-MICATI‘ON OF FLAME AND FLAMELESS ATOMIC ABSORPTION . - - % = -
METHODS TO THE "FINGERPRINTING" OF SPILLS : Lo
ON WATER MEDIA OF NON- DISTILLATE - |

A PETROLEWM OILS . . = '

. R § : .
', -Solomon Y.H, Cpiang - . ' _ ~ :

: 3 . A Thests , = ., T
. _ An, . L e

o TheﬂDefartﬁept
. : o o of . / ]
UV Chemistzy

s

-.‘ \ . ' o / How . \ | Lo ’ .
Presented in Partial Fulfillment of the Requirements |
- for the Degree of Master of Science at

Concordia University
 Montréal, Québec, Canada ' L /

. March, 1980
no . {) . .
(® solomon Y.H., Chiang, 1980

"l}.‘



.

o ' Solomon Y,H, Chiang S,

OF NON-DISTILLATE PETROLEUM OILS

-

fo " ABSTRACT " -

¥ -
- RN T

APPLICATION OF FLAME AND FLAMELESS ATOMIC ABSORPTION

METHODS TO.THE FINGERPRINTING. OF SPILLS ON WATER MEDIA

, f '

v
°

~ Four (42 samiles’of crude‘dil of vgr&iné oiigsns and
-5ix (62-sémples of'non-distillate (bunker type) oils are
ana}ys;d by flame and.flameless atomic absorption
techn%ques, using the ASTM 3327-74& preparatory approach
for all samplés.; The trace metdls nickel, vanadium; ‘
cﬁromiuﬁ, cobalt, iron, mangénese,/molybdenum, copper

and zinc are determined using both the calibration °

. skandards and multiple spiking approaches, The various

semples aré then axtificially'weatheréd over synthetic

seawater, and the entire analytical program repeated.

The various possible trace metal content ratios

are ex%mined, and it is found that only ratios involving

hvanadium,’nickel, chromium, cobalt and iron are of real

value in' the "fingerprinting" of original against
weathered oils, Using a plus point system for either .
positive matching or mismatching, single ratio and
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-ratio conbinations are tested. A«go +5 psrcent . P
, .

probability of correct fingerprinting is observ(&ﬁ

for the single ratios. Using multiple ratios “(1.0

V/Ni, Ni/Co and V/CQ), a probability of correct . .
fingerprinttpg of 99 percent is achieved. .
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"1+ INTRODUCTION . - . ' '
- 1.1 0il Spills and Their Environmental
Ecological and Economic Impacts
3
) -~y o

Since the early 1960'3, increasing attention has been
\paid by government, industry, the public and the media
to the environmental, ecological and economic impacts of
apills 6f petroleum oils and, in partieular, to such spills

)
as they occur on water bodies,

Theydeveloping energy crisis has, relative to the
petroleum :Lndnsifﬁz:;},1 resulted in general increases in 011

production, substanti reases in offshore exploration,

drilling and product on, significant increases in the v
quantities of petroleum oil and its products transported
cant increases in the capacities of

as oil tankers. This growth in activity
has resulted in a worldgwide upturn in the annual incidences=
of oil spills and of the quantities of oil spilled, The
increeses in the size of oil‘tankers to supertanker dimen-
sions’énd cspacities'has increased the potential of truly
disatrous~spills at or near continental shores in particular,
and on water bodies in general, The increase in offshore

0ll exploration, drilling and production has served to
augment this patential (eege the recent offshore spill in -,
the Gulf of Mexico). Where such offshore and/or onshore~

-

~)




6.
drilling operations involve the far north, the extent

.of the possible envirdnmental and ecological impacts can

be only guesssd at,
a .
A statistical study of spills(of petroleum oils and
pstroleum-based products has been oprried out for the .

v
Canadian Department of the Environment by Dick (l). This

- study outlined the various sources, causes and reasons

for such spills and, as one of its signi:icant conclusions,

indtcated that the major reason underlying oil spills was -
personnel failure or human error. On this basis, increased

oll production and fransport activity'cgn be expectsd to
lead eventually to a spill of monymental‘prqportioﬁs. -

The findings of the study reported, following this '

introduction, will have application essemtially to oil

spills on water, and the effects of snch spills ‘should
be indicated. o S |

Oil spills on waters involving oceans, seas, lakes.
and rivers carry with them always the possibilities of

,shore and bottom pollution, Such pollution can and does

result in loss of marine.life and associated loss of
earnings for,those engaged in the fishing industry, loss

of'shore life such as birds, loss of use af and reverue

- from beaches. and shore real esﬁate, loss of oil spilied,

éontsminatignﬂof iater supplies, contamination of harbours,



fire'hazafds,'cost of prosecution, insurance 1loss. etce I

The cost of cleanup for such spills, and the replacement

of marine life are tremendous, The United States Environ-

mental Protection Agency has estimated the cost oﬂ<fE£;:“,

8pill cleanup alone, by averaging out costs of cleanup . \\____J//

for different spill lqcations and conditions, at appro-
mately $7.50/U.S. gallon (2). Inconnection with this
figufe it should be noted that the Dick study showed a
total of some 10 million Imperial gailons of oil was

_spilled on water in Canada over ghe period from 1974 to

1977. The cost for the replacement of marine life destroyed

as' the result of Santa Barbara offshore oil spill of

. 1969-70 has been estimated at a low of 10,5 million

dollars and a high of 53.5 million® dollars .(3). The .
magnitude of‘th%se costs which, it must be remembered, cover
cleanup and,maiine life replacement cost only, are indicative

df the éeriousness of the situation;

Where spills on water are concerned, the responsibility
for associated costscan not be assigned excépt where the

source of the spill can bevpinpointéd. Such pinpointing

'i§ not always simple,"éince in many instance multiple

possibié sources may exist., As an example, one may consider-

the situation where a crude oil offshore spill occurs at a

‘tiﬁe when at least four vessels were in thé general vicinity

2

of the spill, To assign responsibility to one of these

~
L]
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vessd;ei}er the spill involved requires a comparison

_ of the properties of'the samples from the oil spill ‘with

“those of samples obtained from the suspected source vessels,

In any such comparlson,*the possibllity of weathering
of the spill oil before:sampling must Be considered, as
must be its effect on the comparison mpthodolqgies.'

It is apparent ‘that the task of "fingerprinting"

-oil spills and suspected sourcesrmust fall to the analyh

tical chemist, who must then apply techniques of: chemical

-analysis.and "fingerprinting" capable of rapidly providing

data sufficiently reliable to provide positive matching
and mismatching of spill and source oil samples. Such
techniques must obviously be capable of standing in any

o

subsequent leéal action which may ensﬁe.

-



[ Pu?lic concern with respect to environmental' pollution

has facilitated the de;elophent and adaptati:n of analy-

tical techniques applicable to the characte zatifn and

identification of oil spills,

These techniques can be classified as follows:-

(a) Physical testing methods such as boiling point’
determination/simulated distillation (4)(5),

-+ specific gravity methods using improved
density meters (6), viscosity measurement (?),
ete,

(b) . Spectroscopic techniques such as infrared
sppctroscopy (8), fluorescence spectroscopy (9),
nuclear magnetic resonance spectnescopy (10),
ultraviolet spectroscopy (11), mass spectro-

: scopy (12), laser Raman spectroscopy (13), etc.

(¢) Separation technilques such as gas-liquid
‘chromatography (14), high-performance liquid .
chromatography (15), gas chromatography/hase
spectrometry (16), thin-layer chromatography
(17, etc,

(d) Elenental analyeis methods such as X-ray
fluorescence spectrometry (18)(19), neutron .
activation analysis (20)(21), emission spectro-
metry (22)(23), atomic absorption spectrometry

|

[ (24)(25)(26), ste.

‘conplete reviéws of recent techniques for oil spill“
identification can be found in the excellent monographs

by Bentz (27) and Frazer (28).

]
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With ;oat of the spéctrosco%ickand éepazation methods,,
the priﬁbiple of identification is what 'is called "finger--
printiﬁg" matching, The spectra or the c@romatograns of
tpe spill sample are coﬁpared with those of the qﬁsgected
source oils. In the case where an oil spill has been on
the water for extended periods,.or where the spill is of
- a very light petroleum distillate, 1oss§s due to evgpdration, f'
’disqblution and oxidation may alter the spectra and the.
chromatograﬁs ;;fficiently to render/ma%ching"difticult.
In such cases the suspected source oils can be weathered

i

‘and then compared,

/ o

Perhaps the mast comprehensive explorationa into
"fingerprinting" identification have been made by the
United States Coast Guarq.’In their pnblication "0il
Spill Identification System" (Repori No. CG-D52-77 Task
No. 42432) (30), they reviewed and listed in detail the
sampling and sample handling techniqnas, and gave detailed
descriptions and examples of . rour analytical appr?? hes
used by the Coast Guard operational laboratory. These
are:- ‘'gas chromatography, fluarescence spectrgﬁ%opy,

‘ 1nfrared spectroscopy and thinplayer chronatdgraphy.
addition, the Coast Guard included bacb-ng techniques
7involving low temperature luminescence 9nd hish“performancc;

N - 2.
~
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N
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liquid chromatography. The need of using multi-method \

¥
~

approach was also explained. In_ﬁ_given'case‘any one of

| the methods might be adequate, but €ach may be sensitive

// | . - 'to certain interferences from impurities picked up by '

the oll slick, Hence, for a positive identification,

the analyst will be more confident where two or moée mephods

of identification are applied.,

There are cases when the results«0f two or more methods
disagree as to the source of an oil spill, Fortunately
‘ s in most of such cases, the reason for the disagreement is
‘ ) \\X apparent tggg(fﬁé results (1.€ethe experiencéd analyst:
q can detect interference sources in one or more of the
methods). He can either discount the affected method, or
//" attempt to remove tﬁe interfer%ng substance without \
@/ altering the oil composition. Ineviéably there are instances
/ i where two suspected sources are nearly identical, or
B where the results frod)diffeient techniqyes disagree for
A no ‘apparent reason. Such instances may then require the
A - application of gdditioﬁal anglytibgl procedures, If su}h
'/ ' efforts fall to resolve the issue, the conclusion must
then be that the source is indeterminate. Thdfiuspected/
accused party is then given t&e benefit of doubt.‘\ |

. . -+
The advancement of computer technology in. recent

 years has.facii;ated the development of computerized"




1z,

"fingerprinting" matchings.‘ These  techniques néndlly
:anolve digitizing of data. For examples, with IR
pectra, transmission at corresponding wavelengths serve
' ~as data inputs.(31)(32) and with chroma\tograns the peak
‘ area versus retention times are used. (15) (33 Comparison
can be carried out in d.:}'gital format -against a data bank
of references using prescr,ibed statistical criteria.
‘More coxipliéated manipulatioﬁs of data such as groupins

| ffﬁand Yra"tio:l.ng of spectrofcopic transmission values or

chroinatographic peaks can be carried out simul taneously
g‘y‘ the computer, providing fast and more reliable identi-
fiéation. The major drawbacks of the computer-asaisted
"fingerprinting" methods are the high cost of the sophis-
ticated equipment and associated technicians and, in
~addition, the lack of system uniformity, Each individual ‘
reseaz:ph group has developed‘its own system of identifica=-
ltion'algorithm and:statistical cfiteria, more cooperation
and communication are required to facilitgte advances in

this field, -

4

Elemental analysis of metallic contents serve a '
-va;'iety of purposes in the petroleum :Lndust\ry, sulch ag
the fundamental understanding of the nature ‘61" petroleum,
classification of crudes for sﬁitability as c_rﬁcld.ng
| stoc]sé, process studies, evaluation of catalysts and

- product quality studies (34).
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‘Recently, slegshtal'malysis has been employed in
the characterization and identification of oil spills
(18~26), Of all of the metallic elements, vanadium and
nickel are the ones which have been masi.thoroughly
studied. The reason for their ;S.mportahce is that these
siemenfs occur, in part; as nitroéen complexes (prophyrin)
' closely related to chicrophyll and haemoglobin, and Jthus ¢
appear to be associated with the genésis of crude oils.
Many correlations based on th; vanadium and nickel consents
of petroleuﬁ 0ils have been made for identiﬁ.cation' >
purposes (35)(56). The analytical'methods most'.commonly
"~ used are X-ray fluorescence and atomic absorption spectro-‘

metr;'sr; more recently enf:i.ssion spectroscopy and neutron

~ activation analysls have also been employed,

. The purpose-of thi‘s project 1is to investigate the
' possibility of extending elemental analysis by atomic
absorption through the determination of elements other
than vanadium and nickel, such 33&?133;“: chromium, iron,
manganese, molydenum, zinc and copper. Correlations -
between the elementa.l meta.llic contents will be established .
for the original oil samples and for the artificially- -
Y weathered oil samples". Attempts yill be made to construct .
ident:i;f:l.c‘at:l.on paf:terns for "fingerprinting" matchiﬂg
based upon the metal co;itsnt correlations (i.'e. the

ratio of one \ele“inentl content to that of another)

[t B s oy i ol R w’{w-*\«-h»» P T
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regardless of the weathering aétion to which oil spills
.are exposed, Such consistentlybmaintained ratios can

J*’ . ‘ . \

Lo N~ b ke
The purpose of this study is not only to determine
the individual contents of various metals in the oils
examined, but to explore, using statistical cfiteria,

which ratios of metal contents remain reasonably unchanged

y

then serve as ‘a basis for oil spill/aource "fingerprinﬁing"

andeidentirication. . ’ }
. L)

Since metallic contents are largely lost where
distiliatqs/ére involved, the present study involves/énly
crude oils and crude oil residues, such as bunker oils,
Ten sﬂép samples: are explored, these having been provided

a

by Shell Canada Limited,

. :lﬁ-



sy

gndlysis of petroléum materials (40)(#1)(42).

© analysis of organic petroleum solutions often yields

‘Ais.

2. INSTRUMENTATIONS

T

2+1°°- Atomic Absorption 8pectroscopy as
Applied by fthe Peiroloum Industry

Since the .early 1960‘s atomic sbsorptios has been
versatile tool for trace analysis, in the ppm and ppb
ranges, for some seventy elements in aqueous and organic

solutions and, - sometimes, directly on solids. ‘However
it QLE not until the early 1970's that any significant
number of analytical applications to petroleum and
petroleum‘products was published, A possible reason for'
this was the gifficulties encountered in one of the

earliest and most obvious applications-the determination

of lead in gasoline (37)(38)(39).

Recently methods have proliferated, and in
order to ‘obtain some unification of atomic absorption
test procedures, both the Institute of Petroleunm, Atomic
Absorption Sub-Panel .(ST-G-4E) auo a\similar American
Society for Testing and Materials Sub-Committee have
published standard methodologles for the atomic absorption
Z .

Most petroleum products are generally soluble in
organic solvents such as methylisobutylketone (HIBK),

xylene and white spirit. However the standard direct
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non-reproducible results,‘particularly‘with theiéraphite
furnace method., The reasons are:- the inherent difficulties
of carbon rad furnace with orsanic solvents and, more
important, differences in the sensitivity for different
orﬁsnometallic matrices (37)(38)(39) (i.e. ligands in the-
organometallic calibration standards versus the 1igands
'in the petroleum products to which the metallic elements
. , Lqre bonded). To overcome such matrix interferences, the
indirect method/standard additions methon (39) can be used,
This is, however, tedious and time-consuming., As a alter-
native, a dry-ashing, ecid take-up procedure (42) can be
applied, This provides for simplicity and iss relatively free
from matrix interferences. In this study, the ASTM 3327-74T

dry-ashing and acid take-up procedure was applied,
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The ba.sic features of an atomic agsorptionﬁ spectro:-

photometer are shown in the block diﬁgran of figure 2-1,

The radiation" source is usually a hollow Cathode
lamp, or a? electrodeless discharge lamp. The source
beam, being a line spectium, -will be attennated by the ’
atom reservoir. The monochronator is used to select
the part:.icular spectral line ‘at which_ measurements are -
taken, ._while the detector measures the interlsitj of
sddiation at this wavelength.

The most~ common atom resez\voirs are d:he flame cell
and the graphite furnace system,s. Atomization energy
is supplied by the flame cell as thermal - energiy, and -
by the graphite mrnace in//th\e form of thermal _energy

prov:l.ded‘ by electrical resistance heekting. The main .

: difference between ‘the’ two modes is ﬁhat the flame is .

more stable but less sensiti?e due- to larse loss of
analyte in the nebulization step, while the furnace, in

confining the atomized vapouf to a restricted area,

provides much »hiéher sensit:l;vify but with poorer ’precision
due to factors such as tempsérature gradients, atomization

efﬁ.cienc’y,' etc,

?
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:!.ntegrat:l.on of signa.l, sample automation, etc, Details

the flame method is involved, the calibration character-.

VAN .

As mentione‘d earlier, tI;e altbmic abserption technique
o.perates'en the basic principle o“f the .attenuation
o:t the source line emis on spectrum by analyte atoms.
'l'he method is highly s?nsitive and selective and

,relatively free from spectral interferences when compared

to other forms of optical spectrometry such as IR and

'UV when a monochromated continuous spectrum' source is

involved, -

k] o

. Technical refinements for the atomlic absorption
epectrophoi:ometer include double-beam configuration, -

deuterium or hydrogen background correctors, time

of atomic absorpgion theory and instrumentations can
be found in numerous text books on the subject (43)
N . . A .
Atomic aﬁsorption, as with most of the analytical
optical techniques, is an indirect. method rquiring

. the use of calibration standards., As with all of the

methodologies of optical spectroscopy, there will be , N ~'
a loss of linearity at hﬁ.gher concentrat:fon/s. For.any
“elemeng:‘ regardless of whether the graphite furnace or

¢
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.interferences, A series 0f known amounts of the
- gought=for element is added to the individuel

- ghown in Figure 2-2,

v N
\% . . o

igtics such as linear limit and .sensitivity
hzgt_be established for each element and each
technique, |

For samples invalving complicated'mat:iqes,‘

the matrix differences between sample solutiohs

and standard solutions often provide for erronequs

results. These matrix -differences éan e compen-
sated for by matching the matrix of the .standard
~solutions to ‘that of the.sample golutions, This
gequires a knowledge of the sample composgitions

I
and such procedures are often too tedious for

. routine application, f ’ A

s .

Very often the standard additions (spiking)

technique is nsed to compensate for matrix

-

sample solution, A graphical representation {
of the standard additions (spiking) method is

o?
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22,

The intercept on the horizontal axis giveéft;e amount

of unknown in the original sample, Any interferent present

will affect the atom population of the analyte either present’

originally or added as standard additions.

———

Some- conditions to be observed with the standard\’

additions technique are:-

(a)

(v)-

(c)

(d)

(e)

The concentration of the spike-solutions
(original analyte plus amount of standard added)
should not be higher ‘than what is specified

as the linear response limit. )

The amount of standard added should be in the
vicinity of the amount of original analyte |
s0 “as to assure matrix interference will affect
the analyte and the standard additions in a’
similar fashion, ’

All unspiked and spiked solutions should be of
equal volume to avoid tedious calculations,
Since the standard added is often of small volume,
accuracy in addition has to be strictly observed
Since spiking often involves dilution of the
original sample solution, the detection limit
has to be observed in order to avoid loss of .
precision due to excessive dilution,



2.3 The Perkin Elmer Hbdel’BO} Atomic
, Abgorption Spectrophotometer

The equipment used in this study was a Perkin Elme;
Model 503 atomic absorption‘spectrophbtometer. For graphite
furaaae work, additional equipment was required and will
be discussed later in tbis section,

, o )
The Perkin Elmer 503 ultilizes a double beam optical

systenm (46) Figure 2.3 shows a general flow diagram. For -

4

this work the radiation sources used were single- element

. hallow cathode lampe. ‘ C SO

Flame atomid\a sorption is a very simple approach
and ultilizes burner/ mixing chamber and atomizer, The
sample solution is aspirated into the mixing chamber ‘and .
is followed by the formation of a sample aerosol.and the
atomization step..Ataenuation of the radiation source by

sample atom vapour is detected and displayed as absorbance, ’ ,'

0T
a0
T

Flame atbmic absorpﬁion,‘sipple as it is, suffers "

from the fact thay the atomization efficiency is low owing

to the loéa of sample at the nebulization stage. For.work
where greater sensitivity is required, the graphite furnace
flaméIbss atomization technique should be used, '

Al

Fbrigraphite furnace flameless work;fin additipn to

the Perkin Elmer 503, the equipment involved was a Perkin

\ -
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Elmer HGA 2100(47) graphite furnace attached with the’

| control-programmer, a. Perkin Elmer 56 servo—recorder;
s ; »

a Perkin Elmer deuterium arc baoéground corrector (48)

and a Perkin Elmer HGA ramp progfammer (47) (49),

The atomization cycle involves a three stage heating

- program:-

(a) 4 low current/voltage to dry the sample., -

(b) A intermediate cufrent/voltageoto char and
ash the sample, .

{c) A high current/voltage to heat the atomizer
-to 1ncandescence and to atomize the sample, -

o Again as in the flame technique, the radiation source
attenuation is detooted and amﬁlified. AiPerkin Eimer |
Hodeljsé recorder was used for all determinations to
record the peak heights, while- the absorbance peak
1ntegration was ‘obtained simultaneously from the digital
':eadout of the spectrophotometer.

.. .In the normal double beam configuration, the

reference beam does not pass through the atomization cell,

_ and hence will correct for tﬂe instrumental fluctuation
only. Background absorption or scaﬁter}ngs within the

atomization cell is not corrected for,

In this study, 4 D, &rc buckgroun&‘corrector was

used, This replaceé'the ordinary reference beam in the




-. + electronic zeroing device,

- functioning of the D2 beam corrector, I

balance the refer

- However absorption by analyte atom vapour is discrete

4 - B
system,. b}ut paéses f:hrough the atomization cell., A chopper’
is used to split the D bqam, s0 that for a half-cycle .
the atomized sample is irradiated by the hollow cathode //
beam, and for- the other half-cycle, by the D2 beam.

A varia'ble a?enuator for the D, beam serves ‘to
nce beam energy asainst the hollow : .

;cathode beam energy in a manner such tha“t. the D2 bear

intensity is just slightly higher.. Subsqﬁently'thle two i

beams are balanced as to digital absorbance by a.nA automatic

. f .
Any background absorption and scattering is continuous,

and will affect the Dé and the hollow cathode beams equally. o -

absorption and,-whrile affecting the hollow cathode beam,
will have little effect on the continuum for the D2 beam,
The difference in attenuation represents the absorption

caused ’oy the analyte.

Fig"ure 2.4 shows graphical representation of the
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~ Another attachment to the PE 563 ;l.s ‘the Perkin Iﬁner

pyro—coat:tng' gas control accessory (47). This accessory

,) provides for pyrolysis of the normal graphite furnace
tube surface, These pyrolyzed tubes were originally -
introduced for determination of réefractory metals (50) such
as Ienadium, molybdenum, etc, to prevent atom vapour
penetration into the graphite wall, Thus their use decreases
the memory effect for co'neec'utiove multiple detergiﬁations, .
‘a-factor common with the use of conventional graphite
tubes, Other advantages to the use of ﬁ‘yrolytic tubes
.(4?) (51) are ‘:I.nereased sensitivity for many metals, and
particularly at higher’ atomiz&tien temperatures, extemtion
of tube 1ife, ' '

‘A

The last accessory for the PE 503 in graphite furnace
usage was' the Perkin I’.lmer HGA ramp programmer,

Frequently for the ;nalysis‘o:r complex samples,
isothermal (stepwise) temperature progrming is not
snf.ficient, gince the themal treatment tor any cycles
-in the program may not be ccnplete. By using temperature
ramping, each of the components in a multi-component .
sample may. be sub;jected to a thermal tt;;atnent more
closely related to.the requirements for these eoﬂ‘ponente.
Figure 2.5 indicates the tmper@e/Me cycles for '
ramp PI‘OEI’MDE. ' ]
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Ramp-drying allows for complete evaporatioi’of

. 2
‘ T
Al
- . . . .

< K . ' . 4
o .
= - . .
; . -

. , . .
“ B
. . N

. - °

‘§elvent, and hence prevents any subsquent spattering. -
Ramp-cﬁerring,permits more complete deetrucflom of matrix
‘-matéria;s (e.g. organic 1nterferents,‘selts, etc).
Remp-atomizatien can assist in seperating spectral
interferents wﬁich have different volatilities from that '
of the emalyte. Figure 2,6 indicates the separation of
an interferent peak from an analyte peak. RecorQer
operation is timed to.field only the analyte peak., ’

. The HGA control programmer hae controls permitting'
temperature eettings for the drying, charring and atomizing
cycles. Timers are also provided for setting the time
duration for e&eh temperature cycle. The ramp programmer,
{ | ’ .when' used has controls permitting for setting of ramping
. time for the drying, charring and atomizatiné éyplee.
The complete analysis cycle seriés can be initiated by
‘a single control. The preper settimgs for time and
temperature depend. on the seiution matrix, and are.

usually determined experimentally.s
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3 - '"*PROCED‘URES o

-'B;l . | General 0il Sample Preparation Procedures

SAshins and Ac;g Take=-up) ASTM 32327/24T - ¢ | ‘

-

3.1.'1 \ M L - ' : o | . ; | _1 I

v e : ,
About five gram of the oll sample is weighed into

. a clean 50 nl glazed por‘celalrn' crucible, About 20 volume

% of 20 % (weight per volume)' & benzenesulfonic acid in
butanol* £s added. The mixture, swirled, is theén heated
over a burner until the sample ignites, Flame is applied to
the edge of the crucible to sustain burning of the sample. .
The temperature is increased When the sample burn-off °
approaches .coﬁpleti?on, and heatirfg i continued until smol%e'_
no longer appears, The crucible is. then tramnsferred to a
m‘aﬂle mrﬂaca and heated at 5I¢O°C. The sample is then ‘
reﬂoved from the muffle furnace when all ‘0f the carbon

_residue,has disappeored (dsually five ?l:o ten hours is reqﬁired).

3622 A e=up . - N i

About 5Sml of 1l: l hydrochloric acid 18 added to the .
crucible, and- the resultins mixture is heated gently under

.. & glazed procela:l.n cover, using a ‘hot plate. After completion

of dissolution, "the cover ‘ls removed, vashed down with
water and the crucible contents are evaporated down i
to about 2 ml. The’ ‘#inal rolume is quantitatively : ,

53
&
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trensferred to a 25.00 * 0,03 ml Volumetric flask containing

2.0 ml of po¥assium buffer solution”, and is diluted to the - ‘
~ mark with distilled water, All final solutions should .
contai.n about 80 ppm of potassium from the ionization buffer_
_and about 4 % hydrochloric acid, ' .| .- -~ -
- 5 T ' | > "
3 . ,
'r') . K B -t Qo
. .‘ 'A \ ‘ﬂ‘ ~ :/- . ] 3 ) R / »
‘ d SR - ‘-
*’ Procedures for the prepargtidn of these solutions ¢ ¢ S

~

b
.

’be found 1‘\1 Appendix A. Co - . -
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32 Operational Conditions -
3.2.1 e Te e ,

The eleme/nts involved ‘in this atudv which were
analysed by flame method include nickel, vanadium, - 1ron,
copper and zinc. Based on the relatively simple aqueous matrix
involved, the operational condltions applied were exactly 7
those suggested by ﬁefkin‘Ekﬁer (523. No investigation
‘into the eﬁtlmiZation of the qperational conditions was

required,

Linear ranges and sensitivities* were also taken from .
"Perkin Elmer Manual (52) and cali?ration standards ‘were
made up accordingly. ' '

L4
The operational conditions as to the radiation source,
wavelength used, etc, for each element are shown in Table
3.1, The sensitivity an sorbance/concentration linedr
limit for each element are shown in Table 362, and are
those indicated by the Perkin Elmer operational mannale

oo , . ..

» sengitivity'is'kepresented by the concentration of the

analyte at its analytical wavelength which ylelds 1 ¥ '
* ! » . ¢ * o

abjorption (0,044 absorbance unit).
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, TABLE 3.2 - | L .

.,

LINEARITY AND SENSITIVITY FOR E_TECHNIQUE ‘ ‘

E‘lement Linearity Sensitivity Standard solutions gpp 2

(ppm} .__(ppm) |
v oo 15; . 1.7 20, 40, 60, 80 and 100 t
Ni. | 5) 0.15 ‘1,2, 3, band 5
Fe- 5 0.12 1, 2, 3, 4 and 5
cu 5 0.09 1, 2,\ 3, 4 and 5
‘za 1 ' “0.018 | 0.2, o.;,, 0.6, 0.8 and 1.0

:

» Procedures for the preparation of these solutions

can be found in Appendix A

»
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.3.2.2 - Graphite ‘ ace amel ess Technigue

Elements involved for the graphite furnace

flameless study were vanadium, nickel, chromium,

cobalt, iron, molybdenum, manganese and copper. The

general temperature settings for eacll cycle were

adjus®d to values approximating t se suggested

. "by Perkin Elmer (47) (48)(49).

/

For the temperature/time cycles, the drying
temperature was always set at 100°c (i e. for aqueous

matrﬁx). Thé charring temperatures were set at 200°¢

below the maxima suggested to avoid loss 0of analyte.

Maximum atomiza;;on temperatures were used as suggested
. to achieve the best possible sensitivity. The time
.éettinss were adjusted according to the minimum

requirements for 20° ul sample injections, with the
ramping time occupying half of the total time for

‘each cycle,

* The operational conditions as to the radiation

' source, wavelength used, cycle temperatures, etc, for’

- aach element are shown in -Tablea 3.3 and 3.4.

\

i

e
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A\

4

Drying :
time(sec,) temp. (C°)
" ramp/hold * ga__x(.‘
¥y 10710 100
Ni 10/10 © -’ 100
| Cr 1;3/10 L 100
Co 10710 100
Fe 10/10 100
Mn 10/10 100
:
Mo  10/10 100
Cu -10/10 100
A

TIME/TE%TURE -PROGRAm{EING. ml?E GRAPHITE .
A

TABLE 3.4 .

éharring

" 10/10
10/10
10/10
10/10
100
10/10

110/10.

