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ABSTRACT

This thesis describes the curve fitting algorithm that the Portable Wear Metal
Analyzer used for calculating concentrations in ppm and compares this with some
alternative algorithms. Each algorithm considered fits a curve to the three standards
used, which were 20%, 50%, and 100% of the full scale for all nine wear metals. APL
was used for all programs.
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L INTRODUCTION

Spectrometric oil analysis is used to determine the type and amount of wear
_metals in lubricating oil samples. The Portable Wear Metal Analyzer (PWMA) was
developed for the USAF to perform engine oil analysis when aircraft are deployed
away from their home bases. The analyzer can detect nine wear metals in parts per
million concentration ranges. PWMA takes samples with known concentration to
obtain absorbance areas, and uses those to determine a calibration curve. Absorbance
areas obtained from unknown samples are compared to the calibration curve so that
their concentration can be calculated.

This thesis describes the curve fitting algorithm that the PWMA used for
calculating the concentration in ppm and compares this with some alternative
algorithms for the curve fitting. We compare these algorithms to see which algorithm
performs best. Each algorithm considered fits a curve to the three standards used 20%,
50%, and 100% of the full scale for all nine wear metals. APL was used for all
programs. .

Data gathered as the result of the field test of the PWMA are described in
Chapter II. Three rational functions, and polynomials which are quadratic in
absorbance and quadratic in concentration are suggested as alternatives in Chapter I11.

A squared error technique is employed to compare the algorithms’ performances.




II. PWMA AND DATA DESCRIPTION

A. GENERAL

The PWMA test program was conducted at Naval Air Station, Pensacola FL,
3 * and three Air Force field test sites, Langley AFB, VA, Myrtle Beach AFB, SC, and
P Elmendorf AFB, AK in 1985. The purpose of this test plan was to determine the
effectiveness and evaluate the functionality of the newly developed PWMA prototypes
for measuring wear metal content in turbine engine lubricating oils under field
4 conditions.
P When aircraft are deployed from their home bases to austere sites where normal
oil analysis capabilities are nonexistent, there still exists a requirement to determine
wear metal concentration in turbine engine lubricants. Due to the critical nature of
turbine engine lubrication system component wear, particularly in high performance
systems such as the F-15, F-16, and A-10 aircraft, the requirement for oil analysis may
be on an “after each flight” basis. Presently, the Air Force deploys Flame Atomic
Absorption (FAA) spectrophotometers [Ref. 1: p. 50}, which were not designed for

mobile use. These instruments are sensitive and highly susceptible to damage when
deployed for mobility exercises; such damage may lead to partial or complete loss of oil
analysis capability in early stages of such exercises. In addition, the instruments require
hazardous support accessories, such as compressed gases (nitrous oxide and acetylene)
and solvents for dilution (and, in some past cases, acid solutions for digestion of wear
metal particulates).

In 1980 HQ TAC issued TAF SON 305-80, establishing the requirement for a
critically needed light-weight portable aircraft engine oil analysis unit. In response,
AFWAL! undertook a contractual effort to determine the feasibility of developing such
a device (Contract Number F33615-80-C-2037). Since no such spectrometer with
required light-weight portable features was commercially available, a major
development program was initiated to ruggedize and miniaturize the conceptual
hardware for mobility use. The actualization of the portable wear metal analyzer has
been achieved under Contract Number F33615-81-C-2080 by Perkin-Elmer
Corporation, Applied Science Division.

LAir Force Wright Aeronautical Laboratory
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B. THE PORTABLE WEAR METAL ANALYZER

The PWMA features simultaneous measurement of nine wear metals in
lubricating oils with an analysis cycle of four minutes (via air cooling): Silver (Ag),
Aluminum (Al), Chromium (Cr), Copper (Cu), Iron (Fe), Magnesium (Mg), Nickel
(Ni), Silicon (Si), and Titanium (Ti). Moreover, with the potential modification to
water cooling on production units, this time can be reduced to two minutes. In
addition, the PWMA may be operated on either 110,220 VAC, 50 or 60 Hertz, to
accommodate use in both the U.S and Europe. The PWMA is packed in two
aluminum “suitcases™ the electronics/argon case, weighing forty pounds; and the
furnace;optics case, weighing sixty pounds. The cases are readily set-up and
interconnected by two multiconductor cables and one pneumatic hose. Developed for
simple operation and reduced dependence on skill and labor of the operator, the
PWMA is characterized as follows: ease of set-up and self-contained configuration;
minimal consumables (sample tips, graphite tubes and argon gas supply); no hazardous
gases or chemicals (inert compressed gas only); microprocessor-controlled software for
calibration, diagnostic etc.; and elimination of transcription errors by automated read-
out/print-out of data and results.

The PWMA operates on the principle of absorption of characteristic radiation
by atoms of the wear metals of interest. Two multi-element hollow cathode lamps
(HCLs), alternately pulsed for source combination and modulation, provide emission
source lines for discrete line absorption by specific atoms, which are formed through
heating in a preprogrammed ramped cycle (up to 3000° C) in the graphite furnace. All
nine absorption lines can be separated simultaneously by the polychrometer and
transmitted to respective discrete photomultiplier tubes (where the signal is transduced
from energy to current). Next, each individual electrometer converts the current to a
voltage signal, which is amplified and processed by the analog (A/D) converter. The
output is printed in concentration (parts per million, ppm) for all measurements.

The operation of the PWMA is as follows. The operator first introduces an oil
sample into the graphite tube of the Graphite Furnace Assembly. The PWMA start
button, located on the control panel, is then depressed, and the entire analysis program
is initiated and controlled by an “on board” microcomputer. As the graphite furnace
executes the atomization cycles, the emission line spectra originating from the HCLs
are focused through the graphite tube to the polvchrometer where they are separated
into individual spectral lines and are further conveyed to the exit slits. The spectral

10




lines pass through their respective exit slits where their spectral intensities are detected
and measured by individual Photomultiplier Tubes (PMTs). Wear metals present in
the oil sample will absorb the light associated with each metal’s spectral line, thus
reducing the intensities reaching the PMTs. The amount of light absorbed is related to
the concentration of metal in the oil sample.

The PWMA has several function modes. In the calibration mode, a prepared
sample with known concentrations is used to get the absorbance data. Analysis mode is
selected to analyze the unknown samples. The prototype PWMA prints out two tvpes
of data in the analysis mode, concentration data (computed by the on-board
microprocessor) and absorbance data (in parentheses). These data can be used to
compare analysis algorithms.

C. TEST PROGRAM AND DATA COLLECTED

The four prototypes were tested at their respective field evaluation sites. The test
followed the PWMA field test burn sequence, which is in Appendix A. The graphite
tubes, used in the graphite furnace, deteriorate gradually with use, and should be
replaced after every 160 sample burns. If a new graphite tube is being used,
preconditioning of the tube is required. Laboratories were to follow the test sequence
which included calibration samples, verification samples, correlation samples, random
samples, reslope, and so on. Three calibration samples were prepared in MIN-L 7808
oil containing 20%, 50% and 100% of full scale for all nine metals. Perkin-Elmer
provided these samples. Three verification samples were prepared in MIN-L 7808 oil
containing 10%, 40% and 70% of full scale for all nine metals. Perkin-Elmer provided
these samples, too. Correlation Samples used turbine engine oil samples. Each sample
contained a minimum of 7 wear metals. Random samples were routine daily samples
obtained at each evaluation site. This analysis employs only the calibration and
verification samples.

The concentration data printed out by the PWMA are calculated by the
microprocessor with the use of a calibration technique. Samples with known
concentrations are analvzed first and the absorbance data obtained are used to
construct calibration curves. Absorbance data obtained from unknown samples are
then compared to the calibration curves so that their concentrations can be calculated.
Later verification samples obtained from known samples give an indication of how

valid the calibration curve is.




Table 1 shows data collected from one of the field test sites. P523 means
“Pensacola May 23rd, 1985", the place and the date the data were collected, “401” is
the tube sequential number. CAL IA and CAL IB stands for the calibration sample
20%. Cal Il and Cal III are 50% and 100% of full scales respectively. In order to
provide a more accurate result, a two-point average calibration was used for the field
test, i.e., two CAL I samples were run at CAL 1 position; two CAL Il samples at CAL
I1 position; and two CAL III samples at CAL III position. For each calibration run,
the numerical values are the absorbance data printed out (rounded to integers). The
PWMA averaged the two samples at the same level, and stored them as the calibration
points, but the average value was not printed out.

TABLE 1
ABSORBANCE DATA OF TUBE 401

P523 401 Element
Fe | Ag | Al Cr | Cu | Mg | Ni si Ti
CAL IA 58 53 10 38 23 44 | 40 10 10
CAL IB 56 52 10 34 | 22 46 38 8 9
CAL IIA 115 98 19 83 47 60 92 28 30 -
CAL IIB 111 (100 21 84 | 43 61 96 18 29
CAL IIIA 143 [129 26 |104 70 72 |119 33 42
CAL IIIB 145 (131 24 |104 71 74 1120 35 44

VERIF 10 |CONC 9 1 2 1 4 3 3 2 5
VERIF 10 [ABS 28 28 5 17 12 32 19 4 11
VERIF 40 |CONC 44 4 10 4 18 9 12 9 7
VERIF 40 |ABS 105 90 17 70 42 56 79 20 20
VERIF 70 |[CONC 70 7 9 6 28 17 20 12 10
VERIF 70 |[ABS 129 (114 16 88 56 66 |10S 26 29

Part of the data for tube 401 is shown in Table 1. The complete data for tube
401 is attached in Appendix B. VERIF 10, VERIF 40 and VERIF 70 are the
verification samples. The data in the first row of VERIF 10 is the computed
concentration and the second row is absorbance data.

