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LEGAL NOTICE

This report was prepared as an account of government-
sponsored work. Neither the United States, nor the Maritime
Administration, nor any person acting on behalf of the
Maritime Administration (A) makes any warranty or
representation: expressed or implied, with respect to the ac-
curacy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information, ap-
paratus, method, or process disclosed in this report may not
infringe privately owned rights: or (B) Assumes any liabilities
with respect to the use of or for damages resulting from the
use of any information, apparatus, method, or process
disclosed in this report. As used in the above, ‘‘person act-
ing on behalf of the Maritime Administration” includes any
employee or contractor of the Maritime Administration to
the extent that such employee or contractor prepares,
handles, or distributes, or provides access to any information
pursuant to his employment or contract with the Maritime
Administration.
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SUMMARY

GENERAL

This survey provides the results of physical and chem-
ical tests performed on 150 samples of marine Bunker C fuel
0il as it was bunkered aboard U.S. merchant steamships. These
samples represent 75 po s of the world in 8 geographic
regions as contributed by 28 participating companies.

CONCLUSIONS

The comparison of the 1976 and 1980 studies indicates
an overall degradation of the quality of bunker fuels avail-
able (refer to the following table). The most dramatic degrada-
tion has occurred in vanadium levels, which rose from 40 ppm
to 140 ppm. Other indications of fuel quality, such as ash,
API gravity, viscosity, sulfur, and sodium, indicate that a
lower quality of fuel is currently available than was available
to U.S. merchant steamships in 1976.
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COMPARISON OF 1980 SURVEY TO 1976 SURVEY
AND THE INDUSTRY REFERENCE 1/

b
E Fuel Characteristics symbo 1 é:::;::z Slgzzy Slasgy
l CARBON % c 87.75 85.20 | 35.78
HYDROGEN % 10.50 11.30 | 10.88
NITROGEN % _ N 0.15 0.80 | 0.33
OXYGEN % (<0.5%)%/ 0 0.40 0.43 | 0.55
SULFUR % s 1.20 2.97 | 2.60
ASH % ASH -- 0.03 | 0.08
APL GRAVITY @ 60°F GRAV - 15.1 13.65
PM FLASH POINT (0°F) FLASH - 192 197
VISCOSITY (SSU 9
100°F) VISSSU - 3264 3982
VISCOSITY REDHOOD NO.
1 SEC @ 100°F VISRWD -- 2861 3491
HEATING VALUE BTU/LB | HTVAL | 18500 18780 | 18468
SPECIFIC WEIGHT LB/GAL | SPECWT - 8.99 | 8.13
PHOSPHORUS, ppm (<30)</ | » - 40 a6
[RON, ppm FE .- 6 10
LEAD, ppm P8 .- 1 2
COPPER, ppm tv - 0 0.5
’ CHROMIUM, ppm CR - 0 0.4
ALUMINUM, ppm AL - 2 12
NICKEL, ppm B - 8 37
SILVER, ppm AG - 0 )
TIN, pem N = T ]
SILICON, popm S - 2 13
BORON, ppm (<15)%/ B - 0 15
: SODIUM, ppm NA - 15 13
: ZINC, pom b - ) 7
CALCIUM, ppm CA .- 30. 5
~SARTUM, ppm 1 = 0 (1)
MAGNESIUM, ppm 3 - 180 z
TITANIUM, ppm Tl - 2 Z
VANADIUM, ppm v - a2 140
' CADMIUM, ppm )] - 0 2
MANGANESE, ppm MN .- 0 0

1/ The industry reference {s for heat balance purposes and
is taken from the Society of Naval Architects and Marine
Engineers éSNAME) Technical and Research Bulletin 3 - 11,
SNAME, 1972.

2/ These averages for oxygen, phosphorus, and boron are
artificially high because the guantities indicated were
ﬁ“ to represent any sample that fell below these test

mits.
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INTRODUCTION

1.1 GENERAL

This is the second worldwide analysis of marine residual bunker
fuel oils conducted for the U.S. Maritime Administration (MARAD).
The objective of this and the first analysis was to define

both from a quantitative and qualitative analysis a broad spec-
trum of characteristics of marine residual fuel o0il, as bunkered
aboard steam turbine propelled ships, from worldwide sources.

1.2 BACKGROUND

Marine bunker fuel oil, referred to as Bunker C, is a mixture
of residuum remaining from refinery processing of crude oils
and, in some instances, a cutter stock to reduce the viscosity
of the mixture. Because refinery processes vary worldwide, Bunker
C fuels are inherently different in their properties for the
primary reason that world crude oil streams differ in their
chemical properties and the concentration of contaminants in
the residuum. The results of the first analysis conducted

in 1976 (see Reference 1) as well as the results of this study
are provided to ship owners and operators to allow them to
more accurately assess the possible effects of Bunker C fuels
on marine propulsion systems.

Both studies collected fuel oil samples as bunkered by U.S.
merchant ships from ports worldwide. The first study based

its analysis upon 120 samples; this study upon 150. Both studies
subjected residual fuel oil samples to physical and chemical
testing as presented in Table 1.1.

Both studies identify:

a. All samples by sample number, laboratory number, port and
geographical location, and bunkering date

b. The range and depth of samples by geographic area

¢. The average sulfur, sodium, vanadium, and hydrogen content
by geographical area




d. The high, low, and average values of physical and chemical
properties by geographic area

e. A comparison of the '"average' characteristic for all samples
against the prevailing industry reference.

Tables 1.2 through 1.11 and Figures 1.1 throngh 1.4 present
sample distribution by port within geographical area, summarized
by geographical areas as well as the number of shipping com-
panies participating, months during which samples were collected,
and a geographic comparison of the 1976 and 1980 sample selec-
tion. This study provides, in addition, a statistically derived
standard deviation of the test results. This statistic pro-
vides the degree to which sample test results tend to spread
from the averages obtained.




TABLE 1.1

CHEMICAL AND PHYSICAL TEST METHODS USED

CHEMICAL TESTS

1. Reported by Percentage (%)

TEST TEST METHOD

Carbon Micro Elemental Analysis
Hydrogen Micro Elemental Analysis
Nitrogen Micro Elemental Analysis
Oxygen Micro Elemental Analysis
Ash ASTM Test No. D-482
Sulfur ASTM Test No. D-129

2. Reported by parts per million (ppm) using
ASTM Test No. D-2788 except Phosphorus
ASTM Test No. D-1091

Lead Silicon Barium
Copper Boron Magnesium
Chronium Sodium Titanium
Aluminum Phosphorus Cadium
Nickel Zinc Manganese

II.

PHYSICAL TESTS
1. API Gravity at 60°F (CAPI) ASTM Test No. D-287

2. Flash Point (°F) ASTM Test No. D-83
3. Viscosity (SSU) ASTM Test No. D-445
4. Viscosity (Redwood No 1 Seconds) Conversion

from Viscosity (SSU)
5. Heating Value Conversion from API Gravity
6. Specific Weight Conversion from API Gravity




SAMPLE DISTRI

BUTION:

TABLE 1.2
EAST COAST, USA AND CANADA (1)

World
No. of Port
Samples{ Index Port
1 02180 Quebec, Canada
1 03390 Windson, Ontario, Canada
3 03700 Sarinia, Ontario, Canada
2 07350 Boston, MA, USA
1 07570 Bridgeport, CN, USA
2 07630 Brooklyn, NY, USA
4 07640 New York, NY, USA
1 08040 Deepwater, NJ, USA
1 08070 Marcus Hook, PA, USA
2 08100 Fort Mifflin, PA, USA
2 08110 Philadelphia, PA, USA
1 08115 Paulsboro, NJ, USA
4 08210 Baltimore, MD, USA
1 08280 Norfolk, VA, USA
1 08300 Newport News, VA, USA
2 08430 Moorehead City, NC, USA
3 08530 Savannah, GA, USA
1 08580 Jacksonville, FL, USA
33 |18 Ports Representing: 16 Companies

-v




TABLE 1.5
SAMPLE DISTRIBUTION: GULF COAST, USA (2)

World
No. of Port
Samples Index Port
K] 08670 Tampa, FL, USA
3 08360 New Orleans, LA, USA
1 08970 Baton Rouge, LA, USA
1 0907S Nederland, TX, USA
3 09080 Port Arthur, TX, USA
2 09150 Galveston, TX, USA
2 09170 Baytown, TX, USA
2 09240 Houston, TX, USA
3 09300 Corpus Christi, TX, USA
20 9 Ports | Representing 11 Companies

TABLE 1.4
SAMPLE DISTRIBUTION: WEST COAST, USA (3)

World
No. of Port
Samples Index Ports
2 16010 San Diego, CA, USA
1 16070 Long Beach, CA, USA
5 16080 San Pedro/Los Angeles, CA, USA
2 16300 San Francisco, CA, USA ‘
2 16340 { Oakland, CA, USA
1 16400 Oleum, CA, USA
1 16470 Benicia, CA, USA
1 16940 Portland, OR, USA
3 17700 Tacoma, WA, USA
1 17730 Seattle, WA, USA
1 18040 | Anacortes, WA, USA
20 11 Ports | Representing 11 Companies




TABLE 1.5
SAMPLE DISTRIBUTION: CENTRAL AMERICA AND CARRIBEAN (4)

World
No. of Port
Samples Index Ports
1 09425 Coatzacoalcos, Mexico

11205 Yabucoa, Puerto Rico

~1

2 11325 St. Croix, Virgin Islands

3 11335 Limetree Bay, Virgin Islands
6 15410 Balboa, Panama

19 5 Ports | Representing 7 Companies

TABLE 1.6
SAMPLE DISTRIBUTION: SOUTH AMERICA (5)

World
No. of Port
Samples Index Ports
2 11730 Pointe-a-Perrie, Trinadad
2 11950 Puerto LaCruz, Venezuela
1 11951 |Matanzas, Venezuela
1 11960 Maricaibo, Venezuela
1 12050 Punta Cardon, Venezuela
1 12730 |Recife, Brazil
1 12770 |Salvador, Brazil
3 12970 Santos, Brazil
2 12980 Paranagua, Brazil
1 130640 Rio Grande, Brazil
1 13650 San Nicolas, Argentina
3 13760 Buenos Aires, Argentina
1 14500 Valparaiso, Chile
20 13 Ports | Representing 6 Companies




TABLE 1.7

SAMPLE DISTRIBUTION: NORTHERN EUROPE (6)

SAMPLE DISTRIBUTION:

World
No. of Port
Samples Index Ports
1 23940 Bfordjorden, Sweeden
1 31600 Amsterdam, Netherlands
2 31140 Rotterdam, Netherlands
1 34835 Pembroke, United Kingdon
1 35850 Rouen, France
2 37990 Lisbon, Portugual
1 38290 Cadiz, Spain
9 7 Ports Representing 4 Companies
TABLE 1.8

MEDITERRANIAN AND AFRICA (7)

World
No. of | Port
Samples| Index Ports
1 36860 Donges, France
1 38775 Lavera, France
1 39130 Sarroch, Sardegna
1 39210 Cagliari, Italy
yA 39470 Genova, Italy
1 45820 Dakar, Senegal
1 46770 Capetown, South Africa
6 46850 Durban, South Africa
14 8 Ports| Representing 7 Companies

ho.




TABLE 1.9

SAMPLE DISTRIBUTION: ASIA AND AUSTRALIA (8)

World
No. of Port
Samples Index Ports
3 48140 |Jeddah, Saudi Arabia
2 48335 JAd Dammam, Saudi Arabia
3 49240 |Colombo, Sri Lanka
5 50000 |Singapore, Singapore
1 50010 |Tanjang Penjori, Singapore
1 57840 |Hong Kong, Hong Kong
15 6 Ports|Representing 6 Companies




TABLE 1.10

SAMPLE DISTRIBUTION SUMMARY
(by Geographic Region)

£ e i L4 L O e LA A A A L O b A o A RS e S A
" Eg— maa o bilai aib T AR TR TR e T T A R
-
f

1976 SURVEY 1980 SURVEY
Geographic Region Quantity Geographic Region Quantity
Area porssy/| spls Code Area Ports | Spls | Co's
East Coast, USA 8 312/ 1 |East Coast, USA &Canada 18 | 33 | 16
Gulf Coast, USA 1 4 2 |Gulf Coast, USA 9 20 11
West Coast, USA 3 12 3 |West Coast, USA 11 20 11
4 |Central America § Caribbean 5 19 7
South America 3 15 3 | South America 13 20 6
Europe 2 15 6 | Europe 7 9 4
Mediterranean 5 21 7 |Mediterranean § Africa 8 14 7
Africa 4 9
Asia/Australia 4 13 8 |Asia/Australia 6 15 6
0 120 75 |1s0 | 28/
) Yy Porr_distribution in the 1976 study indicate sample collection

points and not necessarily the actual location of bunkering.