10710

P

time(sec,) temp,(C°)
ramp/hold max,

- Atomizing
time(sec.)\tgmp_.(co) .

| ramp/hold max, A

1600 5/5 - | 2800

809 5/5 2700

900 5/5 2.700

800 5)5 . 2700

906 5/5 2700. '

900 ' 5/5 2700

w60 53 2700

700 5/5 ',2500



Linear ranges and sensitivi"ties‘ were also taken from
'those suggested by Perkin Elmer and staneai‘d solutions
v:ere made up accordingly. The linear limits and sensitivities
afre shown in Table 3.5. )

The HGA 2100 graphite furnace is equipped with two
gas flow modes, nornial and interrupt., For the interrupt
 mode, nitrogen flow gas to the graphite furnste is steupped
during the atomization cycl(e. This provides for the highest
sengitivity by prolonging the atom vapour ;esident' time[‘
insgide the furnace tube, However it also induces higher

memory effect and therefore poorer precision,

, The normal mode provides for reduction ;i.n the ﬂow
of n.'i.trogen during the atomization cycle and, althongh

lower sensitivity is obtained, better preciaion results,

- e
For the major portion of the graphite furnace

me}hodolosy, the normal mode was ueed. The interrupt mode
was applied only with respect to certain manganese

determinations (1,6, very low mansaneee content),

\ . L3 . )
4 b ]
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HITE FURNACE"

4l. .

200, 500, 700 and 800

100, 200 and 300

10, 20, 30 and 40

20, 40 and 60

10, 20, 30 and 40

5, 10, 15, 20 and 25.

a,h,égndB

100, 200 and 300

40, 80 and 120 -

_ TABLE 3.5
3 [IY FOR
mmgn',t Lixa;g%ty Sex(xéi!p_ )
v 1066 19‘ :
Ni 350 7.5
Cr 100 lA.S
. o
Fe 75 1.5
Mn(normal) 30. 0.5
(interrupt) 10 0,15
| 50Q he5
~ Cu 1%0 245
* u 'wl sample injection,

ay

Y

*+ Procedures for the preparation of these standard

solutions can be found in Appendix s

»
UE

gi'vity Standard solutions"gggbz

s

AV
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?he weathering procedures used in this study were

_ of small scale in comparison with those applied by the

U.S, Coast Guard (29)(30). In these latter procedures, '

“‘actual weathering conditions are closely simulated,

through the use of actual sea water, and the exposure of
thé 01l weathering sysfem to natural conditions (e;g.
sunlight radiation, normal air circﬁlation, wave action
simnlation, etc).

In this study, because of the dlack of equipment énq

~ budgetary restrictionsi weathering was carried out on a

very small scale, The system applied was scaled-down

simulation of the system used by the U.S. Coaat Guard (30).

The syétem does:provide, however a means of altering the

original oil composition, as the results obtained will

indicate, For "fingerprinting" technique as applied to .

environmental spill and source samples, it is not so much

. a matter of precision and accuracy for each individual

elemental determination as it is a matter of the deter-

,nination of-the consistency of the elemental ratios used

through the nnweathered and weathered sample conditions.
Where consistency can be established, the method servea
well for the pnrpogé of matchihs‘agd mismatching gp;ll

and source samples.

~
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Most priyvately owned laboratories will mot have.
the facilities to perform theielaﬁorate weathering }
procedﬁres as suggeéted‘by the U.,S. Coast Guﬁrd (i.é. a
constant supply of sealwater is almost impossible inshore).
‘The weathering set-up ﬁsed in}this stﬁdy should therefore
provide a downscaled scheme for artificlal weathering.
More elaborate budgeis will permit refinements to this

scheme,

A\

The general and simplified weathering scheme applied
is shown in Figure 3.1, and depends largely on_the loss

of volatile components over the exposure period.

-

%
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"FIGURE 3.1

o o Synthetic
ARTIFICIAL WEATHERING DEVICE ‘seawater
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The general weathering procedures involved the’

<

E

2eJ liter of synthetic sea water (53) was added to
a 3 liter beaker. Approximately 100 ml of the original
sampld 0il was floated on the sea .water, The thiqkness
of the oil layer (and its thickness for’ subsequent

meaenrements) wae measured using a‘double~-contact resistance

" probe according to the method, outlined by Dick and‘Q!t:\;
- Feldman §5h).‘ S : ' | . !

¢

Stirring of the oil and seawater layers was commenced

- and cantinued during the weathering period; The heat

:lamp source operated on the basis of twelve hours on

" temperatures were obtained (around 20°C) at night.,

‘the 0il layer thickness was determined every hour. For .

(durins the'&ay) and twelve hours off (during the night).
The day temperature achieved was about 25°C, while ambient

Ly

For the first four hours of each weathering test,

- the next eight hours, the thickness was determined every

two hours, Eor the ensuing period of weatherdng_ the
thiekness was deternined every twelve hours (at the
atart and the cloee of the day-teeting period). Each

lteet was continued for a total’ period of 96 hours, -

I 4
’ -

6 Fbr each Oil weathered, a plot of layer thickness

- expressed as percent volume loss against testing-time

.. was obtained,

5
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" Pignres 3.2§ and 3.3 indicate typical percent voiume 3
loss versus weathering time plots. ‘It will 'be*» noted that
J neo.r the close of the weathering teet period, the sample

“oo volmne shows a definite tendency to pleteau-ont It was
' ' °.aesuned, at this point, that ’mrthering veathering b
T would not radically increase the loss of volatile components,
Tof;al volume losses for the various test 0113 varied
' according to the type of oil, being’ about 20 percent R
. for the crudes and about 4 percent for the bunker oils,
[} // 1 ’ @z
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3,4 Testing of the Analyticaﬁnethodologf Using
S ard O ate

Owing to the extensive data collected, only the ~
final results are shown here, Detalls concerning
methodology and calculation are shown in Appendix B.///

1

The standard tested was ASTM/NBS 0il Standar.d Material
@-5. The anslyeis for mickel involved the dimethylglyoxime
precipitation method, while that for vanadium involved |
the tungstic acid technique (55), Seveﬁteen (17) regulté

were repofted to the ASTM by their contracted analysts, and
1 71 !

the \average values and standard deviations were:-

Nickel | 93,9 + 1.° pm

Vanadium 79.0 +1.° ppm . RN

i+

The following results, calculated from the methodologies
and data ouitlined in Appendix B were dbtained:- -t

!

Stapdard golution calibration bagls :
Nickel 90.8 + 0.8 pm o .
Vanadium 81.1 + 1.9 Pra - ’ .
Spdking solution bagls
; Neckel 921 2. pm
8

Vanadiumm  78.> + 4.8 pmm



ver 8
Nickel . 91.7 + 2.0 pm ~
v Vanadium '79.7 + 3-4 ppm
| . .
+ " Absgolute re],gti:ve erroxr o'f gze;gn. bagls regults
‘ Nickel 1.6 %

It will be noted that the ASTM/NBS results and the
atomic absorption results "generally a;gree within the
- x;ange of one (1) stanciard_ deviatioﬁ, although
- . the precision for the atomic absorptionmn’ technic\;ue is

at a lower order.. )
. 1

It will also be hated that the spiking and the T
standard cilibration methods practically give the same
result wifhin a ome (1) standard deviation spread,
although the spiking method gives ix:brer preclsion
than the standard calibration nethoda. '



. (4) & Second Canadian Crude

“(5) Bunker C

{10) Bunker B

"\

2

4.  RESULTS AND DISCUSSIONS RELATIVE TO
f?HE ANALYSES ON THE TEST OILS

4l Difference between Spiking and Standard

gg;ibragign Techniques

The teri samples were supplied by Shell Canada
Limited and involved:=- ' ‘

- Srude oils

(1) Venezuelan Largomar
(2) Venezuelan Largotrica - |
(3) A Canadian Crude
. ! f .
Bungker oils ‘ ’ ‘ :

v

s
(6) Low Sulphur Bunker

(7) Thin Film Bunker °
(8) Bunker Fuel No, 4 |
(9) Bunker Fuel No. 5

ot L. ' \
For aim#liqity, the o0il samples wi;; be rgfefreﬂ
to by their numbers as assigned, - ' |

For the original samples, spiking techniques were

applicd yhere elemental contents were Qﬁfficiently elévated.,

Aeeinataiitenl A S SR P
-~

W.:.w -
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The results for both the spiking and standard calibration
techniques are presented in Appenﬁix C Tables 1 to 20.
From the results obtained, it can be observed that:=-

(a) With the exception of the manganese analyses, and
within the limit of a one standard deviation spread,
for any particular analyte and sample, the spiking
and standard calibration technigues, in general,
yield the same results.

(b) Generally, within the limit of a one standard deviation
spread, standard calibration and spiking techniques:
yvield identical result. Howeveér, the precision for
the standard calibration technique are superior
to those for the spiking technique, This can be
attributed to the fact that the spiking technique
involves dilution of the original sample and the
addition of small but exact volumes of standard
aolntion, and is therefore more susceptible to
manipulative errors. Using nickel as an exawple,
the tabulated results clearly show 'the difference
in the precisions but the similarity in the results
for the spiking and qtandard calibration techniques,
Table 4,1 showsdata from Tables 1 to 6 of Appendix C.

(¢) For manganese, the spiking and the standard

: galibration techniques show a difference in the
resultsbeyond one standard deviation, Table 4.2
shows the relevant data from Tables 5, 6, 9 and "
10 of Appendix C, ) > L

Such a difference occura because of the fact that

the manganese analytical line (279.48 nm) is known

to be overlapped by an iron resonance line (279.4R nm).
(56)(57). This line is not particularly strong in

AN

3
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intensity. but is noted when a comﬁarison is made
of the relative contents of iron and manganese in
the oil samples, It is apparent that the iron cantent -
in these samples is-of a magnitude of fifty to one
hundred times greater than that of the manganese,

“Even though the iron resonance line at 279.47 nm

' is not strong, absorption of manganese source
radiation (279.48 nm) by iron will be significant
compared with that arising out of manganese itself,
This explains why the results for manganese are
much higher using ‘the standard calibration
technique than those obtained when using the
spiking technique. Incidentally these results
reinforce the credibility of the spiking technique
as a mean of compensating for matrix interference,
Table 4.3 shows the relevant data from Tables 5,
6, 9 and 10 of Appendix C,

' (d) Finally it can be observed that the precision
for results obtained by the graphite furnace
atomization technique is generally poorer than
that by the flame techniqne. This 1s due largely
to a lack.of reproducibility relative to the

~ graphite furnace atomization as based on;-

(1)  Memory effect: Penetration of the sample
atom vapour as it takes place into the,

- graphite furnace wall., This gives rise to
what is known as the ‘memory effect",
The penetrated residual analyte may enter
more or less into the next cycle of atomiza-
.tion glving variable absorbance values,

(11) Sampling: Injection of the sample solution:
by micropipette is never as accurate and ‘
as reproducibtle as continuous hebulization i




T 54-.

' and aspiration. Some tendency of the sample

(141)

solution to creep out of the graphite furnace .
results in variable losses of analyte,

The absorption response is a factor ¢f the
condition and age of the graphite furnace
tuhe, and a tube used after fifty to ome
hundred injection cycles will provide less
sensitivity than a new one,
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\ TABLE 4.1
i
RESULTS (PPM) AND STANDARD DEVIATIONS FOR NICKEL
ANALYSES ON TiE ORIGINAL OIL SAMPLES NINBERS 1 TO
—
Standard 16,0 0.1 18,7 + 0.4 3.8 + 0,22
calibration . - .
| Spiking 16.9 + 0oy 18,9 + 0.9 4,07 + 0,38 ' -
technique .
| Standard 14l £ 0.2 343 £ 0.7 30,2+ 1,7
calibration ) S '
. Spiking | 13,9+ 0.5 35.4+19 _ 3.7 +1.7
*  technique
\
@ ‘ R © a
. \ '\ | \ .
i y . £ . R,
- .- . @
\ {
- - i ' ' i
? i . ) ’ « A
' \ [y A S o
s - : SRLY e - /- : K T
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 TABLE 4,2

i

RESULTS (PPB) AND STANDARD DEVIATIONS mg MANGANESE

ANALYS IL SAMPLES 9 AND 10
= SbPlh ALJLBRA L LO k.
Qi1 sample No, - £ - 0
Standazd 256 « M 396 4 b 132 416 328 417
calibration 2 - -
Spiking 149 + 18 268 +3% 819 4.0 28 s 2H
technique . . T
£ \ ) N
L 8
3 b
[ \ ' ‘. - R
kK



TABLE 4.3

s L
!

' RESULTS AND STANDARD DEVIATIONS FOR IRON (PPM) AND
© MANGANESE (PPB) ON THE'ORIGINAL OIL SAMPLES 5, 6, 9
AND 10 - SPIKING AND STANDARD

) .
Qil eapple Yo, - 5. = & . 9 i [+ I
. o, . , . v | . N
Iron (ppm) | ¥ -'
ﬁ:ﬁg::gion 13.2 £ 0.1 26,9'# 0.2 7.3° + 0.1 24.0 £ 0.5
Splicdng 12,8 + 0.5 26,6 + 1.5 7.7 + 0.9 24,5 + 0.5
technique ) :
Manganese (ppb)’ - ' ' )
Standard 256 414 396 . b 125 416 323 407
calibration u ’ g
. 'Spiking 1w +219 268+ 3% s I9in’ 8420 :
-~ technique
: . , |
i
~ 4 :
\ oo M !
— i
' EDES | . &
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4.2 a Comparison offthe Metal Contents between the
; Original. and Weathered 0il Samples and the
o e

Subsequent to we&therins, the_oilé were reyanaixsed
for all of the analytes of importance. The determinations
‘ of manganese were made on the ‘samples using the spiking
) *technic;ue to reduce the matrix interference effect imposed

by the presence of iron,
In order to reduce the time for the analyses, and

since precisions had been found to be better, the
standard calibration technique was applied for all the

w o

other elements, £
‘Table 4.4 through Table 4,13 shows the analytical

results, and the data involved were abatracted from

Tables 1.to .20 of Appendix G , ' :

2
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ANALYTICAL RESULTS FOR VENEZUELAN LARGOMAR CRUDE .

o e : o Difference % »
V 16212 prm 216 + 6 pm 328 39
Ni 16.5 + O.1 ppm 19.7 +'0.4 ppm 19 16 22
cr 32643 v 4s2:18pp 39 22 59 -
Co " 58.% & 2.5 pob 65.°+ 7.7 ppb . 13 =5 31
Fe o.‘M bt 0.0'} PPm 0.62 + 0,05 prm B 12 81 . -
Mo 36,3 + 2.1 ppb 62,7+ S ppb - 72 51 9u-
Mn 3.° + 1.2 ppb 3.8+ 017 ppp 2 15 98

g. Zn 0-»383 1'0.030 ppd 10,3 + 0.3 ppd o excessive . -

Cu Q.44 + 0,08 ppm 0.7l + 0.08 ppm _ 61 . 21 - 119

3
r'rd
< . . i

. .
. 4 B
> ' ., 3 . f
.
N -

3 ’ ‘
% The Average and the possible range.of dif
@.8, Vanadium: 162 ;l-_ 2 prm (160 + 164) ppm (Original oil)

, ‘ 216 +'6 ppm (210 & 222) ppm (Weathered oil) |
° Average difference = %&l

" Maximum difference = gg%E-lm) e

Minimum ~difre;jéncé = _(_%lm 8% Ao

" Based on volume loss, original to ,wea,there'\d = 17.%
) . '{_ ° !

rence,

33
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Mo

Hn 25 + 11 PPL
Zn
cu

V 142 + 2 pim

Sy .

ML 18,7 £ Ol 7

Cr ‘31.I5 + 6.% PPD
Co 98.2 & 4.7 ppb
Fe 0,45 + 0,09 {ppm

35.2.2 2.9 ppb

0,376 + 0.02% ppm
0,38 + 0.07 ppm

1

2

1

* . '
‘. - ‘Baged on volume loss,
" RS 4

ey

' Westhered*

190 & 4 ppm
23.% + 1.2 ppa
40 + 3,9 ppb

-117 £ 6 ppd

0.59 & 0,05 ppm

s 115 & 10 ppb
17,72 2% ppb

3.4 ¢ 0.4%
0.50 & 0,04 P

-

‘f?-“v'/\.

6!15112;1 to .weathered

~

Difference %

42

to

1

Ave, Min, Max,
3 29 38
25 17 33
10 92
19 8 32
31 0 77
exc?ssive
-29 =57 43
excessive ' .
“ 32 3 4
,“
%
= 146 % |

Y4

_{’
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TABLE 4,6 . .

A

"~ N1

Cr
Co

Fe | 0,111 + 0,06° pm
no} detectable .

Mo

g F F

S

2,34 + 0,08 ppm
3,87 + 0,22 pim
,nqt detectable

10,9 + 1.° ppb

not detectable

not deiectéble

not detectable

o
- .
-

. Weathered *

3.0° 0,17 pm
4,75 + 0.12 Pom
. not detectable

12,6 + 1.8 ppp

h.22 + 0.13 PrQ

not detectable
not detectable

3e25 + 0,07~ppm
.not detectable .

N

il

Difrerenée %

“Ave, Min,. Max,
28 16

23 13 33

Aof availlable

26 . =13 69

‘excessive

not avaiiable

not available

not available

‘not available

* Based on volume loss, original to weathered = 21 %

£
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; ] Difference %

Original * . Wéathered * Ave, Min, Max,
v ‘30.9 +1.° pm 37 1 1.1 20 10 32
Ni 14.1 + 0,2 ppm 16,9 +.0.2 ppm 20, 17 23
cr 650+ u ppb - 797 £ 3.7 p0 . 222 9 I
Co 20,3+ 0,8 ppb -  23.4 £ 0.1 ppdb 15 10 20
Fe 0.22°+ 0.04% ppu 0.36 2 0.04 prm 64 - 18 135
Mo 13% 3 2% ppp | 15t 32 PDb -, ‘13 -24 68
Mo 7.52 + 0.03:ppb 5.7+ 1,4 ppb =30 -48 -1l

! Zn 0.12o + 9.038 Ppm 3.11 + 0.1‘* PRn é;cess;ve ‘
Cu not detectable 9.61 % 0.02 ppm not available
- ’ ‘.

0
sy {'

¢

a
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;/Based on volume los

)

‘
1

TABLE 4.8
| ‘

V 270 + 7 pmn .288,: 4 prm

Ni - 34.3 £ 0.7 pram 36,6 + O.4 ppm
or 440 + 18 ppb 47° + 6% ppb

Co 197 + 1° ppb 187 + 1° ppb

Fe 13,2 + 0,1 ppm 13.7 + Oo4 PP
Mo 272 + 20 ppb 29° + 4° ppb
"Mn 149 + 18 ppb 17t £18 ppp

22 1.2° £ 0.1° ppn 4,27 1 0.3% prm

g c
A

y o L

s, original to weathered = 0 %.

-

63.

Difference %
Ave, Min, Max,

2 1
3 10
-10 27
5 a9 2
4 0 8
8  -16 35
15 =7 42
excessive
25 -8 72

A



Sle
. - : Difference %
Qriginal . Yeathered Ave, Min, Max,
V 143 %3 pmm 156 + 6 ppm 9 316
M 30.2 ¢ 1.° pp 30,0 1+ 0.5 ppm =1 =7
cr 110% + 3% ppb 100t + 38 ppo -§ -1y 2
Co 161 + 8 ppb 1851 + ‘12 Ppd 15 2 29
Fe 26,9+ 0.2 ppm . ' 261 0.2 pm =3 , =4 =2
Mo 28%'s 1% ppb 58 + 25 ppp 11 (-3 26
Mo 268 +3%ppd . 29 +F pb 9 36 42
zm 2,04 + 0,2° ppm 2,59 £0,27 pmm 221 3 46
Cu 1,08 + 0,08 pram 1.02 £ 0,08 ppm ~ ~6 =19 10

, ‘ - “ \ .
: N\ .
‘ ! \ £} Y
P ‘ -

\-

# .



Ni
Cr
Co

Fe

g FF 5

1

177 + 5 ppm
17.1 + 0,2 ppm

46,2 + 1.6 ppb

89.1* + 1.2 'ppb

1.75 F3 0.10 ppm
not detectable
16'\.7 * 2.2 pPpb
0.237 + 0.02% ppa
0.093-':'; Q.Olai Pra |

175 + 1 ppm
16.8 + 0,1 ppm
.48.8 :~5.8'pr

649 £ 3.7 ppp

1.79 £ 0.02 ppm
not detectable
15.9 1.31 PPb
5.20 + 0.1° Ppm

0.63 + 0,08 ppm

I+

%

IS

65

'Difference %

Ave. Min, Max,
-2 -5
-2 -3 O

L ~11 20
=27 =32 =22
2 -4 10
not available
-5 =25 22
excessive

excesslve

Ii B N i



Original * Weathered * Ave, Min, Max,
V  35.0 £0.9 ppm  34.3 % 0.9 ppm -2 -7 3
N 7.72+0.07 ppm= 7.88+0.07pm 2 O 4

. -cr 44t + 4.2 ppb 40.1 % O.4 ppd* -9 =18 2

co 32,8 + 3.8 ppv 25.9 + 1.7 ppb - 24 =36 =8
re 0,225 4+ 0.01Y prm  0.21° £ 0.,02% ppm -7, -22 9
l‘io not detectable not detectable . not available
Mo 141 £1.6 ppo 9.7 £ 1.1 ppb =35 =49 -18
Zn 0.‘263 + 0.01% Ppm 1,32 + 0,04 ppm ‘excessive
Cu 0,034720.002 ppm_ 0,287 + 0.01% pra  excessive

!

W 2 ¢

Based on volume ioeg;\origi.nal to weathered = 3 %

- . °
- T AT T
v - = -
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TABLE 4.12

Original”

V 108 +.3 ppm
¥ 19,2 + 0,2 ppm
Cr 7470 s 14 PP
Co 130 + 1 ppdb

Fo 7.3 + 0,16 pm
Mo 120 + 9 ppb @
Mn 8.7 + 4.° ppb
Zn 0.76_5 + 0¢025 PR

Cu 0.131* + 0.01.6 Ppm .

Wea’cheredt

104 + 2 ppC

19,5 # O.4 ppm

550 >, ppb
138 + 16 oo
7.10 + 0,07 ppm
128+ 4 ppb

3
1

89.% + 7.7 ppbs
l.41 + 0,05 ppm-

>
B

67. .

Difference % ..

Ave, . Min, Max,

-4 =8

2 -2 5
17 6 28
5 -§ 18-
-3 -6 O

1 -42 50
0 -6 25
e;qessive
excessive
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x
TABLE 4.13
LA, |
ANALYTICAL RESULTS FOR BUNKER.B
v , .
- - Difference ¥
Original Weathered Ave, Min, Max,
v 152%4 pm 155+ hpm 1 b
Ni 29.0 + 0.3 ppa 29.2 + O.4 ppm 1 -2 3
cr 1075+ 42 ppb 928 £ 18 ppp - -1y =19 =8
Co 198 + 5 ppb 178 + 9 ppb 210 -2~ =3
Fe 24.0+0.5ppm. 251 +0.5pm . 4 O 9
Mo 117 + 11 Ppb 3 32.0 + 8’o ppb excessive
Mo, -248 + 22 ppb 242 + 19 ppb -2 =15 13
Zn 1,73 + 0,03 ppm 1.9° 01t pm 15 7 24
ca 0.32% + 0.03% pm  0.67 * 0.03 ppm_ excessive
i
| R SSEN \

.
]
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Comparison of the results reveals the following:-

(a) For copper and zinc, and especially with zinc,
there are unrealistic differences in the metal
contents between the. original and weathered sample
oils, The above Erend can also be observed to-
beassociated with molybdenum (with thé exception of
samples 5 and 6), withmangaiese on the crude oils
(samples 1 to 4) and with iron (samples 3 and 4).
The reason for these disparate differenégb\ig;_,_
thought to be contamination of oil during the
weathering proéess. Such contamination could
well have arisen out of impurities in the reagents
used to prepare the synthetic seawater, since the
total analysis was not available for these reagents.
ﬂhis is suspected to be particularly the situation
for zinc and copper differences, For manganese and
iron, satisfactory results were obtained, whenever
the metallic contents wereﬁhigh enough (i.e, as in
the bunker oils) to render contamination in ficant,
Mblybdenum\is not a common source of reagentj
contaminant, however the experimental diffefences
' could easily have bedén caused by the lack of
sensitivity for .the molybdenum absorption at-
the detection levels involved, -

(b) -The crude oils, after'weatheriné, show a much

greater increage in their metal contents than do
the bunker oils. This can be attributed to the
fact that the total volume loss for the bunker
oils by evaporation 1s much-less due to the

3 " removal as distillates of the non-volatile

componants of the paremt crude,
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In deterqininq the useable ritios, the copper,
zinc and molybdenum analyses must be ignored as suspect,
Manganese would be omitted for the-crude oils (samples’
1 to 4) and iron will be omitted for samples 3 and 4.

‘In addition, the following rules were always observed

in order to provide valid subsquent "fingerprinting"
comparisons. - :
(a) Order of elements in general terms of quantity

and analytical reliability is vanadium, nickel
chromium, cobalt, iron and manganese,

(b) _ In accordance with' the general range of compositions

for the elements, the concentration unit for
vanadium, nickel and iron is expressed as ppam,
whilst that for chromium, cobalt and manganese
is expressed as ppb. ' '

(c) ‘ The deviation AR (error of rajio) assoclated
. with each ratio will be calculated based upon
‘the standard. deviations of the two values
involved in the ratio as propagatign of
indeterminate errors (58). - C
R = -§-| and AR.= R} Aa/)% + QB/B)2  ...eee (1)

—

where:-

R = the ratio

[ ¥

AA and AB = the standard dev;ationq for the values

-

A and B |

[}
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Example: Venezuelan Largomar crude (original sample)

Vs 162 + 2 ppm '
. ‘ - /
Ni: 16.5 b4 O.1 ppm é | :
Ratio - J& " ' ' ‘\\ l
21605} ' . . T

= 9,82 . oo

AR = '9.'82J(2/162)2 + (0.1/16.5)2 _
= 0.13 o _ . ’ : ——

Ratio + AR = 9,82 + 0,17

Tables 4ely t0 4,23 show the calculated metal
content ratio values and their errors '(AR) using
available analytical data froh Tables 4ok to 4.13
. of Section 4, o ‘ .
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Ratio Original '~ . Weathered'
w/m . 9.82x0.% | 10,95 :0.38
v/cr. 497 x 048 4,78 20,22
¥/Co. a8 r0a’ L 33%:0.3
.~ V/Fe. 368 + 59 ' ’348 +3° . - :
Ni/cr 0.50% + 0.04® _ 0.43% + 0,018
Ni/co - .0.28% & 0,002 0,30 x0,03° -
Ni/Fe o 37.7:6.°0 3181258
. -~ ‘ . : . ‘ a
cr/co . 0.560.% 0,057 -0.69% £ 0.08° -
Cr/Fe ol Al . 729 2 61
dO,/Fe 'o ,‘ ’ 132 : 22 106 :15 . AR . ).
- -
~ } ”
. ' > O -~
1 o ,
y léf ) . B



2

>0 ———— - . — o ‘! )
. ° \
A 2 S |
. B o ' ) . ‘ ‘ v 730 .
§
¥
/N1 7.5° + 0,17 8% +0.5°
" ver ho5t + 0,92 4,25 + 0.3 S
V/Co 2othS & 9.075 o 1.62% £ 04099 "
V/Fe 318 +67 . 3224 28
' o N . 'k R
N/Cr - 0.5° 0% N o058 roost
F1/Co 0.29° £ 0.01° 0,199 x 0.017 ‘
Ni/Fe 4106 st 834 5905 }_ 308 )
Cr/Co 0.32 + 0.06”  0.38% + 0.03* *
- Cr/Fe 70 + 20 ( 26.1 + 8.5\ .
Co/Fe 28 + 42 198 & 20
‘ h ":} .
L ] * 5
. . ,
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V/NL 2.9 + 0,14 2.19° + 0,07° ‘ '
o V/C;*~ 0u47? * 9.043 0.467 + 0,028
> - wee 152300t 1.58% + 0,048 .

. t
s R »

. §i/Cr 0.a? £+ 0,007  0.22 & 0,01° - '
| N/Co = 0.69° £ 0,027  0,722% £ 0,009% : ~

’ -
; ,~~'. » . N <

= enfee 3,20 +.0,27 3.0 + 0,16 .
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TABLE 4,18

v/Cr
V/Co
V/Fe
V/Mn

Ni/Cr
Ni/Co
Ni/Fe

Cr/Co
“ Cr/Fe

Cr/Mn -

QO/Fe
Co/Mu

Fe/Mn

LN

A 2.9_? + 0,

3 7.87 b e 'bo

26

- 0.61% + 0,03°

‘137+o

11

20.45 + 0.55

1.8 +-0,

0,078° +

20

0.003°

0.17% + 0,014 -
2.59.8 + 0.056

0-23‘

23+o
333

'. N 14.9111
1,32+ 0,

-

0.088° £

0.02°

19

.3‘*

17

o%o9°

Weathered.

7.87 + 0.1%
0.60% + 0,078
1,54 * o.ia -
21,0° + 0.68;
1,68+ 0,18
0.077° + 0.0099
10,198 + 0,015
2,67 + 0.08°
0.21% + 0,02°

+
-
*

S L )

2,5% + 0,3%
3.7 24,5
2078 i’, 9.46\ ,

13.° 2 1.1
1,07 + 0,1%

-%

i

76..
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04129% + 0,004
0,.888 3 6.0#8
5.32 x 0.:|'.‘2 .
0.53% + 0,067

0.027* + 0,001°

- 0.18% £ 0,017

1.,123 + C.OSG
0.11° + 0,017

6,85 £ 0.3°
31,0 & 1-_2
412 + 0,24

~—

00601 2‘, 6.082m '

1

" 0.10% +70.017

5.20 + 0.22
0.154° + 0,0082
0.84° + 0,06
5.9% + 0.2°
0.53% + 0,07"

0.0297 + 0,0012

0.16% + 0,01t
1,147 £ 0,024
0.102 & 0,01%

AR DGR Db i - 4T Tl oot 02
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Ratio Original ' Weathered
V/NL 10.3° + 0.3° 10,30 * 0.08

_v/Cr 3,77 + 0.17 3.5% + 0.4°
v/co ~ - 1.98° £0.062 . 2.6" £ 0.1°
V/Mn 10,6 +1.% - 10,9 £1.2
Ni/Cr " 0.36% 4 0,017 - (g.su‘* + 004
Ni/Co .  0.191° & 0.003* 0.257 + 0.01°

* Ni/Fe 9.77 + 0.5' 9.38/;}, 0,12
MM ¢ 1.02:0.1% 1,08 042
cr/Co  0.52% £ 0.00° 0.75% £ 0.097 .
) “Cr/Fe ‘ 26.8 * 1.8 ) 2‘7‘..S hd 3.2 Yol

cosfe - 51l 3.9 0 36,2421 |

" Co/Mn 5,37 £0.70 . 4.0% £ 0.5°
FeMn 04107 .t; 0,017 . 0,112 £0.,015 . -

A N N

L

/‘& . . -



Ni/Cr
Ni/Co -
Ni/Fe

.....

