEST PROGRAM

Dara Sheet III

Recorded Da:ra

Date Product Loaded

Z;A«Lr B 127¢

Cargo Tank No Loading Rate

R ead; ) ‘h‘-jf-fd& D¢ hrs 4'«#“%‘ czlﬁba,é(Aa'r"{,f

1. Hydrocarbon Profile Prior to Loading — Tawk 1F>
LIt (Fﬁ % LEL % Gas
Bottom F 43 {2
Middle 25 11

Top {deck level) & 5 9

IT.

xq@+%hmhxﬁkg$——ﬂyﬂwu»hhtPnﬁﬂé Pm;wﬁcL@wiwy

A. AcLewer—tevetofFank Tauwl 2 C

Time | Ullage (ft) | % LEL | % Gas |Vapor T("F) jLiquid T(°F)
5 ' 2 {
15 [
S0 =z
43 =2
B. At Upper Level-of-Tenk JTawk Z F
Time | Ullage (ft)] % LEL | Z Gas | Vapor T(°F) | Ligquid T{°F)
S wal)
| g zZ 2
g3 2.2

VI-44



RADIAN MARINE TERMINALS TEST PROGRAM

Date __ , .2 2 (37606
L

Data Sheet III

Recorded Data

Product Loaded

Cargo Tank No

Loading Rate

Re,a.,d‘fm?S faltew 3-¢ bors ac,":‘(—f-« c@[aa(/av%‘;y

I. Hydrocarbon Profile Prior to Loading Tawl 3.
% LEL
W Hege —_—
Bottom 473 = lCC
. 39 c
Mlddle ) g' ; Z ‘) "
Top (deck level) 9 > 1C¢

% Gas

la
e
] ¢

{r

II. Vapor—Blanket-Denth H-/stwém Pm{;/d /7A£o=~r ¢ L@M(LLL‘V

A—at—tower—Ttevel—of-—TFank T [ D

Time | Ullage (fc) | % LEL | %Z Gas |Vapor T(°F) }Liquid T(°F)
< 5| 2
25 S X 2.
Sl Lo s
G ~i&e /1
TZ >18a (2.

B——Artmrr Teve T arTmk Tawld 3 S

Time | Ullage (ft)| % LEL | % Gas | Vapor T(°F) | Liquid T(°F)
=z =C [
> T ~got 3
=S > Lo <
! 7 2100 7
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RADIAN MARINE TERMINALS TEST PROURAM

Data Sheet III

Recorded Data

Date Product Loaded

IL'-//\/ BJ 197 ¢

Cargo Tank No Loading Rate

R W(,?ujj dale en T Y fiws av\t‘(-iv i&/w{(a%fé/

I. Hydrocarbon Profile Prior to Loading - Tt ¢C
Litlage (%) % LEL % Gas
Bottom 2 20
Middle zs =z
Top (deck level) 5 z o

II.

¥apor Blanket Depch. H/:L,»-g l«:uféo% e )C;/(", I7niovr te L&c:.{{( &17

—&r—Tkefbcwer—tevei—of-Tznk T awlc q S

-Time | Ullage (ft) | % LEL | %Z Gas |Vapor T(°F) |Liquid T(°F)
231 32
& 52
349 232
30 3 2
z2.5” Z 7
zC S
L a0 2

B=At—Hppertever o Tank (ewk (7

Time | Ullage (ft)] % LEL | % Gas | Vapor T(°F) | Liquid T(°F)
d =
55 34
r o Tl
2. C 3¢
[ 5 15
[ C [ e
= L
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RADIAN MARINE TERMINALS TEST PROGRAM

¢
Date Jilie Zf 1976

Data Sheet III

Recorded Data
]

Product Loaded EK)(GM R Y%/ Lv[W

Cargo Tank No [ C Loading Rate Yro ‘é &
I. Hydrocarbon Profile Prior to Loading
_X LEL _% Gas_
Bottom 35
Middle 14
Top (deck level) (C
II. Vapor Blanket Depth

Prclie
Time | Ullage (fr) | £ LEL | % Gas |Vapor T(°F) {Liquid T(°F) KM a:jkf’ﬂbz¢ .
gt
165 | Gz =z <3 127 '
£624 %r 35 X3 /C
€c33 g 39 X2 q
€39 3y 35 vl 4
Lecdz 27 29 X1 7
oL 49 6 35 X0 6
t © 55 35 =5 39 5
0] &t 3y 3¢ D 4
L1164 33 a7 37 3
£i12 32 4 70 2
€Lt 7 3 - 27 !
B. At Upper Level of Tank
[Fshe
Time | Ullage (ft)| % LEL | Z Gas | Vapor T(°F) | Liquid T(°F) N+t Ab u-eLfg.uﬁ{
ozio| 22 ﬁﬁ?— i
fz3p 19
sbef SR 1v;
sivud e3U7 | L 3¢
S T— 03 TY 5 DY
3WEM¢L It__——— _
o Lpuid hde IF"& £son Ao 56
Yo (‘,'rrbﬂ{' L pT EpiF I 3=
¢2
Vo How 2 [y
tabe Yank 35
ol

A. At Lower Level of Tank — F’a_wf’ (.w'.{'fa/( I&‘a-z—’
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RADIAN MARINE TERMINALS TEST PROGRAM

Data Sheet II1I

Recorded Data

Date _ J ... % (G4~ Product Loaded & ,-.- -~ |2 _;,,LL/-_,
Cargo Tank No l | S Loading Rate /fjAg;ﬂﬁ Aajnfqﬂf
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bottom
Middle

Top (deck level)