EN

Two of the samples were eliminated from the statistical results be-
cause they were not 'Bunker C"' fuel oil.

e

Represents the total number of companies participating in the survey.
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II. SURVEY RESULTS

2.1 GENERAL

This chapter presents the quantitative and qualitative results
of the survey. The test results for each of the fuel samples
are presented, as well as a table that allows a direct compar-
ison between regions and the new world average by test result.
Next, the new world average Bunker C fuel characteristics are
compared to the previous survey and to the industry reference.
For seven important test characteristics, a graphic represen-
tation by regions is presented for quick visual reference and
the 95% confidence interval is established for the world average
test results. The methodology to compute the 95% confidence
level about the average is also presented.

2.2 SAMPLE RESULTS

The results of the physical and chemical tests, the port, the
region, and the date the sample was taken are presented in
Table 2.1. Three tests are limited in the minimum measurable
levels detectable when using the ASTM test standards. These
include oxygen at 0.5%, phosphorus at 30 ppm, and boron at

15 ppm. Hence, these values are assigned to those test results
for the statistical interpretation of results. This means

that the calculated average is artificially high for these

test results. The ASTM D-2788 (atomic absorption spectropho-
tometry) method was used for analysis of trace metals and salts.
This method does not provide a true measure of refinery cata-
lytic fines that may be present in the fuel. However, in testing
for silicon and aluminum, a hotter flame was used, which
increased the accuracy of these test results. A standard fuel
and element lamg was used to recalibrate the spectrophotometric
test apparatus between the individual sample tests.

The cumulative results from the tests are presented by region
in terms of the minimum, maximum, average, and one standard
deviation. This result is presented in Table 2.2. The minimum
and maximum provide the ranges of sample results, while the
average value represents the central value of this particular
survey result.




The standard deviation is helpful when computing confidence
intervals. The newly computed world average fuel is compared

to the 1976 survey results and to the industry reference in
Table 2.3. The confidence interval develops a range into which
the true average may fall with a probability of 95%. The multi-
pliers needed to compute a 95% confidence interval are presented
in Table 2.4. The standard deviation on Table 2.2 is multi-
plied by the "multiplier" factor for any region or the world
total. The lower limit of the confidence range is the result

of applying the multiplier times one standard deviation and

then subtracting the number from the average. Similarly, to

get the upper limit, the multiplier times one standard devi-
ation is added to the average. This assumes a normal distri-
bution of Bunker C within any given region and for the world
average.

The results of seven of the tests are presented graphically

to provide a quick visual reference by region and for the world
average. These tests include three physical tests, API gravity,
flash point, and viscosity (Redwood), which are commonly used
by the ship's engineer to identify the fuel and to adjust fuel
flow into burners, and four chemical tests, percent hydrogen
and sulfur and parts per million sodium and vanadium, which
relate to the corrosiveness of the fuel and to the rate of
scale buildup on fuel lines and burner tips at high tempera-
tures. The API gravity is presented in Figure 2.1, the flash
point in Figure 2.2, the viscosity in Figure 2.3, the hydrogen
in Figure 2.4, the sulfur in Figure 2.5, the sodium in Figure
2.6, and, finally, the vanadium in Figure 2.7. From an exami-
nation of Figures 2.1 through 2.7, the following observations
can be made:

a. The highest regional average for API gravity can be found
in Asia/Austrialia at 16.73, followed by South America at 14.45.
The lowest regional average for API gravity is found on the
West Coast of the U.S. at 12.25. The newly computed world
average for the API gravity is 13.53 with a 95% confidence
interval whose lower limit is 13.25 and upper limit is 13.81.

b. The highest regional average for the flash point can be
found in the Central American/Caribbean region at 224, followed
by Northern Europe at 216. The lowest regional average for
flash point is found in Asia/Australia at 174. The newly com-
uted world average for flash point is 196 with a 95% confidence
interval whose lower limit is 192 and upper limit is 200.

c. The highest regional average for viscosity (Redwood) can
be found in South America at 4,322, followed by the West Coast
of the U.S. at 4,209. The lowest regional average for viscos-
ity is found in Asia/Australia at 1,161. The newly computed

16




world average for viscosity (Redwood) is 3,478 with a 95% confi-
dence interval whose lower limit is 3,264 and upper limit is
3’692- :

d. The highest regional average for hydrogen percent can be
found in Asia/Australia at 11.23, followed by South America

at 11.05. The lowest regional average for hydrogen percent

is found in the Gulf Coast of the U.S. at 10.66. The newly

computed world average for hydrogen percent is 10.86 with a

95% confidence interval whose lower limit is 10.81 and upper
limit is 10.91.

e. The highest regional average for sulfur percent can be

found in Northern Europe at 3.23, followed by Asia/Australia

at 3.22. The lowest regional average for sulfur percent is
found on the West Coast of the U.S. at 1.76. The newly com-
puted world average for sulfur percent is 2.61 with a 95% confi-
dence interval whose lower limit is 2.51 and upper limit is
2.71.

f. The highest regional average for sodium levels can be found
in the Mediterranean/African region at 19, followed by Central
America/Caribbean at 16. The lowest regional average for sodium
level is found in the Gulf Coast of the U.S. at 7. The newly
computed world average for sodium level is 13 with a 95% confi-
dence interval whose lower limit is 12 and upper limit is 14.

g. The highest regional average for vanadium levels can be
found on the East Coast of the U.S. and Canada at 249, followed
by South America at 179. The lowest regional average for vana-
dium level is found in Asia/Australia at 33. The newly computed
world average for vanadium levels is 141. Examination of the
vanadium results indicates that vanadium is not normally dis-
tributed; hence, no confidence interval is established.

2.3 WATCH SAMPLE RESULTS

Six samples were chosen from two U.S. ports and four overseas
ports. The results of laboratory tests for these samples are
presented in Table 2.5. The intent of these watch samples

is to provide an independent means to check the validity of
the basic 150 samples. The watch sample results appear to
correlate with the average from the region within plus or minus
one standard deviation. Hence, the basic 150-sample data base
appears sound. The three watch samples from Region Seven are
all from the Mediterranean area, with two provided by AGIP
Petrolia S.P.A., a refiner in Italy, and one provided by the
Defense Fuel Quality Assurance Residence in Greece as received
from a local refiner there.

17




2.4 CONCLUSIONS

The comparison presented in Table 2.3 shows an overall degrada-
tion in available bunker fuels since the previous survey was
completed in 1976. The most dramatic degradation occurred

in the average vanadium level, which increased from 40 ppm

in 1976 to 140 ppm in this survey. As with other data presented
in this report, care should be exercised in the statistical }
analysis of the results., For example, 30% of the fuel samples '
had vanadium contents of 200 ppm or higher.




TABLE 2.1

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE | COUNT 1 2 ) 3 5 5 7 3
SAMPLE NUMBER CONTROL | a8 NO. 120 10 34 55 m 159 163 75
. 3LHKERING PORT #1 [22180 233%0 91700 23700 03700 37150 37350 97570
ECGRAPHICAL REGICN [ C30€ ! 1 " " . : :
JATE BUAKERED M0/0AY/YR | /1180 | °/11s80 | a/2/80 | 3/13/80 | 9/20/80 | 9/1/30 | 3/22/80 | 8/27/80
CARBON c 35.69 37.38 36.31 86.40 87.30 35.91 36.25 36.53
AYOROGEN 4 11.46 10.81 10.3¢ 10.23 10.79 10.53 10.38 10.38
A(TROGEN % ¥ 0.33 0.42 0.33 2.22 0.32 9.50 0.48 0.35
OXYGEN % (< 0.5%) & 0 9.5 9.5 0.60 0.5 0.55 0.55 0.63 2.87
SULFUR ¢ s 2.29 1.73 1.98 2.19 1.16 2.20 2.26 1.51
ASH % ASH 9.07 3.0¢ 3.06 0.8 0.08 0.20 0.14 0.95
AP GRAVITY @ 30°F & GRAV  14.3(15.6) l2.7(12.3) [11.3(13.5) 12.2(12.9)|  12.1  |13.5(13.6)[13.4(13.6)] 12.4(15.0)
oM FLASH POINT (0°F) &/ FLASH 262 214(196) | 214(169) | 146(154) | 208(150) | 162(180) | 176(1s0) | 136(200)
/1SCOSITY (Ssu 2 100°F) visssy | 5583 3573 1887 5406 a4 §253 5711 4776
Wm M. 1SEC | visawp | ¢ase N3 4288 4739 3630 5482 5006 a187
HEATING VALUE 8TU/L3 WTVAL | 18219 18520 18570 18420 18480 18290 18330 18180
SPECIFIC WEIGHT LB/GAL SPECWT 8.07 8.19 8.28 8.22 8.2 8.18 8.15 8.19
PHOSPHORUS, pom (< 30 ppm) =  ° 18 32 £ 50 30 1 Ll 30
IRON, pps FE 7 19 17 15 12 5 5 8
LEAD, ppm ) 1 0 2 2 1 4 a 3
COPPER, pom cu 0 8 0 0 1 1 2 1
CHROMIUM, ppm @’ 0 0 1 1 0 0: 1 0
ALUMINUM, ppm AL 12 10 12 10 15 16 18 18
NICKEL, ppm M1 8 » a0 3 16 76 73 2
SILYER, ppw ] 0 0 0 0 0 0 0 )
TN, pps N 2 2 3 3 0 s 3 3
SILICON, ppm st n 18 18 2 15 15 10 16
B0RON, ppm(<IS pom) ¥ 8 18 15 1$ 15 is 18 15 18
SOCIM, pom A 1 17 7 8 8 18 7 12
2InC, pom ] 0 8 9 0 1 4 1 1
CALCIWM, pom A 7 9 8 s 3 9 8 [
BARIUM, ppa 8A 0 0 0 0 0 0 0 0
MAGNESTIUM, ppm MG 7 3 2 1 1 4 4 2
TITANIU, ppm T 1 0 0 0 1 s 5 3
VARAGIUM, pom v 220 2 54 54 7} 590 §00 138
CADMIUM, ppm @ 0 ’ 0 0 0
NARGANESE, ppm - 0 0 0 0 0 0 0 o |
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v This value regresents the lowest msasurable quantity detectadie using ASTM or spectrophotometric test procedurses.
¥ The number on the rignt in parenthesis reflects :he reported value from the supplier to the stesmsnip comeany.




TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COuNT 3 10 1 12 13 14 15 16
SAHPLE NUMBER CONTROL L8 NO. 123 229 23 34 39 196 28 20
SuiKERING PORT wi |ore0 |orsze | ares0 | orsen | ares0 | o7640 98040 08070
GZOGRAPHICAL REGICN ca0€ ! : 1 ! : | : 1
} JATE SUNKERED 0/0AY/YR | 5/31/80 | tas3/80 | s/7/80 | si0/80 | 6/73/80 | 3130 | 7riose0 | 521780
CARBON $ : 35.75 35.26 35.91 85.42 25.76 36.44 | 35.36 | 7.39
SYZROGEN 3 H 10.34 10.20 .18 11.28 11.18 19.54 11.28 11.01
“iTROGEN 3 z 0.37 2.44 2.8 0.40 0.29 3.22 2.45 0.2
JXYGEN 5 (< 2.53) ¥ 9 2.59 0.5 3.5 0.5 2.5 2.5 3.5 )
F SULFUR % s 2.26 2.0 2.2 2.29 2.87 2.56 2.3 1.02
ASH % AsH an 0.02 0.97 0.10 2.06 0.37 2.10 232
AP1 SRAVITY 3 60°F & AV N15.7015.1)[3.3 (10.2}] 5.3 |is.s1s.0)f12.5(12.5) 12.1002.7 6.2 018,21 | i2.7 :
M FLASH POINT (0°F) & sasH | 152150) | 1e8re8y | 170 168(150) | 214(194) | z0(200) | 1%4(160)| 236 .
J1SCISITY (SSU 9 100°F) VISSSU | 1960 2983 1507 1103 4742 2992 1828 1997 :
TS R0 W TS|y sh | e 2615 w6 | 3se7 | asr | 2823 | sere | a3 %
HEATING VALUE STU/LS HTVAL | 18490 18320 18450 18390 18150 18390 18490 18080 E
SPECIFIC WEIGHT L3/GAL SPECHT 8.0 3.34 8.01 3.03 3.20 3.20 8.00 8.19 f
PHOSPHORUS, ppm (< 30 ppm) ~ p 30 30 10§ 185 9 30 36 a4 ;
1 IRON, ppm T 7 6 5 5 7 s 4 17
LEAD, ppm o8 5 2 2 3 2 1 2 1 !
COPPER, ppa cu 1 0 0 0 0 0 2 2 ~
CHROMILM, pem @ 0 0 1 1 1 1 1 1
ALLMINUM, ppe AL 18 1 9 13 13 10 7 9
AICKEL, pom a1 48 30 55 58 25 21 54 20 |
SILYER, ppm A o 0 0 0 0 0 0 0 ’
TN, oom ' SN 5 3 s 1 2 2 1 i ]
SILICON, ppm st 18 6 2 26 P 18 2 2
BORON, ppm(<IS ppm) &/ 8 15 1 15 15 1 15 15 18 1
SO0IWM, ppm M 7 12 15 10 12 i) 4 n N
Z1%C, pom ) 0 1 0 0 . 2 2 10
CALCILY, ppm A 2 5 5 2 3 1 2 18
BARIM, oom 8 0 0 0 0 0 0 9 0
MAGNESIUM, ppm b ] 4 1 3 3l 3 1 1 3 i
TITANIUM, pom Tt 5 2 8 9 0 2 § 5 1
VANADIUM, pom v 285 118 190 428 120 47 450 3
CAOMIM, ppe ¢ 0 0 s 2 5 0 3 § A
MANGANESE, ppn ™ 0 0 0 0 0 0 0 0 '
v T™his value represents the lowest measurable quantity datactable using ASTM or spectrophotometric tast procadures.
Y tne numper om the right in parenthesis reflects the reported value from the suppiier to the stesmship company.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 17 8 19 F4] 21 2 23 24
SAMPLE NUMBER CONTROL LAB NO. 260 261 29 95 89 3 u 38
BUNKERING PORT WPl 08100 08100 38110 08110 8118 38210 28210 38210
GEOGRAPHICAL REGLON 1 CODE 1 1 1 1 ! ) 1 '
0ATE 3UNKERED w/0AY/YR | 6/16/80 | 7/15/80 | s/19s30 | s/21/8a | /930 | ssars0 | sses/e0 | ri2ms30
CARBON 3 ¢ 34.20 85.79 36.13 85.54 35.10 35.52 86.30 35.37
HYDROGEN 3 H 10.88 10.30 10.10 .28 10.53 10.76 10.96 10.31
ITROGEN 3 z 0.23 0.25 n.2¢ 2.4 2.36 2.29 2.56 7.28
OXYGEN % (< 0.53) ¥ 0 0.5 9.5 2.5 0.65 2.55 2.5 3.5 3.5
SULFUR 3 s 4.30 2.7% 1.09 2.01 1.18 1.38 2.20 2.36
ASH % ASH 0.03 0.07 3.97 21 9.06 0.06 3.09 0.12
APT GRAVITY 2 60°F & GRAV 16.3 1.1 2,303 ) 153 [13.103.900.2013.8) 3.2013.9) 11.7(11.9)
M FLASH PODNT (0°F) &/ FLASH 172 206 192(200) | 138 {152(210) | 184(180) 1s8(148){ 256(290)
VISQOSITY (SSU ¢ 100°F) visssu | 1e3 1223 869 1108 2487 1046 3353 1528
;?7000;' OG0 N1 320 Ty rsawo 1254 1072 762 2128 2180 1547 BEY 1969
HEATING VALUE 8TU/L8 WTVAL | 18620 18920 18660 18850 13400 17950 13380 13001
SPECIFIC WEIGHT L8/GAL SPECAT 7.97 7.93 8.18 8.20 8.5 8.25 8.16 3.28
PHOSPHORUS, ppm (< 30 ppm) & P 30 10 %0 10 10 50 o 10
[RON, ppm FE 1 s 4 e s 2 2 15
LEAD, ppm ’8 1 2 1 3 3 12 3 5
20PPER, ppm u 0 0 0 1 1 0 1 1
CHRQMIUM, ppm @’ 0 0 1 9 0 v 1 1
ALUMINGM, pom AL 14 16 10 16 15 12 1 n
NICKEL, pem nt 1 18 P 55 a z 8t 2
SILVER, pom % 0 0 0 0 0 0 0 0
TIN, ppe N 1 1 1 § 4 0 § s
SiLICON, ppm st 3 5 2% 17 19 2 15 16
BORON, ppa <IS ppm) &/ s 15 18 15 15 15 1 18 15
SO0TUM, pom M s 9 0 9 9 18 9 15
ZINC, pom ™ 1 1 0 0 1 7 5 0
CALCIUM, pom [ 0 1 1 2 2 17 8 ¢
SARIM, ppm 8 0 0 0 0 0 0 0 0
HAGNESTUM, ppm " 0 1 1 3 2 s 3 P
TITANIUM, opm 9 0 0 s 5 . ¢ ) 1
YANADIIM, Ppm v 12 m 138 100 230 nz 70 120
CAOMIUM, pom o 0 0 6 0 0 5 s 0
MANGANESE, pom " 0 0 0 0 0 0 0 9

v This value represents the lowest messuradlie quantity detectable using ASTM or spectrophotometric test procadures.

y The number on the right in parenthesis reflects the reportad vaiue from the suoplier to the stsamship company.

21




TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS
SAMPLE COUNT AREFERENCE COUNT 25 26 27 28 29 30 1 12
SAMPLE NUMBER CONTROL LAB NO. nurz 72 153 57 178 36 46 13
SUKKERING PORT WPl 08210 08280 78300 28430 8430 20530 w330 98530
3EQGRAPHMICAL RESICN I Co0E 1 1 i i 1 1 1 !
JATE 3UNKERED ¥0/0AY/YR| &/9/80 | 7/13/80 | 5/24/80 | 3/19/80 | 9730730 | 1/25/80 7/3/80 [ 3/10/80
1 CARBON % c 85.93 35.72 35.48 86.26 85.30 36.13 36.46 36.50
YOROGEN % (] 10.20 .14 1.51 10.41 11.36 1.08 n.17z 11.92
NITROGEN % N 0.26 0.52 9.40 0.49 2.4 0.28 0.50 2.36
JXYGEN % (< 0.53) &/ 0 9.52 0.57 9.5 9.5 0.5 9.5 0.5 2.5
SULFUR 3 s 3.01 2.03 2.14 2.08 2.13 2.4 2.16 1.36
ASH 3 ASH 0.98 0.12 0.15 0.19 0.28 2.9§ 9.10 2.07
APT GRAVITY 3 60°F & GRAV . P13.30s.4)] 161 12.9012.9)|14.0012.9)| 13.5(3.43{ 13.5(13.4}) 15.2014.9)
PM FLASH POINT (0°7)2Y FLASH 180 1656(157) 152 192(172) | 195(372) | 1940179) | 160(190) | 210(190)
J1SCOSITY ($su 2 10077) vISSSU 4824 012 4678 7655 3562 4538 5605 3255
W L SEC | yisawd 3378 5270 4101 &7 na 573 5790 2383
AEATING VALUE 8TU/LS HTYAL 18100 18530 18320 18070 18290 18020 18100 18643
: SPECIFIC WEIGHT LB/GAL SPECAT .27 8.13 8.00 3.18 3.10 3.14 8.id 3.36
;. PMOSPHORUS, pom (< 30 spm) =] 30 38 4 48 30 %) 30 0
IRON, ppm FE 21 7 2 3 2 5 3 14
LEAD, ppm "8 13 3 2 2 1 1 3 1
1 COPPER, ppm cu 1 1 1 1 0 1 1 a
SHROMIUM, ppm CR 0 1 0 1 0 1 1 0
ALUMINUM, ppm AL 2 10 12 14 9 12 13 10
1 NICKEL, pom at =) ” 53 66 29 37 78 57
SILVER, ppm A6 0 1 0 0 0 0 0 b
TIN, pom SN 3 7 0 6 2 s 7 5
SILICON, ppm st 18 18 7 2 § 18 13 9
BORON, pom (<!$ pom) < 8 1s 15 is 15 18 15 1s 15
S00IWM, pom ) rx] 3s 10 12 8 7 9
ZINC, ppm m 5 0 1 ] 1 0 s 0
CACIUM, pom CA 10 4 1 1 2 ] 7 0
SARIM, pow 8A 0 0 ) 0 0 0 0 0
MAGNESIUM, ppm % 6 ) 0 3 1 1 3 0 ,
TITARIUM, opm m 7 3 1 10 3 0 ) 1 i
VANADIUM, ppm v 8 500 400 500 320 190 470 160 ]
CAOMIUM, ppm €D 0 0 0 3 0 5 5 0
MANSANESE, oom - 9 9 a 0 9 | 0 )

v This valus represerts the lowest msasurable quantily detectable using ASTM or spectropnotometric test procedures.

¥ The nusser on the right in parenthesis reflects the reported value from the suppifer to the steamship company.

22

e e A B n € A A A P A s et




e i SR RO e e

TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE counT 1 m s 3 37 ) 9 0
SAMPLE NUMBER CONTAOL LAB 0. 57 178 223 226 64 146 200 a1
JUNKERING PORT pt | 8sso |70 | 08670 | ase7o | Jesa  |a8ze0 | dseso 38979
GEQGRAPHICAL REGION ! <00€ 1 2 2 2 2 2 2 2
SATE 3UNKERED W/0AY/YR | 5/23/80 | 9/8/80 | 5/15/80 | 8/24/80 | s/25/80 | 3/5/30 | 7/15/80 | 3/27/30
CARBON 3 ¢ 8596 | 35.31 | 36.28 | a6.42 | 36.30 | @s.38 | 26.28 3544
AYDROGEN " T0.83 | 11.18 | 1045 | 10.28 | 10.82 | 10.30 | 10.34 T0.78
1ITROGEN 3 A 2.38 0.05 0.36 0.29 0.25 | 0.19 2.28 3.26
OXYGEN % (< 0.32) 2 0.5 0.96 2.56 2.5 0.5 0.5 2.5 2.5 |
SULFUR s 2.17 2.3 .0 2.48 2.60 | 3.65 2.89 1.19
A 2 ASH a.n 2.08 0.02 2.1 L | 0.0 0.93 5.5
P GRAVITY 3 50°F &/ @y 135035 1s.005.2)] 100 [osane)| 2.2 [agos] 103 pzagzs)
"M FLASH POINT (0°F) &/ FLASH | 160(200) | 160(200) | 198 174 210 | 208(200+) | 134 134(215)
Y1SCOSITY (556 3 100°F) itsssy | 5920 2413 3000 1002 w21 | 3520 1057 519
W—S“—WS-EC visRa0 | 5190 215 2630 2532 %18 | 3086 2680 4750
HEATING VALUE BTU/L3 ATAL | 18020 | 13380 | 1670 | 18sso | ise:0 | 18030 | 13260 17850
SPECIFIC WELGAT L8/GAL SPECAT 818 3.05 3.35 3.27 8.22 | 8.8 8.31 5.22
PHOSPHORUS. dpm (< 30 ppm) <} P 0 30 30 30 30 50 0 30
IRON, ppm Fe 5 s 5 3 12 5 5 7
LEAD, pem ’ 2 ) 1 2 1 1 . 1
COPPER, ppu w T 1 0 0 0 0 0 1
CHROMIUM, opm e 0 0 0 3 1 9 1 0
ALMINGH, ppm L 14 12 12 13 8 15 12 s
A[CKEL, pem ™ 81 e 20 12 17 14 18 29
SILVER, pom A6 o 0 0 0 0 0 0 2
TIN, pom ) s 3 1 1 2 2 0 )
SILICON, ppe st 13 5 16 7 20 7 18 10
200N, prm (1S pom) 7 3 1 18 T 18 T 18 18 18
SQ0IWM, pom ™ " 21 7 8 8 1 1 8
21K, vpm- ™ 7 2 2 0 1 1 ]
CALCIM, ppe ) 7 1 1 2 ) 0 1 T
BARIUN, 7om M 0 0 0 0 0 a 0 s
MAGNESIUM, pom L - 2 3 0 1 1 0 1 FA
TITANIUN, apm T 0 3 1 1 3 1 0 3
VARADLUN, ppe v 160 250 58 7 i 5 3 183
CADHEUM, pom ¢ s 0 0 0 5 0 0 0
MANGANESE, pem ™ 0 0 0 2 0 0 0 a

Y hs value represents the Towest seasuradle quantity detectable using ASTM or spectrophotometric test procadures.