12
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Table 2 shows all the data available for this study, Langley by location tested 6
tubes, Myrtie Beach tested 5 tubes, Pensacola tested 11 tubes, and Elmendorf tested 6
tubes. All 28 tubes were used during the field test program.

TABLE 2
DATA OF EACH LABORATORY

Lab. Tubes Total
Langle PEM201 PPM20 PPM20
9y PEMIOT  BEMZ%Z  BEMZ%3 6
Myrtle PPMgOZ PPM303 PPM304
Beach PPM305 PPM306 5
Pensacola PPM401 PPM483 PPM40O
PPM405 PPM406 PPM40
PPM4O9 PPM412 PPM413
PPM415 PPM416 11
Elmendorf PPMSO1 PPMSO0O2 PPMS0
PPMS04 PPM505 PPMS0 6

In the PWMA, three calibration standards of 20%, 50% and 100% are used to
construct the calibration curve. The absorbance data in CAL IA through CAL IIIB
are used to compute the calibration curve coefficients. A pair of two point rational
equations were used to fit the calibration curves, one for each of the nine elements.
The function used is given in equation 2.1.

C = K,A/(K,A-1) 2.1)

where K, K, are unknown coefficients, C is concentration in ppm, and A is
absorbance data.

The first part of the curve uses absorbance values obtained from 20% and 50%
samples and the second part of the curve uses values obtained from 50% and 100%.
We will explain how the concentration value of 9, the first line of the VERIF 10 in
Table 1, was computed in the PWMA. Figure 2.1 shows the calibration technique
used by the PWMA. In Figure 2.1, the first part of the curve for the FE is given by
the solid line, the second part of the curve is given by the dashed line, and symbol +
identifies the three calibration points. The verification absorption values of 129, 105

13




40
44 CON 70

Figure 2.1 Calibration Technique used by the PWMA.

and 28 are applied to the curve, and the calibrated data computed by the PWMA are
70, 44 and 9 respectively. Hlowever, the correct values are 70, 40 and 10. Verification
sample VERIF 10 which has known concentration 10 produces absorbance data 28, as
shown in Table 1. If the absorbance data 28 was fitted to the curve from the
absorbance axis, then its concentration should be close to 10. However, it shows some
deviation because the curve point projected to the concentration axis makes
concentration 9, as shown in Figure 2.1. When the observed absorbance is within the
range of O to the absorbance value at 50% concentration, the first curve is applied to
compute the concentration. For the absorbance data greater than this, the second
curve is applied to compute the concentration. The computer selects the proper curve
to calculate data, dependent upon the calibrating concentrations of all nine elements.
[Ref. 2: p. 67]

The PWMA has a multi-element capability, the 9 elements already listed in Table
1, Iron, Silver, Aluminum, Chromium, Copper, Magnesium, Nickel, Silicon and
Titanium.
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The full scale capabilities for these elements are shown in Table 3. For example,
the full scale value for Fe is 100, and is 10 for Ag. The columns labeled 20%, 50% and
100% are CAL I, CAL 1I and CAL I1I samples respectively. The 10%, 40% and 70%
columns are VERIF 10, VERIF 40 and VERIF 70 respectively. The concentration
varies with the sample and the element.

TABLE 3
TABLE OF OIL SAMPLE MIXTURES

METAL concentration (ppm)
10% 20% 40% S0% 70% 100%
FE 10 20 40 50 70 100
AG 1 2 4 5 7 10
AL 2.5 5 10 12.5 17.5 25
CR 1 2 4 5 7 10
cu 4 8 16 20 28 40
MG 2.5 5 10 12.5 17.5 25
NI 3 6 12 15 21 30
. SI 2 4 8 10 14 20
TI 2 4 8 10 14 20
) CAL I CAL II CAL III

15

A NREERAER SARKRERA AN AN AR AA R A AR AR RARA LT AT AL ANLAA R AN



IIl. ALGORITHMS

A. GENERAL

If one increment of concentration C causes an equal increment of absorbance A
at all levels of C, then we say that there is no curvature in the analytical curve
expressing the relation between C and A. In reality, in the presence of stray light the
analytical curve bends towards the concentration axis. [Ref. 3: p. 681}

Calibration curvature can be controlled to an extent by the instrument design.
The degree of curvature for iron at the 248.3-nm wavelength, for example, is partially
controlled by the spectral bandwidth since most of the curvature can be attributed to
overlap of nearby nonabsorbed lines in the iron spectrum. This curvature effect is
analogous to stray light interferences observed in molecular spectroscopy. However, at
practical instrument settings, it is not possible to eliminate this curvature completely.

B. E. Limbeck investigated transformations of the data from AA (Atomic
Absorption) instruments to forms that would produce more easily handled curves.
Graphic trials on several possible transformations revealed that a plot of A/C vs A or
C/A vs C produced pseudocalibrations that were much less curved than the A vs C
calibrations, even for the extreme cases. He concluded that over a limited
concentration range, two or three standards were sufficient to produce excellent fits for
AA calibrations with the rational algorithm. [Ref. 4: p. 96}

As already mentioned, the PWMA uses a rational function which uses two
standards; to cover the full range this equation is used twice. This same function will
be used twice in the following analysis. The PWMA on board computer uses single
precision arithmetic and establishes its calibration curve internally. The data available
for this study was printed out in the PWMA paper tapes, which rounded the observed
absorbance numbers. Thus, if one uses the PWMA equation to establish a curve, and
then reads the rounded absorbance figures back through this curve, one does not
exactly arrive at the concentration printed out. Thus the first algorithm should give
essentially the same results as those labeled PWMA, which were the rounded figures
from the internal curve. The other two rational functions have three unknown
coefficients so that they are used one time with three calibration standards. We will
examine three rational functions and two quadratic functions, which are defined below.

Algorithm 1: C = A/ (K, + K, A)

16
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;..;_Alxorithmhc = (K A+ K AY)/ (KA D)

Algorithm 3: C = A/ (K, +K, A + K, A?)
Algorithm4: C = K, + K, A + K, A?
Algorithm 5: A = K, + K, C + K, C?

B. ALGORITHM
This is useful when a simple linear approximation gives a good fit to the plot of
/C versus A. The following rational function was chosen as algorithm 1:

AIC=K, +KA 3.1)

It is clear by a simple rearrangement of the formula that the concentration is a
function of absorbance:

C=A/(K +KA) (3.2)

For brevity, the calibration algorithm using this linear rational function is
referred to as the “rational method” and is the one actually employed in the PWMA.
This algorithm uses a pair of two-point rational equations 3.2 to fit data for all nine
elements. The first part of the curve uses absorbance data obtained from 20°% and
50% samples, and the second part of the curve uses data obtained from 50% and
100% samples.

C. ALGORITHM 2
William B. Barnett found that the equation,

2
K A+ KA

C=K
0 K,A-1

(3.3)

was applicable in fitting the analytically useful concentration range of atomic
absorption calibration curves. [Ref. 5: p. 829]
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In this equation, C is the concentration, A is the observed absorbance, and the
K]'s are coefficients which must be determined during calibration. The coefficient K, is
the reslope constant which is set equal to 1.0 during the initial standardization, which
gives

K, A + K, A?

Cm
KzA'l

3.49)

In equation 3.4, concentration has been expressed as a function of absorbance. This is
the reverse of the usual representation where absorbance is considered to be a function
of the standard concentrations. However, expressing concentration as the dependent
variable facilitates its computation without the need for extracting roots of equations
as others had done. Equation 3.4 can actually be used in three forms: as shown in the
PWMA, with K, being set equal to zero,

C=KA/(KA-l) (3.5)

or with K, and K, both being set equal to zero. This latter case is, of course, the
equation for a straight line which passes through the origin.

When the number of standards matches the number of coefficients to be
determined, it is a simple matter to determine the coefficients by the solution of
simultaneous equations. We will employ simuitaneous equations, to show how to get
the coefficients in APL.

Suppose

C= (¢ cpnc3)y, A= (a)a,a,)

If we express both sides of equation 3.4 in terms of components and then equate
corresponding components, we obtain the system

2
K;a + K, a
1 Kzai'l

C =

i=1273

which leads to

- 2
Kyac-¢ =K, a +K; 3




ie.,

¢=-Ka+Ka6-K,ya? i=123 (3.8)

Define
K= (K,K,K,) andP = Ilpljll

with
P =%
P2 ™86

-.al
Py ™ -3~

C=PK (3.9)

The solution for K is
K«CP

where § is the matrix inverse operator in APL [Ref. 6: pp. 82, 83].

While this curve may well faithfully represent the Absorbance - Concentration
relationship over the useful range, there are certain possible observed values where it
does not. For example algorithm 2 will not perform well when the observed pairs (c;,
a,) lead to K, = I/a, where a; < a < a,, since the denominator of equation 3.6
becomes zero. For example, with C = ( 20, 50, 100 ), A =( 43, 117, 152 ), the
calibration coefficients K are ( -0.4693, 0.00694, 0.003322). The fitted curve defined by
these coefTicients is shown in Figure 3.1. The horizontal line is an asymptote line at A
equal to 144.16, which is the reciprocal of K,. If the observed absorbance is slightly
less than 144.16, the computed concentration will be a large negative number, and
when the absorbance data is slightly greater than 144.16, then the computed
concentration will be a large positive number, a behavior which would not be
acceptable.

19




Figure 3.1 An Asymptote Line in Algorithm 2.

D. ALGORITHM 3
This algorithm was suggested by Limbeck [Ref. 4: p. 96},

C= A
K, +K2 A+ K,:\

T (3.10)

This is a different extension of algorithm 1, namely, A/C = K, + K, A. In
equation 3.10, the quadratic term is included. To get the coeflicients in APL, we again
cimploy the notation of simultancous equations.

