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1. INTRODUCTION

The ASCOPE Work Programme for 1981 directed the Technical Committee to conduct the
2nd Annual Laboratory Test Correlation Programme for CFR Engines among petroleum
laboratories in the ASCOPE member countfies. Member countries taking part in this
correlation programme are Indonesia with seven laboratories participating, Malaysia with two
laboratories, Thailand and the Philippines with two laboratories each.

LEMIGAS Laboratory of Indonesia, as coordinator in this correlation programme, provided
the samples to be sent to each participating laboratory. After being tested by the
participating laboratories, the test results on these samples were to be sent to PPTMGB
“LEMIGAS’ in Jakarta for processing, including the determination of the standard
deviation. Based on these results, conclusions can be drawn about the deviations of
laboratory test results and about outliers to be rejected. '

For proper analysis, the samples for correlation also require physical and chemical test such
as specific gravity, RVP, distillation, and TEL content, in the receiving laboratories to take
into account any possible changes in the sample properties which have occured during
transportation and storage.

Also important to be observed are ambient and engire operating conditions during the
correlation tests.

The results of this analysis can then be used as a base for diagnosis of the probable causes of
deviations, the occurence of outliers and for recommendations of remedial steps to be
taken.

The method used for testing the samples is the Bracketing Procedure System, while for
rounding the values of the numbers found during the tests the ASA rules for rounding are
used.

The Grubb's rejection criteria with the use of ““T" factors are used in evaluating the possible
outliers.

This article was first presented during a technical meeting on Laboratory Correlation.Oil Process and Application, held in
Jakarta, from 9 up to 11 February 19582,
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2. CORRELATION PROGRAMME EXECUTION

2.1 Sample Coding

LEMIGAS as coordinator, provided and prepared the correlation samples as shown in Table
1. The correlation samples were sent to each participating laboratory.

The amount of the correlation sample. was two liters for each grade, put into two one-litre
cans. One litre cans were used in order to comply with IATA air transport regulations
concerning the maximum fuel container volumes permitted for air transport of inflammable
materials.

To facilitate and simplify the conduct of this programme, each sample was coded
alpha-numerically according to sample type as follows:

+SC number, where SC indicates sample code and numker indicates
sample type.

2.2 Participating Laboratories
The participating laboratories were similarly coded alpha-numerically as follows :

LC number, where LC indicates laboratory code and number indicates the participants
number in this correlation programme.

The list of participating laboratories appears in Table 2 (p.12).

In order to facilitate communication, !aboratories in each country were coordinated through
a country coordinator. The list of Country Coordinators and Programme Coordinator
appears in Table 3 (p.13).

3. SAMPLE PREPARATION
The sample preparation consisted of five steps, viz.:

(1) acquisition of substances for sample preparation, materials and equipment
(2) blending of sample

(3) filling of sample into containers

(4) packing

(5) dispatch

Each of these steps was carried out in the routine manner, but with utmost care, by the
coordinating laboratory (LEMIGAS)
4. ROUNDING RULES FOR TEST RESULTS

The ASA riiles for rounding as they pertain to this procedure can be stated simply as
follows:
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(1) The value of the number is unchanged when the last digit to be dropped is less than 5.

(2) The digit preceding the digit to be dropped is raised by one when the last digit is greater
than 5.

(3) When the digit to be dropped is exactly 5 and the digit preceding it is an even digit, the 5
is dropped without change to the number.

(4) When the digit to be dropped is exactly 5 and the digit preceding it is an odd digit, the
digit preceding is raised by one.

Example:
Rounded
Number Nearest Nearest
Hundredth Tenth
1. 97.642 97.65 97.6
2. 97.237 97.24 97.2
3. 97.365 97.36 97.4
4, 97.985 97.98 98.0
5, 97.995 98.00 98.0

When rounding from three digits to one digit the last two digits to be dropped must be
considered together and the rule applies to values greater or less than 50.

97.499 97.4
97.540 97.4
97.851 97.5
97.649 97.5
97.550 97.6

In the computation of Standard Deviation the use of (n-1) is statistically more correct than
nl
5. PROCEDURE FOR TEST DATA ANALYSIS

Test results are analysed according to the following procedure for calculating basic statistical
data for analysis of check programme results.