4.5 + 0,12
0.79° + 0.078
1,07 % 0.1°

15459 + 8.7

04177 + 0,017 |

0.23° + 0,027

s T

4.35 + 0’.12
0.85° + 0,024
1,37 +0.1°
16° + 1°

v

 0,196° + 0,002°

F

0.31° # 0,02°

37,2 + 42

1,60 + 0.1t
191 x 22

119 +16

L

‘\

e bt n nm s n
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V/Ni
v/cr
V/Co
V/Fe
V/Mn

Ni/Cr

‘Ni:/Co

Ni/Fe
Ni/Mn

Cr/Co
Co/Pa

Cr/Mn

Co/Fe

Co/Mn

Fe/Mn -

TABLE 4,22

5.6 + 0,17

- 0.83% + 0. 0,024
14.73 + 0. 52
1.319 + 0,08t

0,040°8 P 60,0013

Weathered

5.3° + 0. 15
0.187 + 0,01
0.76"* 1 0.09"
14,67 + O 32
1.17 & 0.1°

0.035% + 65,0024

0.1477 + 0.001? 0.147 + 0.017
2,619 + 0,065 2,745 + 0,062
0.23* £ 0.01°  0.29 + 0.02°

. N P -
3.62 £ 0.2 4.0% + 0,54,
64,1 + 2.4 77.% + 5.0
5.7% + 0,38 6.17 + 0.67
17.7% + 0.4 19,2 & 2.
1.587 £ 0,082  1.5° 1 0,22
0.089% % 0,005  0,0797 + 0,007*

<

&



 V/Mn

Ni/Cr ) .

Ni/Co
Ni/Fe

Cr/Co
cr/ Fe
Cr/Hg

\colra

‘Co/Mn

No/Wp

49 + 0.7

5.2% + 0,17

0.1413 + 0,007°
0.76% + 0,028
6.3 + 0.2%
0.61° + 0,064

0,027° + 0.0012
0,146 + 0,004°
1,208 + 0,028
0.117 4 0,012

4

5043 ¥ 0‘27.

Wl & 2,1

I+.

’

8,25 £ 0,27

0.79% + 0,08°

0,097 £ 0,00°

-

1,16° + 0,028
. 0.1207 + 0,0052

26,7

0,738 & 0,048 I

8l.

5.2% + 0,1°
0.165% + 0,005%

' 0,86° + 6.049

6.1° + 0.2° ¢
0.632 + 0,03t

0.0318 + 0,0008
0,164° + 0.008°

-— l

1.0

0.2037 x0,0048 T - o

- .
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4.3 Test for the Reliability (Probabilit of Snccoss)
of the Metal Ratios in "Fingergrining" Oils

»? . ’ e ‘ |
From the six elements, a total of fifteen ratio

!
groups can be obtained, and these ratio groups are
listed in Tables 4.24 to 4.38. '

v

i

Ratio group Number 'of ratio pairs involved based
f on ava.:l.lable analytical data

| ’ \r
V/Ni \ 10 ‘
v/Cr . . 9

V/co - 10 ,
V/Fe 8 '
V/Mn S . 5

" Ni/Cr ‘ 9 ) v
Ni/Co 10 _
Ni/Fe 8 '
NM/Mn | 5 ;
Cr/Co S ‘ E 94
Cr/Fe - . . Cle
cr/Mn - ‘g

. Co/Fe - S 8 ,
Co/Mn 5 v
Fémn‘ - ’\ B 5 ’ Y

‘Tables ly.Zlf to 4.38 show daiul tron T&bles 4.14

~+ to 423 of Section k4i E L

4




TABLE 4.24

.
o
»

7.57 + 0,19

0.60° # 0.04°

2,19 + 01t -

7.87 + 0.26
L;.?‘* * 0.26
10.35 + 0.32
be5° ¥ 0,1%
5.6° + 0.17
5.2% + 0.1°

.

83+

Weathered

10.9% £ 0,38

8,17 +

0.37

0.63% + 0.04°
2.19° + 0,07°

7o 87+
5.20 +

0.1k
0,22

432 +

5.3° +

5.2% +

0,12
0.1°
0.1°

[ N

el
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TABLE 4.25

Qriginal

l+.97 + 0014'8
4.5 + 0.9°
0.47° + 0,04
-0.61% + 0,03°
0.1297 + 0.004°
3,77 + 07

" 0.79° + 0.07°
0.229% + 0.009*

V., 0 N oo o B M

=
o

v

0.141% + 0,007°

84,

LY 478 £ 0,22

4o : 0.3% -
0.467 + 0,02°
! 0.60° + 0,078
0.154° & 0,008°
3.5% + 0.4
0.85” * 0,02%
. 0.18% + 0,012
© 0.165% £ 0,005

A,




2
o

. 2.7% + 0,13 ‘ 3,39 4 0,39
2 B 1.8+ 0,077 1.62% + 0.09°
S 3 0.23% + 0,038 0,238 + 0,037
4 "1.52 + 0,11 1,582 + 0,048
5 : 1.37 + 0,11 1,5% + 0,12
' 6 0.88% + 0,048 + 0.84° + 0,064
N 1.98% £ 0.06% 2,67 + 0,17
‘ 8 v b 1,07 £ 0.2° 1,37 + 0,19
9 . . 0.83% + 0.02% 0.76% + 0,09%
| 10 6.3 + 0.2 6.1° + 0,2°
S \
S A I S

I

2 A ey o s

S e
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' C TABLE 4%27
. . , . LEEN R ' .. '
s, oo . . ‘ “ ‘
- 1 368 4+ 5° 348 + 30
R 2 56 4+ 6 - 322
o 5 : S 20047 + 0,57 . 21,02 + 0.6°
3 5032 * 0.12 o7 5098 X 0-23
. X . 1 . .
) 9% e 101 & 64 96.8 + 1.2
8 154, + 8,7 16% + 1°
’ 9 14,70 + 0,52 14,67 + 082
, o ’-. ] “ . . . :':.' N | \\ . .
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. Qriginal .

' 18t r0.
0,53 £ 0,067
R TN T
1039 4 0.08t

.
.
. 0617 & 0,06
L__J
’
. a
" ' [
1
]
. ., .
N 4
h
,
‘e
. h
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i A ! . .'
co 87,
: ./
! .
: ¢
. | =

\
.~ ¥Weathered

1.6|'8 + 018

: . 4
10,53° £ 0,07%
9 2 A
107 £ 1.5 .
7 20
1.1 £ 01
AV
0,632+ 6,03
1]
: kY
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i e E
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¢
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0.50% + 0,048

0.5% + 0,12

0,217 + 0,01°

0.078° + 0.,0038

.0.027% + 0.0016

0.36% + 0,01°

0.177.+ 0,017
0.0408. + 0,001%

0.027° + 0,001

~
. -
”.
»
-
o v
.

88.

v, o

Weathered

0.43f £ 0.018
0.518 “_t 0.044'

0,212 + 0,029

0.077° +'0.0097
0,0297 + 0,001%

. 0,344 + 0,04
'0:196° + 0,002

6

0.035% + 0.,002% -
0.0315 + 0,0008
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Co TABLE 4430 - B
* METAL CONTENT RATIO VALUES FOR Ni/Co
‘ : Q;LQJ, No, Qz:iﬂ.nal | B ' Eég‘ thered
o 1 . 0,283+ 0 012 0.301 + 0,03°
o 2 .. " 01 20,00 0,197 s 0.023
‘ 5 0,387 + 0,062 05377 + 0,057,
" 0,697 + 0,029 0.722% + 0,009
. 5 C 7 oa7h s 0,004 0,19 & 0,018
6 0.18% £ 0.00% - . 0,262 & 0,011
7 L. 04191 4 o.oos‘* 0,259 + 0,015
'8 ; 0,23° + 0,027 . .0.31% + 0,022
« 9 © 0.477.% 0.001% - 0.143 + 0.017 \
| 10 - . 0,146 £ 0,004° 0.164° + 0.008%



'PABLE 4431

+

/

. METAL .CONTENT RATTO VALUES FOR Ni/Fe ' '

-

0

37,7 x
4

+ 6,
1.8 + 8.

2,598 4+ 0,055
1.12% + 0.,056

9.77 + 0.5
32 £ 1.7
2.612 £ 0,067

1,298 + 0.028

™
by

eathered
31.8 + 2,5
39.7£3.° .

2.67% £ 0,087 l
1,19 + 0,028 - .
9.3% : 0.8

395 1 4.5
;2/.746 + 0,06%

X 1,167 # 0,028

-~
By

LARY

I
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TABLE, 4432

9,

[ '
‘
- .,

Qriginal

0,117 +

01,02 + 0%

0.23% &
0,117 +

0.027
0,017

0.01°

0.012 .

¢

0.22% + 0,02
. 0.10% + 0,01%
1,08 + 0,12
0.2? ¢ 0.02%
- 041207 * 0.,0052

+
-
X

, mgt e

b
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O ® 3 0 W ooy -

=
o

E

¢

1+

0.69° £ 0.08°
0.38% * 0,034
3,40 + 0.1%
2,54 + 0,38

_5&;0@

0.75% # 0,097
1.6° + 0.1
40" +
5,20 _+_'0.2§

+

Ae

005‘* ;) ‘.
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) ‘ : 93¢0 ¢ 7
‘ TARLE 4o34 < - :
1 ok 4 1t 72,9 + 6.4
2 .04 O 76,5 + 8.7 '
p ]
5 33,3 & 1.4 3.7 & 4.5
6 51,0 # 1.7 ﬁgﬁ +1,0
7 26,8 + 1,8 27,2 + 3,2
8 19° + 24 19t & 2% -
9 6kt x 2,0 77,2 4 5.9 N
10 4 w8+ 2,1 36,7 + 1.9







METAL CONTERT RATIO VALUES FOR Co/Fe

O O ~3 O \n v M

TABLE 4e36

Original

132 & 22

adi

1.9 + 3.t
5.9° + 0.3°
511 + 3.°
14° + 18

17.7% + 0.4t

8,27 * 0.27

95.
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o\
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K2
.
5

1,30 +

b

0.17

0.60% + 0.08°

B 5.3 &

1,58"
0.79%
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X
hd

0.7+

0,088
9.083

' Heathered
1,09 + 0,14
0.63* +

4.0% +
153
0,735

+ 0,04

LY

0093
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oaa.
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o ‘ TABLE 4,38 \
o I\ a
- METAL CONTENT RATIO VALUES FOR Fo/Mg
’ 3 e
v 0il No,- Original

0.088% + 0.009°
0.10° +°0,01°
0,10° + 0.01°

0.089° + 0,005°
0.097 + 0.01°

o
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Tb test for the reliability of these ratio groups,
a 5inp1e scoring test was used, A score of one unit -
was assigned for every cqrrect match of identical soil
or for every correct mismatch of non-identical oils. No
ad&re was assigned when the abaove critéria were not

saﬁisfied.

In short, for this study, when a rat:to value for
a particular weathered oil sample matched that of the
original oil sample or mismatched any ratio value other
than that of the original ail sample,ﬂé score of one
unit was assigned, ' I

Iz - R )
The reliability is then expressed as a percentage

representing the total score versus the fotal number of

-

, f
teStS. B} : X
. . 1 N N .

For a ratio group of N ratio pairs (originai ratio -
" weathered ratio), the tests will be performed in a N x N

matrix as indicated below:-

)

Ay=Ay BomAy . CoCy oo cee AN

‘ ‘ QO W
’ AO-BW BO-BW Coiaw ﬂooo see ' eee
Aofc'_ / Bb‘c' ,CO'Cw see see, " ees
oo eeose’ XX . see . see Y Xl
.AO-N'( XX . eee o XX o;; N_-N

.
i 2

e o
S T
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For N number of ratio pairs, in theory there
;.'ill be N correct matches and (N2 - N) correct miématches.
However the\hstatistical weight for a correct ‘m'al_tch or a
correct migmatch is the‘ same,\ since the purpose o? oil
spill identification is as ﬁu::h not to accuse the

innocent party of spilling oil as to accuse the spiller,

The criterium for the matehing was based upon

the AR for the ratios,
- RN

For examp]ae:-‘ .
. . . '\/ . B
Vﬁi ratios of Venezuelan Larg'otrica grnde' oil,

Original = 7,57 + 0,17
Weathere§?= 8.15‘;"‘_ 0039

The ratios can also be expressed as possible ranges

dictated by their AR factors,

f h‘
Order of AR Original ' " Weathered
| 7.50 = 7.68 7,96 - 834
1 ¢ ) 70’1'0 - 7.78 ‘ i 7076 - 8.54 —
1% ' 7430 - 7.88. 7456 = 8,74
2" A - .97 " 7.37 - 8.93

The iaasible range of values for the original

and weathered ratios overlap at one order of AR, thereforé

' ™S
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‘at one order of AR,  these two ratiOS match eagh other,
. .
'I!he comparisons and sc%ring were done with the aid

of a computer program PETROl, This program pravides
. inputs for values of ratio pairs and -their AR values,
. and includes the various orders of AR#mlues at which

comparisone" would ‘be carried out. The algorithm of the

program ie ~to take the difference of the two ratio vg;ueg

(RDF) and- compare it with the sum of the ARs multipiied
by the order of Q(TE). For -a correct match TE must be

greater or equal to RDF, For a correct mism{tcthE‘must

‘be less- than RDF, The algorithm is illustrated in
:
Figure f4el. o -

’ ¢

The outputs of the program are the total numger

r

‘ of comparisons carried out, total §CO ng and percentage
success of the tested ratio’ group. The prbgram also '
has outputs" for all ratio pai—rs which fail to score

for manual checkixs purpose. \'

&

COmpar:Lsons were cartied out: for each ratio group at-

3 l. 1'}, 2, 2% and 3 orders of AR, S

.
9

. The probability of success was tabulated against order )

'otAR. Table 4.39 shows data from Appendix D.,

- v . .

V4
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-

£

<
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v



2 .t

.
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o0 00100 PROBRAH PETRO!(INPUT!OUTPUT) .
.,00110 DIMENSION Nﬂ(lO)vOR(lO)vOE(IO)vHR(lO)rUE(lO?

b G 00130 PRINT 1
. ‘{ . , 00130 1 FORMAT(2X»XENTER THE NUMBER OF RATIO PAIRSS) :
: 00¥40 READ'N ‘ N
. . < 00130 PRINT 2
‘ 00140 2 Fonnartzx,teursa THE RATID VALUES AND THE nPtsx)
. , , ,00170 PRINT ¢
' 00180 & Fonnnrtlx,xsanPLe NO ORIGINAL RATIO UEATHERED RATION) °
' ; R 00190 DO .10 IwisN .
, 3 J ..szoo READ»NN(I)sOR(I)»0ECI) »WR(1) »MECT) ) » )
v 00210 10 GONTINUE : . .
: o 00220 11 PRINT 12 :
- . 00230 12 FORMAT(2XsXENTER THE ORDER OF MPE FOR THE TEST!)
) 00240 -READ, TO ,

. 002%0 IF (TD.EQ.0.0) GO TO 13 .
= . . 00240 $=0.0’
. 00270 PRINT.?
00280 7 FORMAT(2X»*RATIO PAIRS WHICH FAIL TO sconax>-
’ . Qo290 PR 8

r
i
-

».

.

L . v 00310 DO 20 JsiN'
. 00320 DO 30 K=1,N . .
¢ ’ ' 00330 RDsSOR(J)-WR(K) . B
. 0340 RDF=ABS(RD) . S
103S0_TE.TOK(OE(J) +WE(K))
. 00340 IF (J.EQ.K) GO TO 40
. T 00370 IF (TE.GE.RDF) GO TO S0 .
N . 00380 S#S+1 >
‘ . ‘ 00390 80 TO 30
. LR A 00400 SO PRINT 9¢NN(J)7OR(I)»0E(J) rNNCK) »WR(K) s WE(K)
. ‘ 00410 ¢ FDRngT(lX-I"Sx'zFB +495Xs I2,3Xs2F8.4) -
.« ‘. 00420 GO TO ,
’ . . - 00430 40 IF(TE.LT.RDF) GO TO 30 o~ .
. ’ 00440 S=5%1 - ' I o
" , . 00450 30 CONTINUE ) : i
< . ) ’ 00460 20 CONTINUE -
. 00470 NT=N¥%2
: ) Co * 00480, PER=SX100/NT
i S . V0#90 PRINT 34NT : .
. : oL 00%00 3 FORMAT (10XsRTOTAL Nuna;R OF TESTS ISX»2X»13)
“ . - : . 00S10 PRINT 4.8 '
. : 00520 4 FORMAT(10X»XTOTAL SCORING ISlvEXvF4 1) .
. 00530 PRINT S,PER -
, . * 1 00540 5 FORMAT(10XsXPERCENTAGE ISt.1x.Fa.2'////>
) o ., 003%0 Go TO 11 . 1 .
. o 00540 13 STOP ~
; T ey ~.. 00570 END s .
) A READY. ‘ 4 ‘

. o

AN T .

¥

~

L] v
a 09300 8 FORMAT (1X»sENO ORIGINAL RATID NO WEATHERED RATIOX)

-
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o
mmss3e L
PERCENT gggggn&mglon‘ SUCCESS OF THE RATIO v
| £ i un 2z & . &
V/NL 92,0 94.0 '89.0 88,0  88.0 860
v/er | 93,8 90.1 Y87.6 901 90.1 - 86.4
V/Co - . 87,0 8840 85.0 840 82.% 79.0
. V/Fe 93.8 « 93.8 93.8 ' 93.8 90.6 . 89.1
. V/Mn 96.0  92.0  88.0 . 88.0°  .84i0  8i.0 .
Ni/Cr - 9206 93.8  92.6 88.9  86.4 - 8l.5
Ni/Co " 86,0 ' 80.0 '73.0 . 68,0 60.0 50.0
Ni/Fe 82,8 Blyoly Blyols 8ly. 4 Blely 8oy
MM 92,0 840 840  B4O  B4O  .76.0
cr/Co 90.1 951  Sl.4 - 88,9  80.2 . 77.8
Cr/Fe 891 90.6  79.7 703 65.6 | 62,5
Cr/Mn 84,0 76,0 ' 68.0 48,0 k0 40,0

Co/fe . 87.5 - 958  90.6 Bholy  Blaly  Bholy

 Co/Mn  92J0 ' 88,0 840 . B8kO 720 64.0

» -

Pe/Mn. 72,0 7 52,0° 20.0 20,0 20,0 20,0

1 t \ e

il ahaadh Y
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4.3.1 s zl e Appr

It will be observed that with an order of AR greater,
than two, the probability of success for the ratio group

- is rather low, This ca.n be explained by the fact that, at

such. a high inclusion ofAR the chance of incorrect -

mismatéhings will be high, causing a decline in the

probability of success.

Furthermore, the ratio groups involving manganese'
have, in generai, a much lower success probahiiity. This
can be a'&tributed to the insufficient number of test§

arried out, with the manganese-involved f-atiog, and

_"a.lso to the hiéher order of AR associated with these ratios,

{
1

The overall probability of the "Metal Ratio Finger-
printing T'echniquef' aé different orders of AR can be
calculated by taking the aver;ge of Wthé probability of 2 A
success of all of the ratjio groups within an order of
‘AR, Usins data from Table 4.39, we obtain data for

Table 4. 40.« . _ N

[ 4

From Table LL.A.O it is app‘arex;t that the manganese-
“involved ratios should be excluded. The "Metal Ratio
Finserprinting Technique”, uaing anyoﬁe of the ten ratios ,
as listed:- V/Ni, V/Cr, \V/_CO, V/Fe, Ni/Cr, Ni/Co, Ni/Fe,

cr/Co, Cr/Fe and Co/Fe, will ‘liave a 90.4 £ 4.9 % chance of‘
correctly identifying a match or a mismatch between the oil "

~ spill and a snsj)ect source, using an order of one for.the AR,
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: Y. ! TABLE 4.‘}9‘

-

' .
) 4

. OVERALL PERCENT PROBABILITY-OF SUCCESS OF THE MET :
"RATIO FINGERPRINTING TECHNIQUE AT VARIOUS .

. D . .
*q . R . ,

! L

A : oOrder of R ,
3 i, 3 2
Mn-involved

\ratios '  88.7 + 6.0 86 +21 | gl 428 e .
included . ' :

. Mn-involved

T ratios not 89.5 _'t 30‘7 909""' ;"_ Llnog 86.7 i Goh’ 8‘*01 .t 804

¢ included
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4e3.2 Multi-ratio Approach " // o
- The probability. of success using a single ratio .
approach as determined by this study is about 90 %
at one order of AR, However this confidence cam be

improved significantly where a multi-ratio approach
is adopted, '

For example, with the V/Ni and Ni/Co ratios used
éimultaneoualy, the ratio pairs (original - weathered)

. ' which are matched or mismatched incorrectly are liéted
8. ‘ 3 N
. : : L
, fori- R -
- ’ One order'o}ZBR out of one: hundred poséiblé'
B : . combinations each ‘
) b, ¢ ] o / ) Ly
A 1-1 o 1-7  6-6 :
”‘ c vy =5 1«8, 7=2
: o . =2 ' . =8 7=5 ;
.. : 7=1" : . 3=1 -7 -
ST 10=6" . 3-8 |, 82
R ) =2 &5
o R 5-6 87
e o h . - - ¢ B
C L e .o , 6=2  10+9.
g L T 7. -, 6=5  10-10
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Only 2-5, 5-2 and 10-9 are incorrectly mis;natche\d
in ‘the overall picture. Hence the probability of success
for two ratios used simultaneously is:-
) Total number of 'tests - Number of tests which fail
: —~— . in the overall picture ~‘
i 3 : eee (2)
Total number of tests- ) ‘ '
- 200 - 6 .
200
= 97-0 % .
- " If the V/Co ratio is added, at one order of AR
st : ‘Q .
'opt of‘one hundred possible combinations each:~.
. U/NL (9L %) - NA/Co (80 %) Weo (88 %) /
-1 17 7.5 -7 /
- a=2 1-8 7=7 2-2 ,
- 5-2 2=5 8-2 © 2% s '
7-1 ‘ 3-1  8-5 2-8 / . »
C 106 . 3-8 &7 w2/
: 10-9  25=2 8-8 45
) : 5-6 10-9 Y-8
; - 510 10-10 5-8 L
- 6=2 : /'6"9 ' , L.‘: -
6-5. & I
6-6 ./ 8-8
. P=2 . 7/ ' 9-6
. / .
’1'5 ;’ ’ 3
/
,// »
% /
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Only 2-5 fails in the overall picture, so the.

probability of success is:-

X0 -3~ '

—— = 99,0 %.

- 200 ' ¥ o
Hence, by’using three ratig¥ the p£333bilify of a

correct match or a correct mismatch is 99 % and this

be considered as excellent,

I
]

“However, 1n°real 1life there must be cases where;vin
a/nhlti-ratio approach not all of the ratios reach an
identical conclusion, For example, in the 1nstapéeajust
. . (1’7provided, 1f the ratios V/Ni and V/Co identify a match
. /e while that for Ni/Co identifieq a mismatch, the probability
‘ )/ J.exists that it is a match rather than a mismatch situation,

y —
S . but at what statistical criteria? , &

LS 2:“ .. To resolve such a:diffic;lty it would‘be necessary
////'”.' . :tolgxplo§e a more advanéed statistical appréach,»or to
/7 7" ¢ explore the suspect spill/soﬁrce samples by a techﬁique‘
R " or techniques other than atomic absoEPt;on methodology.

- ° N

-
«
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01l spill identification by "Metal Ratio F‘:Lngerprinting

Technique" using atomic absarption spectrometry‘ was found
. to be reliable as an identification tool providing that the"

spill and source oils are nopn-distillates.

The probability of success as determined with one -/
order o? AR for the single ratio approach is 90 t 5 %
while with the multi-ratio approach (V/Ni, V/Co.and Ni/Co)
it 1s 99 ¥. This compares with the probability of the
"fingerprinting" mathods as ‘listed by the-‘U.S. Coast
Guard (59) of:- |

. Gas Chromatography (GC) - 91 + 3 %

Fluorescence Spectroscopy (FS) @ 91+ 2 %"
‘Thin-l-a'yer Chrona’tasrap—hy (TLC) 63 + b %
Irifrared Spectroscopy (IR) : 94 + 3 %

All Four Methods Combined 99.9 %

The metal ratio method is superior to thC, and .
w:l.th only a single ratio approach, Just slightly inferior
'to ‘the other methods,

It is not implied that the atomic absorption analysis ‘
"approach can replace the oth‘ex;. "fingeriarintink" techniques,

It is recommended that this technique be used as a precursor

P

g T
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to and a support. for existing established "fingerprinting"
techniques, particularly and singularly where non-distillate

oils are involved. 3

Technicélly this method offer advantages over the
other techniques, while providing, at the same time,. = -
certain disadvantages, The major disadvantage is that

nthe experimental work is time-consuming in that the

elements have to be determined separately and calibratian
standards have to be prepared.'The time-consuming disadvan-
tage is particularly apparent where graphite furnace

‘atomization techniques are involved, The time factor

is often a large multiple of that required for other

x spectroscopic techniques (IR, UV and Fluorescence),

One of the main advantages of the atomic absorption
methodology is the. simple interpretation of the analytical
results, as opposed to the’intefpretation of complicated

‘IR; UV and Fluorescence spectra and complex chromatosrams.

- The computation of ratio valuas, and conpariaone are simple

and can often be carried out by simple manual calculation,

For GC, IR and. Flugrescence work, comparison (pattern

" recoginition)is always difficult and usually impossible

by sinple calculation, Computer-assisted 1nterpretation
at v&ny sophisticated statistical critenia is often involved.
Advanced computer technology will render the above method

less tine-consuming, but the cost of computer time and L
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the initial cost of aetting up the algorithm is quite
significant, . ’

“T
,

N e
#

In a small scale laboratory where expensive
computers and data banks a;'e not- avail;.ble, the "Metal
Ratio Fingerprinting "Technique" should provide an effective
tool for the identification of crude o:Lls, bunker oils

'and other non-distillate oils.

The following are suggest'ed as areas for further /

research which/would be relevant to this study.

(a) - As mentioned before, atomic absorption suffers

" from the fact that it is time-consuming, Further
“w‘orktj_.nvo‘.!.vix;g simul taneous multli-element .
analysis should be explored. This would include
seqﬁential multi-channel atomic absorption

' spectrometry (60)(61), Echelle grating atomic
absorption spectrometry (62) and continnum-source
~. atomic absorption spectrometry (63). In addition
the use of other optical techniques which offer N
comparable sensitivity and precision to atomic ' '
absorption spectrometry, but with multi-element
capacity, such as atomic fluorescence spectro-
metry (64)(65) and inductive-couple plasma

emission spectrometry (66)(67) should be explored,

(b) With anple budget and tac:\.lities, weatherins
of oils should be carried out on a large scale ij
. and under conditions parelleling those suggest
by the U.S. Coast Guard (30), and involving
larger number of samples as to otttain a general-
" increase in the reliability of.the probability

4
. /
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of success.in matching/hisnatching.

(c) The method should also be applied to real-life
‘ oil spills versus suspected sources and a
comparison made of results obtained against those

obtained by established "fid@erprinting“ techniques,

B (d)fgﬂore sophisticated statistical approaches could
;ggjinvestigated, For example, instead of taking -
‘ the ratio of two elements, it might be worthwhile-
_to explore the value of ratios such as A/A+B+C’
; where A, B and C are different metallic contents,
Also attempts can be made to resolve the problem
"as described in Section. 4.3, where with the
multi-ratio approach, the ratios do not reach
the same conclusion, |
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*. (1) Potagsium Buffer Solutiop . ..

118.

14 . , |

’Q. A%

PREPARATION OF SOLUTIONS USED IN THIS STUDY

1

Weigh 1.9068 + 0,0002 g of réagent graée potassium

chloride ints a 250 ml beaker, dissolve wijh distilled

water, transfer to a 1 liter volumetric flask, dilute to »

" the mark with distill water.

hd ¢

Solution_streng’sh = '9068 + 0.0002 g x 39.102 .

1 liter.. . x 7456
1000 mg/liter -

L
0

1000 ppm K -

[N .

LI

‘(2) 'Q % gen;eneﬂ;' fonic Acid in Butanol '

Weigh 100.0 O 2 g of benzenesulfonic acld into a

250 ml beaker, ‘I'ransﬂer to a 1 liter beaker containg ‘
400.,0 + 0,2 g of n-buta.nol, mix well and store.

g
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(3) Prepa.ration of. standard SOIut:Lona for ' L

(3-a) RNigckel | ' S
100 ppm Ni standard solution: 1
Pipette 10,00 # 0,02 ml of 1000 ppm Ni (Fisher
standard) solution into a 100,00 + o%o08 ml

volumetric flask, dilute to the mark with
‘ diatilled water.