74 The number on the gt in parenthesis reflects the reported value from the supplier to the steamship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COuNT 31 12 13 13 35 16 17 23

SAMPLE NUMBER COXTROL uene. | s 1 5 5 n 147 59 142

LHKERING PORT P! 29080 39080 79620 19080 915G 79159 9517¢C - Mt

GEOGRAPHICAL QEGION I CO0E 2 2 2 2 2 2 2 2

JATE BUNKERED w/0AY/YR| 3/6/30 | &/7/%0 | &3/20 | 6/12/80 | 3/22/80 | 3/8/80 |8/17,80 |3,23/85

CARBON % c 86.33 36.47 35.90 | 86.20 | 35.50 | 6.1 36.79 36.44

HYOROGEN H 10.40 10.91 10.57 10.99 10.64 | 10.50 10.33 10.73

1ITROGEN % y 0.31 0.20 0.11 0.26 2.29 3.32 5.26 3.30

OXYGEN % (< 0.53) ¥ 0 0.5 0.5 0.5 2.5 2.5 3.5 0.5 0.5

SULFUR % s 2.27 2.38 2.59 2.76 2.39 2.35 2.8 2.3

ASH % ASH 2. 2.07 7,24 9.24 3.10 3.3 2.19 3.6

A1 GRAVITY 9 §0%F &/ GRAV 1.3 hz.202.5 23030 13003 9| sazof gz naan sl 2.8

oM FLASH POINT (0°7) & FLASH 216 258(196) | 230(190) | 204(190) | 204(225) [160(162) |173(182) | 210(178)

Y1SCOSTTY (SSu 2 100°F) 1ssSy | 4516 4933 5079 412 1473 3080 1186 1853
W T3EC T yisru0 | 3959 1326 1452 2991 3926 | 2700 3670 3991

HEATING VALUE BTU/LS HTVAL | 13100 18440 18590 18530 18230 |18130 18200 17920

SPECIFIC WEIGHT L3/GAL SPECWT 8.28 8.22 3.21 8.17 8.25 3.25 8.28 8.23

>HSPHORUS, pom (< 30 pom) =]  ° 10 175 180 10 30 30 3 30

TRON, ppe FE 12 14 13 18 14 14 n 10

LEAD, pom b ) 1 1 1 1 1 1 2

COPPER, pom cu 1 a 0 0 0 1 0 1

CHROMIUN, ppm @® 0 1 1 1 o 1 1 0

ALMINGM, pom AL 18 9 8 8 10 12 12 12

NICKEL, pom nt 27 2 27 2 26 a9 29 20

SILVER, pom 6 0 0 0 0 0 0 0 0

TN, pom SN 1 0 0 0 5 3 . 3

SILICON, pom st 12 30 30 30 1§ 7 30 2

BORON, prm (<1S pom) </ 3 18 15 15 18 15 15 1§ 15

SootuM, pom " § 7 8 5 12 7 § 7 n
NG, pom w 0 0 a 0 4 1 0 1 L
CALCTUM, oom e 1 18 14 3 0 1 3 2 L
SARIUM, ppm u 0 0 0 0 0 0 9 0 ‘
MAGNESIUM, ppm " 1 3 3 2 1 1 1 1

TITANIUM, opm T T 0 0 0 1 3 a 1

VANADIUM, 3pm 1 79 98 %0 78 62 270 80 7

CAOMIUN, gpm ¢ 0 10 10 10 0 0 5 0

MANGANESE, pom " 0 0 0 0 0 0 0 P

v This value represents the lowest measuradle quantity detectable using ASTM or spectrophatometric test procedures.
y The number on tha right {m parenthesis reflects the repartad value from the supplier to the steamsnip company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 19 30 51 52 33 54 55 )
SAMPLE NUMBER CONTROL LAB NO. 39 259 52 19 56 164 165 155
UKERING PORT WPl 39260 19240 39320 39300 09300  |16010 16010 16070
§Z0GRAPMICAL REGION 1 Cooe 2 2 2 2 2 3 3 3
JATZ 3UNKERED w0/ | 4/27/30 | 517730 | 3s8je0 | 5/21/80 | 3/16/80 | 3/9/80 }asto:80 | 512/30
CARBON 3 ¢ 36.13 35.67 85.56 36.44 36.15 | 85.63 85.31 85.72
HYOROGEN % H 10.52 10.11 10.78 10.83 10.02 | 10.85 10.78 TRE
1[TROGEN % N 9.28 0.3§ 0.28 0.26 0.39 0.52 0.52 3.74
| OXYGEN % (< 0.53) & 0 2.5 0.5 0.5 0.5 9.5 a.70 9.7 8.88
SULFUR 3 s 2.39 1.40 2.2 2.97 2.93 2.10 2.19 1.28
aSH % ASH 0.09 9.2 0.09 0.08 0.3 0.28 2.98 0.38
API GRAVITY 9 60%F &/ GRAV n.9 [10.00.n(12.402.6)  12.3 [10.9(13.6412.6(13.0){ 12.5(13.2115.9(14.3)
M FLASH POINT (0%F) &/ FLASH 156 216(200) | 170(140) | 212 164(166) | 212(196) | 212(196) | 154(168)
VISCSITY (Ssu @ 100°F) VISSSU | 3839 3979 2560 1511 11130 4234 4294 1746
W VISAWD | 3365 1488 2240 1325 9787 | a2 3768 1531
HEATING VALUE 8TU/L3 NTVAL | 17980 19050 18750 17880 18350 | 18180 18640 18540
SPECIFIC WEIGHT L8/GAL SPECWT 3.23 8.32 g.21 8.21 8.29 8.19 8.17 8.00 |
PHOSPHORUS, ppm (< 30 ppm) = P 35 10 30 150 3 30 0 0 !
r IRON, ppm FE 14 10 1 14 8 35 2 8 |
' LEAD, opm "8 2 1 1 0 0 2 29 18 |
COPPER, ppm cu 0 0 1 0 0 1 2 1
‘ CHROMIUM, ppe @ 1 0 0 1 1 1 0 0
' ALUMINUM, ppm AL 10 15 15 8 10 13 1 13
F NICKEL, ppe ut ) 18 51 37 51 79 80 80
SILVER, pm A6 0 0 0 0 0 0 0 0
TIN, pew N 3 1 2 1 3 1 0 0
] SILICON, ppm st 2 3 10 30 20 7 6 12
80RQN, ppm (<1$ ppm) </ 8 15 15 15 1 15 15 15 15
S00IUM, pom " 8 5 13 8 7 15 10 15
ZINC, pom ™ 0 2 1 0 0 15 5 9
CALCIUN, dpm ca 2 0 1 5 0 7 10 18 }
ARIUM, pom 2 0 0 0 0 0 0 0 0
MAGNESTUM, ppm " 3 0 1 3 1 3 1 )
TITANIUM, ppe T § 0 2 3 5 2 2 5
VANAOIUM, ppm v ) 50 388 170 170 127 123 7
CADMIUM, pom co 5 0 0 3 3 0 0 0
MANGANESE, dom ™ 0 0 0 0 0 0 0 0
Y t™his valve represants the Towest measursdie quantity datectable using ASTM or spectrophotometric test procedures. ]
Y The nusber on the right in parenthesis reflects the reparted value from the supplier to the steamship company. L
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SAMPLE TEST RESULTS

TABLE 2.1 (Cont.)

SAMPLE COUNT REFERENCE | COUNT 57 58 59 50 51 82 53 P
SAMPLE NUMBER CONTROL | LAB NO. 7 3 " 12 264 n 21 52
JANKERING 20RT P! 16080 15080 16080 16080 | 16080 '6080 16300 15300
LESGRAPHICAL EGION I 2308 3 3] 3 3 3 3 3 2
SATE 3UNKERED w/SAY/YR | 7/8/80 | 7/13/80 | ss21/80 | 7/%4s30 | 8/23/30 | si27/80 | si23/80 | 52630
ZARBON % c 36.90 | 37.46 | 36.89 | 35.30 | 86.27 | 36.: 3%6.39 | 85.35
4YOROGEN * H 10.91 10.78 10.28 | 10.% | 10.92 10.38 10.38
“ITROGEN \ 0.30 2.67 2.69 3.79 3.72 0.39 3.4 2.56
MYGEN % (< 2.58) 0 0.5 9.5 2.5 3.76 3.52 2.30 0.5 1.29
SULFUR % s 1.39 1.48 1.63 1.32 1.10 1.36 1.68 1.52
iS4 2 ASH 0.03 2.35 0.2 0.22 | 2.2 3.92 2.01 2.3
AL GRAVITY 3 60°F & GRAY | 3.7(8.8) p2.95012.3)| a.8(5.00 170130 [12.702.4) [ra.0ia.8y]  1s.2 [12.8(13.5)
M SLASH POINT (0°F) &/ FLASH | 190(184) ] 208(230)| 2000192)] 176(200)| 176(198)| 2201220y | 208 | 200(164)
11SCOSITY (S5U @ 100°F) VISSSU 5037 1310 5495 5975 | 400 3500 497 5032
r??§§g§§??'555“000 N0. 1 SEC | yisaup 5292 1778 817 5238 | 3887 1810 3679 11
SEATING VALUE 3TU/L3 HTVAL 18200 18460 18020 18110 | tszs0 | 18300 18050 18130
SPECIFIC WEIGHT L3/GAL SPECUT 8.35 3.18 3.42 319 | a1 8.12 8.08 3.18
3MQSPHORUS, pom (< 30 oom) =] P 3 13 9 30 10 10 26 35
(RON, ppm FE 25 2 28 66 2 26 4 2
LEAD. ppm P8 2 0 2 4 1 2 0 1
COPPER, ppm U 0 0 1 1 0 9 0 0
CHROMIUM, ppm R 1 0 1 9 0 0 1 Q
ALUMINUM, Spm A 7 9 n 12 20 13 8 10
NICKEL, ppm ut §5 &8 70 88 16 82 18 73
VSILvER, pom ™ 0 0 0 0 0 0 0 0
TN, ppm SN § k] 3 4 3 1 2 k)
SILICON, spx st 3 13 28 15 8 ? 20 7
BORCN, pym (<18 pom) 3 15 1 15 1 18 15 1 18
SOOI, pom ™ 6 § 3 7 12 n 0 13
2INC, oom T 0 5 0 s 1 1 0 2
CALCIUM, pom e q 5 2 3 2 8 1 2
SARIUM, ppm 8 0 a 0 9 0 0 0 o
MAGNESIUM, pom MG 1 1 0 2 \ 2 0 3
(ITANIUM, pom T 0 0 8 6 s 1 10 0
1ANAGLUM, ppm v 29 7 120 60 2 & 87 8
CADMIUM, pom @ ) 5 8 0 0 0 s 5
VANGARESE, pom - o 0 0 0 0 0 0 0

V' s valve reprasents the lowest mmasurable quantity detectaple using ASTM or spectrophotometric tast procedures.

