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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
oil as it was bunkered aboard U.S. merchant steamships. These
samples represent 75 po S'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/

Fuel Characteristics Smbol Indusy 1 1980Fue Chraterstis vmo]Standard Survey Survey

CARBON t C 87.75 85.20 85.78

HYDROGEN; H 10.50 11.30 10.88

NITROGEN 1 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 S ASH -- 0.03 0.08

API GRAVITY @ 600F GRAV -- 15.1 13.65

PM FLASH POINT (OF) FLASH -- 192 197

VISCO§ITY (SSU a
100 F) VISSSU -- 3264 3982

VISCOSITY REDVOOD NO.
1 SEC @ 100 F VISRWO -- 2861 3491

HEATING VALUE BTU/L8 HTVAL 18500 18780 18408

SPECIFIC WEIGHT LB/GAL SPECWT -- 8.99 8.13

PHOSPHORUS, ppm (<30)-/ P -- 40 46

IRON, ppm FE -- 6 10

LEAD, ppm Ps -- 1 2

COPPER, ppm CU -- 0 O.S

CHROMIUM, ppm CR -- 0 0.4

ALUMINUM, ppm AL -- 2 12

NICKEL, ppm 3I -- 18 37

SILVER, ppm AG -- 0 0

TIN, ppm --

SILICON, ppm SI -- 2 13

BORON, ppm (<I5)A B -- 0 15
SODIUM, ppm NA -- 15 13

ZINC, ppm N -- 0

CALCIUM, ppm CA -- 30. 5

BARIUM, ppm 9- -- 40

MAGNESIUM, ppm MG -- 180 2

TITANIUM, ppm TI .2 2

VANADIUM, ppm V 42 140

CADMIUM, ppm C - 0 2

MANGANESE, ppm te -- 0 0

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

Z/ These averages for oxygen, phosphorus, and boron are
artificially high because the quantities indicated were
used to represent any sample that fell below these test
limits.
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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 oil, 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 froperties 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 tn
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 1SO. 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

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

L 1



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 thro,ih 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.

4
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TABLE 1.1

CHEMICAL AND PHYSICAL TEST METHODS USED

I. CHEMICAL TESTS

1. Reported by Percentage (%)

TEST TEST METHOD

Carbon Micro Elemental Analysis
Hydrogen Micro Elemental Ana:ysis

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-l1091

Lead Silicon Barium
Copper Boron Magnesium

Chronium Sodium Titanium
Aluminum Phosphorus Cadium
Nickel Zinc Manganese

II. PHYSICAL TESTS

1. API Gravity at 600F (°API) ASTM Test No. D-287
2. Flash Point (OF) ASTM Test No. D-83
3. Viscosity (SSU) ASTM Test No. D-445
4. Viscosity (Redwood No 1 Seconds) Conversion

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

3
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TABLE 1. 2

SAMPLE DISTRIBUTION: EAST COAST, USA AND CANADA (1)

1Vorld
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

4



TABLE 1. 3

SAMPLE DISTRIBUTION: GULF COAST, USA (2)

Wo rid
No. of Port
Samples Index Port

3 08670 Tampa, FL, USA

3 08860 New Orleans, LA, USA

1 08970 Baton Rouge, LA, USA

1 09075 Nederland, TX, USA

3 09080 Port Arthur, TX, USA

2 09150 Galveston, TX, USA

z 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

S 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
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TABLE 1.5

SAM\%PLE DISTRIBUTION: CENTRAL AMERICA AND CARRIBEAN (4)

World
No. of Port
Samples Index Ports

1 09425 Coatzacoalcos, Mexico

7 11205 Yabucoa, Puerto Rico

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 13060 Rio Grande, Brazil

1 13650 San Nicolas, Argentina

3 13760 Buenos Aires, Argentina

1 14500 Valparaiso, Chile

20 13 Ports Representing 6 Companies
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TABLE 1.-

SAMPLE DISTRIBUTION: NORTHERN EUROPE (6)

World
No. of Port
Samples Index Ports

1 23940 Bfordjorden, Sweeden

1 31600 Amsterdam, Netherlands

2 31140 Rotterdam, Netherlands
1 34885 Pembroke, United Kingdon

1 35850 Rouen, France
2 37990 Lisbon, Portugual

1 38290 Cadiz, Spain

9 7 Ports Representing 4 Companies

TABLE 1.8
SAMPLE DISTRIBUTION: 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
2 39470 Genova, Italy
1 45820 Dakar, Senegal

1 46770 Capetown, South Africa
6 46850 Durban, South Africa

14 8 Ports Representing 7 Companies
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TABLE 1.9

SAMPLE DISTRIBUTION: ASIA AND AUSTRALIA (8)

World
No. of Port
Samples Index Ports

3 48140 Jeddah, Saudi Arabia

2 48335 Ad 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
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TABLE 1. 10

SAME DISTRIBUTION SULvARY

(by Geographic Region)

1976 SURVEY 1980 SURVEY

Geographic Region Quantity Geographic Region Quantity

Area Ports1/f Spls Code Area Ports Spis Co 's

East Coast, USA a 31-.2/ 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 is i South America i 20 6
Europe 2 is 6 Europe 7 9 4
NMitersaen 5 21 7 Mediterranean & Africa 8 14 7

Af:ric 4 i
Asia/Australia 4 13 8 Asia/Australia 6 15 6

30 120 7S 150 Z&Y/

/ or_-listribution in the 1976 study indicate sample collection
points and not necessarily the actual location of bunkering.

_ Tuo of the samples were eliminated from the statistical results be-
cause they were not '"3mker C" fuel oil.

Represents the total number of companies participating in the survey.

9



r-0

00

6s 6
a~~a a

I I
ow0

a14--- - - - - -

Po mI v-4I0

P-4

000

-P- in0 0

2Ed 2~f '0 -

3 ~ 6 6 ~10



Z

0

0

cz

-z

SO~du~s jo aqt.0



0 a

-C w

11 11IA:

1301- Ito ~ 01

000

-.-

r-O -4 -

pa~~~,.. **se.idad sao ;oaaqin

12-.~.



V r-

ES. C-

-6 0 1i U 1.--

aw~~*i3 W C

. .. ~ .. ...

4n.-

1- E-

- om

(14

-z

hn

paiuasaada~ SOTuduoo ;o aaqurnN



2Z 2

C-D

W'0 '1
CD 2-

-1 I

SaCma ;ozqn

4.1458 - Lsa --= 14



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 lamp 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.

15



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 12.2S. 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-
puted 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
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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.

18



TABLE 2.1

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 1 2 3 4 5 6 7 a

SAMPLE NUMBER CONTROL LAS NO. 140 10 54 56 171 159 163 75

3L7IKERING PORT 01 02180 03390 03700 3700 03700 17350 37350 07570

-1ZOGRAPHICAL REGIGN E CODE

IATE BUIKEAED MO/DAY/YR 811i80 1/*1,0o /z2/80 3/13/80 9/20/80 9/1/30 3/22/80 8/27/80

CARBON 85.69 37.38 36.31 86.40 87.30 35.91 36.25 86.53

4YOROGEN Z H 11.46 10.$1 10.34 10.23 10.79 10.53 10.38 10.38

4ITROGEN ' '4 0.33 0.42 0.33 0.22 0.32 0.50 0.48 0.35

OXYGEN S (< 0.51) .L/ 0 0.5 0. 0.60 0.5 0.55 0.55 0.63 0.67

SULFUR , S 2.29 1.73 1 98 2.19 1.16 2.20 2.26 1.51

ASH ' ASH 0.07 0.04 3.6 0.08 0.04 0.20 j 0.14 0.05

APt GRAVITY 6o.F V, GRAV 14.3(15.6) 12.7(12.3) 11.8(13.5) 12.2(12.9) 12.1 13.5(13.6)13.4(13.6) 12.40(15.0)

PM FLASH POINT (OOF) 2/ FLASH 262 214(196) 214(169) 146(154) 208(150) 162(180) 176(180) 186(200)

I[SCOSITY (SSU 3 100'F) VtSsSU 5583 3573 487 5406 4141 6253 5711 4776

'VISCSITY REDMXD NO. L SEC VSRWD 4894 3132 4284 4739 3630 5482 5006 4187

HEATING VALUE STU/Li HTVAL 18219 18520 18570 18420 18480 1,8290 18330 18180

SPECIFIC WIGHT LB/GAL SPECT 8.07 8.19 8.24 8.2Z 8.Z1 8.14 B.15 8.19

PHOSPHORUS. pp ( 30 Ppm) 9 48 32 30 50 30 30 30 30

IRON. ppm FE 7 19 17 15 12 5 5 8

LEAD. Ppm P9 1 0 2 2 1 4 4 3

COPPER, PPm CU a a 0 0 I 1 2 1

CHROMIUM. Ppm CA 0 0 1 1 0 0: 1 0

ALUIINUM, Pam AL 12 10 12 10 15 16 iS 14

.4iCXL.pm ,NI 38 32 40 36 16 76 7a 28

SILVER, Pm AG 0 0 0 0 0 0 0 0

TIM.N Pm SN 2 2 3 3 0 4 3 3

SILICON. ppm SI 11 18 18 23 15 1s 10 16

l3O NM, 798(4S pan) ) 1 15 15 15 1 15 1 15

SOMIA. Pam NA 14 17 7 8 8 14 17 12

ZIN, PO ZN 0 8 9 0 1 4 1 1

CALCIMPa CA 7 9 8 5 3 9 8 4

BARIUM. Pam IA 0 0 0 0 0 0 0 0

MAGNESZU , pp. MG 7 3 2 1 1 4 4 2

TITANIUM. No TI 1 0 0 0 1 6 5 3

VANAO(WI. "ai V 220 32 54 54 27 590 600 135

CMIUppm Cn 0 5 4 4 0 0 0 0

MIIM'VA"U. m MR 0 0 0 0 0 0 0 0

1/ This value rerumnts te owest msur6l1e quantity detec tble "sing ASTM or specl:rOphotmetric test procedures.