Solution strength: 190.0 ppm Ni

»

1, 2, 3, 4 and 5 ppm Ni standard solutions:
Measure 1,00 + 0,02 ml, 2,00 + 0.02 ml, 3.00 *
0.02 ml, 4,00 + 0,02 ml and 5.00 0,02 ml of the
100 ppm Ni standard solution into five different
100.00 + 0,08 ml volumetric flasks, to each flask

. &dd 4,00 + 0,04 ml of hydrochloric acid and 8,00
* 0,04 ml of 1000 ppm K solutiony; dilute to

~ the mark with distilled water, :

Solution strength: 1.00, 2,00, 3.00, 4.00 and
5.00 ppm Ni,

(3-b) Gopper _ . L
' - 100 ppm Cu standard solution:’ \ :
.Pipette 10,00 * 0.02 nl of 1000 ppm Cu (F.Lsher
standard) solution into a 100,00 + 0,08 ml
volumetric -flask, dilute.to .the mark with

distilled water, ° ' ,
. Bolution. strength: 100.,0.ppm Cu °

. »

-
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1, 2, 3, 4 and 5 ppm Cu standard solutions:
Measure 1400 + 0,02 ml, 2,00 # 0,02 ml, 3,00 +.
0,02 ml, 4,00 + 0,02 ml and 5,00 *+ 0,02 ml of
the 100 ppm Cu stamdard solution into five
different 100,00 + 0,08 ml volumetric flasks,

to each flask add 4,00 + 0,04 ml of hydrochloric
acid and 8,00 + 0.04 ml of 1000 ppm K solution,
dilute to the mark with distilled water. |

Solution stremgth: 1,00, 2,00, 3.00, 4.00 and
\ ) 5.00 pm Cu ¢ * /

uf  (3-¢) Irop .

100 ppm Ee stahdurd solution: ,
Pipette 10,00 + 0,02 ml of 1000 ppm Fe. (Fisher

' standard) solution into a 100,00 + 0,08 ml

volumetric flask, dilute to the mark with
distilled water, T g

801q§ion strength: 100.,0 ppm Fe

‘ly 29 35 4 and 5 ppm Fe standard solutions:
- Measure 1,00 + 0.02 ml, 2,00 + 0.02 ml, 3,00

0.02 ml, 4.00 + 0,02 ml and 5,00 & 0,02 ml of
the 1000 ppm Fe standard solution into five
different 100,00 + 0,08 ml volumetric flasks,

to each flask add 4,00 *+ 0,04 ml of hydrochloric -
acid and 8,00 + 0,04 ml of 1000 ppm K solution,
dilute to the mark with distilled water, '

Solution stremgth: 1,00, 2,00, 3.00, 4.00 and
. 5,00 prm Fe ’

Py O « .

RN TT R P
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20 ppa Zn standard solution:’

Fipette 2,00 + 0,01 m1 of 1000 ppm Zn(Fisher
standard) solution into a 100.00 + 0.08 ml
volumetric flask, dilute to the mark with
distilled water,

Solution strength: 20.0 ppm Zn

0.2, Ooliy 0.6, 0.8and 1.0 ppm Zn standard solutions:
Measure 1.00 + 0,02, 2,00 + 0,02, 3.00 + 0.02,

4,00 + 0,02 m%ﬂ ‘of the 20,0 ppm 2Zn
standard solution ve. different 100,00 +

0.08 pl volumetric flasks, to each flask add |
4,00 + 0,04 ml of hydrochloric acid and 8.00

*+ 0,04 ml of 1000 ppm K solution, dilute to the mark
with distilled water,

Solution strength: 0.200, 0.400, 0,600, 0,800
and 1,00 ppm Zn

. 4 -
. .
Vanadium .

'20, 40, 60, 80 and 100 ppm V standard solutions:

Measure 2,00 + 0,02, 4,00 % 0.02, 6.00 + 0,02,
8,00 * 0,02 and 10,00 #+ 0,02 ml of 1000 ppm V
(Fisher Standard) solution into five different
100,00 + 0,08 ml1 volumetric flasks, to each flask
af® 4,00 + 0,04 ml of hydrochloric acid and
8,00 + .04 ml of 1000 ppa K solution, dilute to
_the mark with distilled water, '

Solution strength: 20,0, 40.0, 60.0, 80.0 and
100 ppm V
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(4) Preparation of Standard Solutions for Gr'aphite° -
Furnace Atomization Atomic Absorption Analysis

(4~a)

Vanadium

. 200, 500, 700 and 800 ppb V standard solutions: .

Measure 1,00 #+ 0,02, 2.5%0 * 0.02, 3.50 + 0.02 and
4,00 # 0,02 ml of 20,0 ppm vanadium stén_dard solution
prepared according to (3-e) into four different
100.00 + 0,08 ml volumetric flasks, to each flask
add 4,00 + 0,04 ml of 1000 ppm K sdlution,

dilute to the mark with distilled water,

Solution stremgth: 200, 500, 700 and 800 pprb V

(4=b) Nicke)

v
-
I

10 ppm Ni standard solution: {
Pipette 5,00 & 0,02 ml of the 1000 ppm Ni (Fisher
standard) solution into a 500,0 + 0,2 ml volumetric
flask, diluted to the mark with distilled water,

Solution strength: 10,00 ppm Ni ’

100, 200 and 300 ppb Ni standard solutions:

Measure 1,00 + 0,02, 2,00 + 0.02 ‘and 3.00 + 0,02

ml of the 10,00 ppm Ni standard solution into \
three different 100,00 + 0,08 ml volumetric :
flasks, to each flasic' add 4.00 + 0,04 ml - -
hydrochloric acid and 8,00 + 0,04 m1 of 1000 :

'ppm K solution, dilute to the mark with

distilled water.
Solution strength: 100, 200 and 300 ppb Ni

-
. e - R
o T TP D S S
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(4~c)

123,
Chromiuny
1 ppm Cr standaxd solution:
Pipette 1,000 +/0,006 ml of 1000 ppm Cr (Fisher
standard) solution into- a 1000.0 + 0.3 ml

volumetric flask, dilute to the mark yith
distilled water, '

Solu,tioxi strength: ‘1.000 ppm. Cr
10, 20, 30 and 40 ppb Cr standard solﬁtions:
Measure 1,00 # 0,02, 2,00 * 0,02, 3.00 * 0,02

~and 4,00 + 0,02 of the 1.000 ppm Cr standard

solution into four different 100,00 + O. oa ml

volumetric flasks, to each flask add 4.00

(4-d)

"Solution st;ensth: 1.000 ppm Co

0.04 ml hydrochloric acid and 8,00 % O. Olg. ml

, of 1000 ppm K solution, dilute to the mark with

distilled water,

Py

‘Solution strength: 10.0, '20.0, 300 and 40,0 ppb Cr

Cobalt

1l ppm Co standard solution:.

Pipette 1,000 + 04,006 ml of 1000 ppm Co (Fisher
standard) solution into a 1000.0 % 0.3 ml
volumetric "flask, dilute %o the mark with
distilled water,

S

v



* 10, 20, 30 and 40 ppdb Co standard 'solutions:

%

(4~e)

Measure 1,00 + 0,02, .2,00 # 0.02, 3.00 + 0,02 and
4,00 + 0,02 ml of 1,000 ppm Co standard solution
into four different 100,00 # 0.08 ml volumetric

- flasks, to éach flask add 4,00 + 0,04 ml hydro-
chloric acid and 8,00 + 0,04 ml of 1000 ppm K
solution, dilute to the mark with distilled
water, C E a

, Solution strength: 10.0, 20.0, 30,0 and 40,0 ppb Co

iron

1 ppm Fe standard solution: ,
Pipdtte 1,000 + 0,006 ml of the 1000 ppm Fe (Fisher
standard) solution into a 1000,0 * 0,3 ml
volumetric flask,sdilute to the mark with distilled
water, ) N - '
Solution strength: 1,000 ppm Fe ‘

20, 40 and 60 ppb Fe standard solutions: -
Measure 2,00 + 0,02, 4,00 + 0,02 and 6,00 + 0,02
‘ml of the 1,000 ppm Fe standird -solution into
three 100,00 + 0,08 ml volumetric flasks, to each
flask™dd 4,00 + 0,04 ml hydrochloric acid and °
8.00 + 0,04 ml of 1000 ppm K solution, dilute to
the mark with distilled water,

Solution strength: 20,0, 40,0 and 60,0 ppb Fe

AaG LS

g

124, ,
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" (4-f) Menganese -

10 ppm Mn standard solution: :

Pipette 10,00 + 0,02 m1 of 1000 ppm Mn (Fisher
o ©  standard) solution into a 1000.0 % 0,3 ml

volumetric flask, dilute to the mark with

distilled water, ’

.Solution strength: 10,00 ppm Mn

100 ppb Mn standard solution:

Pipette 10,00 + 0.02 ml of the 10,00 ppm Mn
standard solution into a 1000,0 + 0,3 ml
volumetric flask, dilute to the mark with
distilled water, :

Solution strength: 100.0 ppb Mn

5, 10, 45, 20 and 25 ppb Mn standard solutions:
Pipette 5,00 + 0.01,o10'oo +'0,02, 15.00 + 0.03,
20,00 + 0,03 and 25,00 + 0,03 ml of the 100,0

. ppb Mn standard solution into five different
100,00 + 0,08 ml volumetric flasks, to each flask
add 4.00 + 0,04 ml hydrochloric acid and 8.00 +
0,04 ml of 1000 ppm K solution, dilute to the
mark with distilled water. :

Solution strength: 5,00, 10,00, 15.00, 20,00
and 25,00 ppm Mn L ¥
2y 4, 6 and 8 ppb Mn standard splutions: |
. Measure 2,00 + 0,02, 4,00 + 0,02, 6.00 + 0,02
. and 8,00 + 0,02 ml of.100.,0 ppb Mn standard solution
into four different 100,00 # 0,08 ml. volumetric
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‘o _ flasks, to each flask add.4.00 + 0,04 ml hydro-
s chloric acid and 8,00 + 0,04 ml of 1000 ppm K
. solution, dilute to the mark with distilled ’
- water,

Solution’strength: 2.00, 4.00, 6.00 and 8,00 ppb Mn

(4=-g) Molyl bdl__nge

10 ppm Mo standard solution:

Pipette 10.00 + 0,02 ml of 1000 ppm Mo (Fisher
| \ standard) - solution into a 1000.0 + 0.3 ml

. ' volumetric flask, dilute to the mark with )

~ distilled water. _ \\/
C Solutiori strength: 10,00 ppm-Mo - .
4, - . : - .
100, 200 and.300 ppb Mo standard solutions:
Measure 1,00 + 0,02, 2.00 * 0,02 and.3.00 + 0.Q2
ml of the 10.00 ppm standard Mo solution into
three 100.00 # 0.08 ml volumetric flasks, to
each flask add 4.00 *+ 0,04 ml hydrochloric acid -
and 8,00 + 0,04 ml of 1000 ppm K solution, dilute
to the mark with distilled water.

Solution strength: 100, 200 and 300 ppb Mo

(4=h) Copper | o

4 ppm Cu standard solution
Pipette 4,00 + 0,02 ml of 1000 ppm Cu (Fisher -
_gtandard) solution into a 1000.0 * 0.3 ml N
vglumetric flask, dilute to the mark with
- distilled water,

. " lsolution strength: 4,00 Fpm Cu
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40, 80 and 120 ppb Cu standard solutions:
Measure 1,00 + 0.02, 2,00 + 0,02 and 3,00 +
0.02 ml of 4.00 ppm Cu standard solution 4nto
' three different 100,00 + 0,08 ml volumetric
flasks, to each flask add 4,00 % 0,04 ml hydro-
chloric acid and 8,00 + 0,04 ml of 1000 ppm K .
solution, dilute to the mark with distilled ‘
water, .
Solution strength: 40, 80 and 120 ppb-Cu :
. e . \ ) ‘
a - N + }
; 4 ¢ ..'. : !
"% ' . - N . .
" " , - K .’ w 0 “'0 ""”'
. , Y ) . c: ¢ 1,6 7z . J
! : “ : : 4 . i "} = . e "
- \ ;':", . . " . - ‘ " PR
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(5) Preparation of Substitute Sea Water ¢50)

¢ L e 1

(5-4) Stock &J,u;;,lgn 1

v

Dissolve the indicated amounts of the following
in distilled water, d!,lute to 7, O liters and ‘store
in a well-stoppered glass: container,

MgCL,.6H,0 3889 g
CaCla(anhydrous) 4O6 g ' v
SI‘C].Z.GHZO 4 ‘.v 1’408 g )

D:I.sspﬂlve .the indicated amounts of .the following }
in distilled water, dilute to 7.0 liters and store
in a well-stoppered glass cont®iner.,

LK@ .. T u86E

. Ncho} ‘ .’ . - " _ 141 g , )
.KBI‘ " .4 g .
.H3m3 e N ' . 1900 g ‘

NaF e ' 2.l g

(5-¢) Stogk §%1u‘§;,gg’ III. . '
a ) L . L

L3

Dissolvé -the indicated amounts of the following
in distilled water, dilute to 1.0 Iiters dnd store
in a well-stoppered glass conta.iner.

| Ba(N0z), 0.994 & : ')b S

- Hn(N03)2.6H20 o 0.5‘}6 g . d é¢
. Cu(wo )2.31120 0.396 & . ] ‘

. Zn(NO;) 2.61-130 . Qd3r g ¢

El ?‘}

I v el B ' Rt A A Bty e D he n




L

/7‘/}\ b ¢ ‘ %'.
o _Pb(NOs), . 0.066 g oo
- hAgNoz~ - 0.0049 g 2
 (5-6) §uﬁgg§u§g Sea Water
. Dissolve 61.3 g of NaCl and 10.23 g of. Naasok;in. T .

2.0 liters of distilled water, add slowly with
vigorous stirring 50.0 ml of stock solution I,
then 25.0 ml of stock solution II and 2.50 ml

of stock solution III, dailute to 2.5 liters

with distilled water,: adJust to PH 8.2 with 0.1 N '

NaOH solution.

Soaw

Ty,
)

L ]
Contentration g. ﬂiter}

24453

* 5420
4,09
1.16.

© 0,695
0.201
0,100 -

o0 0,027

- 0,025

', 0,003

, 0,0000994
0.0000340
0.,0000308.
0.0000096
0,0000066
0.00000049
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_ ANALYSIS OF As'm/ggs STANDARS OIL MATERIAL GM-5

\\ "\

For this study, aixintuplicate samples of the
standard 65{.In were taken and the sample weights were

.. ' recorded as follows:-

1 1.0872 + o.oooa’

2 L 0.801% + 0,0002 . ' . ¢
.3  1.4888 + 0.0002 . B
g 13822 £ 0.0002 |
-5 1.1499 % 0,0002

. 'The s'émplels, were treated according to the general
procedures listed in Section 3.1, The final volum‘,e'
was as.oo + 0,03 ml. ‘

)

' The nickel and vanadium calibration standard
solutions were prepared a:ccord;.ng to the procedures '1
~ou&l:].:i.ned in Appendix (i,.e, p?oce:durbeq (}-a) and
(4a) ' '

1%,

B P S




Nickel

(a)

tandard solution calibration data

?

\

and use

Standard solution calibration data and use

Standard

solution {EEE?,

Blank
1.00

2,00 .

3400

. 4,00

f
*

. 5.00

Absorbaﬁce

1]

0,000 0.000 0000 °

0.023 0.023 0.023

.0.047 0,046 0,045

0.067 0,069 0,071
0.092 0.092 0,092
0.115 0,115 0,115

‘Regression analyéis ' .

"+ Regression toeffiéient‘(r).= 1.0000
Intercept (b) = 0,000 . "\

Slope (m) = 0,0230 -

N
Equation of calibration line

Y

\ Content (in ppa) =

Absorbance

Ave, abs.‘: ave, dev,

0,000 + 0,000
0.023 + 0,000
0.046 + 0,001

0.069
0.092
0,115

0.0230

- | *
.

X
X

s

0.001
0.001
10,000

3

Y
\

e e

B TRy o R

S

. N
MO b S St < SN 358 TR EA 0 Dot
.
.

-

,.,_————
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- . Using this equation and the absorbance data of the

sample solutions the following data were obtained. N
\ e No, Ave, abs., + ave, dev.,* Solution
. | 0.091 + 0,000 . 3.96
2 .. 0,067 # 0.000 2,91 .
'3 0.122 + 0,001 | 5430
4 0.111 + 0.001 483
5 0.096 + 0,000 'S

; k . . The equation for converting the met:a.'.l.v content in the
sample Bolutions to metal content in the residual /94;1 '
( samples is:-

C x Vol** )
oS08 ®e (}1)

’ . ppm (elemental content) =
o | "
\' where:< ‘ |
" C = Metal cohcen‘trétioh calculated in sample solution (ppm)
Vol = Volume of sample solution (25. + 0,03 ml) ‘

W = Sample we:!.ght in grans

Us:i.ng ‘the recorded sanple 'oights, the nickel content
s of the rj,ve samples was calculated us:l.ng equation (B-l).

* Average absorbance t average\deviabion based on three
readings for the digital integration output, '
** For aqueous matrix, 1 ppm 1s nmed'to be equivalent
to 1 ug/mi., ' < -




Average + standard deviation = 90¢6fi 0.8 ppm

(b) Standard'ad&itiqns‘(spiking technjque)
. 7/

134,
\

.Samide No, - Nickel content in residual oil (pum)

1 _ 91.0
2 L9049 .-
3 a - 89.1 . | ‘
b '91.2
5 - 90.7

!
I
!

-7
e

.

3
o

For each of the five samples, these solutions

.were prepared:—

S—O 2,00 * 0 01 ml of the sample solution was pipetted
-1ntoLa 10.00 + 0,02 ml volumetric flask and diluted
to the mapk (dilution factor: 5. OO).

\

S=-1 w..2.00 + 0,01 ml of the sample solution and 1,00 +

0.01 ml of 10,00 pram N1 standard were pipetted
into a'10,00 # 0,02 ml volumetric flask and
‘diluted to the mark.

. Sm2, 2.00 + 0,01 ml of the sample sdlution and 2,00 %

0.0l of 10,00 ppm .Ni standard were plipetted into
a 10.00 + 0,02 ml volumetric flask and diluted to
the . mko ) / | -

A}
1

y

4 »

P

3 Mgt LY L e
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* + All samples were diluted to the mark with a
solution containing 4 % hydrochloric acid and 80 i)pm
' potassium ionization ‘buffer. Amount of nickel added
to solution 5-0 was 0.0 ug, to S-1 was 10.0'ug and
to S-2 was 20,0 ug. S

For sample No,l
/J ~ 3

Spike-solution Average absorbance % _average deviation

5-0 -~ 0,018 + 0,000

51 0.042 + 0,000 -
S-3 | 0.063 + 0,000

For:.convenience, with the regre;éion analysia,
the amount of standard added can be plotted against
absorba.nce. The intercept (b) on the y axis (amount
of standard added) is obvioualy the amount of unknown,
present, Figure B-1l shows the system,
Regression anal;/gﬁ -
r = 0,9993 ’ \ .
m = 438 | . SR
b= =819 S L



10

‘ug of Ni added

e

8,19 ug

J

of Ni found

-

0,02
-

0.03

Absorbance

i

FYGURE B-1 SPIKING TECHNIQUE Ni ANALYSIg/Sé&WLE NO, 1

.
v

!
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- fherefore ug Ni in sample solution = 8,19

_ Concentration of Ni in sample solution =0.819 ppm
Ni (ppm) in residual oil

zppm in sample solution x dilution factorf-

x original sample volume (ml) ' ,
- u 5 * . ..ofo [ X ] (B—Z) /h

Sample weight in gram

0.820 x 5,00 x 25,00 | ,

1.0872 - . ’ o~
= 9‘?03
For sample No, 2

- . /"‘
_S_pike-solution Avarage absorbance . average deviation

S0 . 0.014 + 0.000

s-1 . 04037 £ 0,001

5-2 N 0.060 -+ 0.000 .
, D= 1.0000 b = —6.09 m ‘=/ "‘30‘}8 x: é

ppm in’ sample eolntion = 0,609 , .
"ppm inresidual oil sample = 95.0 . .

- \)
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F=0,9999 b= -3.85 m= bbbk

' S ‘ T 138,
For sample No, 3. 2

f

Spike-solution AvergeAabsorba'nce + average deviation

5-0 : 0.024 + 0,000 ,
S-1 ~ 0.048 *+ 0.000
§-2 0,070 + 0,001

)

r=0.9997 b =-10.5 m= 43.45

ppa in sample solution = 1.056
ppm in residual oil sample = 88.7

For sample No. 4 | A ’ : -

‘ Sgi_ke-golution Avei'age absorbance + average deviation

°

50 ’ 0.022 + 0.000 )
51 0.045 + 0,000
$-2 © .0.,067 % 0,000 .

=°.985 ' X -~
mﬁle = 93.1



~ Average r average deviation'= 92.‘f + 2.

°
y
'(\(
i
)
e
i
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For sample No, 5

e=50)u i
S0 0,019 + 0,000
S-1 . 0.041 + 0,000

s-2 , 0,064 + 0,000
r = 0,9999 b= «8.37 m = Lol

ppm in sample solution = 0,837 . \
ppit in regiduél 0il sample = 91,0

2 bpa

" (ML content in residfial oil GM-5) » L
] .

g - r
Yanadiug
Vanadium analyses on the @M~-5 residual oil sample
were carried out by the graphite furnacq\atomizﬁiﬁon

‘ technique. The'samplé solutions, made up according to the

procedures as listed in Section 3.1, were first diluted
five-fold (2,00 % 0,01 ml to 10,00 + 0,02 ml, dilution
\ ; :

factor: 5.00) for the cal{bration standard method.
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(a)
Standard Absorbance | Ave, abs: + _ave. dev.i
golution (ppm) : : R
Elank - 0,000 0,000 0,000 0,000 % 0,000
0,200 0,021 0.022 0,023 '0.022 + 0,001
0.400 0.040 0.042 0.043 0.042 + 0.042
0.600 0.066 0.059 0.062 -  0.062 + 0.002
- 0,800  0.086 0,082 0,081 0.083 + 0.002
1,000 0.102 0,105.0,108 0.105 + 0,002

d!
‘Regression analysis

r = 009998
b = 0,000° , '

an

‘Equation of calibration line:-

-

. : Absorbance - 0.000° .
Content (in ppm) =
* - . , 0.1014-

Using .the calibration line and the absorbance-data

£or the five sample solutions, together with equation (B-2), ,
' {ppn in sample ‘solution x dilution factor}
~ x original sample volume (ml) :

Sample weight in gramé ;

ppa in réeidual oil =

S D SRR

- the following - data were obtai‘ned.

1

-

S
e N

.
I 1“. :
. ..
.

R g aibin, S b 8 S M s S
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- a 10,00 + 0,02 ml volmndtric flask and diluted to" the mark,

i

. 1,

Sample No, Ave. abs. ’; ave, dev, . Concentratidn (ppm) |
i in sample 1in residual 1
solution’ oil sample ;
.1 0.070 + 0,001 - 0.68° 78,2
2 0,055 + 0,003 . 0,525 82,9 -
3 0.100 + 0,002 .. 0.95% - 80,°
4 0.090 + 0,000 ' 0.862 81,2 's
.5 0.080 + 0.004 0.765 > 83,0 “

Average + standard deviation = 81.1 % 1,7 pp -
(vanadiun content in residueﬂ. oil GM-5)

(b) "  Standard additions (spiking technigque)
7 . N { v %

, For each of the five samples, these solutions were®

prepared as i:ollows:-

-

'$-0 1,00 # 0,01 ml of theysample solution was pipetted
" into a 10.00 + 0,02 ml volumetric flask and diluted
to the mark (dilution fact’or. '10.00).
5-2 1,00 # 0.01 ml of the sample .solution and 2,00 # X
| 0,01 ml of_.k_qm vanadium standard were pipetted into
S=§  1.00 % 0,01 ml of the sample solution and 4,00 # 0,01 -
| ml of 1 ppm vanadium standard were pipetted into & 10,00
4+ 0,02 ml volumetrd.c flask and diluted to the mark.

A1l solutions were diluted to the mark with a aoln‘dicfh |
containing 80 PPm potassiua ionizationémffer and 4 % hydro- ’
chloric acid, Amonnt of vanadiun added to .the apiko-solntion

S=~0 was 0,00 ug, to S-2 was 2.00 ng and to S-4 was lf.oo/:g.

LY

X
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)
For sample No.l , .
gpilfeogol‘ution Ayerggco;absorbgn'c'e + averag% deviation

£

80 .'0.036 -+ 0,001 -
- . 0.058 % 0,001 \
S-y % 0.080 % 0.001 »
. q - , . e . A
r=10000 b=<327 m=9.0909 - .
. ‘ ) I

ppa in sample solution = 0,327
prm in residual oil sample = 75,2

e

For sample No,2

Sgike-solutioif Average absorbance + average deviation

50 0.026 + o.o_()a | |
. Sm2’ . ‘ nO;O#B + 0.009 | a |
’S-‘t. - . * 0,070 x 0,001 B
i . 1,0000, b= =236 m = 9.0909 i B
Ppa in sample solution = 0.236 5 . )
. P in residusl ail samplé = 73.” ]
. A
" : . . ] ,
QN S o . |
. p ’ o . , M} - )
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-For sample No, 3
Z SEﬁo-solutiox;
5-0 Y048 + 0,000
" s-2. 0.070 * 0,000
S=4- 0.090 + 0.001

r = 0090996

b= -l-l».'de m = 09..5166.

ppa in sample solution = 0.460 .
ppm in residual oil sample = 77.3"

For sample No, 4

Average absorbance ﬁerage deviation

Ayez‘age ab‘aorbance\ ;:verdge de_v:l.a‘tion

i ad
§pike-solution
80 0.084 & 0.000
8-2 0.066 0.002
. . . . . 1 . . .
' r= 0.9991 . b = =4e33 m= 9,7387

"pp- in sanple ‘solution = .#33

pra in reaidunl) oil upple = q:l. 9

LSS
)
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For sample No. 5
¥

‘sg'qulution Average absorbance '+ average deviation
50 10,040 *.0,002
S-2 - R062 £ 0.002
Sl 0,082 + 0,002 %
r= O.99§6‘“ b = =3.84 m = 9,5166 . "
ppa in sample solution = 0,384
ppa invresidual oil sample = 83.5'N
.‘Averg_gg + standard deviation = 78,9 + 4.8 ppm |
(vanadium content in residual oil GM=5)
> )
’l - ' “z 6:\‘ | . b‘-’ + | \ ) n ';. , Y 1 ‘
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ANALYSIS OF TEST OILS | | R
TABLE 1 o .
MAR- EI, EM ¥SIS /
Element  Method | Regult
[ e S .
v Flame(standard calibration) - 162 + 2 ppm
' Flame(spiking) 176 + § ppm
3 . |
NL Y Flame(standard calibration)  16.5 % 0.1 ppm
Flame(spiking) " 16,9 + O.4 ppm
cr \ Furnace(standard calibration) 32.° + 3.1 ppv
Co ' Furnace(standard calibration) 58.2 + 2.6 ;;pb .
. Furnace(spiking) 54,7 + 3.0 ppb
Fe * Furnace(standard calibration) O.44 + O 07 ppm
Mo Furnace(standard calibration) 36.° + 2.% ppb
Mn mméce(standard.calibration) 3.3 + 1.2 ppb
Zn Flame(st'andaztd calibration) - 0.383 * 0.03o ppm
“Cu Flameistandard calibration) Osll + 0,08 ppm



ORIy TTH T T X

| e L

. A

TABLE 2

Element Method

v Flame(standard calibration)
Flame(spiking) N

NL Flame(standard calibration)

. Flame(spiking)

Furnace(standard calibratién)
Fnrnace(stanaang calibration)

. Furnace(spiking)

Furnace(standard calibration)
Furnace(standard calibration)
Furnace(standard calibration)
Flame(atandafd;calibration)
Flame(standard calibration)

147,

4+
'
s

142 + 2 ppm
1yt hd 12 ppm

18.7 + 0.4 ppm -
+

18.9.+ 0.9 prm
31.2 + 6.4 ppb
98.2 + 4.9 ppb

97 + 12 ppb

0.45 + 0,09 ppm '
35,7 + 2.0 ppv

25 i 11 ppb
0.37% 1 0.028 ppn
0,38 + 0.07 ppm -

i+



Ni

Cr -

BEF & T8

Furnace(standard calibration)
Furnace(spiking)

Flame(standard calibraiion)

. Furnace(spiking)
_Furnace(standard calibration)

Furnace(standard calibration)
Fﬁrnace(sfandaré calibration)
Furnace(standard calibration)
Furnace(standard calibration)
Elame(sfaﬁd&rd calibraiion)

" Furnace(standard calibration)

1 l}-8 °

Regult
2,34 * 0.08 ppm
2.7° + 0.1° pPPm -

3.87 0.22 ppm

.
1,07 + 0,38 ppm
N.D.

10,9 + 1.° ppm-
0.111 + 0.06% ppm
N.D. o

N.D.

N.D..

NQ”DQ

P—



. ' 149.
, - \
A_SECOND CANADIAN CRUDE-ELEMENTAL ANALYSIS
Element Method . IR Result
v Flame(standard calibration) 30.7 + 1.7 ppm
N1 ; Flame(standard calibfation) 14.1 + 0,2 pph
" Flame(spiking) 13.9 + 0.5 ppa
Cr  Furnace(standard calibrationi, 65.0 + 4.2 ppb
Furnace(spiking) - : 67 + 12 ppb
Co 'Furnace(standard calibration) 20,3 i 0.8 ppb
Fe Furnace(standard calibration) 0.22° + 0,048 ppb
Mo , Furnace(standard calibration) 13® + 2% ppb
Mn Furnace(standard calibration) 7.52 + 0.03.-ppb
Zn Flame(standard calibration) 0.1 + 0.03% pmm |, .

Cu ‘ Furnace(standard calibration) N,D.

-
L BRG s s Se e aTh  ne M e R SN A .