K, + Kpa, + Kjal=a/c  i=1,23 (3.11)

1 | o}
Now, let

C = (a,'¢c;,ay'¢cy, a5/¢cy) with
ry = L
P =




- a2
Py ™ 3

. and again C = P K, so the solution is
K«CHP
s This algorithm can also produce a curve with an interior asymptote, like
algorithm 2, when the denominator is zero.

Another type of undesirable shape can occur with this case (as well as algorithm
2). This is illustrated by taking

C = (20, 50, 100 ),
A= (43,75, 152).
Then, we find
K = ( 3.632, -0.0425, 0.000188 ).

The resulting curve is pictured in Figure 3.2. Increased absorbance will cause lower
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Figure 3.2 Possible Observed Curve from Algorithm 3.

. estimated concentration for A > 140 with this example.




E. ALGORITHM 4
A simple quadratic equation

C=K, +K,A + K; A? (3.12)

might be a reasonable alternative for a calibration curve.

Equation 3.12 has been expressed as a function of absorbance. This is the reverse
of the usual representation where absorbance is considered to be a function of the
standard concentrations. However, expressing concentration as the dependent variable
facilitates its calculation without the need for extracting roots of equations as is needed
for algorithm 3.

This algorithm may give a satisfactory shape, depending on the A values which
occur during calibration burns.

It has an undesirable shape for

C = (20, 50, 100),

A = (40, 130, 170),

K = (43.3 -0.865, 0.007).
Pictured in Figure 3.3, here decreasing A, for A < 60, gives increasing C.
When

C = (20, 50, 100),

A = (40, 60, 170),

K = (-59.3, 2.3, -0.008),

algorithm 4 gives the curve shown in Figure 3.4, in which increasing A, for A > 140,
leads to decreasing C.

Note that neither of these two curves pass through the origin, since the
polynomial equation will not necessarily give zero concentration with zero absorbance.

In APL the coefficients K are given by
KeClBAc.*x012




Figure 3.3 The Curve Bending Downward at Lower Concentration by Algorithm 4.

where C = (¢, ¢,, ¢; ) are the concentrations used and A = ( a,, a,, 2, ) are the
observed absorbance numbers.

F. ALGORITHM S
The final curve to be considered is

A=K +K,C+K,C? (3.13)

In equation 3.13, absorbance has been expressed as a function of concentration
which is the natural representation. However, expressing absorbance as the dependent
variable requires the solution of a quadratic equation to find concentration. Equation
3.13 can be expressed like this,

K;C?+ K,C+K-A=0 (3.19)

Solving the resulting equation for C, we obtain the formula,
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Figure 3.4 The Curve Bending Upward at High Concentration by Algorithm 4.

> 1 a1 "
-K,2JK,2-4K, (K, -A)
2K,

C=

(3.15)

Whenever Kzz -4 K; ( K, - A) is negative, there is no concentration value C for the
given absorbance A.

As with algorithm 4, two different undesirable shapes may occur; if the initial
calibration data is

C = (20, 50, 100),
A = (40, 140, 170),
then

K = (-60.8, 5.7, -0.03),

giving the curve pictured in Figure 3.5.
If the initial data is
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Figure 3.5 The Curve Bending Downward at High Concentration by Algorithm 5.
C = (20, 50,100),

A = (40, 50, 170),

then

K = (59.2, -1.5, 0.03),

giving the curve in Figure 3.6. With A and C as defined earlier, the coeflicients K are
given by

K«Af@Co.*x012,
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Figure 3.6 The Curve Bending Upward at Lower Concentration by Algorithm 5.
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IV. ALGORITHM COMPARISON

A. GENERAL

We have mentioned how algorithms are used to fit the curve and each algorithm
has defects for specific A values. Recall that the field test program included the
concentrations: 10%, 20%, 40%, 50% 70% and 100% of full scale for each element.
Calibrating the tube consisted of two analyses each using the 20%, 50% and 100%
samples; these samples were used to fix the absorbance - concentration curve for all
analyses performed until the next calibration. During the planned sequence of burns,
each of the 10%, 40%, and 70% verification samples were analyzed twice, once just
after the calibration curve was established and then a second time about 30 analyses
later. 1deally, the established calibration curve should give 10%, 40% and 70% of full
scale respectively for these samples; the different possible algorithms can be compared
by using these 10%, 40% and 70% samples, in terms of how close the resulting
calibration curve result is to the known concentration, for the various tubes used.

Specifically, each algorithm can be used to establish a calibration curve using the
observed absorbance numbers for the 20%, 50% and 100% samples. Since these curves
are not, in general, exactly the same for all algorithms, the difference between the
returned concentration for a 10% sample, e, say, can be compared with the expected
result ¢,,. We will introduce the sum of squares method to compare the algorithms.
Thus, for a given algorithm, we will have two ¢,, two e,,, and two e,, values from
which we will compute the sum of the 6 squared differences. The algorithm which has
the smallest mean sum of squares will be selected as the rank 1, with ranks 2, 3, ..., §
assigned the larger mean sum of squares. The number of rank 1 and rank 2 for each
element throughout all tubes will be considered as the comparing tool for that rank.
The algorithm which produces the most rank 1 and rank 2 scores will be designated the
best one.

B. SUM OF SQUARES METHOD.

We will explain the sum of squares method by an example. For tube 401, for
element Fe, the fitted curve is shown in Figure 4.1 where the coefficients are computed
by algorithm 2.

The residuals E are defined by
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Figure 4.1 The Horizontal Deviation of Residual by Algorithm 2.
E=C-C

where C is a known concentration and C’ is the estimated concentration produced by
the algorithm.

For tube 401, for Fe, the absorbance data of the verification sample A are,
A = (28,105 129)
and the known concentrations are,
C = (20, 50, 100 )
Then we find K by algorithm 2,
K = (-0.3211, 0.00602, 0.00159 )

We can compute the estimated concentration C’ from equation 3.4 with (28, 105, 129)
in place of A. That is

C' = (9.315, 44.004, 67.040 ).




<
3N
F,

Suppose E = ( ¢,, ¢,, &y ). The residual E is

E = C-C = (0.685,-4.004, 2.96 )

and the sum of squares SS is defined as the sum of the squares of these residuals,

ie,
3
SS = Y e? = 0.685% + 4.0042 + 2.96% = 25.263. (4.1)
i=1

Then the mean sum of squares MSS is defined as,

SS
MSS = 3 4.2)

giving
MSS = 25.263 /3 = 8.42,

Residuals at each point are shown in Figure 4.1 where the residual is indicated by
the horizontal line between symbol ‘X’ and 'o', Estimated concentration C’ is
indicated by the symbol ' X * and concentration is indicated by the symbol 'o!,

When we are using algorithm 4 with the same data, then

K = (79.237, - 1.775, 0.013 )

This curve is shown in Figure 4.2. Horizontal deviation is the distance between symbol
"X " and 'o', which is shown as a horizontal line. The estimated concentrations are

C" = (39.75, 36.57, 67.184 ).

As we see, the estimated concentration at absorbance 28 is larger than at absorbance
105, because the curve is bent downward at the lower concentration with this
algorithm. Therefore, the residuals are larger. Also, algorithm 2 is considerably better
than algorithm 4 for this set of data.

Accordingly,
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Figure 4.2 The Horizontal Deviation of Residual by Algorithm 4.
E = (-29.75, 3.43, 2.816 ),
SS = (-29.75)% + 3.43% + 2.8162 = 735.257,
and
MSS = 735.257'3 = 245.086.
For these data with these two algorithms,
MSS by algorithm 2 = 8.42,
MSS by algorithm 4 = 245.086,

and algorithm 2 is better than algorithm 4.

Estimated concentrations C’ by 6 algorithms for Fe are summarized in Table 4.
Known concentrations C, shown in the first column, were used 4 times 10%, 40% and
70% of full scale. After the calibration curve was established, each of the 10%, 40%,
and 70% verification sample was analyzed twice. For tube 401 this calibration was
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done twice, so that 12 verification data are gathered in Table 4. Notice the differences
between the estimated concentrations in column 2 and 3 in Table 4. The estimated
concentrations by PWMA and by algorithm 1 are very close. Since algorithm PWMA
and algorithm 1 are exactly the same as noted earlier; the PWMA concentration values
are those printed out by the microprocessor, while the algorithm values are computed
from the curve established from the rounded absorbance values. Since algorithms 2
through 5 must be employed with the rounded absorbance values, rather than the
single precision values available to the microprocessor the rank comparisons will be
restricted to only algorithms 1 through 5. The mean square residuals will be computed
for the PWMA, but they will not be used in comparison with the others; cases in which
the PWMA actually gives the smallest mean square will be denoted by an asterisk(*).
We might expect that algorithm PWMA and algorithm 1 should perform very
similarly. In the last column, .00 means we can not obtain acceptable estimated
concentrations with this algorithm. If Kz2 - 4 K, ( K;- A ) was negative, the estimated
concentration was forced to be .00 for all verification samples with this calibration.
The estimated concentration in the first three rows of algorithm 2 and 4 are the same
as our previous example.

From the data in Table 4, we calculate the sum of squares and the mean sum of
squares, which are displayed in Table 5. It says that the sum of squares by PWMA is
100, and the mean sum of squares is 8.33, so the rank of the mean sum of squares is
labeled with * as it is the smallest. If we don’t count the PWMA in comparison,
algorithm 3 is the best. It has the smallest mean sum of squares, 9.09; thus algorithm
3 suggested by Limbeck is the best for the tube PPM401 for element Fe. The number
of acceptable data points for each algorithm is given in the row labeled N; if the test
plan was followed exactly, and the algorithm performed satisfactorily for the
calibration samples, N would equal 12 for each case. If the algorithm performed totally
unsatisfactorily, its N value is 0 and its mean sum of squares was set equal to 888 (see
algorithm $5 in Table 5).