II. Vapor Blanket Depth

A. At Lower Level of Tank

ol e
Time | Ullage (ft) | % LEL | % Gas | Vapor .T("F) | Liquid T(°F) F;Pnab3v4,¥¢ Surke.
CYEy |- —-Dbore ]t | Glp. 7Y - & ’
¢ <& 25 A - } o e 5
e4lz 3¢ [ &
cYye-1- =3 L2 J
ca {1 =2 r \ z
qub 3 &4 Z M ]

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL | %Z Gas | Vapor T(°F) | Liquid T(°F)
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RADIAN MARINE TCRMINALS TEST PROCRAM

Data Sheet ITI1
Recorded Data

i~ /
Date TLL;J G a7 Product Loaded (& <o~ /{,0) bjd_/ﬂ./CL
T
Cargo Tank No 22 Loading Rate
I. Hydrocarbon Profile Prior to Loading
Cl"',jgﬁc"] _% LEL _%ﬁ.s_

Botrom ez > C 0 ;2

Middle 9 > X prdl

Top (deck level) 5 S| >

II. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullage (ft)} % LEL | % Gas |Vapor T(°F) :Liquid T(°F)
|
| |
1
i
|
B. At Upper Level of Tank .
Prelee
Time Ullage (ft)] Z LEL | Z Gas | Vapor T(°F) | Liquid T(°F) M albeee {‘gtu-u!
L1227 K ¢ K4 7
L33 Y ¢t 1 y
CL3y ‘7 b 7
14z 1 g -
K 7 L9 5
'3 IUL Lq P, I_ (78
S Aadid {3 & (a "
L52 2 3’;{: 2
N 3 (. Z :
1
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RADIAN MARINE TERMINALS TEST PRCGR.I

Data Sheet III (Cont.)

Recorded Data

Date J(A/LfLLL “ |97 G Product Loaded L'f,c;cn,\ C(VL(LL/{.(A
Cargo Tank No 13 N Loading Rate

II1II. Hydrocarbon Concentration on Vented Vapors

Time Ullage (fr) | % LEL | % Ges | Vapor T(°F) | Liquid T (°F)
Emptv
55
50
45
40
} 35
30. l !
£2.5T Z 10 SC Z
€254 @ s | s¢ | = |
£25%5 B ¢ [ & 2
ezs? B )3 2o | 4
CJEe B )2 ¢
€ 3¢3 B C.a’
€39 10 | Z
£ 3c7 9 Z |
e31lc 8 4]
£312 7 49
¢ 315~ 6 S
5
4
3
2 N
1 | |




SAMPLING TRIP REPORT

Gasoline Loading - Exxon Barge No. 119

On 15 June 1976 David Colley and Clint Burklin visited
the Exxon port facilities in Baﬁtown, Texas for the purpose of
measuring hydrocarbon emissions from the loading of gasoline

onto barges.

The Exxon Barge No. 119 is a typical product barge with
6 cargo tanks 12 ft. deep. At the time, E.B. 119 was in
dedicated service delivering gasoline to facilities along the
Houston Ship Channel. For these gasoline loading tests, the
E.B. 119 had returned from unloading gasoline just two hours
previously. The short elapse time between unloading and loading
operations for EB-119 have potentially lowered its loading
emissions.

The sampling data taken by Mr Colley and Mr. Burklin
are presented on the following data sheets.
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RADIAN MARINE TCRUINALS TEST PROGRAM

Data Sheet I
Survey of Shore-Side Information

General Information

Date ] (inp. 1S, 1976

Name of vessel i YDawye MNe 119

Terminal = g(gmmbfuluul @Q,}’:{‘My‘[/ Dca(’,ks
Product(s) loaded 2 4

Terminal Information

Storage tank number

Storage tank size

Type of roof

Length of taime stored

Tank coler; age

Storage temperature

Pump type

Pump size

Pump nominal rate

Ambient Conditions

Air temperature S0°K
Weather conditions ﬂ¢¢¥4173ﬂ33ﬁﬁ, o[- (ﬁ’,uﬂb_ Vulm/l
{ [ B

Prepared by: D(;!QA(& (}/Q /7£7//
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RADIAN MARIME TZEMINALS TEST PROGRAM

Data Sheet II

Survey of Vessel Infcrmation

General Informaticn

Date ___Jinqy |S 1476
Name of vessel £ .yvian Donce Me. [ 4
Type of vessel: ship / barge ¢

Total number of cargo tanks [, v wllage < (2
Vessel size (OWT) !

Prior Cargo Infornation

Prior cargo AJde?r c,a;;g/WAp

Prior cargo RV?

Where unloaded HCJQf#DV~ ‘ijrcgs
Date unloaded Juece J4 14726
]

Does cargo tank have stripper lines

Vessel In-Transit Condicions

Type cleaning and/or ballasting for each tank

we oleaniua
Open or closed hdéches

Ratings on PV valve s

Time at sea 2 litbes

Prepared by: J’UM‘({ é&/&;[
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RADTAN MARIKE TCRMINALS TEST PROGRAM

Data Sheet III

Recorded Data

Date ;YLL¢~Q/ 1S 1972 s Product Loaded
Cargo Tank No 414[2/ Loading Rate
I. Hydrocarbon Profile Prior to Loading
% LEL % Gas
Bot tom rz./uﬂaj4i 2
Middle

Top {(deck level)

1I. Vapor Blanket Depth

A. At Lower Level of Tank

Time | Ullage (ft) | % LEL | % Gas |Vapor T(°F) ;Liquid T(°F)

B. At Upper Level of Tank

Time | Ullage (ft)| % LEL | % Gas | Vapor T(°F) | Liaui~ T(°F)
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RADIAN MARINE TTRMINALS TEST PROGRAM

Data Sheet 1I1 (Cont.)