IABLE 5
BUNKER C-ELEMENTAL ANALYSIS
v 'Flame(standard calibration)
_ Flame(spiking)
Ni , Flame(standard calibration)
+. Flame(spiking)
Cr Furnace(standard calibration)
: ~ Furnace(spiking)
Co _Furnace(standard calibration)
- Furnace(spiking)
Fe Flame(standard calibration)
. Flame(spiking) .
Mo Furnace(standard calibration)
Furnace(spiking)
Mn Furnace(standard calibration)
Furnace(spiking) .
'Zn Flame(standard calibration)
Cu " Flame(standard calibration)

b}

Besult

270 + 7 ppm
283 + 17 ppm
34,3 +.0.7 ppm
35.% + 1.9 ppm
IWAY hd 18 ppb
456 hd 22 ppb
197 17 ppb
188 28 ppb
13,2 + O.1 ppm
12,8 + 0.5 ppm

x
h

e
o

oa b0 S

w3 A0 .
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TARLE 6

R ER-EL EM S
Eement Method
v Flame(standard calibration)
Flame( spiking) .
Ni Flame(standard calibration)
Flame(spiking)
Cr Furnace(standard calibration)
Furnace(spiking)
Co Furnace(standard calibration)
Furnace(apiking_)‘
Fe  Flame(standard calibration)
. ‘Flame(spiking)
Mo Furnace(standard calibration)
' Furnace(spiking)
Mn Fu'rnace'( standard calibration)
‘ Furnace(standard calibration)
Zn - F'J:ame( standard calibration)
Cu |

.Furnace(standard calibration)



Ys

~ Element Method . '

v

Ni

Cr

Fe

B

g

Flame(standard calibration)
Flame(spiking)

Flame(standard calibration)
Flame(spiking)

Furnace(standard addition) _
Furnace(spiking)

Furnace(standard addition)
Furanace(spiking) ‘

Flame(standard calibration)
Furnace(standard calibration)
Furnace(standard calibration)
name(stan&ard calibration)
f{ufnag e(standard calibration)

16,7

152.

5 ppm
4 ppm

0.2 ppm
O.4 Ppm
1.6 ppd
303 ppb
i.a ppb
3-7 ppb

0 .
+ 0.1 ~3Q5;§

S

2

+ 2, ppdb

0.239 + O.O.?.8 Ppm
0.093 :‘Q.Ol2 ppm

WYATR IS,



153.

v Flame(standard calibra'tion)‘ 35.0 + 0.9 ppm
Ni Flame(standard calibration) 7.72 * 0,07 ppm
Flame(standard calibration) 7..'73 + O.l‘5 ppm
cr Furnace(standard calibration) 4kl + 4.2 ppb
Furnace(standard 'calibra_ation)' 45,7 + 3.0 ppb
o Furnace(standard calibration) 32.8 + 3.8 ppb
Fe - Furnace(standard calibration) 0.22° + 0,011 ppm
Mo Furnace(standard calibration) N.D, °
Mn Furnace(standard calibration) Lh.> x 1.8 ppb
Zn . Flame(standard calibration)  0.26° + 0,01% ppm
Cu Furnace(standard calibration) 0.0347 * 0.002?‘ ppm
' 4
' ) 3



TABLE 9 | Lo
| BUNKER FUEL NO S-ELEMENTAL ANALYSIS i
Elemént Method Pe . Reswlt {
vV, Flame(standard calibration) 108 + 3 -ppm ’
Flame(spiking) ‘ 105 + 7 ppm
> Ni Flame(standard calibration)  19.2 + 0.2 ppm
- Flame(spiking) N 19.2 £ 0.4 ppm
Cr Furnace(standard calibration) b,?o + 14 ppd
' _ Furnace(spiking) - 467 + 3° ppb
- " Co ' Furnace(standard calibration) 130 * 1 ppb
Fe . Flame(stafiard calibration)  7.3° + 0.1° ppm
. ﬂame(spilging) ' 7.43 + O,.l9 ppm -
Mo | Furnace(standard calibration) 120 +.9 pphb i
Mn Furnace(standard calibration) 12> + 1° ppb -
' Fur::ace(sl'piking) a ' ~81.9 hd ’+.5 ppb
Zn . Flame(stdndard calibration)  0.76° + 0.02” ppm
cu Flame(standard calibration)  0.13% £.0.1% ppm’
) o '
S |
\\‘ \
“TN ' B :

s
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IABLE JO
. BUNKER B~ELEMENTAL ANALYSIS
) =
+  Element Method :
v Flame(standard calibration)
Flame(spiking) o
Ni . Flame(standard calibration):
Flame(spiking) |
T;? Furnace(standard calibration)
Fnrnaqe(épiking) ' ’
Co Furnace(standard éalibration)
Fe. Flame(standard calibration)
Flame(spiking)
Mo Furnace(standard calibration)_
Mn Furnace(standard calibration)
Furnace(spiking)
Zn Flame(standard calibration)
Cu

Flame(standard calibration)
-

~

155.- .

Result

152 + 4 ppm

¥53 + 6 ppm
29,0 + 0,3 ppm
29.7 # 0.7 ppm

1078 + 47 ppo

1+

, 106071 9% ppb

198 + 5 ppb
24,0 + 0,5 ppm

+ 2he5 + 0.5 prm

117 + 11 ppb.

328 17 pPb

248 + 29 ppb

1, ?3 + 0,03 ppm
.321 +0 039 ppm

I+ 1+



e~

ERED) - EL EMENTAL “ANALYSIS

Element Method:

\'J

Ni

Cr
Co

Fe . -

oK F B

- - /
Flame(standard calibration

Flame(standard galibration)
Furng.ce(standard ce:libration)

' Mrhace(standafrd calibration)-

Flame(standard .calibratibn)'

.Furnace(standard calibration)
Furnace(standard calibration)

Flame(standard calibration)
Flame(standard calibration)

‘?
—_— *
L4

* o

. 0.62 + 0,05 ppm

1564 . >
Reﬁgig
216 + 6 x;l
16 + O PP .
=

19.7 + 0.4 pbpm
45.° + 1.% prb
65,2 + 7.2 ppb .

62.7 + 4. ppb
3,98 + 0,17 ppb
10,3+ 0.2 ppm
.71 + 0,08 pmm.

-

P




\'f
Ni

R EE

mement; Method . :

Flame(:tandard calibration)
Flame(standard calibration)
Furnace(standard c‘a'librat;i.oﬁ)

Furnace(standard caiibrétion)

Furnace(standard calibration)
mmape(,standard calibration)
Furnace(standapd calibration)
Flame(standérd calibration)
Flame(standard ‘calibation)

-
y

A

\\ -
/\

e

117 £ 6 ppb

0.59 + 0,05 ppn’
115 + lO Ppb |
17.:7 + 2.% ppb
3.1% + 0.4% ppa “
0,50 + 0,04 ppa

et e et Nt h e aa o i o o P A AR YO A (M



o A —— :

Ni:
Cr
cq t

B F 8

FPurnace(standard cﬁlibration)
Flame(standard calibration)

Furnace(standard calibration)
Furnace(standard chlibra{ign)

Flame(standard calibrati h)'

- Furnace(standard calibration)

Furnace(standard calibratioq)

' . Flame(standard calibration)

Furnace(standard calibration)

/
TN <
VA s »
; .
-~
) o
By
A}
R -
A

N.D.

N.D.

3.25 + 0,07 ppm
N.D., |

i
%
3
A, 15
k4

3
i
3

x

-,




~

Ni
Cr

Fe

g rF

Flame(standard calibration)
Flame(standard .calibration)
Fufhade(standqrd calibration)
Furnace(standard calibration)
Furnace(standrad calibration)
Furnace(standard ;alibration)

" Furnace(standard calibration)-

F;ame(standard cglibrétion)
Flame(standard cqlibration}

-

159.

.3?.1 1.l ppm

q

16,9 % 0.2 ppm
795+37 pb

23.4 * 0.1 ppb
.36 +0 04 ppm

15‘*;3

5.7 % 1. 4 ppb

I

3L 4+ 0.14 ppm
0.61 # 0.02 ppm -



Ni
Cr
- Co -
Fe
Mo

Element Method

Flame(shandard -calibration)"
Flame(standard calibration)
Furnace(stgndard calihfétion)
Furngce(standérd éalibration)
Flamé(séandar¢ calibration)
Furnacegataﬁdérd calibration)

Furnace(standard calibration)
Furnace(spiking)

Flame(standard calibigtiqn)‘

Flame(standard calibration)f

160, .

Result

288 + 4 ppm
36.6 + 0.4 ppnm
47?2 + 61 ppb
187 + 1° ppb
13,7 + O.4 ppm
29° + 48 ppb
23t + 47 ppb
1?1 + 18 rPb
4.27 + 0.3 ppm
0.7 + 0.1% ppm

i+



\ 161,
\
v ' Flame(standard calibration) 156 + 6 bpm /'/
| Ni Flame(standard calibration) 30.0 + 0.5 ppm
cr Furnace(standard éalibration) 1011 + 38 ppb
Co Furnace(standard calibration) 187 + 12 ‘ppb
- Fe Flame(standard calibration) 26,1 + 0.2 ppm
W ’-rmrnace('standard ca‘.'libration), 58+ 25 ppv
_ Mn Furnace(standard calibration) - 29° + 2+ ppb
Furnace(spiking) | 29° + 3% ppb
.z, Flame(standard calibration) ~ 2.5° + 0.17 ppm
Cu Flame(standard palibrétion) o \1.02 + 0,08 ppm

£
:
£
i
b
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Elemept Method
v “Flamg(aténdérd calibration)

\ M Flame(;tandard_calibrétion)‘

s . Cr Furnace(sténdard calibration)
Co Eurnace(standard calibration)
Fe . Flame(standard calibration)
Mo Furnace(standard calibration)
Mn Firnace(standard calibration)
Zn . Flame(standard calibration)

, - Cu

Flame(standard calibration)

1

-
m&ﬁ?ﬁ
.

Regult o

173 + 1 ppm 1
16.8 + 0.1 ppm
48.8 £ 5.8 ppb
64.7 + 3.7 ppb
1.79 + 0,02 ppm
N.D,
15,7
5.2°
0.63

1+

I+

1.8 ppB'
0.1° ppm
0.08 ppm .

t+ I+

1+



Element Method

v Flame(standard calibration) ‘
Ni Flame(standrad calibration)

Cr Furnace(standard calibration).
Co Furnace(standard calibration)
Fe Furnace(standard c¢ alibrafion)
Mo Furnace(standrad calibration)
Mn - Furnace(standard calibration)
Zn Flame( étanda;rd calibration)

Cu

Flame( standard calibration)

3443 + 0.9 ppm
7.88 + 0,07 prm
40.1 # O.4 ppb
25,9 + 1.7 ppb
0.21° + 0.02% ppm
N.D:

9.1 + 1.1 ppd
1.32 0.0k ppm
0.289_ + O.b&.a l;pm




Element Method ' ‘gggglg

v Flame(st;ndard calibration) 104 + 2 ppm

Ni Fléme(standard calibration) 19,5 & O.4 ppm '

Cr Furnace(standard calibrgtion)h 55001 35 pPb

Co Furnace(standrad calibration) 13° + 18 ppb

Pe Flame(standard calibration) 7.10 # o.é? ppm

Mo _”fﬁrnace(standrad éa;ibrationlmflzl + 46 ppb

Mn Furnace(standard calibration) ‘99-0'i 6.0 Ppb
Furnaee(spiking) | _ 89.t x 7.2 ppb

Zn Flame(standard calibration) 1.41 + 0,05 ppm

Gu : Flame(standard calibration) 0,60 + 0,04 ppm

-

>
-

AT 5 o o
R A N T



Ni

g &

Mo

g B

Flame(standard calibration)
Flame(standard calibration)

Furnace(standard calibration)
Furnace(standard qalibraiion)
Flame(standard Ealibration)

Furnace(standard calibration)

Furnace(standard calibration)
Furnace( spiking)

Flame(standard calibration)
Flame(standard calibration)

<

L—/' =
v
s

ST T (4]

Beggig

153 + 4 ppm
29.2 + 0.4 ppm
925 x 18 . ppb
178 + 9 ppﬁ ’
25.1 + 0.5 ppm
350
258

24

i
0

2

9
6

1+

ha
X

9
7

t

+
-

80 PPb
20 opb

1o ppb’

0.11 ppm

0.03 ppm.
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00100 PROGRAM PETRO1(INPUTsOUTPUT)
00110 DIMENSION NN(10)sOR(10),0EC(10)iWR(10) WE(10)
00120 PRINT 1 :

00130 1 FORMAT(2XsXENTER THE NUMBER OF RATIO PAIRSX)
00140 READ»N

00150 PRINT 2

. 00160 2 FORMAT(2XsR®ENTER-THE RATID VALUES AND THE MPESX)

00170 "PRINT &

00180 & FORMAT(IX,¥SAMPLE NO ORIGINAL RATIO WEATHERED RATIOX)
00190 DO 10 Isi)N [

00200 READ»NN(I)rORCI)sQECI) »WR(I) »WE(I)

00210 10 CONTINUE  * .

00220 11 PRINT 12

00230 12 FDRMAT(2X,%ENTER THE ORDER OF MPE FOR THE TESTX)

00240 READsTQ

00250 IF (TQ.EQ.0.0) GO TO 13 - _

00240 S=0,0 ‘

00270 PRINT 7

00280 7 FORMAT(2Xs%RATIO PAIRS WHICH FAIL TO SCOREX) .
00290 PRINT 8

00300 8 FORMAT(1X»%XNO ORIGINAL RATIO ' NO  WEATHERED RArxqi)
00310 DO 20 J=1,N - .

00320 DO 30 K=i,N )

00330 RD=OR(J)~WR(K) “ .
00340 RDF=ABS(RD) : '

00350 TE=TOX(OE(J)+WE(K)) . “
00340 IF (J.EQ.K) 60 TO 40 ‘ )
00370 IF (TE.GE.RDF) GO TO SO r :

00380 S=S+1 )

00390 GO TO 30

00400 50 PRINT 9sNNCJ)»ORCJ) rOE () s NN(K) s WR(K) sWE (KD

‘00410 9 FORMAT(1Xs12s3Xs2F8,4s5Xs12s3Xr2F8.4)

00420 GO TO 30 ‘

00430 40 IF(TE.LT.RDF) GO0 TO SO -

00440 §aS+1. - \

004350 30 CONTINUE , . :
00440 20 CONTINUE o '
00470 NT=NXX2
20480 PER=S2100/NT
00490 PRINT 3#NT .
00500 3 FORMAT (10X»XTOTAL NUMBER OF TESTS 1SX»2X,I3)
00510 PRINT 4,8

70520 4 FORMAT(10X,%TOTAL SCORING ISX+2XsF4.1)

00530 PRINT SsPER . |
00340 5 FORMAT(10X»XPERCENTAGE IS%Xs{X:F6.2+////)
00%5%0 60 TO 11 ‘
00540 13 STOP v .
00570 END ) 7 '

READY . )

[3

-~

>
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PEST FOR U/NI SDEL%

L

ENTER
? 10

ENTER

SAMPLE

R LR )
HODNOARGIN -

{

THE NUMBER OF RATIO PAIRS

THE RATIO VALUES AND THE MPES

NQ ORIGINAL RATIO

?.82 » 0.14 10.96
7.39 0.19 8.13
0,605 0.040 0.432
219 O0.14 2.195

® 7.87 0.26 7.87
4,74 0.26 S5.20
10.35 0.32 10.30
4,53 0412 o 4.35
5.43 0,17 9.33
J.24 0.15 5.24

—

0.38
0.39
0.043 .
0.070
0.14
0.22
o'oe
0.12

> 0.15
0.15

ENTER THE ORDER OF MPE FOR TRE TEST

To.5

3

NO  ORIGINAL RATID

- .
E-X- ¥ -F. N7 VNP

?.8200 +1400
7.5900 + 1900
7.8200 + 2600
4.7400 2600
4,.3300 +1200
S.4300 «1700
5.2400 + 13500
35,2400 +1500

RATIO PAIRS WHICH FAIL TO SCORE

WEATHERED RATIO

NO WEATHERED RATICQ

1

.

SO CWO RN -

0.9400
8.1500
8.1500
5.2000
4,.3500
3.3300
$5.2000
5.3300

TOTAL NUMBER OF TESTS I8 ' 100
TOTAL SCORING IS 92.0

PERCENTAGE IS

92.00

.

ENTER THE ORDER OF MPE FOR THE' TEST

? 1.0

RATIO PAIRS WNICH FAIL TO SCPRE
N0~ ORIGINAL RATIO

1
2 [
. -

10

*

9.8200
7.3900
7.8700

+1400
+1900

+ 2600
7 . 10 . 3300 .
10 5.2400 .

$.2400 « 1500
TOTAL NUMBER

NO WEATHERED ,RATIO

: 1 1
]
2
1 1
é
L]

F TESTS I8

TOTAL SCORING ‘IS 94.0
PERCENTAGE IS 94.00

[

e

0,94600
7.8700
8.13%00
0.9600
5.2000
5.3300
100

"ENTER THE ORDER OF MPE FOR THE TEST

A 73

+» 3800
+3900
3900 °
2200
+1200
«1500
+2200
«1500

«3800
1400
+3900
+3800
+ 2200

dij -

¢

o«

ot B e,

)?
'%
A
¥
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RATIO PAIRS WHICH FAIL TO SCORE : i
NO  ORIGINAL RATIO ND  WEATRERED RATIO
Y $.8260  .3400 1 10.9600 .3800 L
2 7.5900. .1900, 5 7.8700 1400 . . ~
s 7.8700 .2600 2 8.1500 .3900 t :
é 4.7400 .2400 8 4.3%00 - (1200 L
8 4.7400  .2600 9 5.3300 .1300
é 4.7400  .24600 10 5,2400 13500
7 ‘003300 s 03200 1 1009“0 o’M
’ 3.4300 .1700 6 %5,2000 .2200
* 5.6300 .1700 - 10 5.2400 .1%500 ;
< 10 8.2400 1300 6 5.2000 = .2200 :
10 5.2400 .1300 5.3300 . .1500. i
- e——. . TTOTM. NUMBER OF TEBTS 1S 100 ‘ v, . ‘
, TOTAL SCORING IS 89.0 . :
PERCENTAGE IS 89.00 . > , .
- o ]
\ - a .
ENTER THE onn:a OF MPE FOR JHE TEST
? 2.0
. RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIGINAL RATIO ND  WEATHERED RATIO
1 9.8200 .14 S 1 10,9600  .3800 : L
2 7 .3900 ] 1’0 . o4 5 70 8700 ] 1400 .
s ’0'700‘0 02600 i 8. 1500 0?’00
é 4.7400 +2600 ° 44,3300 +1200 ? . )
6 4.7400  ..2400 9 5.3300 1500 . L « "
6 4.7400  ,2600 10 . S5.2400 1500 . .
. z 10.3300  .3200 1 10.7400 .3800 .
24,5300 ,1200 6 3,2000 .2200 - ‘
* 9 5.4300 .1700 6 5.2000 2200 .o :
L 4 3.4300 +1700 10 .2 »1%500 .
10 %.,2400 + 1360 é i .2 +« 2200 ! . M
10 $.2400. .1500 9 $.3300 - 1500
TOTAL NUMBER OF TEBTS I8 100 L , -
TOTAL SCORING IS 88.0 ° . : .
PERCENTAGE I8 88.00 . P .
- ‘ " * ‘.
. , )
. :n;h THE ORDER OF MPE FOR THE TEBT ; : ) A
‘RATIO0. PAIRS WHICH FAIL TO SCORE :
N0  ORIGINAL RATIO: NO  MEATHERED RATIO. .
1 9.8200 .1400 7 10.3000 0800 oo ' -
2 7.5%00 1900 - S | 7.8700 +1400 L.
s 7.8700° .2400 2 8.1500 ,3%00 U
é ‘07“0 02500 0 f ‘o.m e 1200 )
' 84,7400 + 2600 4 50?@ 41500 - . )
é 4.7400 2600 10 $5.2400 & ‘
7 .10.3%00 .3200 % 10,9600 .3800
| & 4.5300 +1200 , é 35,2000 cm - C
’ 3.4300 .1700 4 5,2000 .2200 T
’ 83,6300 ,1700 10 %,2400 1300 . . :
10 $.2400 ,1300 'y 3.2000 ,2200 S
10 5.2400 ,1500 9  4S3.3300 .1%00 . ’
.o - TOTAL NUMBER OF .TESTS IS zoo - S
TOTAL SCORING I8 88,0 / ,
» - PERCENTAGE X8 88.00 T e,
- “ ?,“‘
p) I4 ‘o *
H R , : & ' ) L
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- ' ENTER THE ORDER OF ﬂPEn FOR THE TEST . ' .-
7 3.0 ot ° @ ' ' -
. ' RATI0 'PAIRS WHICH FAIL TO SCORE . .
. . - NGO’ CORIGINAL RAT§O NO  WEATHERCE RATIO : ooy
. o, 1 9.8200 .1400 7 . 10.3000 .0800 AN
2 7.9900 .1900 s 7,8700 '.1400 .
8 . 7,8700 .2600 % 8.1500  .3900 ..
s 4.7400 .2600 4.3300 | (1200
Vo8 4.7400  .2600 9 $.3300 .1500 /\\
é&  "4.7400 .2400 10 5.2400 .1%00 ‘
) 7 - 10.3%00 .3200 1 10.9400 .3800 R
8 4,5300 .1200 6 5.2000 ,2200° -
! 8 4,5300 .1200 9  .5.3300 .1500 - S
’ . 8 4,5300 .1200, 10 5.2400 L1300 . .
. 9. 35,6300 .1700 4 5.2000  .2200 \
9 $,6300 .1700 10 $.2400 ,1%0p o
10 $.2400 ,1500 4 $.2000 2200 . ©. ,
10>~ 5,2400 1500 9 5.3300 .1500 N C
. : TOTAL NUMBER.OF TESTS IS 100 e - .-
° ' TOTAL SCORING IS 4.0 ’ - : ' . Lo
. ) PERCENTAGE IS 84.00. - ‘ . .
/ ” » -
1 F N - N > '
@ . . . \ . .
. ‘ ENTER THE ORDER OF MPE FOR THE TESY 2 e
T 0.0 * . " o, ! . s
. .o SRU _ 0.823 UNTS. . . o -~
. " . . 7 L s Ko . - o
RUN COMPLETE, " , : _
- . 4 " -
- ~- ,) ! ’ - " o~ 7
N . . . ” )
N . ¢ i T
- ° ; N . :
v he ~~ #" .
« 4 %
o Q ! &
: 0 R ;
. ¢ ‘;{
. ’ ‘ ’ | SR - ;
o ! d u Y
. - ¢ . ! '
- . . R 0 -
. /r " . / . . ' o, S —
. ' ) | ,
» . - ~ . v P - f »
- ., & N » .
s , . . [ - o » . . o »
[ b % g \ , 2
o ') “? .
i ) ' ./ f - * ! o ¥
g . ., \ . I . . N ‘ \ ] /‘ X
v ) " o , 4 g i i d N *
¥ El » &) [ -
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« TEST FOR U/CR *DELE '
i o™
T ENTER THE NGMBER OF RATIO PAIRS ,
T . { :
. Y d }
. ENTER THE RATIO VALUES AND THE MPES
- , . SAMPLE NO ORIGINAL RATIO WEATHERED RATIO
. g : 71 " 4,97  0.48 . 4,78 0.22
. . 2 4,51 0.92 | 4.23 o0.32
- 74 0.475 0.043 ; 0.447 0.026
‘ ‘. e, - ?S . 0.614 0,030 0.606 0,078 >
o 1?6 0.1295 0.0045 0.1543 0.0082
. . . *7 3.77. 0.17 3.54 0.42 '
' i 78 0.793 0.078 0.855 0.024 .
< To¢ 0.2298 0.0094 © 0.189 0,012
C, T 10 0.1413 0.0070 0.14652 0,0054
J
] :; ‘1 - « \A
- ’ * PR X
\ * » r'ﬂ - N 4 , ~
’ ~ - ENTER THE nnn:a OF MPE FOR THE tesr )
1 0.5.
RATIO PAIRS WHICH FAIL TO SCORE
P NO ORIBINAL RATIO, NO - NEATHERED RATIO .
, 2 . 4.5100 .9200 1 4,7800  .2200
o . é +1293  ,0045 6 +1543 . 0082°
: 8 7930 .0780 8 8550 .0240
. . .9 +2298 0094 ’ .1890 .0120
. e h X 10 Mu .0070 10 +1632 0054 )
. = TAL NUMBER OF TESTS I8 61 L) »
) 4.  TOTAL BCORING IS 76.0. )
s . " . PERCENTASE 18 <93.83
:l L a4 » L ‘. q ' A -~ -
R h hatt . ‘ ) ‘
T ., ?tuznm:mnormroamrm, A
. L S~ i,
L aale . e e a; t/;) PAIRS WHICH FAIL TQ SCORE - 3"
s R T B RR A CIC "nn ORIGINAL RATIO- NO  WEATHERED RATIO .
. Ve, ST u,,nl’., W a9 9700, +4800 2 ., 42300 "\ L3200 [
LR R, o 2,0 4.8100 8.9200 | 1 T 47800 .2200 -
. . t * L2 403100 7 305;3 04”0 . . .
.y s - 6 .129% & 1 ) .ogg \
v , v 2 .3.7‘700 2 4.2300 .3 .
S . - - e +2298 +1890  .0120 .
S « e . T10 7 -»1413 +,1543  ,0082
T P 10! .1413 11652 0054 ’
B . ' TOTAL 81
» . o3 TOTAL scoangn.xa 73.0
o o PERCENTAGE 18, 90.12 \
. ‘ ! * . .
I. % e N . 1 4
‘ s " : ‘: e ¢ i ’ )
N - * ' ‘c . N ~ * . ‘d
‘ty’ . > D. .....K.....‘;l - --_?'- o e - e ...‘.: ———— . . »
.o Y e - ! « (e § ~
TS b i - , | - s . . .
NS e e - . \ 5 T
R A R T VA ‘
f "A :. e N"r’ ’; -~ - ~ ? - a2 K ’r' }\ .o, ". A v ”,L -
‘. , 1 B .- ' ‘\\ . “‘% \‘ l’ ‘5 N £
-4 . i P o ‘o K
A I - I S Dot . - )
- . ’*:\ ' 7o ‘ . Yo L 7., ! 3 ,
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s tﬂ;&.ﬂ (1,3 UKUI:R UF MPE FUR IME 1EST !
y ? 1. ‘e
' RATIO PAIRS WHICH FAIL TO SCORE '
v . N0  ORIGINAL RATIO NGO  WEATHERED RATID .
. i 49700  ,4300 2 4,2300 3200
v 2 4.3100  .9200 1 4,7800 .2200 -
by 2 425100 49200 7 3,5400 .4200
A 4750  ,0430 ] 16060  ,0780
“ ' 6 11295 ,004S 6 .1543  .0082 v
. ? 3.7700  .1700 2 4.2300 .3200 »
g 7930  ,0780 s 16060  ,0780
9 +2298 L0094 ® + . .1890 .0120 v
10 413 00720 s (1543 ,0082
10 (1413 L0070 10 (1652 0054
. : TOTAL NUMBER.OF TESTS IS g1°
TOTAL SCORING 18 71.0 ‘
PERCENTAGE 18 87.45 :
% .
I , v ’ .
ENTER THE ORDER OF MPE FOR THE rzsr
7 2,0
RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIOINAL RATIO NO  WEATHERED RATIO
1 4.9700  .4800 2 4.2300 ,3200
1 . A.9700  .4800 7 3.5400  ,4200
. 2 4,5100 .9200 - 1 4.7800  ,2200 - .
- "2 4.5100 .9200 7. 3.5400 4200 :
. 4 4730  .0430 s 16050  ,0780 n
. 7 3.7700 .1700 2 4,2300 ,3200
. . L7930 0780 s, 16080 , ,0780 .
. , 10, 1413 0070 6 +1543 ~ ,0082
* ¢ TOTAL NUMBER OF TESTS IS 81 o °
o TOTAL SCORING IS 73.0
5 ' ‘ . PERCENTAGE 18 90.12
| | :
\ - . - * .
| I -
i P ’ :u;m THE ORDER OF MPE FOR THE TEST
; . RATIQ PAIRS WHICH FAIL TO SCORE )
3 N0 IOINAL RATIO - NO  MEATHMERED RATID
A , 1 4.9700 _ .4800 12 4,2300 ,3200 .
g . . 1 4.9700 NMp 4800 7 3.5400  ,4200
g : 2 4,3100 200 1 4.7800  .2200
2% 4.5100 .9200 7 3.5400 4200
- +47%0  .0430 .5 +6060 :  ,0780
\ . 7 3.77200 . ,1700 * 2 4,2300 (3200 »
X ' s +7930 .ono s +6060 . ,0780
- <10 1013 é v1543  ,0082 "
- ao : TaTAL nunm OF TESTS 1S 61
.. : : TOTAL SCORING IS 73.0 . .
Y - e T PERCENTAGE IS 90,12 )
- ] . .
¢ - « - ) > '
-,gngm-mtanundrm FOR THE TEST -~
o : L T 3 L ! ' o
D vt " RATIO PAIRS WHICH FAIL TO SCORE .
- . Yo s MO ORIGINAL RATIO NO- WEATHMERED RATIO .
A "4.9700 ..4800 2 4.2300. (3200
2 449700 4800 - 7 < 35400 - .4200 ° .
w.swo 39200 14,7800 | 42200 . .
- s ! '.] 5 v
¢ b ) !
5 ' ¢ -

.
3
“




4.5100  .9200 . 3.5400  .4200

2 7
4 +A7%0 » 0430 5 +6040 0780
-] + 6140 +0300 4 +4670 0240 Ca
‘7 3.7700 1700 1 23,7800 ,2200
. 7 3.7700  .1700 2 4.2300 .3200 -
8 7930  .0780 s 6040  ,0780 9 .
10 1413  .0070 é 1543 ,0082
10 .1413  .0070 9 +,1890 .,0120
’ - TOTAL NUMBER OF TESTS I8 81 -
TOTAL SCORING I8 70.0
. PERCENTAGE IS 86.42 -
- ENTER THE ORDER OF MPE FOR THE TEST
1 0.0 . ) i
a . . ¢
"SRU | 0.766 UNTS. . .
RUN COMPLETE. . ' . "
' . ) . L ‘{Qy \
\ LY - N
AN / .
s \ ) N ¥
e - . . : .
2 -
4 H L]
- / ' | ,
‘ ? c .
/ ) \
) lJ . . . ' ./
’ % - , \ -
Ay ’ - A‘ N “ 1 ~
! - “ i ° + N
i < N ! < b * .. ) ~
¥ . - ° . .
: : . : J
3 v ;oo . 3 R DR .
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- . . :
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7 1.0

B TEST FOK v/CO xuElLs

RNH : . ' .

zgrzk THE NUMBER OF RATIO PAIRS
i 2t -

ENTER THE RATID VALUES AND THE MPES
SAMPLE NO ORIGINAL RATIO WEATHERED RATIO

?,1 2.78 0.13 3.30, 0.39
T2 1.446 0.075% 1.624 , 0.090
T3 0.234 0,036 0.238 0.037
T A 1.52 0.11 1.585 0.048
rs 1.37 - 0.11 1.%54  0.12

N ) 0.888 0.048 0.843 0.06
*7 1.980. 0,062 2.7 0.15
78 1.07 0.13 1.37 0.10
Ty 0.831 0.024 = 0.764 0.091
?10°

6,33 0.21 " 6.10 0.20

~ >
\ o~ i

. ENTER THE ORDER OF MPE FOR THE TEST
? 0.9 ’
RATIO PAIRB WHICH FAIL TD BSCORE .