The sum of squares, the mean sum of squares, and the rank of the algorithm for
tube 401 for 9 elements are summarized in Table 6. The equivalent data for the other
tubes are attached in Appendix D.

Table 6 shows the best algorithm for each element. Algorithm 3 is the best
algorithm for element Fe. Algorithm 1 has the smallest mean sum of squares for Ag,
and so on. As can be seen, the best algorithm differs according to the element. For
tube 401, no single algorithm is the best for all the elements.
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TABLE 4

ESTIMATED CONCENTRATION BY 6 ALGORITHMS

Standard Algorithm
PWMA 1 2 3 4 S
10. 00 9.00 8.87 9.31 13. 44 39.75 .00
40. 00 44. 00 44.79 44. 00 45. 66 36.57 .00
70. 00 70. 00 70. 23 67.04 67.96 67.18 .00
10.00 13. 00 13.21 13.57 17. 64 29.09 .00
40. 00 42.00 42.32 41. 36 43.08 32.93 .00
70. 00 70. 00 70. 23 67.04 67.96 67.18 .00
10.00 8.00 8.00 8. 34 17.04 53.22 .00
40. 00 43.00 43.05 42.64 60. 82 36.86 .00
70.00 74. 00 75.32 74. 43 88. 77 83.90 .00
10. 00 6.00 6.07 6.39 13.58 66.29 .00
40. 00 36.00 35.69 35.19 52.89 26.16 .00
70.00 73.00 73.52 72. 64 87.41 81.58 .00
TABLE §
ALGORITHM COMPARISON FOR FE
Algorithm
PWMA 1 2 3 4 S
SS(Fe)|100.00 128.08 121.12 109.09( 3119.08 .00
N 12.00 12.00 12.00 12.00 12. 00 .00
MsSs 8.33 10. 67 10.09 9.09 259.92 888. 00
RANK * 3 2 1 4 S

In Chapter 11 we mentioned that Langley used 6 tubes, Myrtle Beach used 5
tubes, Pensacola used 11 tubes, and Elmendorf used 6 tubes. Due to missing data, we

excluded several tubes in our analyses.

For example, tube PPM406 doesn't have

verification sample 70 data. For similar reasons we discard 1 tube from Langley, 1
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TABLE 7
RANKS OF 24 TUBES FOR FE

Algo. rank
* 1 2 3 4 5 i
PWMA 10
1 7 1 11 S 0 '
2 7 8 3 o] 5
3 5 12 6 1 0
4 1 0 0 12 11
5 4 3 3 6 8
TABLE 8
RANKS OF 24 TUBES FOR AG
Algo. rank
1 2 3 4 5
PWMA )
1 7 3 4 8 2
2 7 8 5 2 2 ’
3 0 7 11 6 0
4 1 3 1 5 13
5 9 3 3 3 6

scores are good ones, and algorithms which have the least rank 1 or rank 2 scores but
the most rank 4 or rank 5 scores are not good ones. The entries in these tables are the
counts of the ranks. For example, in Table 7 algorithm 1 for Fe has 7 rank 1's, 1 rank
2, 11 rank 3's, 5 rank 4's, and O rank 5 out of 24. For Fe, the PWMA internal
algorithm, with rounded concentrations, had the smallest mean sum of squares 10 time
out of 24. In Table 7, we conclude that algorithm 1 is better than algorithms 2, 3, 4,
and 5. Algorithm 2 has 7 rank I’s but also 5 rank 5’s. Therefore, algorithm 2 is not as
good as algorithm 1. If algorithm 2 did not have those undesirable cases with
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TABLE 9
RANKS OF 24 TUBES FOR AL

Algo. rank
w* 1 2 3 4 5
PWMA 12
1 2 8 6 4 4
2 10 4 7 3 0
3 6 8 9 1 0
4 3 1 1 10 9
5 3 3 1 6 11
TABLE 10
RANKS OF 24 TUBES FOR CR
Algo. rank
1 2 3 4 5
PWMA 9
1 9 2 7 5 1
2 4 6 10 2 2
3 3 15 4 2 e
4 o 0 2 11 11
S 8 1 o] 4 10

denominator zero, then it would be the best. Also algorithm 4 has 11 rank 5’s because
it has a lot of deviations for two extreme cases as we saw in the previous Chapter.
Algorithm 5 is almost the same as algorithm 4. Algorithm 3, with 5 rank 1's and 12
rank 2's, is acceptable but not as good as algorithm 1. We conclude that algorithm 1
is the best for element Fe.

For element Ag, even though algorithm 5 has 9 rank 1’s, it also has 6 rank §'s.
Therefore, we can not select algorithm 5 as the best one. Algorithm 2, or 1 are

acceptable for element Ag.
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TABLE 11
RAXNKS OF 24 TUBES FOR CU

Algo. rank
* 1 2 3 4 5
PWMA 15
1 12 1 1 9 1
2 4 8 S 6 1
3 1 7 9 o 2
4 2 2 3 4 13
5 S 6 1 S 7
TABLE 12
RANKS OF 24 TUBES FOR MG
Algo. rank
* 1 2 3 4 5
PWMA 12
1 12 5 6 0 1
2 4 7 11 2 o)
3 6 9 4 5 0]
4 o 2 3 14 5
5 2 1 0] 3 18

For Al, algorithm 2 dominates the other algorithms, since it has 10 rank I's.
Algorithm 3 is the second algorithm. Algorithm 3 could be useable even though it has
fewer rank 1 scores.

For Cr, algorithm 4 is not acceptable, for it has 22 tubes rank 4's or 5's.
Algorithm 1 is the best for element Cr.

For Cu, Mg, and Ni, algorithm 1 dominates the others. For Si, algorithm 2 or 3

are the best. For Ti, algorithm 2 is good. Algorithm 1 and 4 are acceptable too.
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TABLE 13
RANKS OF 24 TUBES FOR NI

. Algo. rank

* 1 2 3 4 5
PWMA 7
) 1 13 2 8 1 0
2 4 2 2 5 11
3 4 18 2 0] 0
4 1 1 3 16 3
5 2 1 9 2 10
TABLE 14
RANKS OF 24 TUBES FOR SI

Algo. rank

. ¥* 1 2 3 4 5
PWMA 11

1 3 7 8 3 2
) 2 8 7 2 3 4
3 7 2 3 11 1
4 1 7 9 4 3
5 4 1 2 3 13

Table 16 summarizes the results of the previous tables by listing the best and
alternate algorithm for each element. We can say that algorithm 1 provides the best fit

for elements Fe, Cr, Cu, Mg, and Ni, and algorithm 2 provides the best fit for elements
Ag, Al, Si, and Ti.




TABLE 15
RANKS OF 24 TUBES FOR TI

Algo. rank
* 1l 2 3 4 5
PWMA 11
1 S 9 3 S 2
2 7 3 2 8 4
3 4 1l 6 7 6
4 S S 11 2 1
5 3 S 3 2 11
TABLE 16
THE BEST ALGORITHM FOR EACH ELEMENT
Element
Fe Ag Al Cr Cu Mg Ni Si Ti
First 1 2 2 1 1 1 1 2 2
Second| 3 1 3 3 2 3 3 3 1,4
38
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V. CONCLUSIONS AND RECOMMENDATIONS

There is no single best algorithm for all nine elements, since the degree of
curvature is different according to the element. The PWMA didn’t consider different
? algorithms for different elements. The computation in the PWMA used only by one
algorithm for all nine elements. If we employ different algorithms for different
elements in an analyzer, it will be better because each element has different
characterisics. We recommend that one may use algorithm 1 for elements Fe, Cr, Cu,
Mg, and \i and algorithm 2 for elements Ag, Al, Si, and Ti to obtain better estimation
in computing concentration. The microprocessor can easily check for the existence of

an asymptote. If one occurs, use algorithm 1.




APPENDIX A
PWMA FIELD TEST BURN SEQUENCE

2. Auto Zaro - Operate in AZ mode. If the AZ failed,; repeat the AZ snd .
the run as 2A. If the AZ failed twice in 2 row,

3. CAL Ia - Operate in CAL I wode.
4. CAL Ib -~ Operate in CAL I wodas.
5. CAL IIs - Oparate in CAL II wmode.
6. CAL IIb - Operate in CAL II wmode.
7. CAL IIls =~ Operate in CAL III mode.
8. CAL IIIb - Operate in CAL III mode.If the calibration failed,
repest the calibration and number the calibration runs as
3Ay ....» 8Ay accordingly.
9. Blarnk - Run & burn with no sample; operate in Analysis mode. From
now on, all the samples will be run in Anelysis mode except
Reslope.
10. Verificstion Semple % 1: 10Z
11. Verificstion Semple % 2: 40Z
12. Verification Semple & 3: 704
13 Blank
164~18.Correlation sample % 1 - Repeat the same semple five times, this
procedure applies for all the correlation ssmple.
19-23.Correlation sample # 2
26-28.Correlation sample % 3
29. Blank
30-37.Random samples -~ These may be resal engine oil sample. If there are
not enough real engine oil samples, repeat one sample
as many times as necesssry. ( 8 samples totsl )
38. 10Z sample
39. 407 sample

%0 70/ sample .
Day 2
41. Blank

42. Reslope A - Operate in RSLP mods. If the reslope A failed, disregard
and continue the sequence.

63. Reslope B - Operate in RSLP mode. If the reslope B failed, disregard
asnd continue the secrence.

G6. 10Z sample

65. 407 sample

66. 707 sample

47-51.Correlation sample # &

52~56.Correlation sample 8 5

57. Blank

58-63.Random samples ( 6 sawmples total )

6. CAL I check sample - Operate in Anelysis mode.

68. CAL II check sample - Operate in Anelysis wmode.

66. CAL III check sample - Operate in Analysis mode.

67. Blank

68~77.Ranciom samples ( 10 ssmples totsl )

78. 107 sample

79. 407 sample

80. 70/ sample

Day 3
8l. Blank
82. CAL Ia.