Y The number on the right in parenthesis reflects the reported value from the supplfer to the steamship compeny.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 45 38 &7 33 89 70 n 72
SAMPLE NUMBER CONTROL We N0. | 139 263 74 176 7 1 2 3
JUNKERING PORT Wt [163¢0 |163¢0  [1se00 | :sa70 | 16340 |i7700  |17700 17727
SEOGRAPHICAL RESION T CODE 3 3 3 3 3 3 3 3
JATE 3UNKERED MO/0AY/YR | 3/30/80 | 7/6/80 | 3/20/30 | 9/7/80 | 2/4/30 | 3/2/20 |5/27/30 | &4/%0
CARBON % c 86.71 86.53 | .73 | 8611 87.11 | as.a8 | a6.31 85.31
HYDROGEY 3 M 10.91 10.59 | 10.8 | to.s8 | 10.28 | il.22 | itz | 1.13
NITROGEN \ 0.65 0.69 0.82 .73 2.62 | 9.66 0.69 3.63
OXYGEN 1 (¢ 9.53) ¥ 0 3.5 0.55 5.5 0.59 2.5 2.5 2.5 0.5
SULFUR % s .82 1.63 2.0 1.70 1.8 | 2.40 1.3 2.22
ASH 1 AsH 3.6 9.10 0.2¢ 0.08 3.7 | 228 0.2 2.01
APL GRAVITY 3 60°F & saav  f1.saz.e) oy 129 [0.200.0)]12.4(9.5) |14.0(16.9)] 14.2(18.3)] 13.7(18.1}
P FLASH POINT (0°F) & sLASH | 202180) | 130(170) | 178 | 195(168) | 192(180) |194(170) |212(210) | 188(178)
YISCOSITY (Ssu 3 100%F) 1SS | s327 5081 5180 4873 2870 | 4670 3949 5312
| TSI W 0. T3EC | yismio | s670 1454 1541 1272 2516 | 100 1462 3183
HEATING YALUE 3TU/LS ATVAL | 18100 | 18010 | 1380 | 18481 | 18720 |1ge3¢ | 8570 18410
SPECIFIC 4EIGHT L3/GAL SPECUT 8.2 3.21 3.18 8.26 8.21 | a.12 3.10 8.13
PHOSPHORUS , ppn (< 30 gpm) =] 2 10 10 1a 10 77 134 a7 254
IRON, pm fE ) 18 23 ) 8 ) 26 18
LZAD, poe ’ 2 1 1 2 i 1 1 1
COPPER, ppm w 1 0 0 1 0 3 0 0
CHROMIUM, pom e 0 0 0 0 0 1 1 1
ALMIN, oom AL 19 1 8 1 3 3 3 10
NICXEL, ppm M g “ 103 % 52 %0 ) 68
SILVER, ppm % 0 0 0 0 0 0 0 0
TIN, pom s 3 . ) 1 s 3 2 0
SILICON, apm st n s 15 12 18 2 2 2
30RON, ppm (<1 pom) < 8 18 18 18 15 1 1 1s 18
SOOI, ope " 3 2 18 4 0 10 7 9
2INC, pom N 3 3 0 1 1 0 0 0
CALCIWM, ppm e 17 12 " 2 13 18 2 2
SARIUM, pom M 0 0 0 0 0 0 0 0
MAGNESTUM, ppm ™ . 2 1 s s 2 1 7
TITANIUM, pom T 2 3 1 2 s 0 0 0
VANADIUM, ppm v 14 59 150 128 108 120 7% 126
CAGIUM, pom = 0 0 0 a 0 7 8 7
MANGANESE, pom - 0 0 0 0 0 0 0 0

7 tnis value represents the Towest messuradle quantity detectable using ASTM or spectrophotometric test Procedures.

* the numder on the right in parenthesis reflects the reported value from the suppiier to the steamship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

IAMPLE COUNT REFERENCE COUNT 7 74 5 76 17 78 7 o

SAMPLE NUMBER CONTROL LAB NO. 19 247 15 16 17 2 2 s |l

IEHKERLHG PORT @t (17730 fosss  [tizos [nizos [vizas  [zos [ vzes | vags

SE0GRAPHICAL REGION L CooE 3 : s R s : ) 3

TATE 3UNKERED WO/0AY/YR| 7/11790 |8/15/80 | 7/12,80 |7,12/30 |3/28/30 | s/18/30 | s/29/80 | 5/26/20

CARBON % ¢ .26 | 8.5 | 36.27 | a6.57 | 35.98 | 26.46 | 86.45 | 86.35

YYOROGEN H 10.80 | 10.48 | 10.88 | 1.6 | 10.88 | 11.03 | 19.3 | 11.22

%[TROGEN % N 0.73 0.33 aa | o 0.39 0.42 2.46 0.25

IWYGEN T (< 0.58) 0 1.31 2.5 3.5 2.5 2.5 2.5 2.5 0.5

SULFUR 3 ) 1.46 3.82 1.98 1.3 2.10 2.57 2.36 2.38

iSH 1 ASH 9.19 3.05 391 0.4 0.06 9.33 0.03 7.08

T GAAVITY 3 60°F & v |y 2.2 14.6 1.9 12.4 12.8 13.0 15.6

oM FLASH POINT (0°F) & FLASK | 164(180) | 148 254 258 250 266 262 138

7SCOSITY (SSU @ 100°F) v1SSSU | 5798 1863 1812 a6 5545 9538 7230 925
W SEC [ yisrup | s083 1386 1218 al34 4861 3361 5382 812

HEATING VALUE BTU/L3 ATVAL 17490  [18680 | 18230  |183r0  |1slaa | 12320 | 179s¢ | 1810

SPECIFIC WEIGHT L3/GAL SPECUT 8.28 8.2 3.07 8.07 8.19 3.18 8.17 5.03

SHOSPHORUS, spm (< 30 ppm) ~| @ 10 ) 10 5 30 50 n 2

IRON, ppm FE 36 2 9 10 6 § 8 §

LEAD, ppw P8 | 2 ] 1 0 9 0 1

COPPER, spm w 1 0 1 0 1 0 0 0

CHROMIUM, ppm R 1 0 0 1 0 1 1 0

ALUMINUM, 20m AL n 1 13 7 14 § 7 13

NICKEL, 20w M 100 1 ) a N a ) 25

SILVER, a0m % 0 0 0 0 0 0 0 0

I, pom N 3 3 3 0 2 0 s

SILICON, pom st n 5 7 20 7 7] 2 s

808N, ppa (<15 pom) ¥ 8 18 15 15 18 1 15 18 15

S00ILM, ppe " 10 5 13 9 9 7 3 7

ZINC, ppm ™ 9 1 0 3 1 0 0 1

CALCIUM, pom A 57 0 2 3 2 o 0 0

AR, gom m 0 0 9 9 0 0 0 0

MAGNESIUM, ppm ™ 8 0 3 2 2 0 1 1

TITARILM, ppm 15 0 1 7 5 s 5 7 2 1'
TAKADTUM, ppm v 108 199 103 128 107 128 147 108 {
cAMIU, oo @ 7 0 0 5 0 5 6 |
NANGANESE, dom - 0 9 0 0 0 Q 0 0 '

v ™his value regpresants the lowest measuradle quantity datectable using ASTM or spectrophotometric test procadures. .

¥ he maber on the right in parenthesis reflects the reported value from the supplier to the stasmship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS
SAMPLE COUNT REFERENCE COUNT 81 32 83 84 85 36 8" 38
SAMPLE NUMBER CONTROL LAB NO. 145 1 12 108 112 12" 81 85
BUNKERING PORT WPl 11205 11325 11325 11335 11333 11335 15410 15410
GEOGRAPHICAL REGION 1 CODE 4 4 4 4 4 4 1 4
JATE BUNKERED MO/DAY/YR | 8/1/80 6/16/80 | ©/27/30 | $/26/90 7728780 | 7/26/80 | 8711780 | 9/11.%0
CARBON 3 ¢ 86.50 86.38 86.69 86.01 86.09 85.82 85.00 86.96
HYDROGEN % H 10.90 11.36 .41 10.88 10,64 10.63 11.09 10.48
NITROGEN % LN 0.37 0.34 .30 0.33 0.23 0.27 n.25 0.28
OXYGEN % (< 0.5%) &/ 0 0.5 0.5 0.5 0.51 "5 0.51 0.5 0.5
SULFUR % S 1.98 2.09 2.25 2,27 2.77 2.75 3.43 2.36
ASH % ASH 0.04 0.04 0.04 0.01 0.10 0.07 0.08 0.07
APL GRAVITY @ 60°F &/ GRAV 12.5 13.4(13.8)] 14.9(15.282.0(12.7) [12.2(12.9) [12.2(12.4} }14.1(14.3)] 13.4(15.0)
PM FLASH POINT (0°F) &/ FLASH 186 224 (180) ] 254 (180) | 236 (180) | 244 (180) ] 236 (1An)] 238 (217)]245 (185)
VISCOSITY (SSU @ 100%F) VISSSU | 651" 3915 3469 3858 1595 1456 1514 1304
W' VSEC yvisrwp | 5713 3432 3081 | 3382 1028 3906 395" 3773
r.;E]/;‘}%‘%'vm.us 8TU/LB HTVAL  [18060 18320 18520 [18730 18510 18370 18020 18183
SPECIFIC WEIGHT LB/GAL SPECWT | 8.20 8.15 3.07 3.21 .20 8.20 3.11 8.15
PHOSPHORUS, ppm (< 30 ppm) | P 30 37 50 30 50 30 30 30
IRON, ppm FE 8 6 N s 16 12 3 ®
LEAD, ppm P8 1 0 0 2 2 3 1 2
COPPER, ppm cu 0 0 0 1 1 1 9 1 {
CHROMIUM, pgm R 0 0 0 0 0 0 0 )
ALUMINGM, pp AL 14 12 12 18 20 1° 10 11 1
NICKEL, ppm NI 25 36 33 21 24 21 23 53
SILVER, ppm AG 0 0 9 0 0 0 1 1 ;
TIN, ppm SN 0 2 3 3 3 4 5 - }
SILICON, ppm st 20 11 10 15 22 21 10 18
BORON, ppm (<15 ppm) T/ 8 15 15 15 15 15 15 15 15 :
SODILM, ppm NA 13 3 16 3 45 49 16 9 1
ZINC, ppm N 2 0 0 n 12 1 0 0 !
CALCIUM, ppm CA 2 0 1 n 1 1 0 2 J(
BARIUM, ppm BA 0 0 n 0 n 0 0 0 “
MAGNESIUM, ppm MG 0 n 0 1 2 M 2 2
TITANIUM, ppm Tl 1 n 0 4 9 3 1 3
VANADIUM, ppm v 70 i} 55 48 63 55 120 350
CADMIUM, ppm co ] 5 1 n 0 0 0 0
MANGANESE, ppm MN n 0 n n n o 0 0
Yy This value represents the lowest measurable quantity detectable using ASTM or spectrophotometric test procedures.
Y The number on the right in parenthesis reflects the reported value from the supplier to the steamship company.
I
t 29’




TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

é SAMPLE COUNT REFERENCE COUNT 89 90 9 92 93 94 95 3/ 96
SAMPLE NUMBER CONTROL LAB NO. 87 94 183 248 148 185 48 m
BUNKERING PORT WPl 15410 15410 15410 15410 11730 11730 11950 11950
GEOGRAPHICAL REGION 1 CODE 4 4 4 4 .5 5 S 5
JATE BUNKERED MO/DAY/YR| 7/28/80 4/18/80 | 9/10/80 9/26/80 6/27/80 | "/19/80 7/9/80 6/30/80
CARBON < C 85.80 85.59 85.37 84.90 85.37 85.50 86.03 86.07
HYDROGEN % H 10.71 11.15 10.83 10.82 10.92 10.41 12.1 11.29
NITROGEN % N 0.42 0.36 0.45 0.29 0.27 0.33 0.32 0.19
OXYGEN 3 (< 0.58) 0 0.71 0.66 0.68 0.54 0.5 0.5 0.5 0.5
SULFUR £ S 2.46 2.21 2.61 3.36 3.06 3.49 1.61 2.12
ASH % ASH 0.13 0.05 0.07 0.43 0.08 0.07 0.02 0.05
AP1 GRAVITY @ 60°F &/ GRAV 13.1 15.7  n.s(12.7) 13.7 fa.4Q12.7)| n.2  Jar1.1(14.8)4.2(14.8)
PM FLASH POINT (0°F) &/ FLASH 186 214 | 260(206) | 202(199) 218 230 202(206) | 220(175)
4[SCOSITY (SSu @ lOOoF) VISSSu 4410 5100 3266 a8 3360 4387 285 4556
W‘ SEC [ visro | 3866 aan 2863 3610 2986 | 3846 210 3994 :
HEATING VALUE BTU/LB HTVAL 18290 18790 18400 18390 "8160 18610 18210 18346
! SPECIFIC WEIGHT LB/GAL SPECWT 8.15 8.00 8.22 8.12 8.09 8.26 7.74 . 8.10
» PHOSPHORUS, ppm (< 30 ppm} 1 4 30 30 30 30 30 30 40 20
e [RON, ppm FE S 4 6 2 10 5 1 4
LEAD, ppm ] 2 2 2 2 2 1 0 2 1
COPPER, ppm cu 1 1 1 0 2 0 0 0
CHROMIUM, ppm CR 0 0 1 0 0 0 0 0
ALUMINUM, ppm AL 16 13 7 13 13 12 10 10
NICKEL, ppm L} 49 38 k1) 19 28 23 35 52
SILVER, ppm AG 0 J 0 0 0 0 0 0
TIN, ppm SN 4 4 4 2 1 3 3 7
SILICON, ppm SI 14 18 10 4 10 9 10 13
BORON, ppm (<15 ppm) ~/ 8 15 15 15 15 15 15 15 15
SODIUM, ppm NA 1 28 4 14 28 25 2 17
ZINC, ppm IN 0 0 2 1 3 0 1 0
CALCIUM, ppm CA 3 2 13 0 5 4 1 0
BARIUM, ppm BA 0 0 0 0 0 0 0 0
MAGNESIUM, ppm MG 2 S 14 1 4 3 0 0
TITANIUM, ppm TI 6 H 10 2 1 1 0 1
VANADIUM, ppm v 370 290 332 100 89 53 125 210 ]
CAOMIUM, ppm co 0 0 0 0 0 0 H 0
MANGANESE , ppm N 0 0 0 0 0 0 0 0 1
v This value represents the lowest measurable quantity detectable using ASTM or spectrophotometric test procedures.
o The number on the right in parenthesis reflects the reported value from the supplier to the steamship company.
3/ Not included in statistical analvsis because of viscosity.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS
t
E SAMOLE £2UNT RETTINCE SNt 37 ) 59 100 101 02 103 34
SAMPLE NUMSER COMTROL LAB 0. 221 166 128 n 233 35 §3 239
BUNKERING PORT WPl 11981 11960 2080 | 12730 12770 12970 12970 12370
GEIGRAPHICAL EGION e 3 3 5 5 5 : 3 3 5
E SATE 3UNKERED wO/0AY/VR | 3/2280 | $/19/80 | /73,30 | $/11/30 | 5,17/30 | 3/21/3C | 7-26,30 | 3/'1.8C
} CARBON - c 831 34.50 .45 | aa.36 84.12 36.32 3534 35.36
HYOROGEN 3 4 .32 .10 1.2 | 10.93 10.16 10.87 10.96 70.41
4ITROGEN 3 ¥ 9.36 3.43 2.38 0.2 0.25 3.36 2.29 0.33
3 OXYGEN % (< 2.5%) < 9 2.63 l 2.60 2.3 9.5 2.5 3.3 2.5 0.59
SULFUR % s 2.57 1.29 2.18 2.93 1.33 1.20 2.54 3.24
ASH 3 ASH 0.02 0.12 9.10 3.05 0.1 0.04 3.8 0.35
APL GRAVITY 3 60°F & GRAV 13.9 1.7 113.3013.3)] 4.2 10.5 13.0 14.4 13.7
oM FLASH OINT (0°F) ¥/ FLASH 192 194 174(166) | 186(221) 196 198(151) 142 168
11SCOSITY (Ssy 3 100%%) Y15SSU 1557 312 5015 1728 1180 s021 1683 3766
i Wmn B C EETTT) ma 3780 1396 1515 3778 1525 3108 3301
- HEATING YALUE 3TU/L3 HTVAL 18450 18800 18280 | 17910 18830 13360 18000 19050
SPECIFIC WEIGHT L3/GAL SPECUT 8.10 3.00 8.16 3.19 8.3 8.17 3.09 8.1
PHOSPHORUS, pom (< 30 oom) - ? 30 0 0 87 30 70 1] 30
3 IRON, ppm FE e 1 7 3 1 5 § .
LEAD, spm Pg 1 1 2 0 1 3 1 1
COPPER, opm cu 0 1 0 0 0 0 0 0
CHROMIUM, opm &R 0 0 0 1 0 1 1 0 |
ALLMINUM, pom AL n 12 12 9 n 10 10 18
NICXEL, ppm ™ 43 §7 53 P 18 56 & 22
SILYER, ppm AG 0 0 1 0 2 9 o 0 :
TIN, pom N R 0 8 0 1 2 3 3
SILICON, ppw 51 5 5 10 20 6 26 s s |
30RON, ppm (<!S pom) & 8 15 15 15 15 1s 15 15 T
| sootum, ppm A 3 13 16 2 12 " 13 10
ZING, ppm T 0 1 1 1 1 0 0 T
CALCIWM, pom cA 2 K 9 3 0 2 1 0 L
ARTUN, pom 8A 0 0 0 0 0 0 0 0 i
MAGNESIUM, ppm MG 1 1 7 s 1 3 1 1
TITANIUN, ppm n 3 6 1 5 1 6 5 1
YANADIUM, ppm v 200 750 380 %0 83 100 53 51
CADMIWM, pom ¢ 0 0 0 0 1 \ 0
MANGANESE, pom L] 0 q 9 0 0 0 9 o

v This value represents the jowast measurablie quantity decectadie using ASTM or spectrophotametric test procedures.

Y The number on the right in parenthesis reflects the reported value from the supplier to the staamship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

JAMPLE SCUNT BFERENCE JOUNT 10% 136 107 108 09 110 i 112
SAMPLE NUMBER CONTROL LAB N0. 230 246 108 105 192 123 228 262
IIKERING PORT WPl 12980 12980 13060 13650 | 13750 13760 13750 14500
SECGRAPMICAL RE3ICN I 20DE 3 5 3 5 5 3 5 s
SATE 3UNKERED M0/0AY/YR| 3/21/80 | as21/80 | asas80 | 31280 | 7/16/30 | 7/25/30 | 31180 [rosrzsse
ZARBOM 4 : .57 .54 36.91 36.51 | 36.30 36.33 85,31 36.19
<YOROGEN $ H 10.40 10.51 10.31 10.79 | 1.8 .53 12.22 11.10
YITRCGEN % N 0.31 0.10 0.12 0.18 0.27 2.37 2.36 9.24
0XYGEN 3 (< 0.58) ¥ 0 9.5 0.56 0.5 0.5 0.5 0.60 0.78 0.5
SULFUR % s 1.30 3.36 1.16 2.15 0.79 9.36 2.79 2.25
asH 3 ASH 0.07 0.04 0.10 9.11 0.08 9.01 0.13 a.01
APT GAAVITY ¢ 60%F ¥ 3RAV 12.5 12.3 0.0 |13.3013.5) 168 N17.1(18.2)[ 8.0 14.5
M FLASH POINT (0°F) & FLASH 188 184 198 | 162(153) | 260 | z0g(1me) | 140 202
41SCOSITY ($5U 9 100%7) 11S5SU 1359 1512 5440 §102 6560 3975 3585 5878
m U3 1 ysawo 182! 3955 4769 3349 5751 5238 3143 5153
HEATING VALUE 8TU/LS 4TVAL | 18860 18840 17702 18456 | 18637 18670 18670 18690 5
SPECIFIC WEIGHT L8/GAL SPECHT 3.18 3.17 8.35 8.15 7.98 7.93 7.88 8.07
PMOSPHORUS, ppom (< 30 ppm) <] P 10 30 0 3 30 30 10 30
TRON, ppm FE 3 4 6 5 7 5 3 5
LEAD, 7pm ] 1 1 1 3 4 s 3 2
COPPER, ppom cu 0 0 0 1 2 1 0 0
CHROMIUM, 2pm @ 0 0 0 1 1 a 0 9
ALUMINGM, 3pm AL 10 10 n 13 10 15 10 1
AICXKEL, pom 1t 18 19 30 7% 9 § s 82
SILVER, sem A6 0 0 0 1 0 0 0 0
TN, pom sn 2 1 s 7 6 4 0 5
SILICON, pom 3 5 4 15 17 13 16 s §
ARON, pom (<15 pom) ¥ 8 15 15 18 18 15 15 18 15
SOOI, pom " 17 18 7 14 28 17 21 s i
2NC, pom ™ 1 1 0 0 0 0 1 2
CALCIUM, ppm A 0 1 a 4 4 s 2 2
IARILM, pom 8A 0 0 Q 0 0 0 0 0
MAGNESTUM, ppw “G 1 1 0 3 2 3 2 0
TITANIUM, ppw 5 1 0 1 5 2 6 0 1
VANADIUM, 2pm v 57 55 3 500 2 16 10 160
CAOMIUM, pom o 0 0 0 0 0 0 0 0
MANGANESE. 20m -~ 0 0 0 0 0 0 0 0

v This value regresents the Tawest measuradle quantity detectable using ASTM ar spectroghatometric test procedures.
y The number on the right in parenthesis reflects the reportsd vaiue from the suppifer to the steamship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 3 114 113 116 11 113 11a -
SAMPLE NUMBER CONTROL | A8 NO. 134 154 15° 136 138 -3 2 1572
BUNKERING PORT WPl 23320 | s1s0n | 31130 | 3itae 31885 | 33337 | 3mss0 | 3esen
SESGRAPHICAL RESICN ! COOE 0 3 6 3 5 5 5 5
SATE BUNKERED MO/DAY/IR =, 16/80 | 7/19/80 | 3/19,/30| 6/8/30 | =/28/80 | 6,23739 ] = 13730 | 4/28.3
CARBON 3 ¢ 84.86 35.08 36.18 35.52 35.52 35.)7 $5.2° 34.85
HYOROGEN % H 10.39 11.01 | 10.43 [ 10.79 | 11.08 | 10.30 | 11.s535 | 11.26
41TROGEN 3 N 0.23 0.23 0.51 .17 0.09 9.34 n.27 9.:2
i OXYGEN % (< 0.53) ¥/ 0 0.5 2.3 9.3 0.3 9.3 3.3 0.5 3.5
' ‘ SULFUR % s 3.35 .38 284 3.31 2.39 5.79 5.29 3.61
ASH % ASH 0.07 9.35 2.09 0.:2 2.05 0.13 3.38 9.1
API GRAVITY ¢ 60°F & GRAV 15.0  |1a.s003.9) 11.9 15.1 17.6  0.s0u1.0yfis.7 (5.0 15.3
P FLASH POINT (07F) &/ FLASH 255 256 (239) | 208 226 | 160(185) |162 (190} |232 (220) | 296
VISCOSITY (SSU 2 100%F) visssu | 33a0 HEH 1980 3942 1081 33594 32359 330"
W- VST visrwo | 2298 3204 1366 3456 3350 1904 1357 2399
HEATING VALUE 8TU/LB WTVAL | 18770 19120 | 18300 | 19020 | ravo0. | 13200. | 13200 | 1s380
'3 SPECIFIC WEIGHT LB/GAL SPECKT $.05 3.12 $.23 .04 -.90 8.32 $.02 3.04
PHOSPMORUS. P6m (< 30 pom) =] P 30 30 50 30 33 53 -0 30
IRON, ppm FE 3 5 13 2 2 16 5 1
LEAD, ppm 8 0 1 1 0 1 2 0 1
COPPER, ppm w 0 0 1 0 0 0 0 1
CHROMIUM, pom R 0 0 0 0 ) 0 0 0
ALUMINGM, ppm AL 3 14 5 3 10 ? 10
NICKEL, ppm nI 12 3 23 ? s 37 28 21
SILVER, ppm A 0 0 0 ? 1 0 0
TIN, opm SN 0 0 0 0 0 5 2 1
SILICON, ppm st 6 n n s s 19 10 ?
BORON, ppm (<13 ppm) &/ 8 1$ 15 1$ 15 15 15 13 1§
SO0, ppm NA 5 12 12 0 7 50 18 12
LINC, ppm n 1 1 2 1 0 9 n 1
CALCIUN, ppm @ 0 1 2 0 0 7 1 0
BARIUM, ppm 8A 0 0 0 0 0 0 0 0
MAGNESTUM, ppm ] 1 1 1 0 1 1 : 1
TITANIUM, ppm T 0 0 3 0 0 2 0 1
VANAOLUM, ppm v 29 20 57 20 18 130 133 .
CAQMILM, ppm ¢ 0 0 0 0 0 n 4 0
MANGANESE, pPm ] 0 0 0 0 0 0 n 0
_