TOTAL NUMBER OF TEBTS I8 100
TOTAL SCORING IS 87.0
-~ ' PERCENTAGE 18 87:00

L e
.. ENTER THE ORDER OF MPE FOR THE TEST *

RATIO PAIRS WHICH FAIl TO SCORE

237800 -1300 N

14460 }0730

1.,%460° L ,0750

1.4440 +0780

g . 1,5200  :3100° .

“,‘f:'x:IQSQQQg «11Q0+ .
C ‘1’2300 .;100

* - R '
s \:'

TRUNBUNN

¢ s e

1.5400 : .
¢+ 1.3700 © 1000
1,6240° 9900

" 1.5400 . .1200
<7 1,3700 .1000. .

‘-

f

' NO  ORIGINAL RATIO $ NO  UEATHERED RATIO

1 2.7800 +1300 1 3.3000 + 3900
1 2,7800 ,1300 ? 2.4700% .1500
2 1,4460 .0230 2 1,6240 .0900
2 1,4440 - ,0750 s 1.5400 .1200
2 1.4460 .0750 8 1.3700 .1000
4 1,5200 .1100 S 1.5400 .1200

- S 1.3700 .1100 s 1.5400 1200
s 1.37200 .1100 '’ 8 1.3700 .1000
7 1.9800 0620 7 2.4700 1500
8 ‘1.0700  .1300 8 1.370

e ? 8310  .0240 b +8430
’ 8310 0240 9 + 7640

.4\30 6.3300 ' .2100 - 10 641000

NO- . ORTGINAL RATIO NO  WEATHERED RATIO
: T 24700 . 1500
1.6240 0900

200




~

[

CaOaN>UY

1.4/700
8880
1,9800
1.0700
+8310

#1300
«0480
+0420
21300
«0240

omNOYXx

TOTAL NUMBER OF TESTS IS 100
TDTAL SCORING IS §8.0

PERCENTAGE IS8 88.00

»

ENTER THE ORDER OF MPE FOR THE TEST

T 1.3

RATIO PAIRS WHICM FAIL TO SCORE '

NO  ORIGINAL RATIO

COBNOGPURURSSIDNNN~

2,7800.

1,4440
1.4440
1.4440
1.3200
1.8200
1.320Q
1.3700
1.3700
1.3700

8880

1149800

1.0700
1.0700
8310,

+1300

+0730
0780
+07%0
+1100

+1100 .

+1100
«1100
+«1100
+1100
«0480
+0620
«1300
+1300
+ 0240

»

coqomqp’maumu»vs

j s
]
1.3/00 » 000
+ 7640 +0910
2.4700 °  .1500
1.3700° 1000
+8430 « 0640
\ .
mt:n RATIO
© = 204700 +1300
1.358%50 +0480 .
1.5400 «1200
1.3700 +1000
1.4240 0900
1.5400 +1200
1.3700 +1000
1.4240 .0900
1,38%50 «0480
1.3700 «1000
“40 0910
44700 +1500 ¢
.8430 +0640
< 47640  .071Q
,8430  .0440

TOTAL NUMBER OF TESTB 18 100
TOTAL SCORING I8 85.0

. PERCENTAGE IS 85.00

.

ENTER THE ORDER OF MPE FOR THE TEST

T 2.0

RATIO PAIRS WHICH FAIL.TO SCDRE

&

s

v et d g

NO ORIGINAL RATIO NO  WEATHERED RATIO
1 2.7800 1300 7 2,4700  ,1300
2 1.4440 0750 . 1.5850  ,0480
2 1.44580 + 0730 - ] 1.5400 +1200
.2 1.4460 . ,0730 8 13700  ,1000
R "8 1,5200 .1100 2 1.4240 ° 0900
LN 1,5200 +1100 -] 1.3400 + 1200
41,5200 .1100 8 1.3700 ,1000
] 1.3700 1100 2 1:64240 0900
s 1.3700 +1200 ‘4 1.5830 : 0480 ‘§'~
] 1.3700 .1100 ] 1.3700 .1000. °
é .0680 .0480 ? 27640 0910
' ? 1.9800 .0620 ? 2.4700 .1500
] 1.0700 -.1300 s 1.5400 .1200
. 8 1.0700 1300 .. 4 18430 |, 0640
’ 8 1,0700 .1300 - .9 7440 - 0910
) ? v 30 +03 é ++ 5430 0440
v . " .TOTAL Nun OF TESTS I8 100
* ] C TOTAL S8CORING I8 84.0 . oo
— _ PERCENTAGE IS 84.00 - : ‘
« . . 4 ’ -
. \ : , \
‘ ) - ENTER THE ORDER OF MPE FOR THE TEST ' ' A <
7 Y. 0




.-
!
€
7 2.8
. .. . RATIO PAIRS WHICH FAIL ro scoas
NO ORIGINAL RATIO WEATHERED RATIO
1 2.7800 1300 7 2.6700 1500 —
v 2 1.4460 ..0730 4 1.5850  .0480
2 1.4440 .07%0 s 1.5400  .1200
2 1.4460 .07%0 8 1:3700  .1000
4 - 1,5200 .1100 2 1.6240 0900
4  1,5200 .1100 5 1.5400 .1200
4 1.5200 .1100 8 , 1,3700 .1000 .
s 1.3700 .1100 2 V' 1.6240 ,0900
. S 1.3700  .1100 4 1.5850  .0480 -
5 1.3700 .1100 8 1.3700 .1000
. 4 .8880 .0480 9 17640  .0910
"7 1.9800 .0620 2 1.6240  .0900
7 1.9800 ,0420 5 1.5400  .1200:
4 1.9800 ' .0620 7 2.6700 .1500
) 1.0700 .1300 S 1.5400 41200
' . 8 1.0700  .1300 IS +8430  .0440
e 1.0700 . .1300 ) 9 .7640  .0910
' . 9 +8310 © & " .BA30  .0640
: . TOTAL nﬁnn:n OF ‘TESTS IS 100
TOTAL SCORING IS 82.0
PERCENTAGE IS 82.00
“
ENTER THE ORDER OF MPE FOR THE TEST
? 3.0
. RATIO PAIRS WHICH FAIL TO SCORE
\ R NO .ORIGINAL RATIO NO  WEATHERED RATIO
" N R ¢ 2.7800 +1300 7 2:46700 +1300
. . 2 1.4460 . 0730 4 1.5850  .0480
2 1.4480 .07%0 s 1.5400  .1200
‘ . 2 1.4440 ,0790 8 1.3700  .1000
] ( 4 1.5200 .1100 2 1.4240  .0900
. 4 1.5200 .1100 s " 1,5400 ,1200
.4 . 1,5200  .1100 8 1,3700  .1000
i 1.3700  .1100 2 1,6240  .0900
: s 1.3700 .1100 4 1.5930, .0480
s 1.3700 ,1100 e 1.3700°  .1000
. é .8880 .0480 9 .7640  ,0910
S ? 1.9800 .0620 1 3,3000 .3900
e+ 7 1.9800 .0620- 2 1,6240  ,0900
r4 . 1.9800- ,0620 S 1.5400 . .1200
. ? 1.9800 .0420° 7 2,4700 1300
. . ] 1.0700 .1300 2 1.5240 © 0900
: , 8 1.0700 .1300° 4 1.58%0 . .0480
- . 8 1.0700. .1300 s 1.5400 .1200
8 1.0700 .1300 6 8430  .0640
M a . 140700 «1300 9 . 7640 0910
. R K ~8310 ,0240 6 8430 40440

TOTAL ' NUMBER OF TEBTB 18 100
TOTAL SCORING I8 .79.0
PERCENTAGE I8 79.00 °

-~ o

-
[ 4

~

Y
’

. .,‘i gﬂ;ﬂ THE ORDER OF NPEXDR T”E TEST ’ »
MR ¢ . - e 2

',‘;aiu";‘ 0.931 L
: qu COMPLETE, (AT

176.
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1 348.0000 59,0000

- .

-

2 322 .9000 23: QQOO o N N

.
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TEST FOR V/FE SDEL%®
»
RNH : -
ENTER THE NUMBER OF RATIO PAIRS . ) o
re . ' . .
ENTER THE RATIO VALUES AND THE MPES. T
BANPLE NO ORIGINAL RATIO WEATHERED RATIO
71 368 59 348 30 ~ . .
’2 316 63 322 28 ° | -
TS 20,45 0,55 ,21.02 0,68
6 5.32 0.12 5.98 0.23 - .
+7 101.1 6.4, 96.6 1.2 I . ]
vre. 154.9 8.5 163 19
T 14.73 0.52 14.565 0.32
? 10 4.3 0.21 6.10 0.20
ENTER THE ORDER OF MPE FOR THE TEST
T 0.3 .
ATIO PAIRS WHICH FAIL TO SCORE '
NO  ORIGINAL RATIO NO  WEATHERED RATIO
© 2, 316.0000 63,0000 ©1 348.0000 30.0000
6 8.3200 . .1200 6 3.9800 .2300
7  101.1000 &.4000 ? 96,4000 1.2000
10 6.3300 .2100 10 6.1000 .2000 © g
) TOTAL NUMBER OF TESTS IS 64
. " TOTAL SCORING IS  60.0 . .
PERCENTAGE. IS 93.75 N ‘
£
ENTER THE ORDER OF MPE FOR THE TEST
? 1.0 .
RATIO PAIRS WHICH\FAIL TO SCORE ~ .
NO  ORIGINAL RATIO NO  WEATHERED RAYTIO -
1 368.0000 59.0000 2 322.0000 28.0000
2. 316.0000 63.0000 1 348.0000 30.0000 i -
é $.3200 ,1200 6 5,9800 .2300 : .
10 wr6.3300 .2100 , & . S5.9800 .2300
TOTAL NUMBER OF TESTS IS 44 , -
TOTAL SCORING 18 60.0 ) . :
PERCENTAGE I8 93,75 S
ENTER THE ORDER OF MPE FOR THE TEST '
T i.5 - , .
RATID PAIRS WHICH FAIL TO SCORE . .
_NO | ORIGINAL .RATIC NO  WEATHERED RATIO A o

S e T Rk At G b L b e e A ARG,
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°
f

e d

’ ) N 178. o
*
2 318.0000 43.0000 1 348.0000 30.0000 £ L. A .
é $.3200 +1200 "4 5.9800 ,2300 :
10 6.3360 +2100 é . %.9800 .2300
. TOTAL NUMBER OF TESTS IS' 64 i |
TOTAL SCORING IS 640.0 . ‘
. ' PERCENTAGE IS 93.7% :
) “ 1'5’"“ THE ORDER OF MPE FOR THE TEST
.0
, . . RATID PAIRS WHICH FAIL TO SCORE .
. . . NO ORIGINAL RATIO NO  WEATHERED RATIO
' 1 . 348.0000 59.0000 2 322.0000 28,0000 S
2 316.0000 63.0000 1 348.0000 30.0000 ' . .
‘2 31‘-0000 ‘300000 8 16300000 1900000 '
10 6.3300 .2100 4 5.9800 .2300
, TOTAL NUMBER OF TESTS IS &4
TOTAL SCORING IS 40.0 « : :
) .  PERCENTAGE 18 .93.7% - ‘ :
/ :
’ I . N
ENTER THE ORDER OF MPE FOR THE TEST
T 2.9 ' * y >
RATIO PAIRS WHICH FAIL TO SCORE-
N0  ORIGINAL RATIO NO WEATHERED RATIO .
. ) 1 _ 368,0000 59.0000 2 322.0000 28.0000 ' 4
316.0000 63.0000 1 348,0000 30.0000 , '
) i 2 316.0000 43.0000 8 143.0000 19,0000 - o,
. é $.3200 . 1200 ¢ 10 6.1000 +2000
-7 xo‘l.xooo 644000 8 163.0000 19.0000
L . 10 «3300  .2100 6 5.9800 ° .2300 :
¢ ] TOTAL NUMBER OF TESTS IS ° 44 . !

. : . .TOTAL SCORING IS -58.0
\ PERCENTAGE IS  90.43

ENTER THE ORDER OF MPE FOR THE TEST

? 3.0 * - .
RATIO PAIRS WHICH FAIL TO BCORE ¢
N0  ORIGINAL RATID NO WEATHERED RATID

> 368.0000 39,0000
348,0000 39,0000 143.0000 1%.0000 '
314.0000 63,0000 348.0000 30,0000 \ |

1 < 322.,0000 28.0000
1 e
2 1
2 314.0000 43,0000 8 .1463.0000 19,0000
é 10
? 8
0 é

J

[

5

.'Si
4

U

i3
e

9.3200 «1200 46,1000 ,2000
101.1000 &.4000 143.0000 19.0000 : ,

. 6.3300  ,2100 $.9800 . .2300
\ ‘ ‘TOTAL NUMBER OF TESTS 18 44 . ,
. L , " TOTAL SCORING 18 57,0 -
Voo - PERCENTAGE I8 89.04 ‘ .
. ‘ ) . . » \-
t . + . o * . : K . . A ¢ Y
e ENTER THE ORDER OF NPE.FOR ‘THE TEST -
RO ' ? 0,0 . . .
el T T Rt ode7sTuNTs, o b o L

Ut RN COMPLETE.




v

!

ii?r‘?&‘wm “WELE a‘

RNH

ENTER THE NUMBER OF RATIO PAIRS .

Ty

ENTER THE RATIO VALUES AND THE MPES

QWLE NO ORIODINAL RATIO

78 1.81 0.20
Té 0.534 0.0489
7 10.4 1.4
te 1.31% 0,081
?) 10 0.4613 0.064

WEATHERED RATIO

1.8 0.8 ° °
0.332 0.0724

10,9 1.2 +°
1.17- 0.10

0.632 0.031

iNTER THE ORDER OF NPE FOR THE TESTY

7 0.5

RATIO PAIRS WHICH FAIL TO SCORE

NG  ORXBINAL RATIO

NO  WEATHERED RATIO

1 4 1.3190 .0810 ? 1.1700 '.,1000
. TOTAL NUMBER OF TESTS IS 23 o
» TOTAL .BCORING I8 24.0 -

PERCENTAQE I8 %6.,00

-

ENTER THE ORDER OF HPE FOR TH! TEBT

7 1.0

RATID PAIRS WHICH FAIL TO SCORE -~ .°

NO  ORIGINAL RATIO
é «3340 1, 046790
+ 4130 «0640

NO  WEATHERED: RM’ Iﬂ
10 +6320 .0310
.3 +5320 .0740

TOTAL NUMBER OF TESTS I8S. 23

TOTAL SCORING IS
FERCENTAGE I8 92.00 ’

‘

r
L4

23,0

ENTER THE ORDER OF MPE FOR THE T!BT

T 1.% )
RATI0 PAIRS WHICH FAIL TO SCORE . A

NO  ORIGINAL RATIO »  NO  WEATHERED RATIO
& 5340 0490 10 «6320 . 0310
9  1.3190 ,0810 . % - 1.4800 .1800
10 6130 .0640 +5320  ,0749

é
TOTAL NUMBER OF TESTS IS 2%

. JOTAL BCORING I8

PfRCENThGE ‘I 88.00

22.0 1

~

rs




. = .
= 1 \ ‘ o
\
| 180,
- k]
I ’ . R .
T 2.0 .-
RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIGINAL RATIO - NO  WEATHERED RATIO
. & .5340  ,0690 10~ . ,6320 .0310
-~ ] 1.3190  .0810 s 1.4800 .1800
10 © +6130 . .0640 ° 6 .5320 .0740
. TOTAL NUMBER OF TESTS IS 25
. . TOTAL SCORING I8 22.0
PERCENTAGE IS 88.00 .
\ ENTER THE ORDER OF MPE FOR THE TEST °
7 2.5
RATIO PAIRS WHICH FAIL TO SCORE
* N0 ORIGINAL RATIO NGO  WEATHERED RATIO ..
.8 1.8100 ,2000 ? . 11700 .1000 )
o é +3340 0690 10 +6320 ' ,0310 ‘ :
’ 1.3190 .0810 H 1.6800 .1800 C ‘
. 10 «6130  ,0640 é .5320 ° .0740 ,
. ’ , TOTAL NUMBER OF TESTS IS 2% ’ .
A TOTAL SCORING I8 21.0 . :
\ : PERCENTAGE IS 84.00 . : ) -
) A} . .o ° N X // r/
R . - ( {.
"ENTER THE ORPER OF MPE FOR THE TEST ' N
? 3.0 o «
RATIO PAIRS WHICH FAIL TO SCORE ) S
. NO  ORIGINAL RATIO NO  WEATHERED RATIO — , .
s 1.8100 ,2000 - 9 1.1200  .1000 C .
: s 5340  ,04%0 10 .6320 . .0310
Yo ’ 1.3190 .0810 5 1.6800 .1800 .
10 6130  ,0640 ' 6 +5320 ' ,0740
' ‘ TOTAL NUMBER OF TESTS I8 25 .
: TOTAL SCORING 1S 21.0 ; ,
PERCENTAGE IS 84.00 : o
s ° . ' L
V &
v ¢ ’
ENTER THE ORDER OF MPE FOR THE TEST ot R
? 6.0 . . . ‘
e SRU | 0.397.UNTS. S ' o
. ) s ‘. . N ' . ‘
! o RUN COMPLETE. : ‘ . . -
L8 : A . : - “ ot ’ o T R . C* -
b Ny ~v [ - * ~
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TEST FOR NI/CR SDELX

N .- « W

RNH 4
4
ENTER THE NUMBER OF RAT*O PAIRS
9

ENTER THE RATIO VALUES AND THE MPES

SAMPLE NO ORIBINAL RATIO WEATHERED RATIO
0.506 0.048 0.436 0,013
.39 0.42 0.3518 7 0.044
0,217 0.013 0.212¢% 0,010
0.0780 0.0034 0.0770 0.0099
0.0274 0.0016 0.0287 0.0012
0.344 0.013 0.344 0,041
0.173 0.017 0.1943 0.0026
0.0408 0.0013 0.03%54 0.0024 "

0 0.0270 0.0012 0.0315 0.0008

R R L L
= ODNOCUDN -

ENTER THE ORDER OF MPE FOR THE TEST

7 0.5
RATIO PAIRS WHICH FAIL'*TO SCORE
NO  ORIGINAL RATIO NO  WEATHERED l?ATtO
1 * 45060 . 0480 1 + 4340 +0130
1 + 3040 - 0480 2 <3180 +0440
' é <0274 00016, é 002’7 -00!2
8 +1750 0170 8 « 1943 + 0024
9 +0408 ' ,0013 9 + 0334 +0024
10 +0270 «0012 10 «0313 « 0008

TOTAL NUMBER OF TESTS IS - @1
TOTAL SCORING I8 73.0
PERCENTAGE 18 92.39

’ -

ENTER THE ORDER OF MPE FOR THE TEB‘I'
? 100 )

. - RATIO PAIRB ‘WHICH FAIL TO SCORE
- NO ORIBZNAL -RATIO. . NO  WEATHERED RATIO

1 +3060 ,0480 1. 4340 .0130
1 +5060° .0480 2 T JH180 0440
8 +1750  ,0170 8 <1965  .0024
R 4 « 0408 « 0013 ? - .03%4 + 0024
10 ©  .0270 .0012 10 0318 .0008
¢ Cy TOTAL NUMBER OF TESTS 18 &1 -
. TATAL SCORING IB 76.0
. PERCENTAGE 18 93.83 i
‘ ENTER THE *ORDE o:-' m's FOR 'THE TEST - O

.7

v

181,

|
|

Y B s e



. N ) *
: : . N A 1824
. o "
- “ *
. & T 1.5 - e '
» RATIO PAIRS WHICH FAIL TO SCORE
$ - NO  ORIGINAL RATIO NO  WEATHERED RATIO
| +5060 04RO 2 L5180  .084C
i -~ 2 +5900  ,1200 1 +4360  .0130
4 «2170  .0150 8 »1945  ,0024
8 +17%0 .0170 4 +2120 ,0100
10 « 027 10012 6/ -+ .0297 , .0012
10 . 027 +0012 10/ 0318 ,0008 ‘
TOTAL NUMBER OF TESTS IS 81 " .
TOTAL SCORING IS 75.0
PERCENTAGE 18 92.59
- ° ‘ L4 \.
- ENTER THE ORDER. OF MPE FOR THE TEST \
T 2.0
RATIO PAIRS WHICH FAIL TD SCORE .
NO  ORIGINAL RATID NO  WEATHERED RATIO
o . 1 - 45060  ,0480 2 5180  .0440 ’
1 +5060  .0480 7 +3440  ,0410
. 2 .5900 .1200 1 +4340  .0130
‘ . 2 +3900  .1200 7 «3440  .0410 . .
. 4 .2170  .01%0 8 41945 ,0026 :
5 . +0274  ,0016 10 «0315  ,0008 . )
- ] #1750  ,0170 4 42120 0100
\\\\‘ 10 »0270 40012 6 «0297  ,0012 ,
* 10! <0270  ,0012 10 10315 ,0008
L . TOTAL NUMBER OF TESTS IS 81 A oo .
: TOTAL SCORING IS 72,0 . . C
. * PERCENTAGE IS 88.89 . -
’ gu;tﬁ THE ORDER OF MPE FOR THE TEST .
f RATIO PAIRS WHICH FAIL TO SCORE ' -
. NO  ORIGINAL RATIO NO_ - WEATHERED RATIO -
. , 1 +5060 ' .0480 2 ,5180  .0440
1 »35040  .0480 7 +3440  ,0410 : - !
2 .5900 .1200 . 1 . +4340  ,0130 -
S - +5%00 ,1200 7 23440 . ,0410 . 3
4 ’02170' +0130 7 + 3440 +0410
4 +2170 . .0180 8 L1945 ,0024 :
‘ 6 +0274  ,0016 .9 0354  ,0024
: & T +0274  -,0016 10 ‘.0315  ,0008 . '
L] +17%6  .0170 4 .2120  ,0100 . S
10 e0270  ,0012 6 0297  .0012 : ;
W - A . .0270  .0012 -9 ,0354  ,0024 : .
T TOTAL NUMBER OF TESTS 18 ‘81 ‘ ) " . -
oL “.- ".TOTAL SCORING IS 70.0 - ' . o%
. P PERCENTAGE I8 86,42 . ' :
. . D . . ) A .
-~ N s . 1 - \ N ’ ' . .
> ENTER THE ORDER OF MPE FOR THE TEST ° ‘ . A
: L %0 . e oo
LD e . RATIO PAIRS WNICH FAIL TO SCORE ' :
e NO . on:ﬁxna; RATIO NO u:atusnsn RATIO ‘ -
N N 1 +%040 0480 -2 +S1B0 ' 0440 . LA
: Lo ~ ok +5040 0480 7 © « 3440 +0410 . [ RN ‘L':
SR %5900 L1200 . . 1. 24360 - 10130 e % : RN
- A 4 22420 0100 T R e

‘3?00 +1200

,473‘ :v M‘_

4 f“ \i
Hh e *%i%
b %*ﬁhﬁh i




AR TR T

“r

eq

+3900
& "e2170
+2170
+ 0274
0274
+ 3440
+ 34640
+17%0
+17230
+0270
«0270

COMBNNGCOGH»ON

Bl

b

+1200
+0130
S +0130
«0016
+ 0016
+«0130
+0130
+0170
+0170
+0012
«0012

+ 3440
+ 3440
+1943
0354,
+ 0313
+ 4360
+3180
+2120
+ 3440
+0297
9 + 0354

-
O NIN=COONN

TOTAL NUMBER OF TESTS IS 81
TOTAL SCORING IS 66.0
PERCENTAGE I%° 81.48

T 0.0

SRU " 0.7%7
RUN COMPLETE.

UNTS.

Y

ENTER THE ORDER OF MPE FOR THE TEST,

0410
«0410
- +0024
30924
«0008
+0130
0+ 0440
+0100
0410
0012
+0024

o

a
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TEST FOR NI/CO XDEL¥

!NTER THE NUMBER OF RATIO PhIRB

T013DELS
: 10

ENTER THE RATIO VALUES AND THE WPES
SAMPLE NO ORZGINAL RATIO

WEATHERED RATIO

1

7.8 0.283 0.012 0.301 0.035
T, 0.190 '0.010 0.199 0,013
T3 0,387 ° 0,082 0377 0.035
74 0.495 0,029 0.7222 0.009
?' ] 0,174 V.014 0.196 0,016
*é - 0.188 0.013 - 0.162 0.01%
*? 0.1913 0.0034 0.259 0,018
T8 0.23% 0,027 0+313 0.022
19 0.1477 0,0019 0.143 04017
) T 10 0,1465 0,0040 0,1640 0.008

ENTER THE ORDER OF MPE FOR THE TEST

7 0.3

1

o
RATID PAIRS WHICH FAIL TO SCOR

69

‘N0 ORIOINAL RATIO NO EATHERED RATIO
2 +1900 .0100 - 8 +1960 - .0140
¥ +4930  .0290 4 7222 L0091
s +1740  ,0140 s <1980 ,014
. +1740  ,0140 4 V1420  .011
8 »1740  ,0140 0 +1640 ,0086
é .1880 ,0130 2 +1990 ',0130
6 1880 0130 s +19460 < ,0140
é ,1880 - ,0130 é .+1620 ',0110
7 v1913  ,0034 2 +1990, ".0130..
7 ) 1913 ,0034- 7 «2590 .0130
‘'8 ° .,23%0 ° ,0370 8 _ 3150 .0220
10 +1465  .0040 ® +1430  ,0120
© 10 + 1443 0040 10 +1440 » 0084 ..
. TOTAL NUMBER OF TESTS IS 100
TOTAL SCORING IS 86,0 .
PERCENTAGE 18. 84,00
\ ~
Eu‘rtn THE ORDER OF npe FOR THE TEst g\
7 1.0 .
RATIO PAIRS WHICH FAIL-TO BCORE :
NG ORIGINAL RATIO NO ' MEATHERED RATXO
«2830 .01 - 2 +2590 . afso
1. 2830 . 0120\ w . V3150 0230
2 J1900 0100 \ L +1980  .0160
I ' L3870 40420 1T, 3010 ,03%0
'3 [ .3870 .0820 .8 .+3150  .0220
-8 v1740.- .0140 2 » .1990 +0130
5 | +1740, 40140, '8 420 . .ouo
RN ) b
-~ x.\;"."";{ ’A 1::‘. ', (..‘ s 'l

-

2

»

-
.o\ f .
«&
“ .
. L]
]
I
)
.
- L
4 -
. s
3
. .
.
L
P
v
t
0 7
4
P ‘
b . '
N a 4 .
> M !
'1
4 l
{ ’ , »
Q,"; - !
N £
./"
L ]
T
)
a
. M
R
Y
a4 ,
LXY f
b
. AF
! .}/‘1 P
' A
P
/ .
- - - K
* $
& 4/ 1
’ A . 3
ros é




J X
¢ i
' V4
s +1740 0140 10 . 1640 \.ooaa»
6 +1880 .0130 2 ,1990 40130
s .1880 .0130 ] 1960 10160
s .1880 .0130 s - 11820 . Joi10
7 .1913  .0034 2 .1990  ,0130
. 7 «1913 ,0034 5 +1960  ,0140
\ 7 +1913  ,0034 7 .2530 0150
o 8 « 2330 ,0270 2 .19%0  ,0130
) e 8 .2350 .0270 ] +1960 .01
\/ 8 +23%0 .0270 7 .« ,2%90 015
£ e +2350 0270 8 ,3150  ,0220
| , 10 41445  ,0040 9 ,1430  ,0170
) 10 «1465 0040 10 1440  ,0084

\ TOTAL NUMBER OF TESTS IS 100
! i TOTAL SCORING IS 80,0
o, , PERGCENTAGE IS 80.00

'

ENTER THE ORDER OF MPE FOR THE TEST

? 1.3

RATIO PAIRS WHICH FAIL TO SCORE

PERCENTAGE IS , 73.00

ENTER THE ORDER OF MPE FOR THE TEST

T 2.0

RATIO PAIRS WHICH FaAIL

TO SCORE

»

NO  ORIGINAL RATIO NO  WEATHERED RATIO
i} 1 .2830 .0120 3 3770 .0850
1 .2830 .p120 7 ,2590 0150
1 .2830 .0120 8 J31%0  .0220
2 +1900 .0100 5 .1960  ,0140
2 +1900 .0100 ) .1620  ,0110
.2 .1900 .0100 10 ,1640  ,0086
3 +3870 ,0420 1 .3010  .03%0
3 .3870  .0620" :g8 J3150 0220
: H +1740 .0140 2 .1990  .0130
s +1740 . ,0140 & +1620 0110
5 +1740 .0140 9 .1430 .017Q
s +1740 .0140 10 .1640  ,0085
& .1880 .0130 2 +1990 . .0130
é .1880 .0130 5 .1940  .0160
o & .1880 .0130 9 .1430  .0170
6" .1880 .0130 - 19 +1640  .0086
7 «1913  .0034 2 . +1990  .0130
. 7 1913 .0034 s +1960  .0160
7 +1913  .0034 7 +2590  .01%0
8 .23%0 .0270- 1 +3010  .0350
8 .23%0 .0270 2 L1990  .0130
8 +23%0 .0270 5 19640 0160
8 +23%0 .0270 ° 7 .2590  .0150
8 +23%0 .0270 ] +3150  .0220
.9 +1477 0019 "6 .1620°.  .0110
10 +1465 0040 é 1620 0110
10 +1468 | .0040 . 9 . . 1430 ,0170
TOTAL NUMBER OF TESTS IS 100
TOTAL SCORING IS. 73.0
[} / o ~

NG ORIGINAL RATIO NO  WEATHAERED RATIO
1. +2830 ,0120 3 +3770  .0550
. 1 »2830 ,0120 7 +2590  .0150
1 2830, 0120 8 - 3150 .0220
2 +1900  ,0100 & +1960 <0140
\ . -
Y .
/
. v > —~ :‘
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PR

-

? 2.3
RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIBINAL RATIO ' NO
1 +2830 .0120 3
1 +»2830 .0120 °7
1 2830 ,.0120 8
2 y +1900 ° .0100 1
t -2 «1900 .0100 ]
2. «1900 .0100 ]
2 +1900 .0100 9
2 +1900 .0100 10
3 +3870 .0620 T
3 «3870 .0620 ]
3 «3870 .0620 7
3 + 3870 .0620 8
] +1740 .0140 2
3 «1740 .0140 6
] «1740 ,0140 9
S +1740 +0140 ° 10
é +1880 .0130 1.
é »1880 +0130 2
é .1880 ,0130 S
é .1880 .0130 ?
é +18680 .0130 '10
7 +1913  .0034 2
7 1913 + 0034 S .
7 1913 + 0034 é
7 +1913 + 0034 7
7 +0034 - .10

"

-
_ OO’OOUOQ@GOO_NVNOOOOMGHMNHIANNN

.