The data obtained by this procedure include: sample average, average deviation and standard
deviation, which are basic to other statistical treatment such as trend, etc.

The data thus obtained also provide sufficient parameters for comparing like data from
individual or groups of laboratories performing the same tests. The procedure is presented in
a step-by-step number to standardize the procedure and to simplify the calculations and
evaluation.

The following steps are taken to calculate the basic statistical data:
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' mlu submitted by the participating laboratories were compiled and evaluated
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—
; Results for Sample SC-01 are listed in Tables 4, 5, 6, and 7 which show, respectively, the
ambient and engine operating conditions, general properties of sample, deviation of general

properties and calculations (see p. 16 through 22).

‘ Results for Sample SC-02 are similarly listed in Tables 8,9, 10, and 11. Similarly, the results
for Sample SC-03 are shown in Tables 12, 13, 14, and 15 (see p. 23 through 36).

These results are summarized visually in Figures 1,2, and 3 which plot the laboratory test
results, the average octane number, standard deviations, and critical rejection of outliers for
Samples SC-01, SC-02, and SC-03, respectively (see p. 37 through 39),

7. CONCLUSION

From the results of the tests conducted by all participating laboratories, and the evaluation
of standard deviation/rejection of outliers (see Fig.1, Fig.2, and Fig.3), the following
conclusions can be drawn.

7.1 Test Results

Concerning sample SC-01, 4 (four) test results exceed standard deviation vis, the test results
coming from LC-05, LC-07, LC9 and LC-12, which are however not be rejected as outliers
being still within the permitted limits. Hence, all the list results from all the participating
laboratories concerning sample SC-01 are satisfactory. )

Concerning sample SC-02, only 1 (one) test results vis coming from LC-04 exceeds standard
deviation, which however is still within the permitted limits and is not to be rejected as
outlier. Hence also concerning sample SC-02 all the test results are satisfactory.

Concerning sample SC-03, five test results viz com ing from LC-02, LC-04, LC-06, LC-09 and
LC-12 exceed standard deviation, but none exceeding the permitted limits, they are all not
to be rejected as outliers. This means that all the test results of sample SC-03 are
satisfactory,

The above test result also agree with the test of the general properties of each sample as
shown in the Table “General Properties of Sample”, where it is shown that there are no
significant deviations concerning the test results of Specific Gravity, RVP and Distillation.

7.2 Adherence to Test Procedure

Although, the test results of all the sample SC-01, SC-02, and SC-03 submitted by all the
participating laboratories are satisfactory (none is rejected as outliers), from the data on
ambient and engine operating conditions of sample, concerning SC-01, SC-02 and SC-03,
however, it can be seen that some of the participating laboratories have not satisfied the
conditions for. the correlation of CFR engines. Some have even deviated from the test
procedure established by the ASTM.

Examples of-non-adherence to procedure are as follows:
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; I_'?t!) Concerning sample SC-01

Participant laboratory LC-02 carried out the test with intake air temperature at 115°F.
According to Table 4 “ASTM Manual”, at barometric pressure 766,2 Hg (30,16 in Hg)
LC-02 should have carried out the test with intake air temperature at 128 °F. Moreover
the knack sensitivity (the difference pointed out by LC-02 during the test was52).This is
too large and can cause inaccuracies in acquiring the O.N. by interpolation. According to
the “ASTM Manual” for octane numbers lower than 100 the knock sensitivity has to be
about 30 or less.

Participant laboratory LC-09 carried out the test with intake air temperature at 85 OF.
According to Table 4 of the ASTM Manual, at barometric pressure 760 mm Hg (=29,92
in Hg), LC-09 should have carried out the test with intake air temperature at 125 OF.
Moreover, LC-09 used the C.R Method in carrying out the test, while according to the
conditions agreed for conducting the CFR Engine Correlation, the method used should
be the Bracketing Method.

Participant laboratory LC-13 carried out the test with a too large knock sensitivity i.e.
58, The proper knock sensitivity taken should have been about 30.

(2) Concerning sample SC-02

Participant laboratory LC-02 (as in the testing of sample SC-01) carried out the test with
intake air temperature 128° F.

Participant laboratory LC-09 (as in the testing of sample SC-01) carried out the test with
intake air temperature at 85 ©F, which should have been carried out at 125°F. The
method used should have been the Bracketing Method, and not the C.R. Method.