The nuner a the rightl in pentmfnesis reflecS ;fe reported value from the supplier to the steamship comany.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SANLL COUNT REFERENCE COUNT 3 10 11 12 13 14 15 16

SAM4PULE "wUER CONTROL LAS NO. 123 229 23 34 39 196 Z8 20

, PORT ,I0 07630 07630 07640 07640 07640 07640 08040 08070

EOGRAPHICAL REGICN I 1111 1 1 1

7E BUNKERED iO/DAY/YR i/31/80 i,/9/80 6,7/80 5/10/80 6/'8/80 a//80 7/10/80 5/21/80

CARBON I 575 35.24 35.91 35.42 35.76 36.44 35.46 87.39

iY:ROGZN H 4 10.34 10.20 11.18 11.28 11.18 10.54 11.08 11.01

;TR0OGEN 4 N 0.37 0.4 .48 0.40 0.29 3.22 3.45 0.24

OXYGEN < 0.5%.)1 0 0.59 0.5 3.5 0.5 O.S 0.5 3.5 0.5

SULFUR IS 2. 26 2 30 2.24 2 29 2.87 2.56 2. 58 1.02

ASH I ASH 1.11 0.02 0.07 0.10 0.06 0.37 0'0 0.32

API SRAV[TY 603F ?/ ,RAV 15.7(15.1) 9.9 (10.2) 1515. 15.(15.1) 12.5(12.3 12 2 .1I (16.2) 12.7

PM lASH POINT (OOF) 1' FLASH 132(150) I88(148) 170 168(150) 214(194) 204(200) 194(160) 236

IISC3SITY (SSU ) 10012F) VISSSU 3960 2983 3507 4103 4742 2992 4425 4997

V4- U O. " VISRUG 3471 2615 3074 3597 4157 2523 3879 4381
.180---

'mEATING VALUE BTU/LS HTVAL 18490 18320 18450 18390 18490 18080

SPECIFIC '4EIGHT Li/GAL SPECWT 8.00 S.34 8.01 3.03 8.20 3.20 8.00 8.19

PMOSPHORUS, 1' (P 30 opm) 1 P 30 30 106 185 95 30 86 84

'a.p FE 7 66 6 7 4 4 1

LEA., PP p8 5 2 2 3 2 1 2 3

COPPER. Po CU 1 0 0 0 0 0 2 2

0ROIUML, ops CR 0 0 1 1 1 1 1 1

AL 4INUM. N.PP AL 18 14 9 13 13 10 7 9

MICKEL. om ,I! 48 30 55 58 25 21 54 20

SILVER. ]1 AG 0 0 0 0 0 0 0 0

TIM.Pon SN a 3 4 1 2 2 1 1

SILICON. PM SI 18 6 24 26 24 14 25 25

BORON, ppu(c15 pps)J./ 8 15 is is 15 1 1s 1s Is

SO0[U1,.p O NA 17 12 15 10 12 a 4 11

ZINC, xm ZN 0 1 0 0 4 2 2 10

CA,.CILU4, Po CA 2 5 5 2 3 1 2 18

mAtIUM, ga &A 0 0 0 0 0 0 0 0

.NAGNESIUM, ppm ,4 4 1 3 3 3 1 1 3

TANIUM. Po TI 5 2 8 9 0 2 6 5

VAJEAIUN. p0 V 285 115 390 425 120 47 460 36

CAHIUM. P CO 0 0 4 2 5 0 3 6
?4AGAIS,;pp M 0 0 0 0 0 0 0 0

I This value represent$ thle lowest asurable quantity detectable using ASTM or spectropeotomtric test procedures.

The imer a tie right In Parenthesis rtfle*cs the rePorted 'value from the supplier to the steamslp commny.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SANPLE COUNT REFERENCE COUNT 17 18 19 z0 21 22 23 Z4

SAMPLE N4UtER CONTROL LAB ,O. ZOO 261 29 95 89 33 ,4 8

3IZIKERING PORT uPI 08100 08100 38110 08110 38115 a8210 08210 18210

GEOGRAPHICAL REGION I CODE 1 1

OATE 3UNKERED .9O/DAY/YR 6/15/80 7/15/80 5/19/80 S/Z1'0 7/9/30 6/8/80 6/28/80 "'20"0

CARBON s C 34.20 85.79 86.13 85.54 35.10 35.52 86.30 35.37

fYOROGEN , H 10.88 10.30 10.10 11.25 10.58 10.76 10.96 10.31

mITROGEN 1 N, 0.23 0.25 0.24 0.43 0.36 0.Z9 0.56 1.25

OXYGEN % (, 0.5%) 0 0.5 0.5 0.$ 0.55 0.55 0.5 0.5 0.5

SULFUR % S 4.30 2.75 3.09 2.01 3. S 3.98 2.20 2.56

ASH I ASH 0.03 0.07 0.37 0.11 0.06 0.06 0.09 0.1.2

APT G.TTY G WI i F GRAV 16.3 17.1 12.9(13.3) IS.3 13.1(13.9) 11.7(13.8) 13.20(13.9) 11.7(01.9)

PM FAS POLTr (0OF) ?_/ FLASH 172 206 192(200) 134 1152(210) 184(180) 168(148) 256(200)

VISi5'Y (SSU . 1000 F) VISSSU 1431 1223 869 3108 2487 4046 5853 4528

I.1SC5LTy RW No. I S C vISRWO 1254 1072 762 2725 2180 3547 S131 396

HEATING VALUE BTU/L8 HTVAL 18620 18920 18660 18850 13400 17950 13380 18001

SPECIFIC WEIGHT LB/GAL SPECWT 7.97 7.93 8.18 8.30 8.15 3.25 8.16 8 25

PHOSPHORUS, poe (< 30 pim) l p P 30 30 90 30 30 50 84 30

IRON, Po FE 1 4 4 4 S 21 2 is

LEAO, pm Ps 1 2 1 3 3 12 3 6

COPPER ,pPl CU 0 0 0 1 1 0 1 1

CHROMIUM, p CA 0 0 1 0 0 1 1 1

ALUMINUMI. PO AL 14 16 10 is 15 12 14 11

,ICEL. P NI 14 18 21 56 17 27 81 3?

SILVER. 000 AG 0 0 0 0 0 0 0 0

TIN.PIRO SN 1 1 1 6 4 0 6 4

SILICON. Rpp SI 3 5 26 17 19 25 is 16

BORON, ppm 15 pm) a is is 1s is 1s Is iS 15

SOODIU, i no NA s 9 a 9 9 18 9 is

1N4C. p"p 1 1 0 0 1 7 6 0

CALCIUM. OR@ CA 0 1 1 2 2 17 8 4

AmiIII, 84 &A 0 0 0 0 0 0 0 a

M IEIIU, ps M 0 1 1 3 2 5 3

TITANIU. Rpi TI a 0 4 4 0 1

VIANADIUM, RPM V 32 54 135 400 230 117 470 120

CAOMILM, W CO 0 0 6 0 0 5 4 0

MW6AIJSl.pm 0 0 0 0 0 0 0 0

./ this value reprsents the lowest maurable quantity detectable using AMh or spactiopNotom ic test procedures.

V The mear an the rignt in Parenthesis reflects the reported 'value frm the supplier to the stam sp crummy.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SA PE COUNT REFERENCE COUNT 25 26 27 28 29 30 31 32

SAMPLE 4UMSER CONTROL LAB NO. 117 72 153 67 178 36 46 113

SWs1RING PORT '10 08210 08280 38300 08430 643U jo530 ,,30 08530

,GEOGR. APMICAL 4.E'GN : ODE I I iI,

3ATE 3UNKERED MO/DAY/YR 6i9/80 7/13/80 /2,/80 3/19/80 9/30/80 4/25/80 7/9/80 3/10/80

CARBON % C 85.93 85.72 35.48 86.26 85.80 36. 13 36.46 36.60

.YOROGEN H 10.20 11.14 11.51 10.41 11.36 11.08 11 .17 11.02

41TROGEN Z N 0.26 0.52 0.40 0.49 0.41 0.28 0.50 0.36

OXYGEN Z (" 0.5). 0 0.52 0.57 0.5 0.5 0.5 0.5 0.5 0.5

SULFUR S 3.01 2.03 2.14 2.08 2.13 2. " 2.16 1.56

ASH 4 ASH 0.38 0.12 0.15 0.19 0.08 0.35 0.10 3.01

API ,.rVTy . 6 - G.AV 11 13.5(1.f) 16.1 12.9(12.9) 14.0(12.9) 13.5'4.4) 13 5(134. 15.2,14.9)

P4 FLAm PoI, (0F)
Z I FLASH 180 166(167) 152 192(172) 195(172) 194(179) 160(190) 210(190)

.ISCOSITY (SSU 3 100 F) vrsssu 4424 6012 4678 7655 3562 6538 6605 3255

-ISZS- RDWOO NO. I. SEC IISRW0 :378 5270 4101 6711 3123 5731 5790 1 2353

rIEATING VALUE 8TU/L HITVAL 18100 18630 18320 18070 18290 18020 18100 18643

SPECIFIC WEIGHT LB/GAL SPECWT 8.27 8.13 8.00 8.18 8.10 8.14 8.14 3.05

RH0SPHRUS. Po (< 30 ;Pmi 
-  

30 38 34 4.8 30 30 30 30

IRON, ppo FE 21 7 2 8 2 5 3 14

LEAO .PON Pe 13 3 2 2 1 1 3 1

COPPER. p CU 1 I I 1 0 1 1 0

.HRGIIW,. Pon CR 0 1 0 1 0 1 1 0

AUMINULM. po AL. 23 10 12 14 9 12 13 10

-4ICXEI. Poo .I 23 77 58 66 29 37 78 57

SILVER. Poo Ar 0 1 0 0 0 0 0 0

TINp, No S 3 7 0 6 2 £ 7 5

SILICON. no SI 18 18 7 22 6 18 13 9

I, ,. Fir (S Is") 8 IS 1 Is 15 1s 1s is Is

SOOI. Wp 23 35 10 12 5 8 7 9

ZIAC. Po ZN 5 0 1 0 1 0 6 0

CALCIUM. P01 CA 10 4 1 11 2 2 7 0

sAI. po 0A 0 0 0 0 0 0 0 0

,IAGNISIUM p2 '6 6 4 0 3 1 1 3 0

TITAIIAl. TI 7 3 1 10 3 0 0 1

VANAfIU, h ON V 85 500 400 S00 320 190 470 160

CAIIIJ. P CO 0 0 0 3 0 5 S 0

0i st. Po MN 0 0 0 0 0 0 0

Ths v41W epre U the lowet measurable quannfty detectable using AST or spectupnotfottric test procedures.