83. CAL Ib.




CAL IXa.

CAL IIb.

CAL IIla.

CAL IIIb.

Blank

10Z sample

40% sample

70X semple

92-96 .Correlation sample 8 ¢
97-101.Correlation sample & 7
102. Blank

103-117.Random samples ( 15 samples total )
118. 107 sample

119. 40%Z sample

120. 70%Z sample

Cay 4

121. Blank

122. Reslope A

123. Reslope B

124. 10Z sample

125. 40/ sample

126. 707 sample
127-131.Correlation sample 8 8
132-136.Correlation sample & 9
137. Blark

138-157.Random samples { 20 samples total )
158. CAL I check sample

159. CAL II check sample

160. CAL III check sasple
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APPENDIX B
DATA PPM401

There are several data, we list just one of them for references.

R

ABSORBANCES
SI>LIMIT P

SI>LIMIT P
ABSORBANCES
P

ABSORBANCES

p
ABSORBANCES
CR,NI,SI,P
ABSORBANCES
SI>LIMIT?P
ABSORBANCES

p
ABSORBANCES
SI>LIMIT P
ABSORBANCES

58 53
86 =2
115 9
111 100
143 129
148 131

L 1
28 28
%% 4
105 90
70 7
129 11e
13 1
% 28
42 4
101 &
70 4
129 118
117 101
116 96
12 1
36 29
46 4
107 9
% 9
131 12¢
23 2
65 82
50 5
113 98
103 10
149 130

9 1
8 24
L2 4
9% 80
73 7

131 114

10
10
19

26

18
26

110
1
21
79
95

23
22
47
43
70
7

12
18
42
28

22
16
39
26

51
51
13
20
45
31
61

23
20

38
65

12
37
53

4 40
4 38
60 92
61 96
72 119
7% 120
3 3
32 1
9 12
56 79
17 20
66 108
2 4
30 25
8 12
8% 76
19 21
68 107
55 80
5 80
2 3
28 19
8 1
53 70
1% 17
63 99
4 5
42 34
¢ 1%
6l 89
25 31
7% 12¢
2 2
30 15
11 12
59 76
23 21

72 107

10

18
33
35

20
12
26

21

30
12
26

37

10

42
39
67

17
14
28
30

117
17
31
23
39

10
30
29
42
11
20
10
29
21
18
12

19
17

2l
10
30

10

23
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APPENDIX D

- SUMMARY OF RANK

!‘ . DATAAL PPM201
FE 175.00 190.49 65.59 119.33 972.852 -00
SIZE 6.00 6.00 6.00 6.00 6.00 .00

i RATIO 29.17 31.7% 10.93 19.89 162.00 888.00
RANK 3 1 2 4 5
A 20.00 22.11 33.76 22.88 37.23 .00
SIZe 6.00 - 6.00 6.00 6.00 6.00 .00
RATIO 3.33 3.69 5.62 3.81 6.20 888.00
RANK » 1 3 2 4 5
AL 36.00 49.29 47.87 47.76 47.82 48.78
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 6.00 8.22 7.98 7.9 7.97 8.12
RANK » L 3 1 2 4
CR 10.00 10.04 9.46 9.58 21.59 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.67 1.67 1.58 1.60 3.60 888.00
RANK 3 1 2 L 5
cu 28.00 29.44 33.00 31.86 62.77 33.90
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO %.67 4.91 5.50 5.31 7.13 5.65
RANK * 1 3 2 5 4
"% 32.00 18.54 20.96 21.13 117.57 21.28
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 5.33 3.09 3.49 3.52 19.59 3.55
RANK 1 2 3 5 4
NI 19.00 25.62 370.96 14.67 89.70 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 3.17 %.27 61.83 2.64 16.95 888.00
RANK 2 4 1 3 5
St 283.00 .00 383.29 193.42 .00 .00
SIZE 6.00 .00 6.00 6.00 .20 .00
RATIO 47.17 888.00 63.88 32.24 888,00 888.00
RANK 3 2 1 % 5
TI 22.00 21.31 167.05 18.08 21.07 19.45
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.67 3.58 27.84 3.01 3.51 3.24
RANK 4 5 1 3 2

OATAAL PPM202

FE 87.00 9.85 69.46 62.50 387.26 4%7.50
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 14.50 15.14 11.58 10.42 64 .54 7.92
RANK 4 3 2 s 1
AG 5.00 %.67 3.31 %.80 35.16 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .83 .78 .85 .80 5.86 888.00
RANK 2 1 3 4 5 *
AL 11.00 14.13 16.47 16.22 20.50 18.22

RN SN AR R AR RN LRARYO M Ra(] 8.5 B 48 0 0 8 B e b e et
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S1ZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.83 2.36 2.75 2.70 3.42 3.0¢
RANK Ld 1 3 2 5 4
CR 2.00 1.33 2.03 1.78 %.37 2.28
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .33 .22 .34 .30 .73 .38
RANK 1 3 2 5 L
cu 42.00 38.05 32.38 34.15 59.89 25.46
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 7.00 6.34 5.40 5.69 9.9 4.26
RANK 4 2 3 5 1
" 52.00 46.76 47.40 47.26 89.28 .00
S1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 8.67 7.79 7.90 7.88 14.88 888.00
RANK 1 3 2 4 5
NI 7.00 %.06 6486.57 9.9 40.81 15.54
SIZe 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.17 .67 1081.10 1.68 6.80 2.5
RANK 1 5 2 4 3
SI 304.00 302.19 293.80 209.38 29.78 298.08
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 50.67 50.37 48.97 48.23 49.46 49.67
RANK 8 4 1 3 4
I 8.00 8.7% 10.858 .53 9.41 9.47
SIZE 6.00 €.00 6.00 6.00 6.00 6.00
RATIO 1.33 1.646 1.76 1.59 1.57 1.58
RANK » 1 4 2 3
DATAAL PPM203
FE 230.00 260.99 9%.31 179.67 3%.15 123.58
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 38.33 40.17 16.08 29.98 €6.02 20.60
RANK 4 1 3 5 2
AG 2.00 1.59 .53 1.1¢ 17.87 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .33 .26 .09 .19 2.9 888.00
RANK 3 1 2 4 s
AL 52.00 45.26 44.56 %6.30 58.88 %1.04
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 8.67 7.54 7.63 ?.72 9.81 6.84
RANK 3 2 4 5 1
CR 1.00 .53 .48 .25 %.27 .29
S1ZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .17 .09 .08 .06 .71 .08
RANK 4 3 1 5 2
v 245.00 344.61 386.51 367.05 354.90 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 40.83 §7.40 66.642 61.18 59.15 888.00
RANK » 1 L 3 2 5
MG 9.00 5.0¢ 7.18 2.31 29.65 12.93
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.50 .84 1.20 1.22 %.% 2.15
RANK 1 2 3 S L
NI 9.00 9.17 120.78 17.14 22.59 19.61
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
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RATIO 1.50 1.53 20.13 2.86 3.77 3.27
RANK " 1 5 2 ¢ 3
1 305.00 757.¢9  552.89 1687.68  753.81 .00
SIZE 6.00 .00 6.00 6.00 6.00 .00
RATIO  50.83  126.28  92.15  281.28 125.63  888.00
RANK » 3 1 4 2 5
n 13.00 13.54 14.30  16.49  14.32 14.36
1z .00 6.00 6.00 6.00 6.00 6.00
RATIO 2.17 2.26 2.38 2.62 2.39 2.39
RANK » 1 2 5 3 ¢
DATAAL PPM206
re 725.00 823.52  739.28  807.14  979.47  796.93
s1ze 12.00  12.00 12.00  12.00  12.00 12.00
RATIO  60.42  68.63  61.61  67.26  81.62  66.58
RANK " . 1 3 5 2
8 3.00 19.31 17.28  17.98  ¢7.74¢  15.83
s1ZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .28 1.61 1.44 1.50 3.98 2.64
RANK » 3 1 2 5 4
AL 317.00  111.67  265.15  104.02  6031.69 .00
S1ZE 12.00 6.00 6.00 6.00 .00 .00
RATIO  26.42 18.61  44.19  17.3¢ 1005.28  888.00
RANK 2 3 1 5 4

CR 7.00 19.88 20.78 20.50 33.57 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO .58 1.66 1.73 1.71 2.80 888.00
RANK " 1 3 2 4 5

(=1 114.00 170.58 169.35 169.37 183.95 160.21
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 9.50 14.21 14.11 14.11 15.33 13.35
RANK » o 2 3 5 1

e 77.00 163.79 172.05 163.16 179.81 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 6.42 13.65 14.34 13.60 14.98 888.00
RANK » 4 3 1 % 5

NI 3.00 93.12 333.76 93.53 162.60 73.45
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .25 7.76 27.81 .79 13.55 12.24
RANK » 1 5 2 4 3

S1 768.00 6691.70 1407.42 345.57 1493.18 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 62.33 557.64 117.28 28.80 1264.43 888.00
RANK L 2 1 3 5