(3) Concerning sample SC-03

~ Sclentific Contribution No.1/1982

Participant laboratory LC-02 (as in the testing of SC-01 and SC-02) carried out the test
with intake air temperature at 115 °F, which should have been carried out at 128 °F.

Participant laboratory LC-09 (as in the testing of sample SC-07 and SC-02) carried out
the test with intake air temperature at 85 ©F, which should have been carried out at 125
OF. Also the method used should have been the Bracketing Method and not the C.R

Method.

Table 1
Types and Codes of Sample
Type Grade Code
1. Commercial Fuel High Grade SC01
2. Commercial Fuel Low Grade SC02
?. Standardization Toluene heptane SC03




Table 2

2ND ASCOPE LATORATORY TEST CORRELATION
PROGRAMME ON CFR ENGINES

List of Participating Laboratories

Country Labomprv

Indonesia (1) Pertamina
Refining Unit | Lab
Pangkalan Brandan

(2) Pertamina
Refining Unit Il Lab
Dumai

(3) Pertamina
Refining Unit 111 Lab
Plaju

(4) Pertamina
Refining Unit 111 Lab
Sungei Gerong

(5) Pertamina
Refining Unit IV Lab

Cilacap

(6) Pertamina
Refining Unit V Lab

Balikpapan

(7) Lemigas
Oil and Gas Technology Development Centre
P.O. Box 89 JKT.
Jakarta.

Malaysia (1) ESSO Malaysia Berhad
Port Dickson
Attn : Mr. John J. Degouff
Refinery Manager

(2) Shell Refining Company (FOM)
Port Dickson
Attn : Mr. W.A. Pattison
Operations Manager
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Thailand

2ND ASCOPE LABORATORY TEST CORRELATION

(1) Bataan Refining Corporation (BRC)
P.O. Box 1035 MCC
Makati
Metro Manila

(2) Petrophil Corporation
Pandacan Laboratory
P.0. Box 1031 MCC
Makati
Metro Manila

(1) Defence Energy Department
Bangohak Refinery Laboratories
Bangchak
Bangkok

(2) Science Division
Oil Distribution and Supply
Petroleum Authority of Thailand

Prakanong
Bangkok

Table 3

PROGRAMME ON CFR ENGINES

List of Country Coordinators

Coordinator

Indonesia

Malaysia

Philippines

entific Contribution No.1/1982

Mr. Bustami Mustafa
PPTMGB "Lemigas
P.O. Box 89/JKT
Jakarta

Mr. Ahmad Nordeen Salleh
PNM Division.

Petronas

Kuala Lumpur

Mr. J.N. Dulce

Bataan Refining Corporation
P.0O. Box 1035 MCC

Makati

Metro Manilla




Thailand Mr. Sawaeng Boonyasuwat
Science Department
Oil Fuel Organization
Boonyavey
Plub Pla Chai Road
Bangkok

Programme Coordinator
Mr. E. Jasjfi
PPTMGB "'Lemigas”
P.O. Box 89/JKT
Telex 47150
Jakarta
Indonesia

3. SAMPLE PREPARATION

The sample preparation consisted of five steps, viz.:

(1) acquisition of substances for sample preparation, materials and equipment
(2)  blending of sample

(3) filling of sample into containers

(4)  packing

(5)  dispatch

Each of these steps was carried out in the routinemanner, but with utmost care, by
the coordinating laboratory (LEMIGAS).
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Table 7

2ND ANNUAL ASCOPE LABORATORY TEST CORRELATION PROGRAMME
FOR CFR ENGINES (1981)

Calculation SC-01
Lal < Motor Number F-1 Octane Deviation Deviation
ey Nurber of Average Squared

1Cc-01 No. 4 97.3 -0.1 0.01
IC-02 4-62-1131197 97.3 -0.1 0.01
1C-03 E-1815 97.4 0.0 0.0

- 10-04 - 97.3 -0.1 0.01
1c-05 | F-1 96.8 -0.6 0.36
1C-06 724065 97.0 -0.4 -0.16
1c-07 207441 96.9 -0.5 0.25
1Cc-08
1c-09 - 98.2 +0.8 0.64
IC-10 G~37747/318810 97.3 =0.1 0.01
1c-11 9-69-178812 97.7 +0.3 0.09
1c-12 1| 9-73-252382 98.0 +0.6 0.36
1Cc-13 CFR-48 97.4 0.0 0.0 I