The Ne Om Nte rWigt In ereth l rlflecU the reported *value fr. the supplier to the StIeNm1p c.eMMy.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SIPLE COUNT REFERENCE COUNT 33 34 35 36 37 38 39 4,

SAMPLE ,".8EI R CONTROL LAO .0. 57 174 223 224 64 146 200 i11

3 NKERING PORT APt 38580 38670 08670 38670 38860 38C60 38860 08970

GEOGAP41CAL 1EGION I C0O 1 2 2 2 2 2 2 2

OATE SUNKERED ,/0AY/YR 5/23/80 9/18/80 6/15/80 8/24/80 i/25/80 ?/5/80 7/15/80 3/27,10

CARBON " C 85.94 35.31 86.Z4 86.4? 36.30 85.38 36.Z8 85..

YOROGE3 , H 10.83 11.18 10.45 10.24 10.32 10.30 10.34 10.78

1ITROGN N 0.38 0.05 0.36 0.29 0.25 0.19 0.28 0.26

OXYGEN 0 .31) / 0 0.5 0.96 .56 0.5 0.5 0.5 0.5 0.5

SULFUR I S 2.17 2.31 1.71 2.44 2.60 3.65 2.89 3.19

ASH ASH 0.11 0.08 0.02 0.01 3.11 0.36 0.03 0.4

Apt GRAVITY I so F GRAY 13.5(13.5) 15.0(15.2) 10.0 10.9(11.6) 12.2 11.1(10.6; 10.3 12.1(10 2- )

PR FLASH POINT (O"F) J FLASH 160(200) 160(200) 198 174 210 208(200+) 184 184(215)

VISCOSZITY (S.J ? 100 F) 1ISSSU 5920 2413 3000 3002 IL127 3520 3057 5419

1'SMSIT
r 
AE 10. 1 EC '11sawc 5190 2115 2630 2532 3618 3086 2580 4750

.t AITLG VALUE SrT/1ir 1TVAL 18020 18480 18670 18590 13230 18030 13260 17850

SPECIFIC WEIGHT LBGAL SPEC¢T 8.14 3.05 8.3S 3.27 8.22 8.28 8.31 8.22

PHOSP ORUS. M (4 30 pm) P P 30 30 30 30 30 50 30 30

10. xm FE 5 4 6 a 12 S 5 3

COPER. ,4, pm CU I 1 0 0 1 0 1 1

CHROMIUMp PoIc 0 3 1 1 3 1 0 3

AJLUNI , PP AL 14 12 12 13 a 15 12 is

VmIW. Pn VI 810 45 58 17 17 5143 1 53

SMAIrG., om Ag 0 0 0 0 0 0 0 0

TIN, Po SN 5 3 1 1 2 2 a 3

SILICON, Pon S! 13 6 16 7' ZO 1 15 10

wit, v (4s Pn) i is I t l iS is is I is is i

ZINC. .e " r e f o Pp i0 c 1

CALCIUM, Ppe CA 7 3 i 2 3 o 1 3
BARIUM Ronl 8mA 0 a 0 a a a a a

,MAQW3 M !, pgm "a 2 3 0 1 1 0 1 z

VNADIUM, PI i40 250 58 37 4,8 Its 36 153

CADIUM',, in co $ 0 '0 0 5 0 0" 0

MAGNSE. Pon M 1I 0 0 a a 0 a

I'/ This vlue r ggens the1 Iow a aurale quantity detect.able using AST14 or siecroomotmetril¢ test procadurrts.

Njo an n n ri gnlS in pamt, nis reflects tft reported 'value fro tRA su tr 11 w ItSMS A Y.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 41 42 43 44 45 44 47 -a

SAMPL .E 'IUMBER C0?TROIL LA~B ReO. 118 45 5 77 69 1

WiKERERAiG PORT ,P 09080 09080 119080 ,19080 )9150 :9150 09170 9 7'

,30EGRAPHICAL REGI0N I "ODE 2 2 2 2 2 2 z 2

ATE SUNKEREDM /DAY/YR 3/6/80 6/7/80 6/9/80 6tZ/S 83/80 9/8/80 8117/80 8/23i8G

CAlON " C 86.53 36.47 35.90 86.20 35.50 36.11 36.79 36.4

NYOOGEN t 10.40 10.91 10.37 10.99 10.64 o.050 10.33 1C.73

4IITROGN . 0.31 0.20 0.11 0.25 0.29 0.32 0.26 1.30

OXYGEN , (< 0.S5) 0 0.5 0.5 0.5 0.5 0.3 0.5 0.5 0.5

SULFURt S 227 Z.88 2.9 2.76 2-39 Z.35 2.48 2.38

ASHI ASH 0.06 0.07 00, 4 00C4 3.0 0 i 0 0.29 ).36

API GRAVITY 3 60 /  GRAAV 10.; 12.2(12.5) 12.3(13.3) 13.0(13.3) 11.5(12.0) 11.4(12.1) 11.1(11.4)12.0(11.8)

PN FLASH POINT (03F) . FLASH 216 258(196) 230(190) 244(190) 204(22S) 160(062) 178(182) 210(178)

VISCOSITY (SSU 3 100°F) 'ISSSU 4516 4933 5079 3412 1473 3080 4186 4553

i15CUSITY REDCD NO. I SiC VISRWO 3959 4324 4452 2991 3926 2700 3670 3991

HEAI G VAUIE '"/LS H'TAL 18100 18440 18590 18530 18230 18130 18200 17920

sp nc WEIGir LI/GAL SPECWdT 8.28 8.22 8.21 8.17 8.25 8.26 8.28 8.23

:.0SPHRUS. Pon (' 30 ;0m , P 30 175 180 310 30 30 35 30

IRON, Opp FE 12 14 13 14 14 14 11 10

LEA. PPW PS 3 1 1 1 1 3 1 2

COPPER.o O CU 1 0 0 0 0 1 a 1

CHRO IL , PO Ca 0 I I 1 0 1 1 0

ALUNIM4. Poa AL 18 9 8 8 10 12 12 12

NICXEL. PPM NI 27 26 27 22 24 49 29 20

SILVER. Pam AG 0 0 0 0 0 0 0 0

TIN. m SN 3 0 0 5 3 4 3

SILICON. ppm SI 12 30 30 30 16 7 30 23

SoOIl, Pon NA 6 7 8 5 12 7 6 7

ZINC, ZN 0 0 0 0 4 1 0 1

CALC I, Po CA 1 18 14 9 0 1 3 2

SAIItpp, IA 0 0 0 0 0 0 0 0

MAGNSIUM. ppu MG 1 3 3 2 1 1 1 1

TITANIUM. pn TI 11 0 0 0 1 3 4 1

vAMOIR, oo 1 79 98 90 7! 62 270 80 74

CAGII. MR CO 0 10 10 10 0 0 5 0

NAK . xm m9 0 0 0 0 0 0 0

1/ This v "le reresents the Iowest insur ale quantity detectable using ASTM or spectr'ophotometric test proceures.

The an ge n r lgt in pimrentesis reflects the reorted -value fro the suplier to the st" esip company.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SJWPLE C3UH! REFERENICE COUNT 49 30 51 52 53 34 55 1 56

SAMPLE X.ER .,NTROL LAS 40. 59 259 62 19 56 164 165 155

3UERViUG PORT P1 39240 9240 )9300 '9300 09300 16010 16010 16070

U.,*GaAP4ICAL REGION I COOE 2 z a a 2 3 3 3

2ATE 3UNKEREO M/OAY/YR 4/27/0 6 '7/50 /880 5/1,z/0 8,/16/80 8/9/S0 3/10,80 5112/30

CARBON Z C 36.13 85.67 as.56 86.44 86.15 85.6a 85.31 35.72

HYOROGEN I H 10.62 10.11 10.78 10.63 10.02 10.85 ',0.78 11.11

iITROGEN Z N 0.28 0.35 0.28 0.26 0.39 0.52 0.62 0.74

OXYGEN ( .5) 1/ 0 0.5 0.5 0.5 0.5 0.5 0.70 0.72 0.88

SULFUR 5 2.89 3.40 2.21 2.97 2.93 Z.10 2.9 1.Z8

ASH ASH 0.09 .24 0.09 0 04 O. 6 0.-8 . 09 0 08

API GAVITY 1 60 aF GRAV 11.9 10.1(10.7) 12.4(12.6) 12.3 10.9(13.6 1Z,6(13.0) 12.5(13.31 15.9(14.1)

PM FLASH POINT (O
0
F) / FLASH 156 216(200) 170(140) 212 164(166) ZIZ(196) 212(196) 154(168)