v This value represents the Towest measurable quantity detactable using ASTM or Spectrophotometric tast procedures.
Y The number on the right in parenthesis reflects the regorted value from the supplier to the stesmsnip company.
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TABLE 2.1 (Cont.) ?
t SAMPLE TEST RESULTS
h SAMPLE COUNT REFERENCE COUNT iy 122 123 121 125 126 11- 1:
; SAMPLE NUMBER CONTROL LAB N0. -2 32 55 13 13 - L5 o1
: SUNKER[NG PORT 1 52390 36859 53773 39130 39130 igien 3340 43327
f ECGRAPHICAL AZSION 7 308 5 - - - - - - -
r ATE SUNKERED MO/DAY/YRf9/1="30 | ='11/80) -, 1380 | =/5/30 | 7;29/80 | 3/13/80 | -/23-90 13 17 93
l CARBON 3 ¢ $5.0°7 85.30 35.04 | 3%.72 | 31.3% 34.06 | 34.45 | 35.31
L HYDROGEN % H 11.71 10.90 10.34 12.03 | .09 10.35 11.92 11.90
’, 4{TROGEN % N .08 3.20 0.8 0.36 0.25 1,29 0.30 3.30
E OXYGEN 3 (< 9.5%) V 0 0.3 0.3 1.3 0.5 0.5 2.3 9.3 1.33
SULFUR % $ .87 14" 1.03 1.38 3.41 1,19 5.97 3.36
ASH % ASH .05 3,13 3.5 0.07 9,98 .13 3.3 3.2
APL GRAVITY 3 50°F & GRAY 16.7 12.8(13.5)111.7(11.6)116.5(18.3) | 18.9  13.3713.8) | 13.4 13.1
PM FLASH POINT (0%F) &/ FLASH  1213(203) [254(180) [232(2350) 2100212y | :s8 130(142) | 1396 148
VISCOSITY (Ssy 2 100°F) VISSSU 1436 5739 4128 2328 19-° ) 1804 1363
;:l‘StQUODSF!Ii REDWOOD 10+ T 3EC [~ [5RuD 1259 5031 5572 2038 1753 1702 3415 2950
HEATING VALUE 3TU/LB HTVAL 18740 | 18360 18250 | 13660 | 18222 13420 13480 18350
SPECIFIC WEIGHT L8/GAL SPECWT .95 $.18 8.25 7.97 8.01 3.15 .15 8.17
PHOSPHORUS, pm (< 30 opm) 4] 7 30 30 50 30 30 50 30 39
p iR0N, ppm 3 3 T 5 H 11 3 - 39
LEAD, ppm [4:] 1 1 2 1 1 ? 2 2
COPPER, ppm cu 1 3 0 " 0 0 1 0
CHROMIUM, ppm ] 0 9 ) 1 0 b} 2 1
ALUMINUM, ppm AL 9 9 10 10 9 10 12 9
NICXEL, ppm ut 23 20 31 42 30 42 36 24 |
SILVER, pom % 0 0 0 0 0 1 Q ) ]
TIN, pem SN : 4 3 3 1 3 |
SILICON, pem st 5 17 10 10 11 1? 9 23 ‘
BORON, ppm (<15 ppm) </ 8 15 15 15 15 15 15 15 15 l
SOGIUM, ppm NA 27 ] 8 15 13 29 11 0 !
ZINC, ppm ™ 2 0 1 3 0 0 1 0
CALCIUM, ppm cA 1 0 1 H 0 ] 1 3
BARIUM, pom 8A 0 0 9 0 0 0 0 0
MAGNESIUM, ppm 6 2 1 0 3 1 2 0 1
TITANIUM, ppm 1 2 1 0 0 1 2 2 5
VANADIUM, ppm v 125 68 6 310 98 130 130 o)
CAOMIUM, ppm €0 0 0 6 3 ] 0 0 3
MANGANESE, pom w 0 0 0 0 0 0 0 0

Y s value regresents the Towest measuradle quantity decactanie using ASTM or spectrophotometric tast procedures.
Y The nusser an the right in parenthesis reflects the reported value from the supplfer to the staamsnip company.
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g TABLE 2.1 (Cont.)

SAMPLE TEST. RESULTS
SAMPLE COUNT REFERENCE COUNT 129 13) 131 N 3% 134 ] 133 -
SAMPLE NUMBER CONHTROL LAB NO. 122 23 124 125 pEY! pE 243 133
BUMKERING PORT WPl 16°"0 16830 15350 | 16850 15939 10330 16830 13149 .
GEOGRAPHICAL RESION I cooe - - . - - - - 3
JATE JUNKERED M0/0AY/YR | 5/13/30 5/30/80 | /1030 | 6721730 4023, 30 ) st [ crzrsen ) o o2 3 ‘
SARBON < < 35.53 36.18 85.80 | 53,31 $5.31 35,23 36,22 14 1% ‘i
HYOROGEN % H 10.63 19.59 10.25 10.76 10.37 19.10 10.33 11.42 j
SITROGEN % N 9.23 0.38 0.33 0.33 n.0v .23 9.03 .12
OXYGEN % (< 0.58) ¥ 0 0.5 0.5 0.5 0.3 1.3 0.5 9.5 1.5 |
SULFUR % S 3.27 5.17 3.04 3.16 5.04 2.30 2.8° 1.35 ‘
ASH 3 ASH 0.05 0.04 0.11 0.09 .98 0.10 9.8 1.18 i
APt GRAVITY 2 60°F & GRAV  |13.4(13.5) [11.5(11.5)11.7(2L.6){ 12.5013. 1)} 12.1 11.3 1.5 17,5 (
PN FLASH POINT (0%F) &/ FLASH (164 (167) |178 (162) {178 (172) |156 (160) | 152 142 166 178 ;
YISCOSITY (SSU @ 100°F) v{sSSsu 1501 1386 1918 1779 1566 1529 1192 1179 ‘
irgl‘&nau"‘é‘i REDROOD 0~ 1 SEC |y [sRwD 1516 1215 1361 1560 1373 1349 1308 1973
4EATING VALUE 8TU/LB HTVAL 184386 17330 18520 18140 13860 13380 18430 13307
SPECIFIC WEIGHT L8/GAL SPECWT 3.15 8.26 8.25 3.18 3.21 3.22 8.24 =.3:2
OMOSPHORUS, pom (< 30 ppm) =] 7 39 30 36 30 30 30 30 30
[RON, pom FE 50 11 19 16 9 9 9 1
LEAD, pom P8 1 1 2 e 1 2 3 3
COPPER, ppm cu 1 0 0 1 0 0 0 1
CHROMIUM, ppm CR 0 0 0 0 9 0 0 9
AUMINM, ppm AL 13 12 15 19 14 15 15 11
NICXEL, sem nt s 42 53 42 33 26 30 21
SILVER, ppm AG 0 0 1 0 0 0 0 0
14, ppm s 3 4 . 5 3 2 3 1
SILICON, ppm §1 19 18 1§ 21 8 9 * 1
30RN, prm (<15 ppm) & 3 15 15 15 15 15 15 15 15 :

. SOOI, pom " 25 3 19 23 13 13 1 5 :
2INC, ppm ™ 2 0 3 2 s 5 3 1 ’
CALCIUM, ppm CA 0 0 0 1 1 1 1 9
SARIUN, oom 3 0 0 0 0 0 0 0 a i
MAGNESIUM, ppm "6 2 1 4 3 1 2 1 0
TITANIUM, pom L2 2 0 1 $ 2 2 2 N f
VANAOIUM, ppm v 105 100 130 83 80 59 65 *0 B
CADMIUM, pom ¢ 0 H 0 0 0 n 0 9 -
MANGANESE. pom N 0 0 0 n 0 0 0 2

Yy This value represents the Jowest measurable quantity detactabie using ASTM or spectrophotometric test procadures.

Y The number o8 the rignt in parenthesis reflects the reportad value from the supplier to the steamship company.
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TABLE 2.1 (Cont.)
SAMPLE TEST RESULTS

IAMPLE SOUNT REFEAENCE COUNT 13- 173 138 140 4t 142 43 2aa

SAMPLE NUMBER CONTROL LAB N0. e 13 36 192 12 s ) 133

SUNKERING PORT WPl 138140 13110 38333 18333 10249 19240 19240 1nann

5E0GRAPHICAL RESION I C0€ 3 3 3 3 3 3 3 3

2ATE 3UNKERED MO/DAY/YR | g.15,80 | 5.2730 | s-21/90f 5/35/80 | 371678032790 |5 31730 | 5025030

<ARBON ¢ 35.00 | 33.26 | 35.17 | 95.28 | 31.35 | g5.01 35.22 34.49

HYOROGEN 2 H .92 | 1:.96 | tr1.e6 | 11.38 | 10.35 | to.s0 | 10.50 | 11.31

*ITROGEN % N 0.19 0.09 .09 0.11 9.24 7.253 9.22 .18

GXYGEN % (< 0.5%) & 0 0.5 0.39 0.5 0.3 0.5 2.3 9.5 n.3

SULFUR 3 5 3.30 .65 2,63 1.70 3.30 5.67 5.30 3.71

ASH 3 AsH 0.96 0.11 0.12 0.01 .11 7.0 .98 2.94

421 GRAVITY @ 6a°F &/ GRAV 15.9 20.4 1.1 19,1 |ras.s| 1e.2 J13.9017.136.3017.0)

M FLASH POIAT (3°F) & FLASH 186 168 164 162 180 (202y | 182 180 248 1291 4
11SCOSITY (Ssu 3 100°F VISSSU 926 04 357 101 1539 1658 1691 1293

;‘E;OUEF“‘ REDW0D W0+ 132 | ish0 312 354 313 352 1392 1353 1182 1154

HEATING VALUE 3TU/L3 HTVAL 13670 | 18720 | tse7o | 18s30 | 18720 | i3580 | 18770 | 13530

SPECIFIC WEIGHT LB/GAL SPECUT $.00 7.7% 7.73 .93 3.10 3.09 $.10 .96

OHOSPHORUS, opm (< 30 ppm) =] P 30 30 1 30 30 30 30 30

20N, ppm FE 2 0 2 1 4 4 4 :

LEAD, ppm ] 1 0 2 1 1 1 1 1

COPPER, pom cu 0 0 0 1 0 0 ) 1

CHROMIUM, pom R 0 0 0 1 1 0 1 0

ALWMING, ppm AL 10 7 10 7 10 9 s 10 1
NICKEL, ppm ut 1 5 4 13 14 11 26

SILVER, ppe AG 0 0 0 0 0 0 0 0

TIN, ppm SN 0 0 2 0 0 0 1 6

SILICON, ppm st s 2 7 5 5 T 6 14

BORCN, ppm (<15 pom) & 8 15 15 15 15 15 1$ 15 )

5001UM, ppm ) 3 21 3 3 7 6 6 11

ZINC, ppm W 0 1 1 0 1 1 0 1

CALCIIM, opm cA 0 ) 1 2 1 9 0 1

BARIUM, ppm 8A 0 n 0 0 0 0 0 0 ;
MAGNESIUM, ppm MG 0 3 1 2 2 ) 1 1 {
TITANIUM, Pom 183 0 ] 0 q t 1 1