TI 27.00 87.04 78.46 102.10 89.66 52.04
S128 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.28 7.28 6.54 8.51 7.47 8.67
RANK » 2 1 4 3 5

DATAAL PPM207

FE 2898.00 2914.98 19613.44 3395.583 1457.12 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO 241.50 262.92 1634.45 282.96 242.85 888.00
RANK L 2 5 3 1 %
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AG 14.00 154.71 .26 52.41 1.33 .27
SIZE 12.00 12.00 6.00 12.00 6.00 6.00
RATIO 1.17 12.89 .04 %.37 .22 .06
RANK 3 1 4 3 2
AL 320.00 .00 234.39 .00 .00 .00
SIZE 11.00 .00 12.00 .00 .00 .00
RATIO 29.09 888.00 19.53 888.00 888.00 888.00
RANK 2 1 3 4 L
CR 11.00 60.80 32.88 52.55 28.17 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO .92 $.07 2.7 .38 %.69 888.00
RANK » 4 1 2 3 5
(=1 29.00 290.09 135.19 943.80 20.49 23.40
S1ZE 12.00 12.00 12.00 12.00 6.00 6.00
RATIO 2.42 26.17 11.27 78.65 3.4l 3.90




[4,
E S1Ze 12.00 12.00 12.00 12.00 12.00 .00
1 RATIO 7.08 9.87 9.87 9.52 15.95 888.00
RANK » 2 3 1 4 5
NI 20.00 21.67 97.51 14.37 100.50 10.37
SIZE 12.00 12.00 6.00 12.00 12.00 6.00
RATIO 1.67 1.81 16.25 1.20 8.37 1.73 .
RANK 3 5 1 % 2
S1 65.00 97.88 92.17 93.20 92.57 87.42
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.42 8.16 7.68 7.77 7.71 7.29 *
RANK » s 2 4 3 1
TI 39.00 48.27 %9.77 51.86 49.15 48.74
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.28 4%.02 4.15 %.32 %.10 %.06
RANK L] 1 L 5 3 2
ODATAAL PPM303
FE 108.00 107.97 111.92 112.21 347.53 123.26
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 18.00 18.00 18.65 18.70 57.92 20.54
RANK 1 2 3 5 %
AG .00 .21 .36 .32 7.19 .84
S1ZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .00 .03 .06 .05 1.20 16
RANK » 1 3 2 5 %
AL 6.00 11.92 14.39 11.16 23.00 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.00 1.99 2.40 1.86 3.83 888.00 -
RANK » 2 3 1 % 5
CR 1.00 2.29 3.35 2.85 12.25 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .17 .38 .56 .47 2.04 888.00 -
RANK » 1 3 2 % 5
cv 40.00 39.34 4% .48 53.20 43.62 42.99
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 6.67 6.56 7.641 8.87 7.27 7.17
RANK 1 4 5 3 2
" 32.00 24.80 41.08 45.75 34.14 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.33 4%.13 6.85 7.63 5.69 888.00
RANK 1 3 4 2 5
NI 6.00 6.50 .00 15.41 64.70 .00
S1ZE 6.00 6.00 .00 6.00 6.00 .00
RATIO 1.00 1.08 888.00 2.57 10.78 888.00
RANK » 1 4 2 3 5
S1 53.00 66.80 505.64 66.91 60.38 .00
SIZe 6.00 6.00 6.00 6.00 6.00 .00
RATIO 8.83 10.80 84.27 11.15 10.06 888.00
RANK » 2 4 3 1 5
A2 11.00 11.60 6.72 12.54 12.18 12.21 .
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.83 1.93 1.12 2.09 2.03 2.04
RANK 2 1 5 3 4 !
. 3
DATAALL PPM304
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FE 64.00 2180.05 3250.60 7185.16 50624.67 .00
S1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 10.67 363.34 541.77 1197.53 8437.45 888.00
RANK * 1 2 4 5 3
AG 10.00 10.03 9.97 9.97 13.44 8.62
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 1.67 1.67 1.66 1.66 2.24% 1.44
RANK 4 2 3 5 1
AL 72.00 88.29 88.09 87.99 103.49 90.89
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 12.00 14.71 14.68 14.66 17.25 15.15
RANK » 3 2 1 5 )
CR %.00 3.97 3.07 $.32 13.88 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .67 .66 .51 .55 2.31 888.09
RANK 3 1 2 3 5
cy 23.00 25.91 26.46 26.%6 264.99 26.71
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.83 4.32 %4.08 %.08 %.16 4.45
RANK » % 1 2 3 5
MG 78.00 82.36 .00 92.85 104.65 .00
SI1ZE 6.00 6.00 .00 6.00 6.00 .00
RATIO 13.00 13.73 888.00 15.48 17.4% 888.00
RANK » 1 [ 2 3 5
NI 3.00 2.32 22.76 5.26 197.67 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .50 .39 3.79 .88 32.95 888.00
RANK 1 3 2 3 5
SI 17.00 16.86 22.36 12.79 16.26 16.24
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 2.83 2.81 3.72 2.13 2.71 2.71
RANK ) 5 1 3 2
TI 24.00 26.31 27.28 27.70 27.08 26.45
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 4.00 4.39 4.55 %.62 4.51 4.6l
RANK » 1 [ 5 3 2
DATAAL PPM305
FE 402.00 %60.36 421.86 427.68 3416.65 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 67.00 76.73 70.31 71.28 569.44 888.00
RANK * 3 1 2 L3 5
AG 2.00 3.41 3.68 3.63 6.13 %.19
SIZE 5.00 6.00 6.00 6.00 6.00 6.00
RATIO .40 .57 .61 .60 1.02 .70
RANK »* 1 3 2 5 4
AL 35.00 44 .39 21.72 71.60 .00 .00
SI1ZE 6.00 6.00 6.00 6.00 .00 .00
RATIO 5.83 7.40 3.62 11.93 888.00 888.00
RANK 2 1 3 ) 5
CR 2.00 1.87 2.08 1.91 3.59 2.19
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO .33 .31 .34 .32 .60 .36
RANK 1l 3 2 5 [
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00 a6 179.08 212.23 176.33

6.00 6.00 6.00 6.00 6.00

- RATIO 27.50 29.98 29.49 29.85 35.37 29.39
RANK L] ) 2 3 5 1
L 118.00 118.06 119.86 119.84 %67.95 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 19.67 19.68 19.98 19.97 77.99 888.00
RANK » 1l 3 2 4 5
NI 35.00 32.50 27.84¢ 21.81 81.19 .00
SI1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.83 5.42 %.6% 3.64 13.53 888.00
RANK 3 2 1 % 5
SI 19.00 14.18 17.28 16.45 19.92 16.95
SIZE 6.00 6.00 6.00 6.00 6.00 6.00
RATIO 3.17 2.36 2.88 2.7% 3.32 2.83
RANK 1 4 4 5 3
71 38.00 51.08 1687.75 61.65 51.55 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 6.33 8.51 281.29 10.28 8.59 888.00
RANK » b % 3 2 5

FE 100.00 128.03 121.08 109.09 3119.08 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 8.33 10.67 10.09 9.09 259.92 888.00
RANK » 3 2 1 % 5
AG 2.00 .85 1.70 1.48 12.34 .67
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .17 .07 .14 .12 1.03 .11
RANK 1 % 3 5 4
AL 268.00 317.88 300.21 297.57 429.29 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 22.33 26.49 25.02 26.80 35.77 888.00
RANK » 3 2 b | % 5
CR 16.00 17.29 17.16 17.10 39.32 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 1.33 1.44 1.43 1.42 3.28 888.00
RANK » 3 2 1 % 5
cu 106.00 102.05 100.06 99.74 100.09 107.97
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 8.83 8.50 8.34 8.31 8.34 9.00
RANK 4 2 1 3 5
MG 91.00 170.50 186.21 148.12 179.10 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO ?7.58 14.21 13.02 12.34 14.92 888.00
RANK * 3 2 1 % 5
NI 38.00 34.87 26.02 31.70 192.41 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 3.17 2.91 2.17 2.64 16.03 888.00
RANK 3 1 2 4 5
S1 162.00 149.09 161.29 166.29 171.89 103.04
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 13.50 12.42 11.77 13.86 14.32 17.17
RANK 2 1 3 4 5
TI 135.00 142.77 364.12 141.42 134.41 141.47




S1ze 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 11.25 11.90 30.34 11.79 11.20 11.79
RANK 4 5 2 1 3
DATAAL PPM4O4G
F& 30.00 28.60 92.84 73.23 1614.32 .00
S1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.00 6.43 15.47 12.21 269.05 888.00
RANK * 1 3 2 4 s
AG 9.00 7.92 6.83 8.49 98.37 .00
SIZE 6.00 6.6, 6.00 6.00 6.00 .00
RATIO 1.50 1.32 1.16 1.42 16.39 888.00
RANK 2 1 3 % [
AL 231.00 427.16 260.35 327.70 966.08 .00
S1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 38.50 71.19 40.06 54.62 161.01 888.00
RANK » 3 b3 2 4 5
CR 1.00 .97 2.22 1.10 10.77 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO .17 .16 .37 .18 1.80 888.00
RANK 1 3 2 L) 5
cu 113.00 116.47 128.29 127.72 238.264 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 18.83 19.41 20.88 21.29 39.71 888.00
RANK » 1 2 3 4 5
MG 47.00 64.59 %5.87 46.358 46.32 .00
S1ZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 7.83 7.643 7.64 7.73 7.72 888.00
RANK 1 2 ) 3 1
NI 11.00 8.71 5.84 6.41 165.33 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 1.83 1.45 .97 1.07 24,22 888.00
RANK 3 1 2 4 5
SI 36.00 83.14 62.51 69.86 820.92 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 6.00 8.86 7.08 11.64 136.82 888.00
RANK » 2 1 3 4 5
TI 32.00 26.54 25.41 26.86 25.17 .00
SIZE 6.00 6.00 6.00 6.00 6.00 .00
RATIO 5.33 %.42 %.23 %.48 4.20 888.00
RANK 3 2 4 1 5
DATAAL PPMGOS
FE 239.00 223.86 175.23 193.22 4758.95 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 19.92 18.65 14.60 16.10 396.58 888.00
RANK 3 1 2 L3 5
AG 26.00 19.51 18.68 19.07 23.69 14.31
S1ZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.00 1.63 1.56 1.59 1.97 1.19
RANK [} 2 3 ) 1
AL 120.00 136.21 133.36 135.06 138.79 133.60
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 10.00 11.35 11.11 11.28 11.57 11.13
RANK » [ 1 3 5 2