,'ISCOSITY (SSU .1 9100F) IISSSU 3839 3979 2560 1511 11130 4234 4294 1746

" [5IC1Y REX0D NO. .SEC VISAWO 3365 3488 2240 1325 9757 3712 3764 1531
.& I n"F

EATING VALUE STU/L3 nTVAL 17980 19050 18790 17880 18350 18180 18640 18540

SPECIFIC WEIGHT L/GAL SPECWT 8.23 8.32 8.21 8.21 8.Z9 8.19 8.17 8.00

PHOSPHORUS. p(< 30 Pm) . p 35 30 30 150 33 30 30 30

IRON.pPn FE 14 10 1 14 8 35 Z5 58

LEAD, Pon Ps 2 1 1 0 0 24 29 is

COPPER, PO CU 0 0 I 0 0 1 2 1

RONIIUM, ppp CR 1 0 0 1 1 1 0 0

ALUMINUM. HP0 AL 10 is 15 8 10 13 11 13

.IZCXEL, Pan I 21 18 51 37 51 79 80 80

SILVER, PPm AG 0 0 0 0 0 0 0 0

TIN, pIpm SK 3 1 2 1 3 1 0 0

SILICON, pPR SI 24 3 10 30 20 7 6 12

mNm opm (CIS PON) SJ  15 1 1 1 15 15 Is

SODIUM.P" NA 8 5 13 8 7 15 10 15

ZINC, p" ZN 0 2 1 0 0 15 5 9

CALCIUM, ;00 CA 21 0 1 6 0 17 10 18

SAI M. 00 aA 0 0 0 0 0 0 0 0

.,AGNISIU., ppm Nr 3 0 1 3 1 3 1 3

TITAlUIU. PW TI 6 0 2 3 5 2 2 6

VANAOIUM, Xp V 60 50 345 170 170 127 123 68

CAMI1, %m CO S 0 0 8 3 0 0 0

MANAISE. ;QN 0 0 0 0 0 0 0 0

This value Ir apsets tie lofwet insurable quantity deta able usl nq ASTR or spec:rophlotmltrIC taut procefture.

The nMA r 0n tile r1igt in pavruth-liS tlfCtS the r"eplad 'value fraM the supplier to t1e st1ma1ip copnMy.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

S.A0PLE COUNT IEFERENCE COUNT 57 58 59 1 0 51 62 63 54

SAMPLE NUMBER CONTROL LAB 410. 7 a 11 12 264 14 21 SZ

3wER 10-n 01 aPI 16080 16080 16080 6080 6080 8 O 63C 163C0

-.RAP41ZAL IE-3ON I OOE 3 3 3 3 3 3 3

A:TE 3U:IKEqEO -0/AY/YR 7/8,80 7113/80 5/21/80 7,134/80 6/23/30 5/,27/80 5,2 4/SO 6/24/30

:ASO , 86.90 87.46 36.89 3S.50 86.27 36.51 36.89 85.85

IYOROGEN I H 10.91 10.78 10.28 11.01 10.94 10.92 10.38 10.88

I I TROGEN N 0.30 3.67 0.69 3.79 0.72 0.39 0.44 0.66

3)XVN % (< 3.5 - ) 0 0.5 0.5 3.5 J.76 3.52 3.80 0.5 1.20

SULFUR I S 1.59 1.44 1.53 1.32 1.!0 1.36 1.68 1.52

,Sri I ASH 0.03 3.35 0.33 0.02 0.36 3.02 0.01 0.35

API GRAVtTY J 60 3F /GRAV 8.7(8.8) 12.9(02.4) 8.8(9.0) 12.7(13.3) 12.7(12.4) i1.0(13.8) 15.3 12.8(13.5)

-LASI POINT (0F) F/ FLASH 190(184) 204(230) 200(92) 176(200) 176(798) 2:o(29) 208 200(164)

'/SCOSITY (SSU L 1003F) 'IISSSU 6037 4310 5495 5975 4400 5500 4197 5032

V-S.OSTY RD .O. 1 SEC IISRo 5292 3778 4817 5238 3857 4810 3679 4411

•ATING VAL E 3?"/L3 HTYAL 18200 18460 18020 18110 18260 18300 18050 18130

SPECIFIC WEIGHT L3/GAL SPEC'WT 8.35 8.18 8.42 8.19 8.17 8.12 8.04 3.18

34OSPN0RUS. Pon (< 30 om) P P 36 33 91 30 30 -0 86 35

(RO!. Pon F 25 26 28 64 zs 25 4 27

LAO. pm Ps 2 0 2 4 1 2 0 1
3PPE, C u 0 0 1 1 0 3 0 0

CHRO041UH on mR 1 0 1 a 0 0 1 0

ALUMINUM. ;fnl AL 7 9 11 12 20 13 8 10

NICL. P6e6 68 70 88 46 62 38 73
SILvEa, Poe AG a a a o a o' a

rfir, ppm Sm 6 3 3 4 3 1 2 3

SILICON,. p 3 8 13 08 is 6 7 zo 7

saw.l VPm (,CIS pm) 3 is is is 1is is is is Is

CACIM po A z 8 z a 1 2

.GIES tUM, pwa G 0 2 1 2 0 3

r IT,1N UM. Po TI1 0 0 a 6 4 1 10 0

'IAMAD0(UI. Pooi V 69 70 130 60 32 61 V7 82

C.,MI[tM, oft cc 13 5 6 0 0 0 4, 6

MANGAES. "am 0 0 0 0 0 -007

1/ This value r orsmrfU the lowst masurable quantlty detacuale using ASTM or spectropnaotomtrtc test procedures.

'he ner a n rft light in emtf bels rfleMte reported *value feva the supplier to the steamship cmeuy.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SANPLZ COUNT REFERENCE COUNT 65 i5 67 68 69 10 71 '2

SAMPLE WU-'ER CONTROL LAB NO. 139 263 74 176 77 2 3

3,4KERI1G ORT WPI 16340 16340 16400 16470 16940 17700 !7700 1177"^

IEOGRAPNICAL RE!;ON I CODE 3 3 3 3 3 3 3 3

3ATE 31NKERED 4O/DAY/YR 8/30/80 7/6/80 3/20/80 9/7/80 3/4130 5/2/20 5,27/30 6/4/30

:ARSON ; C 86.71 86.53 84.73 86.31 87.11 385.48 85.31 85. 81

HYDROGEN i N 10.91 10.59 10.84 10.8 10.Z8 11.22 11.12 11.13

17 t N 0.65 0.69 0.82 0.73 0.62 0.66 0.69 3.63

OXYGE. ('.0 . 0.55 3.5 0.59 3.5 0.5 0.5 0.5

SULFUR S 1.52 1.63 2.10 1.70 1.8 2.40 1.39 2.22

ASH : ASH 3.36 0.10 0.24 0.08 3.17 3-S 0.04 0.01

Apr GAVITY I 0°F GRAV 11.8(12.4) 12.1(11.0) 12.9 11.2(11.1) 12.4(9.6) 14.0(14.0) 14.2(14.3)1 13.7(14.1,

P" FLASH POINT (OF) / LASH 202(180) 190(170) 178 195(65) 192(080) 194(170) 212(210) 188(176)

'IISCOSITY (SSU J 100'F) 'IISSSU 5327 5081 5180 4873 2870 4670 3949 5912

,,,SxSrry EOCD .N:. 1 WC VISRW0 4670 44S4 4541 4272 2516 ,94 3462 5183

4'EATING VALUE ITU/L9 *ITAL 18100 18010 18580 18480 18720 18490 18570 18410

SPECIFIC AIGHT LB/GAL SPECWT 8.24 3.21 8.18 8.25 8.21 8.12 3.10 8.13

PHOSHORUS. p' (< 30 om } ' P 30 30 110 30 77 134 47 254

IRF, Pon FE 39 18 23 38 38 22 26 18

LE.P N PS 2 1 1 2 1 1 1 1

COPPER. pm CU 1 0 0 1 0 a 0 0

CHRGIUI. pm CR 0 0 0 0 0 1 1 1

ALM , 09 AL 19 16 a 16 a 9 a 10-

NICXL.Pt I 85 44 103 90 92 0 72 68

SILVR. Pm AG 0 0 0 0 0 0 0 0

TIN, PON sit 3 4 3 1 S 3 0 0

SILICON,, PO SI 11 4 is 12 1s 24 26 24
BMW, pt (<18 ;p) S 1S 15 15 15 10 IS 1 IS

SODIUM, no NA 31 25 15 43 40 10 7 9

ZINC, Pm ZN 3 3 0 1 1 0 0 0

CALCI4.pis CA 17 12 11 32 33 18 25 29

AgMIlp 8A 0 0 0 0 a 0 0 0

MANESIlM, ppm W 4 2 6 5 6 2 3 7

TITANIUM1, 
PP TI 2 3 1 2 4 0 0 0

VANADIUM, ppi V 114 59 1SO 135 108 120 75 136

CADMIUM. Pw CO 0 0 0 0 0 7 8 7

MAIGANESE. Po . 0 0 0 0 0 0 0 0

.'This Volvo represent the owest emesurable quantity detectable using ASTM or spectroalrtometric tast PrOCetres.

Tie mme on tm pgt In parvathlesis reflects tile reported value fom the supplier to the stamship ceem y.