VANADIUM, pom v 2 8- 16 s 30 29 22 7

CAOMIUM, ppm ¢o 0 9 5 0 0 n 0 9 1
MANGANESE, ppm ™ 0 0 0 0 0 0 0 0 1
Y this valve represents the Towest msasuradle quantity datectable using ASTM or spectrophotometric test procedures.

y The number on the right n parenthesis reflects the reported value from the supplier to the staamship company.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 143 146 147 148 149 150
SAMPLE NUMBER CONTROL LAB NO. 136 151 189 191 137 l62
BUNKERING PORT wl 50000 50000 50000 50000 50010 $7840
GEOGRAPHICAL REGION 1 CooE 8 ] 8 8 8 3
DATE 3UNKERED MO/DAY/YR |~ 4 /90 1/8/80 | 8/30/80 | 3/2/380 7/28/80 | $/15/80
CARBON % ¢ 85.07 35.28 34.36 3a.7¢ 85.27 | 85.36
HYOROGEN 2 R 11.88 11.22 11.09 11.10 11.11 11.25
NITROGEN % N 0.15 0.18 n.21 9.17 n.14 n.18
OXYGEN 3 (< 0.5%) ¥/ 0 0.5 0.5 0.5 0.5 9.5 0.58
SULFUR 3% s 2.00 5.10 3.58 3.60 3.08 2.00
ASH 3 AsH 0.05 0.01 0.02 0.11 8.02 0.12
AP GRAVITY 9 60%F &/ GRAV  J16.6(17.1) [16.2(16.3) |16.2(16.5)] 16.2 16.7  [16.1Q27.2)
M FLASH POINT (0°F) &/ FLASH 182 (182) (288 (18S) (140 (174) 164 142 172 (285)
VISCOSITY (SSU @ 100°F) V1SSSU 1957 2328 1538 1501 1650 1394
WI ¢ | vismio 1716 2038 1348 1316 1446 1222
HEATING VALUE 3TU/LB HTVAL 18200 18580 18530 13440 19220 13040
SPECIFIC WEIGHT LB/GAL SPECWT .97 7.98 7.98 7.98 7.95 3.00
PHOSPHORUS, oom (< 30 pom) <] P 50 30 30 30 30 30
IRON, pom FE ] 4 7 3 1 3
LEAD, om ] 1 2 1 1 1 2
COPPER, ppm [wi] 1 0 0 0 0 1
CHRQMIUM, pom R 0 0 0 0 0 0
ALUMINUM, pOm AL 11 13 15 16 3 10
NICKEL, ppm L) 20 8 1 10 7 13
SILVER, ppm ] 0 0 0 0 0 0
TIN, pem C 3 2 0 0 0 0
SILICON, ppm st 2 s s . . .
soR, pom (<1$ ppm) </ s 18 15 15 15 15 15
SQOIWN, opm " ] 16 16 13 7 ©
ZINC, ppm l" 2 0 1 2 0 3
CALCIUM, ppm o 2 0 0 0 0 0
BARIUN, pom 8A 0 0 0 0 0 0
MAGRESIUN, pom " 3 2 1 1 1 1
TITARIUN, pom Tt 2 3 1 0 0 1
VANAQIUM, pom v 14 28 26 u 16 1]
CAOMIUM, om co 0 0 0 0 ) 0
MANGANESE, oom b} 0 0 n 0 0 n

1/ his vatue represents the lowest measurabie quantity detectadie using ASTM or spectrophotometric test procadures.
Y The number on the right in parenthesis reflects the reported vaiuve from the suoplier to the stesmship comosny.
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TABLE 2.3

COMPARISON OF 1980 SURVEY TO 1976 SURVEY
AND THE INDUSTRY REFERENCE 1/

Fuel Characteristics Symbol ég:::::g Slgzzy Slzsgy
CARBON % ¢ 87.75 85.20 | 8s5.78
HYOROGEN % H 10.50 11.30 | 10.88
NITROGEN % N 0.15 0.80 0.33
OXYGEN % (<0.5%)&/ 0 0.40 0.43 | 0.55
SULFUR % s 1.20 2.97 2.60
ASH % ASH -- 0.03 0.08
API GRAVITY @ 60°F GRAV - 15.1 13.65
PM FLASH POINT (0°F) FLASH - 192 197
VISCOSITY (SSU @

100°F) VISSSU - 3264 3982
VISCOSITY REDHOOD NO.

1 SEC @ 100°F VISRWD -- 2861 3491
HEATING VALUE BTU/LB HTVAL | 18500 18780 18408
SPECIFIC WEIGHT LB/GAL | SPECWT o= 8.99 8.13
PHOSPHORUS, ppm (<30)¥ | P -- a0 as
IRON, ppm FE -e 6 10
LEAD, ppm P8 .- 1 2
COPPER, ppm ) pon 0 0.5
CHROMIUM, ppm CR - 0 0.4
ALUMINUM, ppm AL - 2 12

NICKEL, ppm NI - 18 37
SILVER, ppm AG - 0 0
| TIN, ppm N - ) k|
SILICON, ppm S - 2 T3
BORON, ppm {<15) 8 - 0 15
SODLUM, ppm NA - 15 13
ZINC, ppm N - 1] )
CALCIUM, ppm A - 30. 5
| GARIUM, ppm 7. - 10 )
MAGNESIUM, ppm MG - 180 2
TITANIUM, ppm TI - .2 2
VANADIUM, ppm v - 42 140
CADMIUM, ppm 0 . 0 2
MANGANESE, ppm MN - 0 0

1/ The industry reference {s for heat
is taken from the Society of Naval
Engineers (SNAME} Technfcal and Research 8ylletin 3 - 11,
SNAME, 1972.

balance purposes and
Architects and Marine

2/ These averagas for oxygen, phosphorus, and boron are
artificially high because the quantities indicated were
usaed to represent any sample that fell below these tes:

limits.
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TABLE 2.4
MULTIPLIERS FOR 95% CONFIDENCE INTERVAL Y

. \ 2, /

Rgg;:n ;&Ebf?i ‘%;?;: Multiplier
1 33 1.645 .29
2 20 2.093 . .47
3 20 2.093 . .47
4 19 2.101 -~ .48
S 19 2.101 .48
6 9 2.306 .77
7 14 2.160 .58
8 15 2.145 .55

Total 149 1.645 .13

1/ Information from Standard Mathametical Tables,
15th Edition, Chemical Rubber Company, Cleveland
Ohio, 1967.

2/ The t value is taken frum the table of sample
distribution probabilities and is used when the
sample size is less than 30. The z value is
also from a table of sample distribution proba-
bilities and is used when the sample size exceeds i
30.
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TABLE 2.5
WATCH SAMPLE RESULTS

SAMOLZ COUNT REFERENCE COuNT - 4=
1aWoLS UMBER CONTROL ABNO. | 270 2n 22 180 208 237 {
IKERTNG 08T Py WA wva | wa |es0 | 49260 | 28210 ;
GEOGRAPHICAL REGION [ CI0E 7 7 7 2 3 1 ’
DATE SUNKERED WO/BAY/YR | N/A /A NA | a/10/80 | 311780 | 3/6/80 j
CARBON £ € .| w468 84.98 35.39 85.40 84.86 36.52 k
MYOROGEN % H .95 | 1068 | 1.06 | 10.77 | 1118 | 10.66 '
AITROGEN % N 0.2¢ 0.28 9.2¢ 0.28 0.2 0.30
ORYGEN 2 (< 0.5%) 0 0.50 0.50 3.50 9.50 2.50 0.50 ;
SULFUR £ s 3.70 1.87 3.18 1.9 1.68 2.82
ASH asH 2.03 0.2 0.2 2.98 9.09 2.13 i
7 AP GRAVITY @ 60°F &/ GRAY 13.7 137 135048 s 14.5 n.7
on sLAsH soINT (0°F) &/ FLASH 196 20 | 2msqaen)| 192 | 1es(z0a)| 178
VISCOSITY (SSu 3 100°F) visssu | 2780 3100 3480 4750 1850 4250
[TTSeog ey wowo00 0. TSE [ yism0 | 2630 210 1040 4149 1616 3
HEATING VALUE STU/L3 WTVAL | 18620 | 18170 | 18320 | 18020 | 18020 | 18040
SPECIFTC WEIGHT L3/GAL SPECUT 8.13 8.13 8.1¢ 5.26 8.09 8.25
PHOSPMCRUS, pom (< 30 pom) =/| P 0 30 30 30 30 30 %
IRON, ppm FE 2 2 H 17 7 12
LEAD, pom ’e 1 1 1 4 0 1 i
COPPER, opm cu 1 1 1 1 0 1
CHROMIUN, pom @ 0 0 0 0 0 0:
ALUMINUM, ppm AL 1 14 10 18 16 10
VICKEL, pom HI 2 27 18 58 18 0
SILYER, opa % 0 0 0 0 0 0
71N, pom = 3 2 2 2 1 2
SILICON, poe st 8 8 n 2 8 1
0R0Y, ppm (<15 pom) < 8 18 s 18 15 15 18
SO0ILM, pom " 12 14 20 15 9 5
2INC, ope o . ) 2 3 0 0
CALCIUM, pow ¢A ) 8 0 1 0 1
SARIUM, ppm 8A 0 0 0 0 ] ]
MAGNESIUN, pom ™ 1 1 1 ) 5 1
TITANIUM, ppm % 3 1 1 2 1 1
VANAOIUM, ppm v ) M .8 9 n 220
CADMIUM, pom @ 0 0 0 0 0 0
MANGANESE, pom ™ 0 0 0 0

v This value reoresents the: lowest measuradle quantity datactadle using ASTM or spectrophotometric test procedures.
¥ The mumber on the right in parenthesis reflects the reported value from the supolier to the stasmship company.
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TABLE 2.6
REFERENCES

1. Improved Marine Boiler Reliabilitg, April 1976, Maritime
Administration Report No. -RD- -70040, National Technical
Information Services PB-252 675, April 1976, prepared by Combus-
tion Engineering Marine Power Systems.

2. Marine Engineering, Society of Naval Architects and Marine
Engineers lSNfﬂE), New York, 1971.

3. 1974 Annual Book of ASTM Standards, Part 23, "Petroleum
Products and Lubricants (I).”

4., Marine Steam Power Plant Heat Balance Practices, Technical
and Research Bulletin 3-11, SNAME, 1972.

S. gualitz Control and Industrial Statistics, A. J. Duncan,
3rd ition, Richar . 1rwin, Inc., Homewood, Illinois, 196S.

6. Standafd Mathematical Tables, 15th Edition, The Chemical
Rubber Company, Cleveland, Ohio, 1967.

52




o0g 530
31370580 JHY SNOILIAI SNOIATHd 0S wuo4 L0
P

poyuRuq) SogRqineig
tespeper ogqud 10§ pescaddy

. Y18 NOWLNMISKT !

43)89nDbas 03 uamdy ‘'z

ANIWILVLS NOILNBIYLISIO 2
usquiny Qv umssy ‘1 .
2iLa

‘Aluo
UoPMUICIU} PILjIIsDIIUN 29} P
. 4 U e
JI1Ld 01 pafivu
2340dad 0) WiO) YOOV ‘¢
.M ‘g puo [ nuay ayarduioy g

Al BT
. IND.:DZ O/ANY 3TLIL LHO43IH *
G.\wvuhvk 0 =

ADNIDY ONILVYNIDINO 'Y

"WIL0) JO asudaad ﬁ\
U0 9234PPL Bumpont unok ng ‘1 27 i

*d43153N03y ~  "NOILYWHOANI DNIA4ILNIGI 1¥0d3y "1
IJULON 1
NOISS300V Dila

a2lva HAGWNN OV




DEFENSE TECHNICAL INFORMATION CENTER
CAMERON STATION
POSTAGE AND FEES PAID
ALEXANDRIA, VIRGINIA 22314 DEFENSE LOGISTICS AGENCY
DOD-304

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

Office of Research & Dev,

Maritime Administration
Ues Se Department of Commerce

Washe De C. 20230

A rrna’ /_ns,o’mn/e //j)— }/JJ?'
f o Ragle Brpeins

|
i
!
i

SRS