R 3.00 6.97 4.9 6.10 14.73 3.51
s 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .28 .58 41 .51 1.23 .59
RANK L 3 1 2 5 %
QU 47.00 4%1.02 %7.51 %6.43 4%8.57 49.51
SIZ¢ 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.92 3.42 3.96 3.87 %.08 4%.13

1 3 2 L 5
" 266.00 254.16 220.37 194.30 213.89 74.36
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 22.17 21.18 18.36 16.19 17.82 12.39

5 4 4 3 1
NI 26.00 32.2% 8.76 20.00 167.12 .00
S1ZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.17 2.69 .73 1.67 13.93 888.00
RANK 3 1 2 4 5
sI 65.00 71.11 71.03 n.z 85.72 60.57
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.4 5.93 5.92 5.93 7.16 5.05
RANK 3 2 4 5 1
T 40.00 %4.50 45.33 43.82 %%.29 25.18
S1Ze 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.33 3.7 3.78 3.65 3.69 %.20
RANK n 3 L 1 2 5

DATAAL PPMAOS

FE 469.00 567.44 363.16 415.18 17220.28 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATI0 39.08 45.62 30.26 34.60 1435.02 888.00
RANK 3 1l 2 5 4
AG 33.00 28.08 26.34 26.91 37.04 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.78 2.34 2.19 2.26 3.09 888.00
RANK 3 1 2 4 5
AL 74.00 63.13 58.35 61.43 149.71 10.28
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.17 5.26 4.86 5.12 12.48 1.1
RANK 4 2 3 5 1
CR 2.00 3.48 3.37 3.36 96.86 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO .17 .29 .28 .28 8.07 888.00
RANK » 3 2 1 4 5
v 32.00 35.491 41.01 %2.99 43.21 %5.57
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.67 2.95 3.42 3.58 3.60 3.80
RANK » 1 2 3 4 5
e 91.00 83.41 95.59 9%.42 280.57 .00
S1Ze 12.00 12.00 12.00 12.00 12.00 .00
RATIO 7.58 6.95 7.97 7.87 23.38 888.00
RANK | 3 2 4 5
NI 30.00 28.84 8.28 16.98 478.03 .00
S1Ze 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.50 2.40 .69 1.41 39.8¢ 888.00
RANK 3 1 2 4 5
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1
st 132.00  329.10 306.22 308.16  316.09 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 11.00 27.62 25.52 25.43 26.3¢  888.00
RANK * Py 2 1 3 3
T2 35.00 32.77 27.75 29.39 27.98 28.11
. SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.92 2.73 2.31 2.45 2.33 2.34
RANK 5 1 4 2 3
" DATAAL PPMGO9
FE 915.00 896.53  673.06  788.52 2643.86 .00
S1ZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 76.28 74.71 56.09 65.71  220.32  888.00
RANK 3 1 2 P 5
AG 41.00 147.67 5523.28  292.56 90.86 7.28
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.642 12.31  460.27 26.38 7.57 1.21
RANK 3 5 “ 2 1
AL 277.00 283.60 265.18 264.76  255.95  265.68
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 23.08 23.63 22.10 22.06 21.33 22.164
RANK 5 3 2 1 PA
cR 3.00 6.47 5.43 5.10 26.16 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO .25 .37 .45 .62 2.18  888.00
RANK * 1 3 2 4 5
cv 136.00 166.62 157.18 1564.99  218.25  153.89
> SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 11.17 12.22 13.10 12.92 18.19 12.82
RANK » 1 o 3 5 2
- "G 73.00 77.80 78.61 76.53 95.99 66.93
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.08 6.48 6.55 6.38 8.00 11.15
RANK » 2 3 1 P 5
NI 3.00 2.85 73.03 6.58 97.48 7.02
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .28 .26 6.09 .55 8.12 1.17
RANK 1 P 2 5 3
sI 525.00 .00  216.03 .00 5087.06 .00
: SIZE 12.00 .00 12.00 .00 12.00 .00
¥ RATIO %3.75  888.00 18.00 888.00 423.92  888.00
RANK 3 1 % 2 5
TI 29.00 25.84 26.30 23.93 26.04 21.23
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.42 2.15 2.19 1.99 2.17 3.54
RANK 2 4 1 3 5
DATAAL PPMG12
. FE 41.00 §0.60  142.39 76.18 1098.40 85.99
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 3.42 6.22 11.87 6.35 91.53 14.33
RANK » 1 3 2 5 o
’ AG 6.00 5.50 3.93 %.56 11.75 1.68
s1ZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .50 .46 .33 .38 .98 .16
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FE 320.00 298.68 2303.91 231.51 986.67 147.91
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 26.67 264.89 191.99 19.29 82.22 12.33
RANK 3 5 2 % 1
AG 17.00 17.38 15.35 16.32 21.01 14.15
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.42 1.45 1.28 1.36 1.75 1.18
RANK L 2 3 5 1
AL 1264.00 267.30 138.11 14.47 16.9% 16.80
SIZE 12.00 12.00 12.00 6.00 6.00 6.00
RATIO 10.33 22.27 11.51 2.61 2.82 2.80
RANK 5 % 1 3 2
CR 7.00 %.48 20.26 %.47 156.25 1.18
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .58 .37 1.69 .37 1.27 .20
RANK 3 5 2 % 1
cu 81.00 65.38 68.28 61.92 99.51 57.06
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.75 5.45 5.69 5.16 8.29 %.75
RANK 3 % 2 5 1
L, 72.00 66.45 66.15 65.62 110.91 55.46
S1Z¢ 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 6.00 5.5 5.51 5.47 9.2¢ 9.24
RANK 3 2 1 L 5
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NX 16.00 16.21 306.2¢ 16.84 87.17 14.39
SIZ% 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 1.3% 1.38 28.52 1.40 7.26 2.40

» 1 [ 2 ) 3
I 548.00 3253.60 363.43 37162.64 1317.74 .00
SIZE 12.00 12.00 6.00 12.00 12.00 .00
RATIO 485.67 271.13 60.57 3096.89 109.81 888.00
RANK ] 3 1 5 2 4
TI 28.00 30.57 26.31 31.13 29.47 29.45
S17% 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 2.08 .58 2.19 2.59 2.46 2.48
RANK » L} 1 ] 3 2

DATAAL PPMS1S
Fe 95.00 98.18 97.72 76.81 768.92 110.22
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 7.92 8.18 8.14 6.40 64.08 9.18
RANK 3 2 1 s %
AG 8.00 7.87 7.88 7.93 8.29 7.53
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .67 .63 .66 66 .69 .63
RANK 2 3 9 5 1
AL 67.00 88.27 109.28 88.64% 113.79 85.55
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 5.58 7.36 9.11 7.39 9.48 7.13
RANK » 2 L) 3 5 1
CR 2.00 1.43 .93 .86 5.70 .51
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .17 .12 .08 .07 .48 .0%
RANK 4 3 2 5 1
cu 23.00 25.87 27.27 28.05 65.71 32.73
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.92 2.16 2.27 2.34 5.48 .73
RANK » 1 2 3 5 [
MG 31.00 26.13 29.92 30.08 124.74 12.40
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.58 2.01 2.49 2.51 10.39 2.07
RANK b § 3 L) 5 2
NI 13.00 12.73 423.45 16.17 39.13 19.71
SIZE 12.00 12.00 6.00 12.00 12.00 12.00
RATIO 1.08 1.06 70.58 1.35 3.26 1.64
RANK 1 5 2 % 3
£ 4 288.00 197.67 344.15 222.31 174.00 .00
SIZE 11.00 6.00 12.00 6.00 6.00 .00
RATIO 26.18 32.9% 28.68 37.05 29.00 888.00
RANK » 3 1 4 2 5
TI 20.00 14.81 9.61 14.86 14.62 .00
SIZE 12.00 12.00 6.00 12.00 12.00 .00
RATIO 1.67 1.23 1.60 1.26 1.22 888.00
RANK 2 [} 3 1 5
OATAAL PPMG16