27



TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

:.VLE :OUNT REFERENCE COUNT 73 4 75 76 77" , 78 79 0

SA I NU.MBER CONTROL LAS NO. 49 247 1i 16 17 2121 6

3 POERIG FORT 'P1 17730 09425 '1205 105 1 5 0 e. 25

1ZCGRAPNZCAL -REGION t COOE 3 4 4 4 44 4

:ATE 3UNKE.E3 0.AY/V 7/11!/3O 8/ /8o ',' 12/80 712 /30 3/28/30 i/15/80 i/29/80 i/z2630

CARBON 1. C 35.26 34.59 86.27 a6.57 35.98 36.46 86.45 86.35

,4YOROGEN H I 10.30 10.44 10.88 11.64 10.88 11.03 '0.36 11.22

'; I TROGEN 0.73 0.33 J.41 0.43 0.39 0.42 0.46 0.26

IIXYG"N (< 0.5) - 0 '.31 0.5 35 0.5 0.5 0.5 0.5 0.5

SULFUR S '.46 3.82 1.98 1.96 2.10 2.57 Z.36 2.38

iSH I ASH 0.19 3.05 3.11 0.04 0.04 0.33 0.03 0.04

API S f AVITY 3 600 F / GRAV 11.1(11.7) 12.2 14.6 14.9 12.4 12.8 13.0 15.6

014 :LASH POINT7 (Gon 6 FLASH 164(180) 144 254 258 250 266 2-62 188

nISCOSITY (SSU 3 100OF) 1ISSSU 5798 3863 4812 4716 5545 9538 7230 926
"'s0 . VIS. 5 AjO -083 3386 4218 4134 4861 3361 5382 812

mEATING VALUE 8TU/LB HTVAL 174943 18680 18230 18370 18140 18320 17950 18110

SPECIFIC WEIZiT L./GAL SPEC31T 8.28 8.2 3.07 8.07 8.19 8.18 8.17 8.03

OHSM US, P( 30 po) . 0 30 30 30 64 30 50 71 33

MON, p FE 36 2 9 10 6 6 8 6

LEA. pw pe 1 2 0 1 0 0 0 1

COPPER. gi CU 1 0 1 0 1 0 0 0

CHRNIWN , pC C 1 0 0 1 0 1 1 0

ALIMPIM. 0 AL 11 14 13 7 14 6 7 13

NICXEL. ;am NI 100 34 35 41 31 31 39 zs

SILVER, no Ar 0 0 0 0 0 0 0 0

TIN. no SN 3 3 3 0 2 2 0 4

SILICON. no SI 11 5 7 20 7 23 24 4

am, (pp g .)±/ a is IS 1s is 1s 15 is 15

SOOI.op NA 10 6 13 9 9 7 3 7

:IC, plpo Z" 39 I 0 0 1 0 0 1

CALM". Xm CA 57 0 z 3 2 0 0 0

"alum, o" &A 0 0 0 0 0 0 0 0

i4AGnSU, noppn r a 0 3 2 2 0 1 I

TTANIM, ow 0 1 7 5 s 5 7 2

vIA M , X10 V 10 199 103 129 107 125 147 108

CMIUM1, P 0 7 0 0 5 0 5 6 0

IMIIL . no MR 0 0 0 0 0 0 0 0

This *@Iwo represents the, fowst aesumle quantity atectable using ASTH or spctumotomtric test procdures.

,he nger am the 'hpt in parenesils reflects the rprted *value fPro til supplier to the stAGN1llp Com"y.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 81 32 83 84 85 86 8" S8

SAMPLE NUMBER CONTROL LAB NO. 14S 11 42 108 112 1- 91 85

8UNKERIG PORT WPI 11205 113.25 11325 11335 11333 I335 15410 15410

(EOGRAPHICAL REGION I CODE 4 4 4. 4 4 4 4 A

ZTE BUNKERED MD/DAY/YR 8/1/80 r)/16/80 6/!2"/o 3/26/80 7/24/Rn 7/26/80 8/11/30 3/11,80

CARBON S C 86.50 86.38 86.69 86.01 86.09 85.82 85.00 86.06

HYDROGEN % H 10.90 11.36 11.41 10.88 10.64 10.63 11.09 10.48

NITROGEN % N 0.37 0.34 0.30 0.33 0.23 0.27 0-25 0.28

OXYGEN% (< 0.5) 0 0.5 0.S 0.5 1.5% 0.5 0.s1 0.5 0.5

SULFUR % S 1.98 2.08 2.25 2.27 2.7 2.75 3.43 2. 46

ASH % ASH 0.04 0.04 0.04 0.01 0.10 0.07 0.08 0.07

API GRAVITY @ 6OF/ GRAV 12.5 13.4(13.8) 14.9(15.2 12.0(12.7) 12.2(12.9) 12.2(12.4) 14.1(14.31 13.4(15.0)

PM FLASH POINT (OF) / FLASH 186 224 (180) 254 (180) 236 (180) 244 (1Rn) 23r; (iR0) 238 (217) 245 (185)

VISCOSITY (SSU @ 100
0
F) VISSSU 651- 3915 3469 3858 4595 4456 4514 4304

,aISCOSITY R D NO. I vISRWO 5-13 3432 3n41 5382 4028 3906 395" 37-3

HEATING VALUE BTU/LB HTVAL 8060 18320 18320 18730 18510 18370 18020 18183

SPECIFIC WEIGHT LB/GAL SPECWT 8.20 8. is .17 q.21 8.20 8.20 3.11 8.15

PHOSPHORUS, ppum (< 30 ppm) 
-J  

P 30 351 50 30 30 30 30 30

IRON, ppm FE 8 6 7 S 16 1: 3 6

LEAO, ppm PB 1 0 0 2 2 3 1 z
COPPER, pp CU 0 0 0 1 1 1 0 1

CHROMIUM, p;m CR 0 0 0 0 0 0 0 1

ALUMINUM, pph AL 14 1: 12 18 :O 1- 10 11

NICKEL, ppm NI 25 36 33 21 24 241 28 53

SILVER, ppm AG 0 0 0 0 0 0 1 1

TIN, ppm SN 0 2 3 3 S 5

SILICON, pPm Sl 20 11 10 iS 22 24 10 18

BORON, ppm (<15 ppm) 8 B is 15 15 is 15 15 15 is

SODIUM. pp m NA 13 3 16 3 45 40 16 9

ZINC. PPm ZN 2 0 0 0 12 1 0 0

CALCIUM. pPM CA 2 0 1 ,0 1 1 2

BARIUM, ppm BA 0 0 0 0 0 0 0

MAGNESIUM. ppm MG 0 0 0 1 _ _ _ _

TITANIUM, ppm TI 1 0 0 4 9 3 1 3

VANADIUM, ppm V 0 7n 5s 48 63 35 1:0 350

CAOMIUM, ppm CO 0 5 $ 0 0 0 0

MANGANESE. Ppm MN 0 0 0 0 n 0 0 0

-- This value represents the lowest measurable quantity detectable using ASTM or spectrophotometric test procedures.

The number on the right 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 89 90 91 92 93 94 95 3/ 96

SAMPLE NUMBER CONTROL LAB NO. 87 94 183 248 148 185 48 111

BUNKERING PORT WPI 15410 15410 15410 15410 11730 11730 11950 11950

GEOGRAPHICAL REGION I CODE 4 4 4 4 5 5 5 5

DATE 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 S H 10.71 11.15 10.83 10.82 10.92 10.41 12.11 11.29

NITROGEN I N 0.42 0.36 0.45 0.29 0.27 0.33 0.32 0.19

OXYGEN % (< 0.5%) 1/ 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 Z ASH 0.13 0.05 0.07 0.43 0.08 0.07 0.02 0.05

API GRAVITY @ 600F 1/ GRAV 13.1 15.7 11.9(12.7) 13.7 14.4(12.7) 11.2 21.1(14.8) 14.2(14.8)

PM FLASH POINT (OF) 2 FLASH 186 214 260(206) 202(199) 218 230 202(206) 220(175)

IISCOSITY (SSU @ 100
0
F) VISSSU 4410 5100 3266 4118 3360 4387 245 4556

VISCOSITY REDWOOD NO. 1 SEC VISRWO 3866 4471 2863 3610 2946 3846 210 3994
@ IO0°F

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) P 30 30 30 30 30 30 40 30

IRON. ppm FE 5 4 6 2 10 5 1 4

LEAD, ppm pB 2 2 2 2 2 1 0 2

COPPER, PPM CU 1 1 1 0 2 0 0 0

oiROMIUMppm CR 0 0 1 0 0 0 0 0

ALUMINUM. ppm AL 16 13 7 13 13 12 10 10

NICKEL, ppm NI 49 38 34 19 28 23 35 52

SILVER, ppm AG 0 a 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, pus (45 ppm) B 15 15 15 15 15 15 15 15

SODIUM, ppm NA 11 28 41 14 28 25 2 17

ZINC, ppm ZN 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 5 14 1 4 3 0 0

TITANIUM, ppm TI 6 5 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 5 0

MANGANESE. ppm MN 0 0 0 0 0 0 0 0

l/ This value represents the lowest measurable quantity detectable using ASTN or spectrophotometric test procedures.

The numoer on the right in parenthesis reflects the reported value from the supplier to the steamship company.
3/ Not included in statistfcal analysis because of viscosity.



TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

zAMo.0 4E,: z-"C. ,7 .38 ;9 100 101 10, 103 ",34

SAMPLE ,U.SER C0NT0L LAB 10. 221 166 1z 31 233 35 63 239

8NmLt '' ' pE 11951 11960 '2050 12730 12770 12970 ± 270 12970

GEOGRAPIC.L 14EG :E 5 5 5. 5

;ATE 3UNKE;S0 I)/OAY/VR 3/22'80 /I19/80 '',30 5/11/30 5,17/30 1 /213,'3C 72 3/ 1 , 3C
¢.R804 C¢ 84,.91 34.60 J ..15 84.56 84.42 35.32 35. 54 35.36

mYOROGEN Z 6 11.32 11.10 11.21 10.93 10.16 10.37 10.94 10.41

'I 17_GEN 4 1.) . 3. 3 1.38 0.24 0.25 3.36 1.49 0.38

OJXYG9. 1 0<05 J, 0.63 1.50 3.5 0.5 0.5 1.5 S .5 0.59

SULFUR . S 2.67 3.29 Z.48 2.93 4.58 3.20 2.64 3.24

ASH 11 ASH 0.02 0.12 0.10 3.05 0.11 0.04 3.38 0.05

API GRAVITY ) 603F / GRAV 13.9 1!.7 13.3(13.5) 14.2 10.6 13.0 14.4 13.7

PH FLASH PONT (0h) FLASH 192 194 174(166) 186(221) 196 198(151) 142 168

VISCOSITY (SSU 9 1003 -) IISSSU 3557 4312 5015 1728 1115 [ 4021 4683 J376
'I . ',. 'iISR'D 3118 3780 1396 1515 9774 3525 4105 3301

E.AT NG VALUE 3TU/L3 HTAL I14SO 18800 18280 17910 18830 18340 18000 j1900

SPECIFIC WEIGHT LSIGAL SPECIT 8.10 8.00 8.16 8.10 8.3 j 8.17 8.09 8.11

PMOSPHORUS. por (4 30 Dom) P 30 30 30 87 30 70 59 30

IRON, ppm FE 4 3 7 4 3 5 6 4

LEA0 .M P8 I 1 2 0 1 3 1 1

COPP R, op cu 0 1 0 0 o o o 0

CHROMI UM, opm CR 0 0 0 1 0 1 1 0

ALUMfINl, p AL 11 12 12 9 11 10 10 14

NIC EL, ppm ,11 43 67 53 24 18 56 41 22

SILVER,pn AG 0 0 1 a 0 0 a 0

TIN, PONSN 0 0 1 2 3 3

SILICON. po SI 5 6 10 20 6 28 Is 6

BORI. (<1 5 Pon) 15 15 1 15 is 15 15 is

SODIUM. pm NA 3 13 16 25 12 11 13 10

ZINC, p p Z 0 1 3 1 1 0 0 1

CALCI., opm CA 24 1 9 3 0 2 1 0

8A1I.J, pem aA 0 0 0 0 0 0 0 0

.AG$SIUM. ppu MG 1 1 7 4 I 3 1 1

TITANItM. "m TI 3 6 1 6 1 6 6 1

1ANAOIU. Ppm V 200 730 380 90 83 400 53 51

CAMIUM, p CO 0 0 0 4 0 1 1 0

_u _ _No, a a 0 0 0

!/ This value reprelef ts the lodwst masurable quantity datac tle using ASTM or spectropiotc mtrc test procedures.

The mber an tf rignt in parenthesis reflects tile reported 'value from the suoplier to the steamshic company.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

:AMPLE :.,L^T 4EFERENCE :OUNT 105 136 107 108 109 10 ;11 l12

iX4L2 NWMBER CONTROL LAB N. 230 246 104 105 102 103 28 26Z

3wiKERIN PORT WPt 12980 12980 1:.060 13650 13760 13760 13750 1,4500

!ECGRAP'4ICAL qEG,0N =E '0f 5 

:A7E 3UNKERED ,O/OAY/YR 3/21/30 8/21,80 4/4/80 3/12/80 7/16/80 7/25/30 3/11/80 10/1V2/0

ZARS~f 34.57 34.54 34.91 36.51 36.30 36..8 35.61 36.19

4 V0ROGEN 4 H 10.40 10.51 10.31 10.79 11.51 11.53 12.22 11.10

4ITVGAEN N 1 0.31 0.10 0.12 0.18 0.27 0.37 3.36 0.24

OXYGLN < 0.5%) 1/ 0 0.5 0.56 0.5 0.5 0.5 0.60 0.78 0.5

S LFIR ' S 4.30 3.36 4.46 2.15 0.79 0.384 0.79 2.25

ASH 0.07 0.04 0.10 0.11 0.08 0.01 0.13 0.01

AP! *A.VITY * 60= k RAV 12.5 12.3 Inln 13.4(13.6) 16.4 17.1(18.2) 18.0 14.5

P" U% P OWAS , OOiv F R.A51 188 184 198 162(153) 260 1208(QRQ) 140 202

VISC0SMTY (SSU 4 i00 F) I $SSSU 4359 4512 5440 6102 6560 3975 3585 5878

" 'Y , E. A= 40 1 SEC0. I SAWO 382i 3955 4769 3349 5751 5238 3143 5153

K.iAT:NG VALUE *TU/LB- T'VAL 18860 18840 17702 18456 18437 18670 18670 18690

PECIF1C ,1G14T U/GAL SPECWT 8.18 3.17 3.35 8.15 7.98 7.93 7.88 8.07

POSPORUS. pom (30 p ) p 30 30 30 33 30 30 30 30

!RON. pPy FE 4 4 6 5 7 5 3 5

LWPD, .p Ps I 1 1 3 4 4 3 2

COPPE., Po Cu 0 0 0 1 2 1 0 0

WONGIUM, PON CR a a 0 I I a 0 0

ALUMINUM. Opo AL 10 10 11 13 10 15 10 1

'ICXEL. Pon ,11 18 19 30 76 9 6 4 62

SILVER, ;P A 0 0 0 1 0 0 0 0

TINo SN 2 1 4 7 6 4 0 5

SILICOI. p m St 5 4 15 17 13 16 5 6

Spp ('CIlp)/ 5 15 15 15 1 15 15 15 is

SOIUM ,P A 17 i 7 14 28 17 21 8

ZINC. P" ZN I 1 0 0 0 0 1 2

CALCIUM. Pon CA 0 0 4 4 £ z 2

SARIUM, on SA 0 a0 0 0 0 0 0

4GNP54!IUplU ,G P P 0 3 2 3 2 0

TITANIUM, pp TI I 1 S 2 6 0 1

VIANAOI , Po V 57 55 31 S00 25 16 10 160

CADMIUM,, pom cc 0 a 0 a a 0 0 a

MANAESE. PN ± 0 0 0 0 0 0 ±
this valu e orun~ th la west M"surable quantity detectable qstng UT14 ow spectropOtatomtrc tat ProCedures.

The nufe on the ight in p4rlhests reflects the reported 'value from the suopilfi to tihe Stam hilp CIpay.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SANMPLE COUNT REFERENCE COUNT 113 .i3 16 i 's pa _9 ____

SAMPLE N6IBER CONTROL L8 NO. 134, :s4 15- i6 is "1 1

BU!3'muNG DORT 10[ 1 '33411 31001,r 31-10 ' 335 :s -

;EijGRAPmfCAL REGICN I CODE 0o

:ATE BUNKERED MO/OAY/YR - 16I30 7/19 /80 S/19 3 0 6,3/ 30 -:330 6/ :3,3) .3 31 -,':3, 31

CARSON I C .4.36 35.08 56.13 33.5: 3S.53 . . 3" 34.33

HYOROGEN Z H 10 89 11.01 10 43 10 9 11 .4 10.30 11. 33 11 .6

0IT.:EN N 0.3 0.23 0.31 0. 0.09 .34 0.2' I.::

OXYGEN (< O.SS)/ 0 0 0.5 0.5 0.5 0.5 .3. 0.5 0.5

SULFUR , S .. 3S 2 38 : 34 3 31 2 99 3 .9 3 29 3 ol

ASH ASH 0.37 .35 0.09 3 0. i.05 0 14 3.34 9 '4

API GRAVITY $50SF GRAV IS.0 13.6(11 0) 11.9 15.1 17.6 10.4(11.0) 15.7(15.4) 1S.3

PM FLASH POINT (OOF) 1/ FLASH 255 256 (239) 208 Z:6 160(135) 162 (190) 232 (220) !06

VISCOSITY (SSU .1 1000F) VISSSU 3340 3655 4980 394: 1084 5394 3:39 330
'[S U5[TY . VISRWO 298 3Z04 4366 34S6 9SO 1 4904 -357 2399

I 100F

HEATING VALUE BTU/L3 HTVAL 18770 19120 13300 19040 18900 3i00 1300o 18380

SPECIFIC wEIGHT LB/GAL SPECWT 3.05 3.1 2 .:3 3.04 .90 8.32 3.02 3.04

PHOSPHORUS. plm (< 30 pA. ) -  P 30 30 30 30 33 30 30

IRON, ppa FE 4 5 13 z 2 16 S 4

LEAD. ppm 99 0 1 1 0 1 2 0 1

COPPER, Ppm CU 0 0 1 0 0 0 0 1

ClROMIU, ppm CR 0 0 0 0 0 0 0 0

ALUMINM. pm AL 4 14 7 S 3 1O 10

,I1CXEL, ppm NI 12 3 23 7 7 37 28 21

SILVER,no AG 0 0 0 0 a 1 0 0

TIN, pO SN 0 0 0 0 0 S 2 1

SZLICON, N SI 6 4 4 S S 19 10

mm, v (cll pON) iS iS 1s iS iS iS is is

SODIUM, ppm S 1. 1Z 0 7 so 18 12

ZINC, pN ZN I 1 2 1 0 0 1

CALCIUN, ppa CA 0 1 z 0 0 7 1 0

BARIU, ppm $A 0 0 0 0 0 0 0 0

. GNES , pp m G 1 1 0 1 1 4 1

TITAIM, goo TI 0 0 3 0 0 2 0 1

VANAOIUM, Po V 29 20 67 :0 18 130 133 S4

CADMIUM, ppm C3 0 0 0 0 0 0 4 0

MANUSE. Po M 0 0 0 0 0 0 0 0

1/ this value go v thel Ieowest masurable quantity detectable using ASTN or spe:ropmto tmric test proc ares.

The wmber an the right in parenthesis reflects the reported 'value fvau the supplier to the stewhnp capoesy.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 1:3u: 323 :6
SAMPLE'NU.M4ER CONTROL LAS NlO. ". 5 -.3 _ L _ _ "-_ _ S _ _- -

31:iKERING PORT P 3:390 3686) 33-3 39130 39130 -. ' 54' 43.)