21900
«1900
1900
3870

. «3870

3870
<1740
+1740
11740
+1740
.1880
.1880
1880
.1880
«1913
+1913
+1913
2350
2350
2350

+2350

<2350
~23%0
. 2350
1477
1477
« 1445
. 1445

TOTAL: NUMBER OF TESTS I8
TOTAL° SCORING IS 68.0

.010Q

«0100
+0100
+ 0620
- 0620
+ 0620
+0140
+0140
0140
«0140

» +0130

«0130
«0130
0130
+»0034
«0034

. «0034

« 0270
«0270
+0270
20270
+ 0270
. 0270
+ 0270
0019

«0019-

«+ 0040
+0040

[

[

- -
CODONITPUWUNENNUNOYUNOIVYIrNDN»OOO

[N

9

R

PERCENTAGE I8 48.00

» 14620
+1430
1449
+3010
« 2590
33150
«1990
+1420
«1430
+ 1640
+1990
« 1960
+1430
+ 1440

*+ 1990

+1960
« 2590
+ 3010
+ 1990
+3770
+1960
« 1620
« 2590
+ 1640
«14620
+ 1640
+ 1620
+ 1430
100

ENTER THE ORDER OF MPE FOR THE TEST

1913

+ 3770

+2%590
N 03150
3010

«1960

+1620.

+ 1430
» 1440

'. 3010

» 1940
+ 2590
+3150
. 1990
» 1620
+1430
«1640
+ 3010
» 1990
+ 1940
+ 1430
+ 14640
+ 1990
+1940
» 1620
*2%90

.1430

+ 1640

0170

+0110
+0170

"+ 0084

+,0350
0150
» 0220
20130
.0110
.0170
. 0084
. 0130
. 0180
+0170
. 0084
.0130
+0140
<0150
. 0380
.0130
» 0550
+0160
+0110
«0150
+ 00846 o
0110
+ 0086
.0110
.0170

WEATHERED RATIO

+ 0550
.0150
+0220
+0350
+0140
+0110
<0170
+ 0086
. 0350
<0160
+0150
+0220
+0130
«0110
.0170
.0084
.03%0
.0130
+ 0140

.0086
.0130

"o 016
.0110
+0150

20170 -

_+0086

186.



:

¢ ¢ < '
v ° N ‘ \

. 8 +2350 ,0270 1 +3010 - ,0350
. 8 02330 .. .0270 . 2 +1990  .0130
. 8 +2350°° .0270 3 13770 .0550
. 8 ,2350  .0270 .5 <1960  .0180
. : 8 92350 0270 6 +1620  ,0110
8 *2350  ,0270 7 .2590  .0150
s 8 +2350  ,0270 9. +1430 '.0170
- 8 <2330  .0270 10, +1640  .0086
9 <1477  ,0019 ) <1620 ,0110
\ 9 -2477/ 00019 10 . 01640 -0.036
’ 10 +14657  ,0040 5 «1960  ,0140
10 41465 0040 6 +1620  .011D
~ : 10 11465 ,0040 4 +1430  .0170

~ : TOTAL NUMBER OF TESTS IS 100

TOTAL SCORING IS 40,0
. PERCENTAGE IS 40.00

@ s [

. . v B

. " ENTER THE ORDER.OF MPE FOR THE TEST
' 7 3.0
. RATIO PAIRS WHICH FAIL TO SCORE'
" o NO ORIGINAL RATIO NO  WEATHERED RATIb

»

» 1940 0140
21620  .0110

v 2590 «0130
. »1430 09170
v 1640 20086
+3010 0350
+1990 +0130

. .1913  .0034
«1913  ,0034
+1913  ,0034
+1913  .0034
+1913 0034
+2350  .0270
+2350  .0270
+2350 0270 °
.2350 .0270
+2350  .0270

[

<

v3770 .05%0
+1940 .0160°
+1620 .0110

/

1 ,2830  ,0120 3 .3770  .0550
1 ,2830  .0120 Z .2%90  ,0150
1 ,2830  .0120 8 .3150  .0220
2 .1900  .0100 Y .3010 ,03%50
. .2 ,1900  ,0100 3 3770 .0S50
. 2 41900  ,0100 5 .1940  .0140
2' .1900  .0100 6 +1420 ,0110
C 2 ,1900  °,0100 7 +2590 .,01%0
. 2 +1900 {0100 9 +1430 -+ .0170
\ 2 +1900 ,0100 10, .1640 ,0084
3 .3870  .,0620 1 .3010  ,03%0
. 3 ,3870  .0420 .2 .1990  ,0130
3 +3870  .062b 5 +1940  .0140
3 +3870 - ,0420 7 .25¢0  .0150 '
. 3 ,3870  .0620 ] .31 +0220,
. s +1740 ,0140 1 .3010  .03%0
. 5 L1740  .0140 2 ,1990 ., 0130
s +1740 0140V 3 X770 - 0550
o s .1740  ,0140 é .1620 .0110
. : S . .1740_ .0140 7 _  .2%90 .0150
] +1740 . ,0140 9 ,1430  ,0170
- S +1740 . .0140 10 11640  .0086
6 .1880  .0130 1y ,3010 .03%0
. 6" .1880 ,0130 2 +1990  ,0130
. & .1880  .0i30 3 \3770 0350
s .1880 . .0130 5 +1960  .0140
4 6 ~.1880 .0130 7 .2590  .0130 -
.4 .1880 .0130 9 .1430  .0170
. . r§ C 8 .1880  .0130 10 .1640  .0083 -
. ? .1913  ,0034 1 ,3010  .0350
L 7 .1913  ,0034 2 +1990  ,0130
v 7 5
? &
7’ 7
7 9
7 0
8 1
8 2
8 3
8 5
8 é
) 7

.23%  .0270
4

4

B

.

v

«2590 ..0150. - .
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o 8, +2350  .0270 .9 «1430
- 8 . 1V .23%0  ,0220 10 1640
. 9. .1477 .,0019 5 «1960
. 9 ¢1477.  ,0019 & - +1620
?  ,1477 0019 10 © ".1640
10 - V1445 0040 5 +1960
10! <e1445 ., ,0040. 4 +14620
10 »1485  ..0040 .9 21430
‘ /f~ TOTAL NUMBER OF 'TESTS 18- 100
I ' TOTAL SCORING IS- 30.0
. . PERCENTAGE IS '50.00

? 0.0
T, smu | 1.279 ONTB.
RUN COMPLETE.
]
) « 8
. . . )

ENTER THE ORDER. OF MPE FOR THE TEST

-
]
.
Q
.
.
;
.
'
@
.
«
‘
H
. -
b
v

%0170 -

+0083

* 40160 ¢

+0110 °
#0086
+01560
+0110
0170

\

»

»;:i‘



e

2

TEST FOR NI/FE RDELX ‘

RNH ~

/ , .
; © ENTER THE NUMBER OF RATIO PAIRS
c.re
' ENTER THE RATIO VALUES -AND THE MPES
SAMPLE NO ORIGINAL RATIO  YEATHERED RATIO
T 37 sDEL®
i .. 37.8 6.0 31.8 2.6 ‘
?2 41.6 8.4 39.5 3.8
TS 2,598 0.056 2.471 *0.083
? 6 14123 0.056 1.149 0,021 °
*7 9.77  0.57 , 9.38 0.12
78 34,2 1.7 37.5 4.5
T 2,619 0.063  2.746 0,062
? 10 . 1.208 0.28 1.163 0,029
* " ' -
ENTER Tﬂfj:RDER OF MPE FOR THE TEST
W T 08 / . ’
‘44", RATI0 PAIRS WHICH FAIL TO SCORE "
<< NO,” GRIGINAL RATIO NO  WEATHERED RATIO.
~ L Y1 37.5000 4.0000 1 31,8000 2.4000
Ty T A 37.5000 4.0000 2 39.5000 3.8000
~ 1 37,3000 6.0000 8 37.5000 4.5000
, 2  41.6000 8.4000 8 37.5000 294 .5000
5 2.3980 .0540 5 2,6710 .0830
é 1.1230 .0560 ~ 10 1,1630° .0280
7 ?.7790  .3700 7 9,3800  .1200
8 34.2000 . 1.7000 8 37,5000 4,5000
. 9 . 2.6190 ,0430 5 2.6710  ,0830
9 ' 2.6190 ,0630 9 2.7460  .0420
10 1.2080 ,2800 ' &4 . 1.1490

TOTAL NUMBER OF TESTS 18 b4
TOTAL SCORING IS 353.0
PERCENTAGE IS- 82.81

S

v ENTER THE ORDER OF MPE FOR THE TEST

T 1.0

RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIGINAL RATIOD

37.5000
37.%000
41.6000
41.4000

1.1230

34.2000
246190
2:6190
1,.2080

e - Y
O VDBOONN M-

34.2000

6.0000
6.0000
8.4000
8.4000
+ 0560
1.7000
1.7000
‘e 0630
+ 0430
«2800

NG  WEATHERED

39.5000
37,5000
31.8000
37.5000
1,1630
31,8000
39,5000
2.6710
2,7460
1.,1490

_—

[
COUNHO@M-ON

A

«0210 >

RATIO
3.8000
4.5000
2.6000
4,5000
+0280
246000
3.8000
+0830
104620
+0210




TOTAL NUMBER OF TESTS IS 64 : ! ‘ {"F ; .-
TOTAL SCORING IS 54.0 :
PERCENTAGE IS 84.38 . i

: ENTER THE ORDER OF MPE FOR THE TEST !
- . o ? 105 . -
. ‘ . . . RATIO. PAIRS WHICH FAIL TD SCORE Co
’ .+ MO ORIGINAL RATIO NG  WEATHERED RAT10 >
] 1 37,5000 6.0000 . 2 39,5000 3.8000 . ] . ‘
. 1 37.5000 64,0000 8 37,5000 4.5000 : , i ;
2 ° 41,6000 8.4000 . 1 31.8000 2.4000 A :
. 2 41,4000 8.4000 8 37,5000 4.3000
\ '8 2.5980 .0%40 9 2.7460 0420
é 1.1230 _ ,0%40 10 1.1630  .0280
8 34.2000 '1.7000 1 31.8000 2,4000
. ‘8 34,2000 1.7000 2 39,5000 3.8000 .
. 92,4190 .0430 s 2.4710 .0830 _ : ,
10, " 1.2080 ..2800 6 1.1490 0210 ° _
‘ TOTAL NUMBER OF TESTS IS 44 . 4 . i
, TOTAL SGORING IS 34,0 - . o ;
- PERCENTAGE I8 84.39 * . . !
. \ . vy . ' Al . !

-ENTER THE ORDER OF MPE FGR THE T:sr' ' T s

? 2.0 . :
RATIO PAIRS WHICH FAIL TO SCORE . ' ‘
-NO  ORIGINAL, RATIO NO WEATHERED RATIO .
1 37,5000 6.0000 2 39.5000 3.8000 _
. ) 1. 37,5000 6.0000 8 37,5000 4.5000 S
2 41.6000 8,4000 1 .31,8000 2,6000 .
42  41.6000 98,4000 8  37.3000 4,35000 T
. ] 2.5980 , ,0360 9 2.2460 10620
J\\ é 1.1230 " 0540 10" . 1.1630 ,0280
. ', 8 34,2000 1,7000 1 31,8000 2.6000
8 34,2000 1.7000 2 39.5000 3.8000 .
® 2.6190  ,0430 5. 2.6710 ,0830 v
, 10 1.2080  ,2800 & 1.1490 0210 . 2
TOTAL NUMBER OF TESTS IS 64 '
: - C TOTAL SCORING IS $54.0 : L »
\ . PERCENTAGE IS 84.38 . .
. . . \ . - \
ENTER THE ORDER OF MPE FOR THE TEST
) ’ T 2.9 - - ’
M RATIO PAIRS WHICH FAIL TO SCORE o ’ .
NO ORIGINAL RATIO NO  MEATHERED RATIO o g
‘1 37,5000 4.0000 2 39.5000 3.8000 '
1 37.3000 6.0090 ] 37,5000 :4.3000
.o 2 41,4000 86,4000 1 31.8000 2.4000 : ‘
. 2 41,6000 8.4000 8 37,5000 4,3000 ‘
S |, 2.%960 ,0560 - 9 2.7460 0620 St
6  £.1230 .0%40 10 1.1630 .0280 . .
' 8  34.2000 1.7000 1 31.8000 2.4000 o ‘
8  34.2000° 1.,7000 - 2 39,5000 3.8000 L
9 2.4190- 0630 . % . 2.,6710 0830 ‘ ' /
. ” 10 1.2080 .2800 6 1.1490  ,0210 ‘

TOTAL NUMBER OF TESTS I8 44

PR : TOTAL J¥OQRING IS 54.0 , - '
, ' PERCENTAOE IS -84.38 - . e

—~. - “ . \ v
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z
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§NT€R THE‘ ORDER OF MPE FOR THE TEST
? 3.0
RATIO PAIRS WHICH FAIL TO SCORE

TR 1> P

NO: ORIGINAL RATIO NO  WEATHERED KATID -

1 37.5000 &.0000 2 9.5000/ 3.8000

1 37.8000 6.00000 . 8 4,5000

2. 41,6000 8.,4000 1 31.8000 2.4000 :

.2 41.4000 B8.4000 8  37.5000 4,%000 .

, -3 . 2.,5980 .0560 9 2.7460 10620 - g '

g 6+  3.1230 .0S60 10 1.1630 /.0280 -
"8  34:2000 1.,7000 1 31,8000 12,4000

8  34.2000 1.7000 2. 3%5000 /3.8000 *
’ 2.6190 .0630 5 2.6710 / .0830 . - '
10 1.2080 + 2800 é 1,1490 <0210 ‘ .
‘ TOTAL NUMBER OF TESTS IS &4/ | T
TOTAL SCORING IS 4.0 - ’ ,
PERCENTAGE IS 84.38 v, o o
S . {

.. ENTER JHE ORDER OF NPE FOR THE TE . ' .
7 00 ' e : ‘
SRY 0,795 UNTS, . /

' J
RUN CORRLETE, '
/
3 * , .
] < .l
B ; - !
' - /‘ i) ’ »>
N
1
4 \‘ 1 .
! 'y
/" - ‘
/// [
7 ! - i S

7 B .
. 4
. M .
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TEST N XDELX

TEST FGR NI/MN *®DELX-

o A

RNH

3

[N
13

a9

ENTER THE NUMBER OF RATIO PAIRS

ENTER THE RATIO VALUES AND THE MPES
WEATHERED RATIO

SANPLE NO ORIGINAL RAT.IO

0.230
' 0.113
1.02°
0.234
0.117

0.02%
0.019%
0.14

0,013
0.012

-

0

.

0.214
0.102
. 1,06
0.219
0.2207 0.00%2

0.023
0.014
0.12

0.020

ENTER THE ORDER oF HPE FOR THE TEST

? 0.8

RATIO PAIRS WHICH FAIL TO SCORE

NO
"8
é

[y

=T 1.0

-GRIOINAL RATIO

2}

«2300
1130

+0230
«0150

NO
9

T 10
TOTAL NUMBER OF TESTS I
» TOTAL SCORING 1S 23.0

PERCENTAGE I8 92.00

{

[.

ENTLR THE ORDER OF MPE FOR THE TEST

.

RATIO PAIRS WMICH FAIL TO SCDRE
ORIGINAL RATIO

NOC
S
é
9

10

'

7 1.5
RATIO PAIRS WHICH FAIL TO SCORE
ORIGINAL RATIO

NO
S
é
14

10

+2300
© +1130

+2340 ,

+1170

#0230
#0150
0130
0120

NO
14
10
b
é

WEATHERED RhTIO

+2190
+1207
+2140
+1020

TOTAL NUMBER OF 'TESTS IS 25
TOTAL SCOREING IS8 21.0
PERCENTAGE (IS 84.00

+2300
+1130
+ 2340
1170

o

+0250
+0150
+0130
+0120

NO

10
3\
é

ENTER THE ORDER OF HPE FOR THE TEST

+0200
+0052.

.0230
0140

"WEATHERED RATIO

2190
+1207
2140
1020

» 0200 .

» 0052
+ 0230

» 0140’

o



o

. . w ' .

°

-

N |
N M N i - ' .
J] - .
., R . 193,
t ; .
» . .
v, TOTAL -NUMBER OF TESTS IS 25 )
: TOTAL SCORING IS 21.0° - ) N
. . PERCENTAGE I8 84,00 _ow” =~ . .
< ENTER THE ORDER OF MPE FOR THE TEST .
7 2.0 , ) .
'RATI0 PAIRS WHICH FAIL TO SCORE
NO' ORIGINAL RATI0. NO WEATHERED RATIO
.8 +2300, .0250 9 ,2190  .0200
6 +1130 .01%50 10 .1207 0052 | -
9 +2340 ,0130 5 ,2140  .0230 ‘
10 «1170  ,0120 6 ,1020  .0140
TOTAL NUMBER OF TESTS I8 25
TOTAL SCORING IS 21.0
- t PERCENTAGE IS 84,00
. " ENTER THE- ORDER OF MPE FOR THE TEST .
RATIO PAIRS WHICH FAIL TO SCORE .
NO  ORIGINAL RATIO ND WEATHERED RATIO -
s +2300  .0250 9 .2190 0200
é (1130 .01%50 ‘10, .1207  .00%2
9 +2340  ,0130 " 5 .2140 « ,0230 .
10 .1170  ,0120 s .1020  .0140
TOTAL NUMBER OF TESTS IS  25- . .
. TOTAL SCORING 18 21.0 :
PERCENTAGE IS ©4.00 . . ‘
- ° . . . . ’\ ' " R
B ENTER THE ORDER OF MPE FOR THE TEST ) .
7 3.0 L .
_ RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIGINAL RATIO NO WEATHERED RATIO
s «2300  .02%0 9 .2190  .0200
. & . 1130 ,0150 5 .2140  .0230
L. 6 v1130 %0130 10 +1207 . .0052 -
9 «2340 ,0130 5 .2140 ' ,0230
10 < «1170 ,0120. - 5 .2140  ,0230 '
10 «1170  ,0120 6 .1020 .0140 - .
. TOTAL NUMBER OF ,TESTS IS 2% Cu
YOTAL SCORING IS, 19:0 §
PERCENTAGE IS 76.00
3y i 0
ENTER THE ORDER OF MPE FOR THE TEST .
. \ ? 0.0 : ’
SRU 0.616 UNTS. ‘k*f L
* . RUN COMPLETE: l C
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B,
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TEST FPR CR/CO XDEL® N ,

. )
s *

A\

RNH

4

ENTER THE MUMBER OF ,RATIO PAIRS .
79

2 7
ENTER THE RATIO VALUES AND THE MPES,
SAMPLE NO ORIGINAL RATIO WEATHERED RATIO .

71 0.540 0,039 0,490 0,083 .
T2 0,321 0,047 0.384 0.034
r4a Y 320 o0.28 3.40 0.16
TS 2,23 0.19 - 2,%4  0.38
14 . 6,86  0.39 5.45 0,41,
\ ?7 0,524 0.019 0,752 0,099 Co
T8 1.34 0.20 1,60 0.11
?9 3.82 0.11 4,04, 0.54
? 10 5.43  0.27- | '%.,20 0.28
- N
ENTER THE ORDER OF MPE FOR THE TEST
T Oo e g
RATIO PAIRS WHICH FAIL TO SCORE
NGO ORIGINAL RATID NO HERED RATIO
1 «5600 10590 1 +6900 .0830
2 #3210  ,0670 2 3840 ,0340
E] .2,2300 1900 5 2,5400 3800
4 46,8600 3900 r 5,4400 ., 4100
? . 240 ,0190 7 .7%20 .0990
o 8 21(3400. .2000 8 1.6000 1100
.9 3,4200 ,1100 9 40400 5400
10 5.4300 2700 6 5.4600 ,4100
. “ TOTAL NUMBER OF TESTS IS 81
TOTAL SCORINB I8 73.0
o PERCENTAGE 18 90.12 -
. - ‘
. ENTER THE ORDER OF MPE FOR THE TEST
VoL T 1.9 ‘ Y
RATIO PAIRS WHICH FAIL TO SCORE )
’ NO  ORIGINAL RATIO NO. WEATHERED RATIO
. 6 4.8600 3900 6 5.4600 .4100
? +5240 ,0190 7 +7%520 . 0990
, 7. 3.4200 .1100 4 34000 ,1600
! 10 5,4300 ,2700 6 5.4600 .4100

TOTAL NUMBER OF TESTS I8 81
TOTAL SCORING I8 77.0
PERCENTAGE I8 95,06

y .

.\"

<%

.
I e W T

L T



L

i

L3

v
.

ENTER THE ORDER OF MPE FOR THE TEST
7T 1.8
RATIO PALRS WHICH FAIL TQ SCORE
NO ORIGINAL RATIO.

+3600
3.2000

" 3.2000
6.8600
+5240
3.6200
5.4300

+0590
» 2800
'+ 2900
+3900
+0190
+1100
+2700

NO
7

HEATHERED RATIO

+7320
2.5400
4,0400
5,4400"

+7320
3.4000
$.44600

TOTAL NUMBER OF TESTS IS 81
TOTAL SCORING IS 74.0
PERCENTAGE IS 91.36

/

v .
ENTER THE ORDER OF MPE FOR THE TEST

? 2.0
.RATIO PAIRS WHICH FAIL TO SCORE X

NO

.

COVWNE b teits

-

»

1 0990
. +3800

15400
+4100

-+ 0990

+1600
+4100

WEATHERED RATIO

+3840
+7520
25400

4,0400

«6900
+7520
3.4000
5.4600
4.0400

ORIGINAL RATIO ND
5600  ,0590 2
+5600 0590 7
3.2000 42500 S
3.2000 2500 9
5240 0190 1
1:3400  .2000 7
3.6200 .1100 4
5.4300 2700 4
5,4300 ° .,2700
'70TAL NUMBER OF TESTS IS 8
TOTAL SCORING IS 72,0
L4 PERCENTAGE 13 88.89
\

v

ENTER THE ORDER. OF MPE FOR THE TEST
T 2.5 .
RATIO PAIRS WHICH FAIL TO SCORE
- NO  ORIOINAL RATIO

OOV OB BN UW S &N M

+« 5600
+5600
+ 3210
3.2000
3,2000
2.2300
22300
6.8400
+ 3240
1.3400
1.3400
1.3400
+6200
» 6200 -
F.4300
5.4300

+ 0590
+0590
+0470
+2500
+2%00
+1900
+1900
+ 3900
.0190
+2000
.2000
+ 2000
+1100
«1100
« 2700
+2700

NO

.H-
VOUNINYIAR- O CDLDOA™IN
s

.0340
. 0990
13800
13400
«0830
+0990
1400
+4100
15400

WEATHERED RATID

.3840
+7520

. 14900
. 2.5400
4.0400
1,6000.

3,0400 .

+2000
+46900
+4%00
2.,5400
+7520
3+4000
2.5400
5.4400

4.0400° |

TOTAL NUMBER OF TESTS 1S 81
TOTAL SCORING IS 45.0
PERCENTAGE IS 80.23

© e

+ 0340
0990
+0830
+3800
<5400
+1100
+34Q0
'+ 2800
+0830
+0830
+3800
10990
+1600
+ 3800
+4100
+5400

s e

195,

%)

P Rl

LR}



COVITDBRNNOULRMARLENNF-I-

ENTYER THE ORDER OF MPE

? 2.0

FOR THE TEST

.

RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIDINAL RATIO

+3600

' + 3210
+ 3210
3.2000
3.2000
2.2300
2.2300
6.8600
+5240

+ 3240

“ 1.3400
1.,3400
1,3400
3.6200
36200
$.4300
$.4300

- TOTAL NUMBER 0O

+5400 °

0390
+0590
10670 ~
+ 0470
+ 2300
+ 2500
+1900
+1990
+ 3900
+0190

+0190 -

+2000
+2000
+2000
+1100
+1100
+2700
+2700

-

N

¥
v

FTE

0 WEATHERED RATIO

2
7
1
7
S
9
8
9
o]
1
2
1
-]
7
4
3
4

?
878 18

TPTAL SCORING IS 63.0

y

ENTER THE ORDER OF MPE
. 7 0.0

S8RU 0,799 UNTS.

RUN COMPLETE.

Ve

.

PERCENTAGE 18 77.78

+ 3840
7320
16900
' 73520
2:.5400
4.,0400
1.4000
4,0400

" 5.2000

+ 6900
+3840
+6900

2.5400

+7520

3,4000

2.5400

5.4600

4,0400
81

_FOR THE TEST

.0340
0990
0830
0990
<3800
5400
+1100
+ 5400
.2800
0830

10340 -

0830
.3800
10990
11400
.3800

' +4100

+5400

. v
i

v

38

B

i

s

S

BT TP S
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b -
TEST FOR CR/FE XDELS,"; -
hJ

RNH

ENTER THE NUMBER OF RATIO,PAIRS .

‘? 8

’

Pk
=

" ENTER. THE-RATIO VALUES AND THE MPES- -
S8AMPLE NO ORIGINAL RATIO

1

ERE R EE EE K3
= g@aNerAaN

74 14
" 70 .20

s 33.3 1.4,

41,0 1.2
26.8 1.8
195 21

4.1 2.4
44.9 2.1

WEATHERED RATIOD

72,9
76.1
34,7
- 38.7
27.3
1?71
77.5
36,9

&.4
8.3
4.6
1.5
3.2
22
5.0
° 1.0

v

r

{

ENTER THE ORDER OF MPE FOR THE TEST

70,3

RATIO ‘PAIRS WHICH FAIL TO SCORE
NO  WEATHERED

NO

CIOONN=m

e

By

ORIGINAL RATIO
74.0000 14,0000
74,0000 14,0000
70.0000 20,0000
70,0000 20:0000
41,0000 1.2000
44.1000 2.4000
44.8000 2,1000

OQQP’OPJ

76,1000
7745000
72.9009
774009
39.7000
77.5000
36.9000

TOTAL NUMBER DF’ TESTS IS 64
TOTAL BCORING IS 57.0
PERCENTAGE 1S 89406

1o

<

ENTER THE ORDER OF MPE FOR THE TEQT ~

T 1.0

RATIO PAIRS WHICH FAIL TO SCORE
NO  MEATHERED RATIO

‘NO

« “ENTER THE ORDER OF. MPE FOR THE TEST

T 1.3

QRIBINAL RATIOD
74,0000 14,0000
74.0000 14,0000

79+0000 20,0000

70.0000 20.0000
64.1000 2.4000
44.8000 2.1000

QO 0N

10

g «1000
77.5000

92,9000

77.5000
77,5000
34,9000

TOTAL NUMBER OF’ TESTS IS8 44
. TDTAL SCORING IS 8.0
. PERCENTAGE 18 90,43

r

'

-

-

RATIO .
8.5000
5.0000

46,4000

5.0000
1.500
5,000
1.0000

8.5000
3.0000
4.,4000

5.0000

5.0000

1,0000

~

-~

-l

B e e

e e sae

PR
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. RATIO PAIRS WHICH FAIL YO SCORE

/ 4 .

- ‘NQ
~ t . 1 .

’ 4 1

’, 2
2

- 2

2

) . s

t . (A 6
i ] N 7
- R 9

! 9

9

10

b :

ORIGINAL
74.0000

| 74,0000
- 70,0000
70,0000
70,0000
70,0000
33,3000
41,0000
26,8000
64,1000

< b4, ;000
64,1000
44,8000

TOTAL
.TOTAL
PERCENTAGE IS 79.69

RATIO
14,0000
14.0000
20.0000
20,0000
20,0000
20,0000
1,4000
1+2000.
1.8000
2.,4000
2,4000
2,4000
2.1000

NUMBER OF TESTS IS

NO

-10

1

MR URANOOC A0

.

)

WEWJHERED RATIO

74.1000
77.5000
72.9000
34.7000
38,7000
77,5000
27.3000
34.7000
34,7000
72,9000
76,1000
7745000
34.9000
64

SCORING IS 51,0

»

. .
ENTER THE ORDER OF MPE FOR THE TEST

T 2.0

‘ v

RATIO PAIRS WHICH FAIL TO SCORE

8.5000
5.0000
4+ 4000
4.4000
1.5000
5.0000
3.2000
4.6000
4,6000
6.+4000
8.5000
3.0000
1.0000

o

h ND  ORIGINAL RATIO ND  WEATHERED RATIO
1 ©74.0000 14.0000 2 76,1000 8.%000
1. 7450000 14,0000 9 77.5000 5.0000
. 2 7 %0,0000 20.0000 1 © 72,9000 6.4000
2 70,0000 20,0000 5 34.7000 4.4000
. 2 ’70.,0000 200000 & 38.7000 1.5600
. 2 70,0000 20.p000 7 27.3000 3.2000
2 . 70.0000 000 9 77.%5000 5.0000
2 7 70.0000(24 00 10 36.9000 1.0000
™ 0% 33.3000 300 & . 38.7000 1.3000
s 33.3000 1.4000 7 27.3000 3.2000
s 33.3000 1.4000 10 36.9000 1.0000
. & 41.0000 1.2000 s 34,7000 4.4000
é 41,0000 1,2000 10 36.9000 1,0000
7 . 24,8000 11,8000 S 34.7000 4.4000
' 9%  64.1000 2,4000 .1 72.9000 4.4000
9 44.1000 2,4000 2 76.1000 ¢« 8.5000
, 16 44.8000 2.1000 s 34.7000 4.4000
10 44.8000 2.1000 ) 38,7000 1.,5000
10 44.8000 2.1000 - 10 34.9000 1.0000
TOTAL NUMBER OF TESTS IS &4
' TOTAL SCORING IS 4%.0
| . PERCENTAGE IS 70.31.
139 - -
1
) . )
ENTER THE ORDER OF MPE FOR THE TEST ‘
7 2.5 ‘ .
RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIGINAL RATIO, NO _ WEATHERED RATIO
1 74.0000 14,0000 .2 ‘\\ggtigoo #.5000
1 74,0000 14,0000 , 5 4./7000 4,4000
" 1 74,0000 14,0000 b 38.7000 1.3000
‘ﬂ -1 74,0000 14,0000 9 77.5000 %.0000
1 74,0000 14.0000 .10 34,9000 1,0000
. - 704 0000 20,0000 » 1 72,9000 64,4000
2 70 <0000 20.0000 5 34.7000 4.4000
© 2 70,0000 20.0000" . & 38.%000 1.5000
2 70.0000 20,0000 7 27,3000 3,2000
2-  70.0000 20%.0000 9 77,5000 5.0000

.