Recorded Data

T s 1391776

Cargo Tank No

z 1°

Product Loaded

Loading Rate

Hydrocarbon Concentration on Vented Vapors

Time Ullage (ft) | Z LEL | % Gas | Vapor T(®F) | Liquid T (°F)
Empty
55
50
45
40
35
30
25
20
18
16
14
£30g 2 >ieC o % |
0317 10 ~ee | & g |
£314. 9 | © 7|
£323 - 8 15 30
0337 7 23 K¢
C3¢g 6 3¢ YA
350 5 42 gc
E35s 4 D 3L
3 53 £2 7%
2
1
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APPENDIX VII

INDEPENDENT ANALYSIS OF VAPOR RECOVERY SYSTEM COSTS
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INDEPENDENT ANALYSIS OF VAPOR CONTROL SYSTEM COSTS

1.0 INTRODUCTION

In the course of conducting this program to investigate
the control of hydrocarbon emissions from marine terminal oper-
ations it has become evident that cost is a major issue in eval-
uating the feasibility of available emission control technology.
Vendor and oil company cost estimates differ significantly on the
cost to install a safe reliable wvapor control system. In an
attempt to place these wide cost ranges in perspective, the EPA
has contracted Radian to conduct an independent analysis of vapor
control system cost data.

Radian's approach to the cost analysis was to prepare
a detailed design of each of the farine transfer vapor control
systems likely to be installed in the Houston-Galveston area, and
to have these designs costed by a cost estimating consultant ex-
perienced with the installation of hydrocarbon processing equipment
in the Houston-Galveston area.

The two vapor control systems most likely to be installed
in the Houston-Galveston area are the refrigeration system and the
absorption system. The refrigeration system recovers by conden-
sation at cryogenic temperatures. The absorption system recovers
hydrocarbons from marine transfer vapors by absorption into a lean
0oil. This lean oil is normally a refinery product stream.

Because several sizes, types, and arrangements of equip-
ment may be used to construct vapor control systems, the systems
to be costed in this study were separated into basic components or
modules which were costed individually. These modules represented
the most common sizes and processing configurations expected to be
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encountered in the Houston-Galveston area. Radian was able to
investigate the economic impact of size, equipment selection,
and processing configuration by investigating the individual
contribution of each module to the total system cost.

The engineering-construction firm selected by Radian
Corporation to estimate the cost of marine vapor control systems
was Ref-Chem Corporation of Odessa, Texas. Ref-Chem Corporation
is widely experienced in the engineering, construction, and main-
tenance of chemical and petroleum processing units in the Texas
Gulf Coast area.

Sections 2.0 and 3.0 of this appendix discuss the design
and cost results of a refrigeration vapor recovery system and of
an absorption vapor recovery system.
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2.0 REFRIGERATION SYSTEMS

2.1 Cost Basis

This section presents the refrigeration unit design
which provided the basis for the cost estimates generated by
Ref-Chem Corporation.

Refrigeration vapor recovery systems recover hydrocarbons
from marine loading vapors by condensation at cryogenic tempera-
tures and at atmospheric pressure. Figure 2.1-1 presents the
flow diagram of a typical refrigeration vapor recovery system.

For simplification the refrigeration vapor recovery system has
been..divided into six distinct components termed modules. Module
A consists of the equipment requiréd to transfer hydrocarbon vapors
collected onboard marine vessels to the shoreside vapor recovery
system. This ship-to-shore connection is normally effected by

the use of either a large diameter hose or by a marine loading arm.
Module B consists of the vapor collection lines which convey hydro-
carbon vapors from the ship-to-shore connector to the vapor con-
denser unit. Module C is the wvapor condenser. In the vapor con-
denser, hydrocarbons and moisture are condensed from the hydro-
carbon vapors yielding a purified air stream containing less than

5 volume percent hydrocarbons. Recovered hydrocarbons and water
are returned to the refinery. The lines conveying refrigerant
brines and fluids from the refrigeration unit to the condenser
compose Module D. Module E is the package refrigeration unit
which provides the refrigeration capacity for the condensers.
Module F comprises all of the utilities required to operate the
vapor recovery system.

Each of these vapor recovery system modules has also
been separated into several cost cases which address the cost of
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MODULE A MODULE B MODULE C MODULE D MODULE E MODULE F

SHIP-TO-SHORE VAPOR COLLECTION CONDENSOR REFRIGERENT REFRIGERATION SYSTEM
CONNECTION LINE UNIT LINES UNIT UTILITIES
AIR VENT

| GASOLINE VAPOR REFRIGERENT LINES eSS
)- A CONDENSER REFRIGERATION UTILITIES
Vol UNIT -
‘.I-"‘-' -.-‘.\
S | {
RECOVERED RECOVERED
WATER TO PRODUCT TO
SEWER REFINERY

FIGURE 2.1-1 REFRIGERATION VAPOR RECOVERY SYSTEM



different module sizes or module configurations. These cost
cases are characterized by the following module discussions.

Module A: Ship to Shore Connection

Module A consists of the equipment required to transfer
hydrocarbon vapors collected onboard marine vessels to shoreside
vapor recovery units. In cost cases Al, A2, and A3, a 50 ft.
long flexible (yet not collapsible) hose is used for the ship-to-
shore connection. The hose is constructed of a gasoline vapor
resistant material and terminates on each end with a standard
SCH 40 flange. The hoses for cost cases Al, A2, and A3 are sized
for ship loading rates of 12,500 bph, 25,000 bph, and 50,000 bph,
respectively. The cost of an air driven hoist for hose handling
is also included in each of these three cost cases.