!ECGRAPWICAL REGION " - - - - -

,ATE SUAKERED Mf/OAY/YR r ,i Io " 30 / .!0 7/'2030 3/13/0 :' s - :1 3

CARSON * 33.0 3S .30 33.04 3S. ": s4.3 1 . 0 34. 4 3 .51,

HYOROGEN H 11. 1 10.90 10.44 1:.03 11.09 10. 3S 11.0: 11.0

;IROGEN , N 0.08 0.0 0.08 0.36 0.:5 29 0.30 3.30

OXYGEN ( 0 .S%1/ 0 0.5 03 1.3 0.5 0.3 .3 0.5 1.9S

SULFUR S 2.6, ..4' " 1 .0 1.33 3.41 4.19 3.9- S36

ASH ASH O.OS '. !3 2 0.0 1 o.0- 2). .2 '
API GRAVITY ) OF GRAV 16. 12.3(13.5) .(11.)16.(18.) 1.9 0.4-11..) 13.4 1 13.1

PM FLASH POINT (OF) - FLASH .-13(:03) 254(130) 23z(3- 01 .10(Z1Z) -8 150(14:) i96 148
V ISCOS ITY 11SSU 3 1000OF) VISSSU 1 436 5739 6LZ3 :.5 1.9"-" 3 9 f 36S

1LS U S IT 1R EIOO D iO. I SEC 1 5 3 1 S32 2 3 8 1 733 341S

HEAT1ING VALUE STU/L8 HTVAL 13740 18360 1812SO 18660 18222 1$3420 13480 i83S0

SPECIFIC WEIGHT LB/GAL SPECWT ".95 3.18 3.25 7.97 8.01 3.IS S. iS 8.11

POSPHORUS, PPM 30 P3) P 50 30 30 30 0 60 30 30

IRON. ppm FE 4 5 5 4 11 3 ;9

LEA. ppM P 1 1 2 1 1 2 z 2

COPPER, ppm CU 1 , 0 0 0 0 i 0

CR i IUM. pPM CR 0 0 0 1 0 0 0 1
ALUMINUM. PPM AL 9 9 10 10 9 10 12 9

NICXEL. pon NI Z3 20 31 42 30 42 36 24

SILVER. Pn AG 0 0 0 0 0 1 0 3

TIN, ppm SN 1 3 4 3 3 1 3
SILICON. pPm Sl 5 17 10 10 11 1' 9 Z3

DOM,~~~ ip(1 p)9i s i s i s i iB~(( ! (<IS Ppa). 8 S IS 1 13S 15 15 1S 15

SODIUM. ppm NA 27 6 3 is 13 29 11 -0

ZINC. ppm ZN 2 0 1 3 0 0 1 0
CALCIUM, p CA 1 0 1 2 0 0 1 3

IAl, Pm &A 0 0 0 0 0 0 0 0

'4AIES l 94 ppP ,s 2 1 0 3 1 z 0 1

TITNIUM, pPa TI 2 1 0 0 1 22 3

VARAOIWI, Pim V 12S 68 76 310 98 130 IS0 ;5

CA,,IIM, P Cc 0 0 6 3 0 0 0 3
MANGANESE. Ppm m 0 0 0 0 0 0 0 0

1/ This value repmsnts the l'west mesurable quantity lecectaole using AST or smctropnotoncric test procedures.

The nue rn the prlot in parelt lesis reflects thme reported 'value from the supplier to the steseNsaip cmany.
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TABLE 2.1 (Cont.)

SAMPLE TEST. RESULTS

SAMPLE COWIT REFERENCE COUNT 1z9 V 3

,X4PLE NUMBER CONTROL LAB IO. 1:: i2. 1:5 :1 :: 243 .3

WiKERING PORT WPI 46"-0 463S0 1SS0 46350 .633) 4o85' .685J -4140

GEOGRAP4ICAL REGION ICOE "O D

ATE IUNKEREO %"J/DAY/YR 6/19/30 5/30/00 4,/25 i.' ' -' :;s . t! :: ! /3

:ARON4 C 53*; 36.48 35.3 15.54 o 3- :3 s3.: -11

mYCR0GN , H 10.63 10.39 10.2S 10.,6 10.57 3 .i10 10.3 11.1:

*TROG.N N 0.23 0.38 0.33 0.33 0.0" 3 0.03 9."

XYGEN (< 0.5S)/0 0.5 O.S 0.S 0 . 3 0 ..S 0.5 i.

SULFUR S S 3.2'1 3. 1 3.04 3.16 3.04 2.90 2.3" 4. 35

ASH ASH 0.05 0.04 0.11 0.09 0.08 0.10 0. 14 0. 8

API GRAVITY ) 60oFL' GRAV 13.4(13.S) 11.5(11.3) 11.7(11.6) 12.5(13.1) 12.1 11.3 11.5 1'.S

P" FLASH POINT (0°P) FLASH 164 r167) 178 C16Z) 178 (172) 156 (160) 1S2 142 166 17S

VISCOSITY (SSU 3 1003F) VISSSU 1301 1386 1918 17"9 1S66 13.329 1"92 11"
II356L0o E ADO I SEC YISRWO 1316 121S 1861 1360 1373 1340 1308 i"T.
1 1(001 _____

HEATING VALUE BTU/LB HTVAL 18486 17380 185z0 13140 13860 13380 13480 :33

SPECIFIC 'ELGHT LB/GAL SPECWT 3.15 8.26 3.23 8.18 3.21 3.2: 8.24

PHOSPHORUS. Poe (< 30 Po) P 39 30 36 30 30 30 30 30

[RON. pi FE 30 11 19 16 9 9 9 1

LEA,Pon 1e 1 2 IL 1 2 3 3

COPPER, om CU 1 0 0 1 0 0 0 1

CHROIIUM, po CR 0 0 0 0 0 0 0 0
1fD , pp AL 13 12 1.3 19 14 is 13 .1
ICXRL. pPa N1 45 42 53 42 33 26 30 21

SILVER. PM AG 0 0 1 0 0 0 0 0

TIn, no SN 3 4 4 5 3 2 3 1

SILICON. 0 St 19 is iS 21 . 9 1

MI. Plo (-CS pm) a 1s 1s 1s 15 is is iS is

SOOUIUM p NA zS 3 19 13 13 1 11 S

ZINC,p ZN 2 0 3 2 4 6 3 1

CALCIUN, p CA 0 0 0 1 1 1 1 0

SARIU, UMp BA 0 0 0 0 0 0 0

MAGNESIUM, p1 3G 1 4 3 1 2 1 0

TITANIUM. p TI 0 1 5 2 2 2

VANAOIUM, PPM V 105 100 130 83 s0 S9 65 .0

CAMIM oo c 5 n 0 0 1 0

ANJIMESE, pon MN 0 0 0 ( 0 0 0

-- Ths value evesents the lowest msurable quantity deectable using ASTM o spectrophtlmt tc test procdur s.

V The ner am the right in Parenthesis reflects the rmortad 'value from the supplier to the steamship company.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

-44~PLE :OUT AECERENCE COUNT 13 1-, 3 141 .4 .1 4 4

SAPLE "I4UBER CONTROL LAB NO. .3 56 19. 0: 205 6 .

3L1mmn PORT WPI 484 43il'o 43333 41333 9 44 _______4__9:

SEOGRAPHICAL ;E31ON I CODE 3 3 3 3 i 3

:ATE BUNKERED 1MO/DAY/YR 315i80o ),. Z'3n 6.1,'30l 6/3/30 3,'16/30 i,3 3, . 31,30 3,:-,30

:ARBON 1 C 3.0)u 34. 3 .S 17 I3.23 4.35 .11 35.:: 34.49

HYOROGEN H 10 92 .96 1.U46 1.33 10.9S il.O 10.0 11. 1

'SITRGGEN' N 0.19 0.09 0.09 0.11 0.24 0-3 0.2: O.'S

OXYGEN ( 0.5 1/ 0 0.3 0.39 0.5 0.3 0.5 0.5 5 .S

SULFUR I S 3. 0 Z.5 2 .63 2.70 3.30 5.6'? 3..0 3.-1

SH ASH 0 .06 0 . 0 1.z 0 .01 0.11 J'11 1 4

APT GRAVITY ) 60 Fz/ GRAV 13.9 2.0.4 21. 19.1 14.1(lS.5.) 14 . 3.9(17.1)16. (Ir. 3)

M FLASH POINT (0°F) j/ FLASH 186 168 164 162 '30 (:021 131 3$0 :is :qv

'IISCOSITY (SSU 3 T0OF) VISSSU 926 404 357 401 1539 1658 1691 1293

Jil-OSITI I NO. 1CC VISRWO 31 334 313 35Z 1:9: 1453 143. L.34
3 100

0
F- ------

H.ATING VALUE 3TU/LB HTVAL 13670 18720 18670 18530 18720 13580 LS7"0 13S90

SPECIFIC WEIGHT LB/GAL SPECIT 3.00 .s ,.'4 '.33 3.10 3 09 1. 10 -. 96

2HOSPRUS. Po (< 30 Ppm) P 30 30 35 30 30 30 30 30

IaON. pm FE 2 0 2 1 4 4 4 1

LEAOp Pm Pe 1 0 2 1 1 1 1 1

CPER, pm CU 0 0 0 1 0 0 0 1

CHRMIUM ppm CR 0 0 0 1 1 0 1 0

ALUMINUM, Pa AL 10 7 10 1 10 9 S 10

NICXE... ppm 11 7 1 S 4 13 14 11 26

SILVER. opm AG 0 0 0 0 0 0 0

TIN, pp SN 0 0 * 0 0 0 1 6

SILICO, N. SI S I " S , 7 6 14
ut~i, p~ (418 pp)./ B IS IS IS 15 IS 1S 15 15

SOIM, Ppm MA 4 21 3 3 7 6 6 11

ZINC, ppm ZN 0 1 1 0 1 1 0 1

CA CIUM. PON CA 0 2 1 2 1 0 0 1

BiI, BpA &A 0 a 0 0 0 0 0 0

MAGNSIUM, NP M 0 5 1 2 Z 1 1

TITANIUM, pm r 0 0 0 0 1 1 1

VANAOIUM. pM 24 3 16 S I 30 29 12 7

CAIUM, po cc 5 0 0 0 0 0

MASANESE,.0 . . 0 0 0 0 0 0 0 0

This value represents the lowst mesurable quantity dtectwabl using ASTM or spectrophotlmtric test procedures.

rho mer am the right in garIntle is refects the reported -value from the supplier to the stemhp compny.
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TABLE 2.1 (Cont.)