-~

. '
FANRS ) 3 “ ' "
F O ! "o ’
. ¢ . Y
- ¥ . "
“ ' ‘ . . .
- 2 ° 70.0000 20,0000, ) 36,9000 1,0000
. S 33.3000 1.4000 6 38,7000 1:5000
' . ] 33,3000 1.4000° 7 97.3000 3.2000
| - e S 33.3000 1.4000 4 10 36.9000 1.0000
v 4 41,0000 1.2000 5 v34,7000 46000
. 6 ,.41.0000 1,2000 10 3649000 1.0000
7 24,8000 11,8000 5 34,7000 4,6000
. 9 64,1000 2.4000 1 92,9000  4.4000
¥ 64,1000 2,4000 - 2 7641000 8,5000
L ' 10 44.8000 2.1000 5 34,7000 - 4.4000
10 44,8000 12,1000 ) 38,7000 1.%000
10 44,8000 21000 10 36.9000 1.0000 .
TOTAL NUMBER OF TESTS IS 64
TOTAL sconxne IS 42,0
PERGENT 5,63
& : . " , 7
\’”yn’J znrea THE ORDER OF ngg THE TEST®
73
RATID PAIRS WHICH FAIL o SCORE '
AY ND  ORIGINAL RATID ND WEATHERED RATIO
_ " -1 74,0000 14,0000 2 76,1000 8.5000
. ) 1 74,0000 14,0000 . | 5 34.7000  4.6000 .
' 1 74.0000 14,0000 6 38,7000 1.5000
1_ ! 74,0000 14,0000 ‘7 27,3000 3.2000
8 N 1 74.0000 14,0000 ' 77.5000 5.0000
1, 74,0000 14.0000 10 36,9000 1.0000°
2 70.0000 20.0000 { 72,9000 6.4000
o2 70,0000 20,0000 s 34,7000 4.56000
. s 2 70.0000 20,0000 6 . 38.7000 :sooo
2 70,0000 20,0000 7 27.3000 2000
. 2 70.0000 20.0000 .8  191.0000 zz.oooo
. s e 2  70.0000 20.0000 9 77.5000 %.0000
s 2. 70.0000 20,0000 10 36,9000 1.0000
' S .33.3000 1.4000 "4 38.7000 1.5000
] 33.3000 1.4000 7 27,3000 3.2000
5 . 33.3000 1.4000 10 36,9000 1.0000
, 6 41.0000 1,2000 H] 34.7000 4.6000°
é 41,0000 11,2000 10 36,9000 1.0000
’ . ? 26,8000 1.8000 - 8§ 34.7000 4.4000
9 - 54,1000 2.4000 1 72.9000
» 9 64,1000 2.4000 2 7641000
’ 10 44,8000 , 2.1000, , 2 7641000
10 44,8000 '2.,1000 ' S 34.7000
N\ . TOTAL NUMBER GF TESTS IS 64
: v TOTAL SCORING IS 40.0
: * R PERCENTAGE IS 62,30
- hd ! ’ ) 3 - . .
.. - ENTER THE ORDER ORy HPE FOR“THE TEST S 3 ¢
“( ? 0.0 ' N
N ‘ : : .
- 6" ' SRUY 0,888 UNTS, N ‘ .
. & ] ' - : °
.o RUN COMPLETE,
- v oL - : . , /’\
’E ) 1 ~ ’
. - "
kS - A “ ‘.
! o e 4 ‘.i , . ! -
. ‘ Rad v - \‘l\ l i
. . L . 2 v < . .
3 's : , o ., ! . ) -~ .
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' . TESTF %DELX e : T ’
: XDELX . - Co F P :
e " TEST FOR CR/MN XDELX - - o v . { 3
, ) . _ ) .
’ S o
' RNH : ) ‘ - . ® -
L, " ENTER THE NUMBER OF RATIO PAIRS ' :
) - T3 | i :
. P ‘ - , X ] o . ., - %
- 3 ENTER THE-RATIO VALUES AND THE MPES ' Cow o o @ }
' . SAMPLE NO ORIGINAL RATIO  WEATHERED RATIO o Coe ;
( 75 2.9%5 0.3 2,78 0.4 , .
? 4 4,12 0.24 3,45 0,48 ‘ . .
2 r7 2.81 0.38 3.07 0_059 . . '
. e i 574 0.36 § 6417 0.67 .
' T 10 434 0,47 3.83  0.17 , . .
' /4 . ~ - )
6 I ’ N ¢ £
ENTER THE ORDER OF MPE FOR THE TEST : . .
' . ? 0.5 ‘
. L - RATIO PAIRS WHICH FAIL TO SCORE ‘ e - Y
: - ‘ NO ORIGINAL RATIO NO  WEATHERED RATIO . . .
S  2.9500 .3400 7 ~3.0700  .5000 ¢ o ‘
. . ) 4,1200  ,2400 é 3.4500 ,4800 . . 1
L ‘ 2.8100  ,3800 5 2,7800 ‘. .4600 :
R 10 4,3400 4700 10 3.8300 .1700 o
: : . " TOTAL NUMBER OF TESTS 1S 23 - S0
g , TOTAL SCORING IS 21.0° : ~
. .+ PERCENTAGE IS 84,00 .
{; . . N € . ‘ ~ N o
. . : ENTER THE ORDER OF MPE FOR THE TEST o o
3 - 1.0 ‘ : ‘
- RATIO PAIRS WHICH FAIL TO SCORE
' .o 5 NO ORIGINAL RATIO NO  WEATHERED RATIO
H . ) 5 2.9500  .3400 6 ‘3.4500 4800 -
o . 5 2.9500  .3400 7 - 3.0700 .5000 . .
o . 6 4.1200  .2400 10 3,8300 1700 :
: 7 28100 .3800 5 2,7800  .4600 .
3 7 2.8100 - ,3800 6 3,4500 .4800, A
s ¢ 10 A4.3400  ,4700 & 3.4500 .4800 - .
3 ' . TOTAL NUMEER OF TESTS'1S 25 .
i .. . ' TOTAL SCORING I8 19,0 ' .
%-”. R ‘ . PERCENTAGE IS 76,00 -
‘3:': \ & % , : K N J .7 ) i
g: N 4 pra— \ \ . ] ' ~
£ . ' «gNYER THE GRDER OF MPS FOR THE TEST
¥ . : ? 1.5 ¥ - .

. . .
¢ - @ : . . . .ot .
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RATIO PAIRS WHICH FAIL TO SCORE
WEATHERED RATIO

NO

NOO>UW

-
o Oo.N

-

.- (\\ .

*

ORIGINAL RATIO . NO
2.9%00 ' .3400 - 3.4300
2,9500 + 3400 7 3.0700
4.1200 +2400 7 3.0700
4.1200 +2400 10 3.8300
2.8100 + 3800 9 2.7800
‘2,8100 ., .3800 é 3.4300
4.3400 +4700 6 3.4500,

4,3400 +4700 7 3.0700
TOTAL NUMBER OF TESTS IS 25 -
TOTAL SCORING IS 17.0
PERCENTAGE I8 68.00

I

" ENTER THE ORDER OF MPE FOR THE TEST

RATIO PAIRS WHICH FAIL TO SCORE

NO

5.

NNNOO DU

10
io

10

-

.4800
. %000
+3000
+«1700
+4600
+4800

. 4800 .

.5000

ORIGINAL RATIO ' ° NO  WEATHERED RATIO
2.9%00  .3400 6 3.4500 .4800
2.9500 +3400 7 3.0700 -, 5000
2.9%00 .3400 10 3.8300-° .,1700
4,1200 +2400 ] 2,7800 44600
4,1200 +2400 . 7 3.0700 %5000
4.1200 + 2400 10 3.8300 (1700
2:8100 + 3800 5 2,7800 +4600
2,8100 .3800 é 3.4500 .4800
2.8100 .3800 10 3.8300 .1700
4.3400 +4700 -] 2.7800 4600
4,3400 +4700 '3 3.4500 4800
4,3400 +4700 7 3.,0700 .%5000

“ 4.,3400 4700 9 6.1700 6700

TOTAL NUMBER OF TESTS I8 25
TOTAL SCORING IS . 12.0
PERCENTAGE IS 48.00

~

. ENTER THE ORDER OF MPE FOR THE TEST
2 2.5
RATIO ‘PAIRS WHICH FAIL TO SCORE

NO

NNNOGOOAWUNL

ORIGINAL RATIO NO
,2,9500  ,3400 6 3.4500
2.9500 3400 7 . 3.0700
2,9500  ,3400 10 3.8300
4.1200  ,2400 5. 2.7800
4,1200  .2400 ° ? 3.0700
4.1200. .2400 9 6.1700
4.1200  ,2400 10 - 3.8300
2.8100 - .3800 5~ 2,7800
2.8100 .3800 6 3.4500
2,8100  ,3800 10 3.8300
4.3400 .4700 s 2,7800
4.3400 ,4700 6 3.4500
4.3400 .4700 7 3.0700
4.3400  .4700 ? 6.1700

TOTAL NUMBER OF TESTS IS 25
TOTAL SCORING IS 11.0
PERCENTAGE IS 44.00

.

WEATHERED RATIO
. +4800

+95000
+1700
+44600
+5000
+4700
«1700
+ 4600
+ 4800
+1700
14600
+4800
+3000
6700

-

panaid Y

¢ e

handieR L]
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7 3.0

J N '
ENiEK IHE UKUEKR UF MPE FUK IWE IBST

‘ RATIO PAIRS WHICH FAIL TO SCORE
NO  JRIGINAL RATIOD

(2

-

eNNNOsO>OTAN

, !

2.9500
2.9500
2.,9500
4.1200
4.1206
4.1200

4.1200

2.8100
2.8100
2.8100
S.7400
#.3400
4,3400
4.3400
4,3400

¢

.

+ 3400
+ 3400
«3400.
+2400
-+ 2400
+ 2400
+ 2400

+3800 -.
+ 3800

+ 3800

+ 3600 -

+4700
+4700
+4700
+4700

14

WO
é
7

10

.
.
-

WEATHERED RATIO

33,4500
3.0700
3.8300

3.0700
6.1700
3.8300
2,7800
374500
33,8300
3.4500
2.7800
3.4500
3.0700
4.1700

TOTAL NUMBER OF TESTS IS 2%.
10.0

TOTAL ‘SCORING IS
PERCENTAGE IS 40.00

:

ENTER THE ORDER OF NPE FOR THE TEST

? °.°
srU

fa

0.718 UNTS.

RUN COMPLETE. -

.

'
‘i

+4800
+3000 A .
«1700 :
+4600
« 3000
+4700
+«1700
+4600 -
+4800 ?
«1700
«4800
14600
+4800
+5000
++6700.

..



. TESY FOR CO/FE XDELX .’ ) ,

] -
. .

RNH

. ENTER THE NUMBER:OF RATIOPAIRS
- 78 ,
ENTER THE RATIO VALUES. AND THE MPES
SANPLE NO ORIGINAL RATIO  WEATHERED RATIO

71 132 2 22 106 1%
?2 218 45 198 20

; rs 14,9 1.1 13,4 1.1
6 5.98 0,30 7.09 0.46
17 s1.1 3.0 6.2 2.1
T8 145 18 119 16
19 17,74 0,41 19.2 2.3

. ? 10 8.25 0.27 7.09 .38 .

ENTER THE ORDER OF MPE FOR THE TEST

10.5. .
) RATIO PAIRS WHICH FAIL TO SCORE

. NO  ORIBINAL RATIO . NO . WEATHERED RATIO
1 132,0000 22,0000 1 106.0000 135.0000
6 1 132.0000 22.0000 ° 8 119.0000 16.0000
p 3 14,9000 1.1000 S 13,6000 11,1000
é 5.,9800 .3000 é 77,0900 + 4400
7 51.1000 3.0000 7 36,2000 2.1000
. . 8 145,0000 18,0000 8, 119.0000 16.0000
9 17.7400 +#4100 9 19,2000 2,3000
iq 8.2500 .2700 10 7.0900 »3800

. . TOTAL NUMBER OF TESTS IS 54
' . TOTAL SCORING IS 3J46.0
PERCENTAGE IS8 87.30

. . . . }

a

ENTER THE ORDER OF MPE FOR THE TEST

?1.0- A
. RATIO PAIRS WHICH FAIL TO SCORE
2 ORIGINAL RATIO NO  WEATHERED RATIO
1 132.,0000 22.0000 8 119.0000 14.0000
, 6 . S.9800 .3000 é 7.0900  .4400
° ’ ' 7 '51.1000 3.0000 ? 34.2000 2.1000
0 8,2500 + 2700 10 7.,0900 « 3800

1
. TOTAL NUMBER OF TESTS IS8: 44
TOTAL SCORING IS &80.0 -
PERCENTAGE IS 93.75

. -

B

- ' ENTER THE ORDER OF MPE FOR THE TEST
( 1 1.5 s

-



~——

RATIO PAIRS WHICH FAIL TO SCORE .

NO  ORIGINAL RATIO NO  WEATMERED RM‘IO
1 132.0000 22.0000 8 119:0000 148.0000
s 14,9000 1.1000 9 1942000 .2.3000
7 $1.1000 3.0000 .7 36.2000 2.1000
8  145,0000 18.0000 1 104.0000 15.0000
8  1435.0000 18.0000 2 198,0000 20.0000
0 8.2500 .2700 - 10 . 7.0900 .3800

TOTAL NUMBER OF TESTS IS 44
. TOTAL BCORING IS 58.0
PERCENTAGE IS8 90.43

1

5 ENTER THE ORDER OF MPE FOR THE TEST

7 2.0.
RATIO PAIRS WHICH FAIL TO SCORE .
NQ “ORIGINAL RATIO ., NGO WEATHERED RATIO
1 132,0000 22.0000 2  198.0000 20,0000 -,
1 132,0000 22.0000 8 119.0000 16,0000
2 218.0000 45.0000 1 - 104.0000 15.0000
. 2 218.0000 45.0000 8 Q%Tgboo 14,0000
3 . 14,9000 1.1000 9 9.2000 22,3000
6 5.9800 - 3000 10 7.0900  ,3800 -
7 51,1000 3.0000 7 34,2000 , 2.1000
8  145.0000 18.0000 1 106.0000 15,0000
8 145.0000 18.0000 2 198.0000 20.0000
10 8.2%500 .2700 6 70900 (4400

TOTAL NUMBER OF TESTS IS 44
TOTAL SCORING IS 54.0
PERCENTAGE IS 84,38

-

ENTER THE ORDER OF MPE FOR THE 1’ES‘|’q .

? 2.8 .
RATIO PAIRS WHICH FAIL TO SCORE
NG  ORIGINAL RATIO NO  WEATHERED RATIO
1 132.0000 22.0000 2 198.0000 20,0000
1 132.0000 22.0000 8 119.0000 14,0000
v 2 218.0000 45.0000 1 106.0000 15.0000
2 218.0000 4%5.0000 8 7119.0000 14,0000
-] 14,9000 1.1000 ? 19.2000° 2.3000
& . 35,9800 + 3000 10 7.0%00 +3800
7 31.1000 3.0000 7 36.2000 2,1000
8 1435.0000 18.0000 1 106.0000 13.0000
8 1435.0000 18.0000 2 198.0000 20.0000
10 9.2300 «2700 é 7.0900 + 4600

TOTAL NUMBER OF TESTS IS 64
TOTAL SCORING IS 34.0
PERCENTAGE 1S 84.36

-

. ENTER THE ORDER OF MPE FOR THE' TEST /
7 3.0 Y,
"RATIO PAIRS WHICH FAIL TO SCORE {
ORIGINAL RATIO | WEATHERED RATiO
132.0000 22.0000 198.0000 200000
119.0000 14.0000
104.0000 15,0000
119,0000 16,0000
« 19:2000 2,3000

&x

1

1 132.0000 22.0000
2 218.0000 45.0000
2 218.0000 45.0000
S 14.9000 1.1000

x
camdnd

o

204,




? ’
6 5.9800 ,3000 10 7.0900 +3800
8 145,.0000 18,0000 1 . 106.,0000 15.0000
9. 14%.0000 18,0000 2 198,0000 20.00
9 17,7400  .A100 ] 13,4000 1.10
TOTAL NUMBER OF TESTS IS 64
© TOTAL SCORING IS 4,0
\ PERCENTAGE IS8 84. -}
, ;
ENTER THE ORDER OF MPE FOR THE TEST
7 0.0 .
: o
8RU 0.736 UNTS.
- RUN COMPLETE. . <
B [ ,
n )
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B . ? i . . ‘:,
- TEST FOR CO/MN SDEL® : A -

. + \ -«

RNH
ENTER THE NUMBER OF RATIO PAIRS.
ENTER THE RATIO VALUES AND THE MPES : ’
SAMPLE NO ORIBINAL RATI0 WEATHERED RATIO

? 5 1032 0017 1009 00“1‘
7 6 0,601 0.082 ' 0,631 0.093 »
?7 5,335  0.71 4,08 0,52
? 9 10587 0.088 1.33 0022 3
T 10 0.798 '0.083 0.736 0.048"
< , Y
ENTER THE ORDER OF MPE FOR THE TEST
70.5 :
RATIO PAIRS WHICH FAIL YO SCORE ~
NO , ORIGINAL “RATIO . NO MWEATHERED RATIO . '
3 1,3200 .1700 5 1,0900 1400
? 5.3500 .7100 7 4,0800 .%200
TOTAL NUMBER OF TESTS IS 25 .
TOTAL SCORING IS 23.0
PERCENTAGE IS 92.00 .o
, fnr:n THE ORDER OF MPE FOR THE TEST
T .O . N
RATIO PAIRS WHICH FAIL TO SCORE M
NO  ORIGINAL RATIO NO  WEATHERED RATIO
5 1.3200 .1700 . 9 1.5300 .2200 .
7 5.3500 .7100 . 7 '4,0800 .5200
10 v ,7980 .0830 é +4310  .0930
" TOTAL NUMBER OF TESTS IS 25
, TOTAL SCORING IS 22.0 : .
. PERCENTABE I8 88B.00 )
°  .ENTER THE ORDER OF MPE FOR THE TEST ’ - '
71.5 -
RATIO PAIRS WHICH FAIL TO SCORE *
NO  ORIGINAL RATIO NO  WEATHERED RATIO
-] 1.3200 .1700 9 1.5300 .2200
8 6010 .0B20 10 . #7360~ .0480
10 +7980 ,0830 s 1.0900 .1400 .
10 7980 .0930 é 26310  ,0930 ) L

TOTAL NUMBER OF TESTS IS 23
TOTAL SCORING IS 21.0
PERCENTAGE 1S 84.00

s

.
e
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4 ENTER" THE ORDER OF MPE FDR THE -TEST

7 2.0

, narzo'razas WHICH FAIL TO SCORE

NO ° ORIGINAL RATIO, NO WEATHERED RATIO
S 1.3200 1700 9 1.35300 +2200 .
é +6010 «0820 10 17360 10480
10 +7980 .0830 -] 1.,0900 +1400
10 +7980 +0830 é +6310 10930
TOTAL NUMBER OF TESTS IS 23
TOTAL. SCORING IS 21.0
¢ PERCENTAGE IS 84.00

ENTER THE ORDER UF' MPE FOR THE TEST

T 2.3

RATIO PAIRS WHICH FAIL TO SCORE .
WEATHERED RATIO

NO ORIGINAL RATID NO

S 1.3200 +1700 ? 1.5300 + 2200

é +6010 +0820 ] 1.,0900, ,1400 .

é »6010 » 0820 10 + 7360 »0480

? 1.3870 .0880 ] 1.0900 +1400
10 +7980 . 0830 5 1.0900 +1400
10 + 7980 0830 6 +6310 +0930
10 +7980 ,0830 1.5300 + 2200

TOTAL NUMBER OF TESTS 1s 23
TOTAL SCORING IS 18.0
PERCENTAGE I8. 72.00

ENTER THE ORDER OF MPE FOR THE TEST’
T 3.0 .
RATIO PAIRS WHICH FAIL TO BCORE

NO ORIGINAL.RATIO , _ NO  WEATHERED RATIO
5 1,3200 .1700 . 6 6310  .0930
s 1.3200 ,1700 9 1.5300 .2200
s 1.3200 1700 10 7360 0480
6 ,6010 0820 s 1,0900 1400
6 . .4010  .0B20 10° 7350 ,0480
? 1.5870 .0880 s 1.0900 .1400
10 .7980  ,0830 s 1.0900 1400 .
10 .7980  .0830 6 6310 .0930
10 .7980  ,0830 9 1.5300 .2200

TOTAL NUMBER OF TESTS IS 23

TOTAL SCORING IS 16.0
PERCENTAGE I8 464.00

e

ENTER THE ORDER OF MPE FOR THE TEST
* 7 0.0 '

SRU 0,651 UNTS.
RUN COMPLETE. L

-~

e -
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TEST FOR FE/MN XDELX

RNH ) ’ -
ENTER THE NUMBER OF RATIO- PAIRS
73 .

ENTER THE RATIO VALUES AND THE MPES
SANPLE NO ORIGINAL RATIO

TS « 0.,0886 0.0095 +0801 0.0088
T é 0.100 0.013 0.089 0.012

?7 0.105 0.013 0.112 0.013

; : 0.0893 ©0,0033 00,0797 0.0071

h

ENTER THE ORDER OF MPE FOR THE TEST
' 7 0.8 ‘ .
RATIO PAIRS WHICH FAIL TO SCORE

0o 0.097 0.010 0.1037 0.0048

EATHERED RATID

NO ORIGINAL RATIO NO  WEATHERED RATIO °
S +0886 - 0099 $ - 0890 .0120
-} »1000 +0130 7 +1120 +0130
é +1000 +0130 10 +1037- .0048
7 +1050 «0150 10 «1037 . .0048
? + 0893 0033 é «0890 ' ,0120 -
9 . 0893 +0053 - 9 «0797 « 0071
. 10 « 0970 +0100 é 0890 + 0120
’ “ TOTAL NUMBER QF TESTS IS 25
’ ) TOTAL SCORING,IS 18.0
. . PERCENTAGE I8 72.00

+

ENTER THE ORDER OF MPE FOR THE TEST

?71.0 . S
RATIO PAIRS WHICH FAIL TO SCORE
.NO ORIGINAL, RATIO NO WEATHERED RATID
5 . .0886 0095 6 0890 .0120 !¢
-1 ,008é6 + 00995 ’ 2 «0797 .0071
s .1000 .0130 5 .0801  ,0088
6 +1000  .0130 7 .1120  ,0130
.6 .1000 ' .0130 10 +1037  .0048
7 +1050  .0150 6 ,0890 .0120
7 «1050 0150 100 » .,1037 .0048
9 .0895  .0053 5 0801  .0088 ‘
. 9 00895 00053 é 00890 «0120°
10 0970 .0100 -8 .0801  .o0088
10 0970 .,0100 - & . .0890  .0120
10 ,0970 ,0100 [ 7 . «1120 ,0130
TOTAL NUMBER OF TESTS IS 2%
TOTAL SCORING IS 13.0
PERCENTAGE IS 52.00 . P
ENTER THE ORDER OF MPE FOR THE TEST
: »

‘208,
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7.1.9 if’ o 1

RATIO PAIRS WHICH FAIL TO SCORE
NO  ORIBINAL RATIO NO ' WEATHERZD RATIG

. 5 +0886 0095 6 .0890  .0120
] L0886 L0095 7 .1120 .0130
5 .0886 ,009% 9 .0797  .0071
5. .0886 .009S 10 ™1037 .0048
P .1000 .0130 s .0801 .0088
4 +1000 .0130 7 .1120 .0130
é .1000 .0130 1) .0797  .0071
é .1000 ,0130 10 .1037  .0048
7 +1050 ,01%9 s .0801 .0088
- 7 . .10% ,0130 6 ,0890 .0120
. ? e 41050 0130 9 ©.0797 L0071
7 7' .1080  .0130 10 © 41037  .0048
9 - — 450895 0053 5 .0801  .0088
, 9 ,ﬂ;%wosvs .0053 & L0890 .0120
9 0893 0053 7 .1120  .0130
,089%5  ,00S3 10 .1037  .0048
,0970  ,0100 s .0801 .0088
+0970 0100 é .0890  .0120
10 ,0970  ,0100 7 ' 1120 L0130
10 | ,0970  .0100 9 10797 0071
TOTAL NUMBER OF TESTS I8 25
"TOTAL SCORING IS 5.0 .
PERCENTABE 1S 20.00
gNTER THE ORDER OF MPE FOR THE TEST
1 ? 0°
RATIO PAIRS WHICH FAIL TO SCORE
. NO - ORIGINAL RATIO NO  WEATHERED RATIO
R ] .0886 . ,0095 6 .0890  .0120
] » 0886 + 0095 4 ‘ .1120 +0130
s ,0886  .009S 9" L0797  .0071
5 ,0886  ,009%S 10 .1037  .0048
6 .1000 " ,0130 5 .0801  .0088
4 ,1000  .0130 7 ,1120 .0130
é 41000 ,0130 9 0797  .0071
s +1000 ,0130 10 - «1037  .0048
v 7 .10350 ,0130 5 0801 .0088
7 .1050  ,0150 6 .08%90  ,0120
7 . .+10%0  ,01%0 9 \Q797  .0071
: 7 .1050  .0150 10 .1037 ..0048
. 9 .0895  .0053 5 .0801 .0088
9 .089S  .0053 6 .0890 .0120
9 ,0895  ,0053 7 .1120 .0130
9 .089%  ,0053 10 .1037  .0048
10 +0970  ,0100 s .0801  ,0088
10 +0970  ,0100 6 .0890 ,0120
10 .0970 ,0100 7 +1120°  .0130
10 .0970  .0100 .0797 0071
TOTAL ' NUMBER OF resrs 1S - 2%
TOTAL SCORING IS 5.0
PERCENTAGE IS 20.00
. % L.
Y . ‘ &
ENTER THE ORDER OF MPE FOR THE TEST .
I 4 205 .
RATID PAIRS WHICH FAIL TO SCORE .
NG  ORIBINAL RATIO NO  WEATHERED RATIO
s . ,0886 ,009% 6 .0890 .0120
e ~ ¢t
i . < ¢
- e e h .
. w1
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& a . 3,

H 0886 .009S w7 .1120 .0130, * ) ‘

s 0886  .0095 9 0797 .0071 :

s 0886  .009S 10 1037  ,0048 oL

6 <1000 ,0130 s .0801 .0088

& +1000 - .0130 7 1120, .0130

4 +1000 ,0130 9 0797  .0071 ,

é +1000 .0130 10 +1037  .0048

7 +1050 150 '8 .0801 .0088

7 .1050 150 é .0890 ,0120 , L
7 +1050 .01%0 9 0797  ,007% .8
7 1050 . .,0150 10 1037 . .0048 M .
9 0895  ,0053 5 .0801 .0088

9 Q895  .0053 é .0890 .0120 : ’ .
9 0895  .0053 7 +1120 .0130

‘9 .0898  ,0053 10 +1037 0048

10 0970  .,0100 s = ,080 .0088 .

10 .0970  ,0100 y .oa93x__~0120 ’ :
10 0970 ,0100 7 1120 ,0130

10 9

+0970 +0100 0797 s0071 . o
TOTAL NUMBER OF TESTS 18 25

TOTAL SCORING IS 3.0

PERCENTAGE IS 20.00

ENTER THE ORDEK OF MPE FOR THE TEST

7 3.0
RATIO PAIRS WHICH FAIL TO SCORE .
NO ORIGINAL RATIO NG  WEATHERED RATID
5 ,0886  .0095 6 ' .0890 .0120 .®
5 0886  .009% 9 +0797 -+ 0071 :
5 .0886  .009% 10 , +1037  ,0048 , ' "
) +1000 ,0130 -] .0801 .0088 ’ '
é +1000 .0130 7 .1120 .0130 ' -
4 ,1000 ,0130 9 0797  .0071
6 +1000 .0130 .10 ,1037  .0048 .
7 +1050  .0150. 5 .0801 .0088 . B
7 +1050 .0150 & .0890.  .0120 v
7 _+10%50  .01%50 T 9 J0797 L0071 , -
7 1050  .0150 10 +.1037 .0048
9 .0895  .0053 s .0801 .0088 °
9 .089%5  .0053 6 .0890 .0120
9 +0895  .0053 7 .1120 0130 ,
9 +0895, ,00%3 10 +1037  .0048 )
10 0970 ,0100 s .0801 .0088 <
10 0970  .0100 6 .0890 .0t —~ ' :
10 0970  .0100 7 .1120 ,0430
10 0970  ,0100 9 0797 .dg::\i o
TOTAL NUMBER ,0OF TESTS 18 23

TOTAL SCORING IS S.0
PERCENTAGE I8 20.00

_ENTER THE ORDER OF MPE FOR THE TEST
7 0.0 . " ‘ +

SRU 0.836 UNTS,

RUN COMPLETE. I -
SAVE . Lo

,PETRO1 ALREADY PERMANENT.

1 ) A
v