Cost cases A4, A5, and A6 are the cases employing a
hydraulic-actuated loading arm to achieve the ship-to-shore con-
nection. Loading arms for the three cases are sized for ship
loading rates of 12,500 bph, 25,000 bph, and 50,000 bph respectively.
The cost cases include the costs associated with construction on
crowded existing marine loading docks

Module B: Vapor Collection Line

Module B investigates the cost of the equipment required
to convey hydrocarbon vapors from the ship-to-shore connector
(Module A) to the vapor recovery unit (Module C). Cost cases Bl,
B2, and B3 address the cost of installing short runs of vapor
collection piping from the ship-to-shore collector to dock mounted
vapor condensers. Pipe fittings, pressure alarms, and safety
equipment are included in the cost. The three cases are sized
for ship loading rates of 12,500 bph, 25,000 bph, and 50,090 bph,
respectively.
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Cost cases B4, B5, and B6 address the cost of installing
1000' runs of vapor collection piping from the ship-to-shore con-
nector to centrally-located, shared vapor condensing units. Pipe
fittings, pressure alarms, safety equipment, and condensate drains
are included in the cost. The three cost cases are sized for ship
loading rates of 12,500 bph, 25,000 bph, and 50,000 bph respec-
tively.

Module C. Vapor Condensing Units

Cost case Cl, C2, and C3 investigate the cost of install-
ing dock mounted vapor condensing units for ship loading rates of
12,500 bph, 25,000 bph, and 50,000 bph, respectively. Costs include
purchase, transportation, and mounting of the units on crowded
existing docks. It was assumed that a barge mounted crane was
needed for the construction work.

Cost cases C4, C5, and C6 investigate the cost of install-
ing centrally-located, shared condensing units located inland from
the docks. These cases are sized for ship loading rates of 12,500
bph, 25,000 bph, and 50,000 bph respectively.

Module D Refrigeration Lines

Module D investigates the cost of installing refrigerant
and defrost fluid piping between the refrigeration unit and the
condensarion units. The piping materials were selected to with-
stand exposure to methylene chloride, glycol-water, and trichloro-
ethylene fluids at temperatures down to -100°F. Pipe insulation
specifications met the requirements provided by the refrigeration
unit manufacturer. Two additional pipelines were included in the
Module D design for conveying condensed water from the condenser
to the refinery wastewater systems and for conveying condensed
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hydrocarbons from the condenser to refinery product storage tanks.
Cost case D1 represents the cost case for centrally-located,
shared condensers and specifies pipe lengths of 100 ft.

Module E: Refrigeration Units

Module E investigates the cost of purchasing and in-
stalling the refrigeration units which supply the cooling capacity
for the vapor condensers. Costs included in Module E are purchase
and transportation of the refrigeration units, preparation of the
refrigeration unit site, removal of the units from transport trucks
to their foundation, and connection of utilities and piping to the
units The refrigeration unit sites consist of curbed concrete
foundations, sidewalks, lighting, fire water supply, and spill
drains. Cost cases El, E2, and E3 represent refrigeration units
sized to control ship loading rates of 12,500 bph, 25,000 bph, and
50,000 bph respectively.

Module F: Utilities

Module F comprises several miscellaneocus utility items
which will be necessary in the installation of a refrigeration
vapor recovery system. Cost case Fl addresses the cost required
to install sumps, drains, and sewers for the removal of spills,
runoff, and wastewater. Process water lines are included in this

cost case. The length of the utility lines in Cost case Fl are
3000 ft.

Cost case F2 addresses the cost for expanding the local
electrical substation capacity by 2 megawatts. The voltage re-
duction was assumed to be from 12.8 kv down to 480 v.
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2.2 Cost Estimates

Table 2.2-1 presents the cost estimates generated by
Radian Corporation for the installation of a completely operable
refrigeration vapor recovery system in the Houston-Galveston area.
These cost estimates are based on the refrigeration vapor recovery
system design basis developed by Radian Corporation which was out-
lined in Section 2.1. 1In developing the cost estimates for each
cost case, Ref-Chem Corporation considered four cost centers.
These cost centers were.

« Direct costs

« Indirect costs

+ Contingency allowances

- Contractor fee for overhead and profit

Direct costs include expenditures for labor, materials,
equipment and subcontractors used in constructing the various
modules. Indirect costs include equipment rentals, consumable
supplies, temporary facilities, support labor, and move in - move
out. A contingency cost was added to the estimate to provide
allowances for cost items not considered elsewhere.

A major cost item not included in the cost estimates
is engineering and design. Consultation with several industrial
sources indicate that engineering and design work on chemical
processing facilities will characteristically cost approximately
10 percent of the construction costs.
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TA3LZ 2 2-1
CONSTRECTION COST ESTIMATES FOR THE
REFRIGERATICN 7AP0R RECOVERY SYSTZ!f COVPONZIWTS (1278

Icem Cost (3)
Module A Saip-zo-Snore Conneccion
Case 1 Rusper hose 22,300 oon 19 000
Case 2 Ruober nose 25,000 bpa 20,000
Case 3 Ruober aosa 50,000 bSpa 21,000
Case % Loaarnz arm 12,500 bon 53,200
Case 5 Loading arm= 25,000 Son 77,000
Case % Load:ng arm 50,000 oson 34,000
focule 3 Vagor Colleccion Line
Case 1 Cn :he doc< concenser 12,300 >s3n 3,000
Case 2 On :zae Zdock condensar 25,000 b5Son 12,200
Case 3 On the zock condemser 30,000 oon 24,900
Case & Cencral condenser 12,300 5ph 25,000
Case 3 Cenzral concanser 25,300 boh 173,200
Case & Cenzral concenser 50,200 2pa 253,000
Yfodule C Yapor Condensing ni:s
Casa 1L Locaced on :the cock 12,500 »5n 35,000
Case 2 Locazed on zhe zocx 25,90C bpr 153,000
Case 3 Locaced on che cock 530,000 opn 324,000
Case 4 Locataed cencrally 12,500 5Son 37,200
Case 5 Locacad centrally 25,000 opn 155,0C0
Case § Locazac cerzrail:s 30,000 bon 324,000
AJocule D Refrizerenc Lines
Case 1 On zne dock concenser 193,000
Case 2 Cenzral condenser 34,000
‘fodule = Refrigeraton nit
Case 1 12,300 bpon 443,000
Case 2 25,200 »sph 839,000
Case 3 50,000 »non 1,623,000
Module ¥ Utilizies
Case 1 Vater, was:ewater, anc prodic:
lines zo :the relinery 91,260
Case 2 Ziec:ric sudstartion 26,000
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2.3 Cost Analysis