SAMPLE TEST RESULTS

SAMPLE COUNT REFERENCE COUNT 14S 146 14, 148 149 150

SAMPLE IU4qER CONTROL LAS NO. 136 151 189 191 is 12

BUNKERIN6 PORT PI 0000 SO000 o000 50000 s0010 S7840

GEOGRAPHICAL REGION I COO1 8 s _ __8____

OATE BUNKERED MO/OAY/YR -,'4/S0 4/S/SO 3/30/80 3//.qO 7/28/80 115/40

CARBON C 85.0 35.28 84.36 34.74 85.27 35.56

HYOROGEN % H 1 1.8 11.22 11.09 11.10 I1. 11 11.2.

NITROGEN % N 0.1s 0.18 0.'1 0.17 0.14 0. 18

OXYGEN Z (< 0.5) - 0 1.5 0.3 0. 0.5 0.5 0.58

SULFUR % S 2.00 3.10 3.58 3.60 3.08 2.00

ASH ASH 0.05 0.01 0.02 0.11 0.02 0. 1

APT 5RAVIY I GOOF .. GRAV 16.6(17.1) 16.2(16.3) 16.2(16.S) 16.: 16.7 16 1(17.2)

PH'FLSH POINT (o) _ FLASH 182 (182) 28 (1Ss) 140 (174) 164 14Z 172 (28S)

VISCOSITY (SSU $ 1000F) VISSSU 1957 2325 lS38 Isl 1650 1394
-TI:K;OSTY gui 30 4 0. 1 SE '4S-O1
3 10OF iWSOIO 1716 '038 1348 1316 1446 122

HEATING VALUE 3TU/LB HTVAL 18200 18s80 18S0 18440 19220 1S040

SPECIFIC WEIGHT LI/GAL SPECWT 7.97 7.98 7.98 7.98 7.9S 5.00

PHOSPHORUS . (- 30 Ro) 1  P so 30 30 30 30 30

IRON.pp F! - 4R o E 3

LEA_ __. 1 _

COPPER, P" C u 0 0 0 1 i

CHROMIM, PON CAJ 0 0 0 0 0 0

ALMINUM4, p" A 11 13 15 16 3 10

NICXKEL, po Ni 20 8 11 10 7 13

SILV/ER. pp AG 0 0 0 0 0 a

TN, X SN 32 0 0 0 0SILRP- Alszo

SILICON, Xm SI
- . '. 4 S 4

flow. ;pm (CI<S pp,) I is IS is 1s is 1s

SOIAN, ow NA 4 16 16 13 7 12
ZINC. X0 ZR 2 0 2

CALCI&PN.pp CA - -SI.IUNp IA a 0 0 a 0 0
i"glp ON &iiA 0 0 0 00 0f

MAMIULM, pom I I

NASESLP ~No 3 2 111
TITANIUMl, Me Tt z $ 0 1

VAAOLIU,, por V 74 2S 26 24 16 49

cAont10. Pa cc o a 0 0 0 o

MWANN. o RN a 0 0 0 n

i/ shls value rewlJafts the lowesQt meesurable quantity 4etectable using ASTM or spectroonotometric test procedures.

The RqWmer on the rtyf in parenthesis refl1ctS the POprted 'value from the suopI er to Che steamship company.
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TABLE 2.3

COMPARISON OF 1980 SURVEY TO 1976 SURVEY

AND THE INDUSTRY REFERENCE 1/

Fuel Characteristics Symbol Industry 1976 1980

Standard Survey Survey

CARBON I C 87.75 85.20 85.78

HYOROGEN Z H 10.50 11.30 I0.88
NITROGEN % N 0.15 0.80 0.33

OXYGEN I (<0.5%)i /  0 0.40 0.43 0.55

SULFUR % S 1.20 2.97 2.60

ASH 1 ASH -- 0.03 0.08

API GRAVITY @ 60°F GRAV -- 15.1 13.65

PM FLASH POINT (OUF) FLASH -- 192 197

VISCOSITY (SSU @
100 F) VISSSU -- 3264 3982

VISCOSITY REDWOOD NO.
I SEC @ 100 F VISRWO -- 2861 3491

HEATING VALUE BTU/LB HTVAL 18500 18780 18408

SPECIFIC WEIGHT LB/GAL SPECWT -- 8.99 8.13

PHOSPHORUS, ppm (<30)k P -- 40 46

IRON, ppm FE - 6 10
LEAD, ppm PB 1 2

COPPER, ppm CU -- 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 S --

SILICON pmS -- 13
BORON, ppm (4I5)9 B -- 0 15

SODIUM, ppm NA -- 1 13
Z!NC, ppm -- 2

CALCIUM, ppm CA -- 30. 5

BARIUM, ppm A 04 W
MAGNESIUM, ppm MG -- 180 2

TITANIUM, ppm TI .2 2

VANADIUM, ppm V -- 42 140

CADMIUM, ppm CD -- 0 2
MANGANESE, ppm -- 0 0

/ The industry reference is for heat balance purposes and
is taken from the Society of Naval Architects and Marine
Engineers (SNANE) Technical and Research ulletin 3 - 11,
SNAME, 1972.

;j These averages for oxygen, phosphorus, and boron are
artificially high because the quantities indicated were
used to represent any sample that fell below these test
limits.
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TABLE 2.4

MULTIPLIERS FOR 95% CONFIDENCE INTERVAL 1/

Region No. of t or z / Multiplier
Code Samples Value

1 33 1.645 .29

2 20 2.093 .47

3 20 2.093 .47

4 19 2.101 .48

5 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 from 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
30.
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TABLE 2.5

WATCH SAMPLE RESULTS

SA'.m- COt 4T EF£.EENCIS COUNT 4-1 4-2 4-3 A-.4 W-5 4-i

SAoG 'IU JER CMTqOL .Al NO. Z70 271 272 180 204 Z37

3ZiKE.NG 'ORT AP ' I /A '/A '/A 38860 49240 18210

GOGAA9H!CA. fRCGON I COE 7 7 7 2 8 1

OATE SUNIRED MO/0AY/YR N/A N/A N/A 8/10/80 8/11/80 ;/6/80

,ANN I C 84.68 84.98 85.59 86.40 84.86 86.52

4YOROG14 I H 11.45 10.68 11.06 10.77 11.18 10.66

S tTREN I % N 0.24 0.25 0.24 0.28 0.24 0.30
;/.

OXYGEN z 0.S%) - 0 0.50 0.50 0.0 0.0 0.50 0,50

SULFUR 11 S 3.70 3.87 3.18 1.96 3.6a 2.82

ASH t AH 0.03 0.04 0.04 0.08 0.09 0.13

AP! GRAVI1V * 60 OFi GRAV 13.7 13.7 13.5(14.6) 11.5 14.5 11.7

"~ . POINT (0) 3/ FLASH 194 :20 278(241) 192 188(202) 178

viscosItVr (ssu ) 100) viSSSu 2780 3100 3480 4750 1850 4250

V , 5 aa1 '4G0. 1 3 VISR0 2430 2710 3040 4149 1616 3713

HEATING VALUE 8.i/L3 HTVAL 18620 18170 18320 18020 18020 18040

SPECIF!C WEIGHT L8/GAL SPE'T" 8.13 8.13 8.14 8.26 8.09 8.25

P POSPCRUS. Pm (< 30 po) JL P 30 30 30 30 30 30

IRM., Po FE 2 2 5 17 7 12

LEAD. Pon Ps 1 1 1 4 0 1

COPPER,om CU I I I 1 0 1

CHROIU, Poo CR 0 0 0" 0 0 0:

ALUML'4U. Pa AL 14 14 10 14 16 10

,4IC . Pn "41 26 27 18 58 18 30

SILYER. Pam AG 0 0 0 0 0 0

TIN. a SN 3 2 2 2 1 2

SILICM, Pon SI 8 8 11 21 8 14

Mo. pin (4ll I)i 3 15 15 1 15 15 IS

S CG1Mo.aa NA 12 14 20 iS 9 5

ZINC. P ZN 4 3 2 3 0 0

CCIAM , Pn CA 9 8 0 13 0 1

SAIU1. pon SA 0 0 0 0 0 0

HAGMIU ,P" MO I 1 1 3 S 1

TITANIUM. P TI 3 1 1 2 1 1

VAAOIUIM, wu V 72 74 48 79 n2 220

CAMIMM. P CD 0 0 0 0 0 0

wIUIIIp IN nN 0 0 0 0 0 0

1- Tis vlue recw1ts %1. Iowec masmhrle quantity dtactamble using AST or spactripilb tritcIC tast PwMOcares.

The nabe an this riglt In paretplIS refiecs tra rooefd 'value f'ro trie supplier to tie stamtip CnMy.
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TABLE 2.6
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2. Marine Engineering, Society of Naval Architects and Marine
Engineers (SNAMEJ, New York, 1971.

3. 1974 Annual Book of ASTM Standards, Part 23, "Petroleum
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4. Marine Steam Power Plant Heat Balance Practices, Technical
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S Quality Control and Industrial Statistics, A. J. Duncan,
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