FE 372.00 1112.62 906.69 971.9%% 1775.91 93.76
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
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RATIO 31.00 92.72 75.56 80.99 147.99 15.63
RANK 4 2 3 ] 1
AS 11.00 23.19 22.88 22.93 18.28 6.51
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .92 1.93 1.9 1.91 1.52 1.09
RANK L 3 L] 2 1
AL 81.00 114.20 106.2¢ 108.97 117.53 110.48
sIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.78 9.52 8.88 9.08 9.79 9.21
RANK » 4 1 e L 3
CR 5.00 19.9% 17.17 18.37 18.20 .89
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO .42 1.66 1.43 1.583 1.52 .18
RANK 5 4 4 3 1
=1 26.00 141.62 1485.08 160.81 127.41 138.40
S1Z¢ 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .17 11.80 12.09 11.73 10.62 11.53
RANK » L 5 3 1 2
"e 29.00 106.64 115.62 112.50 121.80 .00
S1Z¢ 12.00 12.00 12.00 12.00 12.00 .00
RATIO 2.42 8.89 9.64 .37 10.15 888.00
RANK » b § 3 2 4 B
NI 15.00 9%.20 153.68 90.07 118.51 83.23
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 1.28 8.02 12.81 7.82 .88 13.87
RANK ] e 4 1 3 5
SI 148.00 928.1¢ 1099.13 1078.% 428.30 40.81
128 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 12.33 77.35 91.51 89.91 36.44 6.80
RANK 3 5 4 2 b |
Tl 35.00 53.28 14.06 59.28 87.97 .00
SI1ZE 12.00 12.00 6.00 12.00 12.00 .00
RATIO 2.92 %.44 2.34 4.9% 4.83 888.00
RANK 2 1 4 3 5
DATAAL PPMSO1
FE 180.00 78.30 179.09 131.65 7817.2¢ .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 15.00 6.52 14.92 10.97 651.4% 888.00
RANK 1 3 2 4 5
AS 10.00 9.19 6.30 7.81 31.30 1.95
S1Ze 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .9 77 .53 .65 2.61 .32
RANK 4 2 3 5 1
AL 104.00 139.48 60.48 45.26 46.08 43.34
SIzZe 10.00 12.00 12.00 6.00 6.00 6.00
RATIO 10.40 11.62 5.0% 7.54 7.68 7.22
RANK S 1 3 % 2
cr 3.00 5.68 23.18 6.15 31.26 .00
SIZ8 11.00 12.00 12.00 12.00 12.00 .00
RATIO .27 47 1.93 .51 2.61 888.00
RANK " 1 3 2 L 5
o 16.00 11.63 9.58 10.06 19.84 9.96
3128 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 1.33 .97 .80 <84 1.68 .83




RANK L 1 3 5 2
"G 183.00 187.93 190.79 190.92 1091.13 .00
S1zZe 11.00 12.00 12.00 12.00 12.00 .00
RATIO 16.64 18.66 15.90 15.91 90.93 888.00
RANK 1 2 3 % L
NI 21.00 19.30 1641.79 24.83 185.73 .00
SIZE 11.00 12.00 12.00 12.00 12.00 .00
RATIO 1.91 1.61 11.82 2.07 15.48 888.00
RANK 1l 3 2 4 5
SI 408.00 893.40 499.81 232.03 537.23 564.70
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 34.00 74.87 %1.65 19.36 “%.77 4%7.06
RANK 5 2 1 3 4
TI 23.00 19.37 18.9% 18.74 18.68 8.07
SIZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.09 1.61 1.58 1.56 1.57 1.34
RANK L] 4 2 3 1
DATAAL PPM502
FE 310.00 299.60 267.65 281.80 402.95 260.74
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 25.83 26.97 22.29 23.48 33.58 21.73
RANK 4 2 3 5 1
AG 4.00 3.14 3.51 4.14 10.61 %.13
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .33 .26 .29 .34 .88 .34
RANK 1 2 4 5 3
AL 438.00 488.21 483.86 454.93 4541.83 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 36.50 %0.68 37.82 37.91 378.49 888.00
RANK » 3 1 2 % 5
CR 6.00 7.62 6.21 7.13 21.56 1.12
SIZE 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .55 .62 .52 .59 1.80 .19
RANK L 2 3 5 1
cv 36.00 40.26 41.72 44 .04 %8.01 51.08
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 3.00 3.385 3.48 3.67 %.00 4.28
RANK » 1 2 3 % 5
MG 182.00 169.20 191.42 189.20 2219.15 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 15.17 14.10 15.95 15.77 184.93 888.00
RANK 1 3 2 L 5
NI 25.00 11.97 185.09 7.33 37.72 1.79
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.08 1.00 15.42 .61 3.16 .30
RANK 3 5 2 “ 1
SI 230.00 136.61 53.51 143.39 58.97 .00
SIZE 11.00 12.00 6.00 12.00 6.00 .00
RATIO 20.91 11.38 8.92 11.95 9.83 888.00
RANK 3 1 % 2 5
TI 30.00 34.99 36.46 64.72 4%2.50 15.75
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 2.50 2.92 3.04 5.39 3.54 2.62
RANK » 2 3 5 4 1
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SIZE 12.00 12.00 6.00 6.00 .00
RATIO 11.78 . 17.48 11.29 11.2¢ 888.00
RANK 3 2 1 s
CcR 9.00 23.01 23.92 22.41 28.39 7.38
S1Z¢ 11.00 12.00 12.00 12.00 12.00 6.00
RATIO .82 1.92 1.99 1.87 2.12 1.23
RANK » 3 % 2 5 1
(=1 447.00 652.44 650.39 637.09 611.21 281.30
SIZ¢ 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 37.28 54.37 54.20 53.09 50.93 %6.88
RANK »* 5 % 3 2 1
" 79.00 183.36 182.30 181.26 13744.22 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
RATIO 6.58 15.28 15.19 15.10 1145.35 888.00
RANK » 3 2 1 5 %
NI 149.00 252.63 5861.19 250.95 220.62 156.12
SIZE 12.00 12.00 12.00 12.00 12.00 6.00
RATIO 12.42 21.08 488.43 20.91 18.39 26.02
RANK » 3 5 2 1 4
SI 1411.00 768.20 4163.73 880.75 3977.22 .00
SIZE 12.00 6.00 12.00 12.00 6.00 .00
RATIO 117.58 128.03 346.98 73.40 662.87 888.00
RANK 2 3 1 % 5
TI 94.00 192.46 117.78 124.93 36.04 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO 7.83 16.04 9.82 10.41 6.01 888.00
RANK 4 2 3 1 5
DATAAL PPMS04
FE 1047.00 1171.91 1653.12 1159.36 1525.00 1168.39
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 87.28 97.66 137.76 96.61 127.08 97.37
RANK » 3 5 1 % 2
AG 12.00 14.46 12.87 13.81 15.14 13.80
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RAT1O0 1.00 1.21 1.07 1.15 1.26 1.18
RANK » 4 1 3 5 2
AL 317.00 760.40 361.65 187.29 676.56 .00
SIZE 12.00 12.00 12.00 6.00 6.00 .00
RATIO 26.642 63.37 30.14 31.21 112.76 888.00
RANK " 3 1 2 4 5
CR 11.00 9.08 13.12 9.30 11.83 9.38
SIZX 12.00 12.00 12.00 12.00 12.00 12.00
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RATIO .92 .75 1.09 77 .99 .78

RANK 1 5 2 L 3
cv 222.00 240.31 193.48 226.03 204 .58 214.89
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 18.50 20.03 16.12 18.84 23.71 17.9
- RANK L 1 3 5 2
MG 132.00 160.42 157.35 157.49 1412.08 .00
SIZE 12.00 12.00 12.00 12.00 12.00 .00
- RATIO 11.00 13.37 13.1% 13.12 117.67 888.00
RANK » 3 1 2 “ 5
NI 74.00 71.58 77.34% 71.63 83.46 72.91
SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO 6.17 5.9 6.4% 5.97 6.95 6.08
RANK 1 4 2 5 3
L3 4 108.00 203.42 263.66 238.05 222.00 80.49
SIZE 11.00 11.00 11.00 11.00 12.00 6.00
RATIO 9.82 18.49 23.97 21.6% 18.50 13.42
RANK » 2 5 4 3 1
TI 21.00 25.83 93.57 33.93 3.09 .00
SIZE 12.00 12.00 12.00 12.00 6.00 .00
RATIO 1.78 2.15 7.80 2.83 .52 888.00
RANK 2 4 3 1 5

DATAAL PPM505

FE 440.00 426.89 63786.81 578.67 669.23 628.68

SIZE 12.00 12.00 12.00 12.00 12.00 12.00

RATIO 36.67 35.41 5315.57 48.22 55.77 52.39

r RANK 1 5 2 % 3
AG 2.00 1.50 3.23 1.87 1.65 1.84

SIZE 12.00 12.00 12.00 12.00 12.00 12.00

. RATIO .17 .13 .27 .16 .16 .15
RANK b 5 4 2 3

AL 1239.00 “564.57 360.05 .00 36003.11 .00

SIZE 12.00 6.00 12.00 .00 6.00 .00

RATIO 103.25 75.76 30.00 888.00 6000.52 888.00

RANK 2 1 3 5 4

CR 2.00 1.86 2.26 2.99 3.07 3.04¢

SIZE 12.00 12.00 12.00 12.00 12.00 12.00

RATIO .17 .16 .19 .25 .26 .25

RANK 1 2 3 5 %

cv 71.00 65.44 37.30 78.48 81.53 81.01

SIZE 12.00 12.00 12.00 12.00 12.00 12.00

RATIO 5.92 5.45 3.11 6.54 6.79 6.75

RANK 2 1 3 5 4

MG 144.00 154.07 183.27 153.39 481.96 .00

SIZE 12.00 12.00 12.00 12.00 12.00 .00

RATIO 12.00 12.86 12.77 12.78 40.16 888.00

RANK » 3 1 2 4 5

2

NI 10.00 12.28 47.80 21.40 21.93 21.83

1 SIZE 12.00 12.00 12.00 12.00 12.00 12.00
RATIO .83 1.02 3.98 1.78 1.83 1.82

RANK » 1 5 2 4 3

* S1 71.00 69.86 210.06 71.19 70. 9% 28.93
SIZE 12.00 12.00 12.00 12.00 12.00 6.00

) RATIO 5.92 5.82 17.50 5.93 5.91 %.82
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