The cost of candidate refrigeration vapor recovery
system arrangements for construction in the Houston-Galveston
area can be analyzed by compiling the appropriate cost estimates
for refrigeration system modules presented in Section 2.2.

Table 2.3-1 presents the comnstruction costs for five candidate
refrigeration systems. A comparison of the costs for System I

and for System II indicate that the impact of minor equipment
substitutions such as the use of rubber loading hoses instead of
automatic loading arms has very little overall impact on the

total cost for a refrigeration vapor recovery system. In additionm,
a comparison of costs for individual dock mounted condensers
(System I) and costs for centrally located common condensers
(System III) indicate that the individual condensers are approx-
imately 107 more expensive. It has been suggested that individual

condensers are much safer than common condensers.

Table 2.3-2 compares the cost of five potential refrig-
eration systems on a relative size basis. As expected, the costs
for larger vapor recovery systems are lower on a unit capacity
basis than the costs for smaller systems The 12,500 bph system
is projected to cost $806,000 pér 17,000 bph and the 50,000 bph
system is projected to cost $775,000 per 10,000 bph. However,
the estimated cost range between the least expensive and most
expensive refrigeration vapor recovery system applicable to the
Houston-Galveston area on a capacity basis is approximately 10%.
The cost of all of these systems can be approximated as $800,000
per 10,000 bph of capacity.
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TABLE 2.3-1
COMPARISON OF COSTS FOR REFRIGERATION VAPOR
RECOVERY SYSTEMS

System I. Two individual dock located condensers with a
capacity of 25,000 bph each and a central re-
frigeration unit with a capacity of 25,000
bph Automatic loading arms.

Unit

Item Cost No. Cost
A-5 77,000 2 154,000
B-2 13,000 2 26,000
C-2 163,000 2 326,000
D-1 193,000 2 386,000
E-2 839,000 1 839,000
F-1 91,000 1 91,000
F-2 26,000 1 26,000

TOTAL LESS ENGINEERING 1,848,000

GRAND TOTAL $2,033,000

System II: A 25,000 bph system with individual dock condensers
identical to System I except for the use of rubber
hoses on the ship-to-shore connection.
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TABLE 2.3-1 (cont'd.)

COMPARISON OF COSTS FOR REFRIGERATION

VAPOR RECOVERY SYSTEMS

Unit
Item Cost No. Cost
A-2 20,000 2 40,000
B-2 13,000 2 26,000
Cc-2 163,000 2 326,000
D-1 193,000 2 386,000
E-2 839,000 1 839,000
F-1 91,000 1 91,000
F-2 26,000 1 26,000
TOTAL LESS ENGINEERING 1,734,000
GRAND TOTAL $1,907,000
System III Central 25,000 bph condenser and refrigeration unit
servicing two docks. Automatic loading arms.
Unit
Item Cost No. Cost
A-5 77,000 2 154,000
B-5 175,000 2 350,000
C-5 165,000 1 165,000
D-2 34,000 1 34,000
E-2 839,000 1 839,000
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TABLE 2.3-1 (cont'd.) COMPARISON OF COSTS FOR REFRIGERATION
VAPOR RECOVERY SYSTEMS

F-1 91,000 1 91,000
F-2 26,000 1 26,000
TOTAL LESS ENGINEERING 1,659,000
GRAND TOTAL $1,825,000

System IV: Four individual dock located condensers with a
capacity of 25,000 bph each and a central refrigera-
tion unit with a capacity of 50,000 bph. Automatic
loading arms

Unit

Item Cost No. Cost
A-5 77,000 4 308,000
B-2 13,000 4 52,000
Cc-2 163,000 4 652,000
D-1 193,000 4 772,000
E-3 1,623,000 1 1,623,000
F-1 91,000 1 91,000
F-2 26,000 1 26,000

TOTAL LESS ENGINEERING 3,524,000

GRAND TOTAL $3,876,000
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TABLE 2.3-1 (cont'd.) COMPARISON OF COSTS FOR_REFRIGERATION
VAPOR RECOVERY SYSTEMS

System V: One individual dock located condenser and a refrigera-
tion unit each with a capacity of 12,500 bph.
Automatic loading arm.

Unit

Ltem Cost No. Cost
A-4 68,000 1 68,000
B-1 8,000 1 8,000
Cc-1 85,000 1 85,000
D-1 193,000 1 193,000
E-1 445,000 1 445,000
F-1 91,000 1 91,000
F-2 26,000 1 26,000

TOTAL LESS ENGINEERING 916,000

GRAND TOTAL $1,008,000
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TABLE 2.3-2

SUMMARY OF EXAMPLE REFRIGERATION VAPOR

RECOVERY SYSTEM COSTS

Cost Capacity Relative Cost

System S bph $/10,000 bbl
System I 2,033,000 25,000 813,000
System II 1,907,000 25,000 763,000
System III 1,825,000 25,000 730,000
System IV 3,876,000 50,000 775,000
System V 1,008,000 12,500 806,000
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3.0 ABSORPTION SYSTEMS

3.1 Cost Basis

This section presents the absorption unit design which
provided the basis for the cost estimates generated by Ref-Chem
Corporation.