St 1168.6 3.6 1.9
No. of results (n) 12 13 12
Step 1:
Average Octane Number : $um of results _ 11686 _g738-97 4
no. of result 12 -
Step 2:

sum of deviation _ 3.6 _ .4
na. of deviation 12

Average Deviation :

Forianos |\ (no. of dev. squared-1—-) 12—1 11

Step 4 : Standard Deviation : square root of variance =eriance\/é 0.17 =0.41
Step 5:

Rejection of Outliers : “'T" factor x std. deviation = 2.56 x 0.41 = 1.06

All results are not rejected.

Step 3 : . sum of dev. Squared _ 1.9 1.9_017
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Table 11

2ND ANNUAL ASCOPE LABORATORY TEST CORRELATION PROGRAMME
FOR CFR ENGINES (1981)
Deviation of General Properties Sample (SC—02)

Col. A Col. B Col. C Col. D
Lal { Motor Number F-1 Octane Deviation Deviation
K Nurmber of Average Squared
1C-01 No.4 87.5 +0.3 0.09
1Cc-02 4-62-1131197 88.2 +1.0 1.0
1C-03 E-1815 87.2 0.0 0.0
1C-04 - 86.7 -0.5 0.25
IC-05 F-1 86.8 -0.4 0.16
1C-06 724065 86.9 -0.3 -0.09
IC-07 207441 87.2 0.0 0.0
1C-08
1c-09 - 873 +0.1 T P
1Cc-10 G-37747/318810 873 +0.1 0.01
1c-11 9-69-178812 86.9 -0.3 0.09
1c-12 9-73-252382 87.0 -0.2 0.04
1Cc-13 CFR-48 87.1 0.1 0.01
SuM 1046.1 3.3 1. 15
No. of results (n) 12 12 12
Step 1: sum of results  1046.1
Average Octane Number : ho.ofresls © 12 87.18=87.2
Step 2: "
L . sum of deviation 3.3
Average Deviation ‘no. of deviation = 12 = 0.28
edy , sum of dev. squared  1.75 _1.75 _ 4
(no. of dev. squared -1) 12—-1 11 ;
Step 4 : :
Standard Deviation : squared root of variance -\ / variance =0.16 = 0.40
Step5:

Rejection of Outliers : "T" factor x std. deviation = 2.55 x 0.40 = 1.02
All results are not ree rejected.
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Table 15
2ND ANNUAL ASCOPE LABORATORY TEST CORRELATION PROGRAMME

FOR CFR ENGINES (1981)
Calculation SC—03
ool. A Col. B Col. C-o Col. D
- Motor Mumber F-1 Octane Deviation Deviation
Laboratary Number of Average Squared
10-01 No. 4 84.8 -0.1 0.01
1c-02 4-62-1131197 85.3 +0.4 0.16
1c-03 E-1815 : 84.8 -0.1 0.01
1Cc-04 - 85.4 +0.5 0.25
1Cc-05 F-1 85.0 +0.1 0.01
1Cc-06 724065 84.0 -0.9 0.81
1Cc-07 207441 85.2 +0.3 0.09
1c-08
1c-09 - 85.3 +0.4 0.16
1Cc-10 G-37747/318810 8_5 % +0.2 0.04
1c-11 9-69-178812 85.0 +.1 0.01
1c-12 9-73-252382 84.0 =0.9 0.81
1Cc-13 CFR-48 B84.6 -0.3 0.09
SM 1018.5 4.3 2.45
No. of results (n) 12 12 12
Step 1:
sum of results 1018.5
Average Octane Number : ~— - ad s | ] =84.88=84.9
Step 2: : sum of deviation _ 4.3 _ ¢
Average Deviation : ho. of deviation 12
S < 1
prarianoa . sumofdev.squared _ 245 _ 245 _ 092
* (no. of dve. squared —1) 121 1
Step 4:
Standard Deviation : Square root of variance = 1/ variance = V0.22=0.47
Step5:

Rejection of Outliers . "T” factor x std. deviation = 1.20

All results are not rejected.
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