Absorption vapor recovery systems remove hydrocarbon
vapors from marine loading vapors by absorbing the hydrocarbons
into a lean o0il stream. The system selected by Radian Corporation
for detailed cost analysis utilizes a tray absorber for the oil/
vapor contactor. The system operates at near atmospheric pressure
and boosts the lean oil absorptivity by chilling the lean oil to
40°F. Figure 3.1-1 presents the flow diagram of an absorption
vapor recovery system.

For simplification the absorption vapor recovery system
has been divided into eight distinct components termed modules.
Module A consists of the equipment required to transfer hydrocarbon
vapors collected onboard marine vessels to the shoreside vapor re-
covery system. This ship-to-shore connection is normally effected
by use of either a large diameter hose or by a marine loading arm.
Module B consists of the vapor collection lines which convey hydro-
carbon vapors from the ship-to-shore connector to the vapor absorp-
tion column. The lean o0il absorber and directly associated equipment
compose Module C. Module D consists of the piping, valves, and
pumps required to transport lean oil from the refinery storage area
to the vapor recovery system. Module E is the refrigeration unit
which is used to chill the lean oil prior to its introduction to
the absorber. The air eductor and associated air compression
equipment required to draw ship loading vapors through the absorber
compose Module F. Module G comprises the piping, valves, and pumps
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used to return rich oil effluent from the absorber to the refinery
product blending area. Module H comprises all of the utilities

required to operate the vapor recovery system.

Each of the vapor recovery system modules has also been
separated into several cost cases which address the cost of differ-
ent module sizes or configurations. These cost cases are character-
ized in the following module discussions.

Module A: Ship-to-Shore Connection

Module A consists of the equipment required to transfer
hydrocarbon vapors collected onboard marine vessels to shoreside
vapor recovery units. In cost cases Al, A2, and A3, a 50 ft long
flexible (yet not collapsible) hose is used for the ship-to-shore
connection. The hose is constructed of a gasoline vapor resistant
material and terminates on each end with a standard SCH 40 flange.
The hoses for cost cases Al, A2, and A3 are sized for ship loading
rates of 12,500 bph, 25,000 bph, and 50,000 bph respectively. The
cost of an air driven hoist for hose handling is also included in
each of these three cost cases.

Cost cases A4, A5, and A6 are the cases employing a
hydraulic-actuated loading arm to achieve the ship-to-shore con-
nection. Loading arms for the three cases are sized for ship
loading rates of 12,500 bph, 25,000 bph, and 50,000 bph, respectively.
The cost cases include the costs associated with construction on
crowded existing marine loading docks.

Module B: Vapor Collection Lines

Module B investigates the cost of the equipment required
to convey hydrocarbon vapors from the ship-to-shore connector
(Module A) to the vapor recovery unit (Module C). Cost cases
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Bl, B2, and B3 address the cost of installing short runs of vapor
collection piping from the ship-to-shore collector to dock mounted
vapor absorbers. Pipe fittings, pressure alarms, and safety
equipment are included in the cost. The three cases are sized

for ship loading rates of 12,500 bph, 25,000 bph, and 50,000 bph,
respectively.

Cost cases B4, BS5, and B6 address the cost of installing
1000 ft runs of vapor collection piping from the ship-to-shore
connector to centrally-located, shared vapor absorber units. Pipe
fittings, pressure alarms, safety equipment and condensate drains
are included in the cost. The three cost cases are sized for ship
loading rates of -12,500 bph, 25,000 bph, and 50,000 bph, respec-
tively.

Module-C: ~ Lean. Oil Absorber

The lean oil absorber is a valve tray tower fabricated
out of carbon steel and equipped with a water seal below the bottom
tray. The absorber control system regulates lean oil flow rates
and tower pressure from inputs including effluent hydrocarbon con-
centrations, tower temperature profiles, and tower pressure. An -
automatic N: purge system is also-associated with the absorber
for purging the tower and vapor collection lines after each ship
loading operation. Auxiliary piping for Module C includes a
water purge line for the absorber water seal and a waste water
drain for the water seal overflow. Cost cases Cl, C2, and C3
address the cost for installing absorber towers and associated
equipment sized to control loading rates of 12,500 bph, 25,000 bph,
and 50,000 bph, respectively.
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Module D: Lean Oil Piping

Module D consists of the piping, valves, and pump
required to transfer lean oil from the refinery storage area
to the absorber. Although the refrigeration system employed
to chill the lean o0il is positioned along this piping, it has
been established as Module E. Cost cases D1, D2, and D3 address
the cost for constructing long lengths of insulated piping re-
quired to transfer chilled lean oil from a central refrigeration
unit to individual dock mounted absorbers. These three cost
cases are sized to control ship loading rates of 12,500 bph,
25,000 bph, and 50,000 bph, respectively. Cost cases D4, D5, and
D6 address the cost of lean oil piping from the refinery to a
central absorber located adjacent to the central refrigeration
unit. These three cost cases are sized to control ship loading
rates of 12,500 bph, 25,000 bph, and 50,000 bph, respectively.

Module E: Refrigeration Unit

The refrigeration unit used to chill the lean oil to
40°F prior to contacting gasoline vapors in the absorber comprises
Module E. Heat exchangers, refrigeration units, and a temperature
recorder-controller system are inclivded in the lean o0il refriger-
ation unit. Cost cases El, E2, and E3 address the cost of refrig-
eration units sized to control ship loading rates of 12,500 bph,
25,000 bph, and 50,000 bph, respectively

Module F: Compressor-Eductor System
Module F contains the equipment used to motivate gasoline
vapors collected onboard the ship through the vapor control equip-

ment. An air eductor provides the motive force using compressed
air from a dedicated system. The vacuum at the suction of the
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eductor is approximately -40 inches of water. An air compressor,
air cooler, and air supply lines are also included in Module F.
The discharge pressure of the air compressor is 50 psia. Cost
cases Fl, F2, and F3 represent the construction cost for compressor-
eductor systems on dock-loaded absorbers with ship loading capac-
ities of 12,500 bph, 25,000 bph, and 50,000 bph. Cost cases F4&,
F5, and F6 represent the construction costs for compressor-eductor
systems on centrally-located common absorbers with ship loading
capacities of 12,500 bph, 25,000 bph, and 50,000 bph. The air
compressors for all of the cost cases are centrally located ad-
jacent to the refrigeration system. However, Cost cases Fl, F2,
and F3 require long air supply lines and greater air compressor
capacity to supply compressed air to the distant dock located
eductors. Eductors in Cost cases F4, F5, and F6 are located ad-
jacent to the compressor.

Module G. Rich 0Oil Piping

Module G consists of the piping, valves, and pumps used
to transfer rich oil from the absorber to the refinery blending
and storage area. Also included in the rich oil piping system is
a system for injection of an anti-oxidant into the rich o0il stream
to inhibit any oxidation of the oil by absorbed air. The rich oil
pumping rate is controlled by a level controller in the bottom of
the absorption column. Cost cases Gl, G2, and G3 estimate the
cost of rich o0il piping systems which return rich oil to the re-
finery from distant dock located absorbers sized for ship loading
rates of 12,500 bph, 25,000 bph, and 50,000 bph, respectively.
Cost cases G4, G5, and G6 estimate the cost of rich oil piping
systems which return rich oil to the refinery from centrally
located, shared absorbers of the same capacity.
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Module H. Utilities

Module H consists of the utility connections required
for the operation of the absorption system. These utilities
include electricity and instrument air. Cost cases Hl, H2, and
H3 address the cost of utility systems sized to control ship
loading rates of 12,500 bph, 25,000 bph, and 50,000 bph, respec-
tively.

3.2 Cost Estimates

Table 3.2-1 presents the cost estimates generated by
Ref-Chem Corporation for the installation of a completely oper-
able absorption vapor recovery system in the Houston-Galveston
area. These cost estimates are based on the absorption vapor
recovery system design basis developed by Radian Corporation
which was outlined in Section 3.1. 1In developing the cost
estimates for each cost case, Ref-Chem Corporation considered
four cost centers. These cost centers were:

+ Direct costs

+ Indirect costs

+ Contingency allowances

+ Contractors' fee for overhead and profit

Direct costs include expenditures for labor, materials,
equipment, and subcontractors used in constructing the various
modules. Indirect costs include equipment rentals, consumable
supplies, temporary facilities, support labor, and move in -
move out. Contingency cost was added to the estimate to provide
allowances for cost items not considered elsewhere.

A major cost item not included in the cost estimates
is engineering and design. Consultation with several industrial
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TABLE 3.2-1

CONSTRUCTION COST ESTIMATES FOR THE ABSORPTION

VAPOR RECOVERY SYSTEM COMPONENTS (1976)

Item

Module A:

Case
Case
Case
Case
Case
Case

oUW

Module B:

Case
Case
Case
Case
Case

Case

L3

[ )NV, B S N OV AV

Module C.

Case
Case
Case

1.
20
3.

Module D:

Case
Case
Case
Case
Case
Case

[« NNV, o S N B

Ship to Shore Connection

Rubber Hose
Rubber Hose
Rubber Hose
Loading Arm
Loading Arm
Loading Arm

12,500
25,000
50,000
12,500
25,000
50,000

Vapor Collection Line
On the Dock Absorber --12,500
On the Dock Absorber 25,000
On the Dock Absorber 50,000

Central Absorber
Central Absorber
Central Absorber

Lean 0il Absorber

12,500
25,000
50,000

12,500 bph Capacity
25,000 bph Capacity
50,000 bph Capacity

Lean 0Oil Piping

On the Dock Absorber 12,500
On the Dock Absorber 25,000
On the Dock Absorber 50,000

Central Absorber
Central Absorber
Central Absorber

13,500
25,000
50,000

VII-24

bph
bph
bph
bph

bph

bph
bph

Cost §

19,000
20,000
21,000
68,000
77,000
84,000

8,000
13,000
24,000
85,000

158,000
245,000

48,000
60,000
66,000

30,000
44,000
64,000
15,000
23,000
33,000



TABLE 3.2-1 (cont'd.) CONSTRUCTION COST ESTIMATES FOR THE
ABSORPTION VAPOR RECOVERY SYSTEM COMPONENTS (1976)

Item Cost $

Module E. Refrigeration Unit

Case 1. 12,500 bph Capacity 84,000
Case 2. 25,000 bph Capacity 165,000
Case 3. 50,000 bph Capacity 302,000

Module F. Vacuum Assist Unit

Case 1. On the Dock Absorber 12,500 bph 92,000
Case 2. On the Dock Absorber 25,000 bph 129,000
Case 3. On the Dock Absorber 50,000 bph 177,000
Case 4, Central Absorber 12,500 bph 71,000
Case 5. Central Absorber 25,000 bph 101,000
Case 6. Central Absorber 50,000 bph 140,000

Module G. Rich 0il Return to Refinery

Case 1. On the Dock Absorber 12,500 bph 30,000
Case 2. On the Dock Absorber 25,000 bph 43,000
Case 3. On the Dock Absorber 50,000 bph 64,000
Case 4, Central Absorber 1.,500 bph 19,000
Case 5. Central Absorber 25,000 bph 27,000
Case 6. Central Absorber 50,000 bph 37,000

Module H, Utilities

Case 1. 12,500 bph System 18,000
Case 2. 25,000 bph System 24,000
Case 3. 50,000 bph System 29,000
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sources indicate that engineering and design work on chemical
processing facilities will characteristically cost approximately

10 percent of the construction costs.

3.3 Cost Analysis

The cost of candidate lean oil absorption vapor
recovery system arrangements for construction in the Houston-
Galveston area can be analyzed by compiling the appropriate cost
estimates for absorption system modules presented in Section 3.2.
Table 3.3-1 presents the construction costs for four candidate
absorption systems. A comparison of the costs for System 1 and
System II indicate that the cost of constructing individual
absorbers on each dock is not appreciably higher than the cost
of constructing central shared absorbers. The cost difference
is approximately 5% of the total construction cost. Individual
absorbers are considered much safer than common absorbers because

they isolate one vessel from another,

Table 3.3-2 summarizes the cost differences between
several absorption systems relative to system capacity. Compari-
son of Svstems I, III, and IV indicate that the cost of
absorption systems per unit capacity does not differ significantly
between 12,500 bph capacity units and 50,000 bph capacity units.
The economic impact of absorption systems is similar for both the
smaller and the larger installations. The construction cost for
the design basis absorption systems studied in the program total
approximately $400,000 per 10,000 bph vessel loading capacity.

The data presented in Tables 3.3-1 and 3.3-2 indicate
that the cost of absorption units is approximately 50 percent of
the cost of refrigeration units. However, the absorption unit
design basis developed by Radian Corporation assumed that a large
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TABLE 3.3-1
COMPARISON OF COSTS FOR ABSORPTION VAPOR RECOVERY SYSTEMS

System I: Two individual dock located absorbers with a
capacity of 25,000 bph each and a central re-
frigeration and vacuum system with a capacity
of 25,000 bph. Automatic loading arms.

Unit

Item Cost No. Cost
A-5 77,000 2 154,000
B-2 13,000 2 26,000
C-2 60,000 2 120,000
D-2 44,000 2 88,000
E-2 165,000 1 165,000
F-2 129,000 2 258,000
G-2 43,000 2 86,000
H-2 24,000 1 24,000

TOTAL LESS ENGINEERING 921,000

GRAND TOTAL $1,013,000

System II Central absorber and refrigeration system each
with a capacity of 25,000 bph.

Unit
Item Cost No. Cost
A-5 77,000 2 154,000
B-5 158,000 2 316,000
Cc-2 60,000 1 60,000
D-5 23,000 1 23,000
E-2 165,000 1 165,000
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TABLE 3.3-1 COMPARISON OF COSTS FOR ABSORPTION VAPOR RECOVERY
SYSTEMS (cont'd.)

F-5 101,000 1 101,000

- G-5 27,000 1 27,000
H-2 24,000 1 24,000

TOTAL LESS ENGINEERING $870,000

GRAND TOTAL $957,000

System III: Four individual dock located absorbers with a
capacity of 25,000 bph each and a central re-
frigeration and vacuum system with a capacity
of 50,000 bph.

Unit

Item Cost No. Cost
A-5 77,000 4 308,000
B-2 13,000 4 52,000
C-2 60,000 4 240,000
D-2 44,000 4 176,000
E-6 302,000 1 302,000
F-2 129,000 4 516,000
G-2 43,000 4 172,000
H-3 29,000 1 29,000

TOTAL LESS ENGINEERING $1,795,000

GRAND TOTAL $1,975,000
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TABLE 3.3-1 COMPARISON OF COSTS FOR ABSORPTION VAPOR RECOVERY
SYSTEMS (cont'd.)

System IV: One 12,500 bph absorber located on the dock with
a centrally located 12,500 bph refrigeration and
vacuum system.

Unit

Item Cost No. Cost
A-4 68,000 1 68,000
B-1 8,000 1 8,000
C-1 48,000 1 48,000
D-1 30,000 1 30,000
E-1 84,000 1 84,000
F-1 92,000 1 92,000
G-1 30,000 1 30,000
H-1 18,000 1 18,000

TOTAL LESS ENGINEERING $§378,000

GRAND TOTAL $416,000
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TABLE 3.3-2

SUMMARY OF EXAMPLE ABSORPTION VAPOR RECOVERY SYSTEM COSTS

System

System
System
System
System

I1
III
v

Cost

($)

1,013,000
957,000
1,975,000
416,000

VII-30

Capacity Relative Cost
(bph) $/10,000 bbl
25,000 405,000
25,000 383,000
50,000 395,000
12,500 333,000



lean 0il supply source was available within the refinery. The
lean 0il rate required by the design basis absorption system is
125 gpm per 10,000 bph loading rate. A loading operation which
involves loading two tankers at a combined loading rate of
50,000 bph will require a lean oil flow rate of 600 gpm. The
logistics of deferring such a major portion of a refinery's
lean o0il production to the absorption system is a significant
operation change and is likely to be considered impractical.
Without system modifications, the design basis absorption system
is primarily applicable to small marine operations at large re-
fineries where the lean o0il demand of the absorption system is

small relative to the refinery lean oil production rate.

A system modification which would make larger absorp-
tion systems compatible with refinery operations is the addition
of lean oil storage capacity dedicated for use in the vapor
recovery system. This lean oil storage capacity can be filled
and emptied at the refinery convenience with minimal disruption
of normal operations. Storage capacity costs are approximately
$0.15 per gallon, A 100,000 bbl storage tank installed with
associated equipment will cost approximately $600,000. The cost
of lean o0il storage capacity will very likely place the cost of
lean o0il ~hsorption systems in the same range as the cost for
refrigeration systems: approximately $809,000 per 10,000 bph
of marine loading capacity.
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