INTER AND INIRA LABORATORY REPRODUCIBILITY

1976 HAT GREEK COAL ANALYSES

by

Dr. A.J. Sinclair, P.Eng.

May 25, 1977



INTER AND INTRA LABORATORY REPRODUCIBILITY
1976 HAT CREEK COAL ANALYSES

SUMMARY AND CONCLUSIONS

Duplicate samples from the 1976 drilling program on the Hat
Creek No. 1 coal deposit, taken to monitor and evaluate
analytical quality, were as follows: General Testing--24
sample péifs, Commercial Laboratories--20 sample pairs, and
Loring Laboratory--12 sample pairs, General and Commercial--

28 sample pairs, and Loring and Commercial--16 sample pairs.

In general, precisions of pre~1976 proximate, Btu/# and total
sulphur analyses were hetter or as good as precisions of con-
parable 1976 variables. The only exception to this is total
sulphur by General Testing for which poor pre~1976 precision
was improved more-or-less to the level of precision for the

other two labs.

A general evaluation of the internal precisions of the three
labs indicates that Loring and Commercial labs are more-or-
less equivalent in terms of numbers of variables for which
they show good relative precision and both are substantially
better than General Testing. This conclusion assumes egual
importance to all variables measured and ignores the possi-
bility of systematic differences among the three laboratories.
A different conclusion could well be drawn for a particular

subset of variables.

A comparison of sample palrs analvzed by Loring and Commercial
labs indicates: ‘
{(a) Commercial analyses are more precise for Btr/#, CO?,

0, Mn,0

pyritic sulphur, organic sulphur,. Ca0, MgO, Na 3 4'

and V205°

{b) Loring analyses are more precise for N

Al203, Ti02 ancdl K2O.

(c) Precisions of the two labs cannot be distinguished statis-

2

5s 0,(diff), 8i0,,

tically for ash, fixed carbon, volatile matter, carbon,

Hy s Fe203, p205 and 503T



(d)

Systematic differences seem to exist between the two
labs for fixed carbon, volatile matter, pyritic sulphur,
and-TiOz. Available data do not show which lab is more

accurate for any of these variables.

A comparison of sample palrs analyzed by General Testing and

Commercial labs indicates:

(a)

(b)

(c)

(d)

Commercial Laboratory analyses are more precise for
fixed carbon, volatile matter, pyritic sulphur, organic

o

sulphur, carbon,er, 02(diff), Fe,0 MgO,_Na2O, V,0¢

2737

and P.,0_.
= F2vs ,
General Testing analyses are more precise for ash, N

Clz, 8102, KzO and Mn304. ‘

Precisions of the two labs cannot be distinguished for
Btu/#, c0,, Al,0,, TiO., Cal and SO..
: 2’ 273 2 3
Systematic differences seem to exist between the two
o 4 3
labs for Btu/#, 602, Hz, T102 and 303.

2?

A comparison of precisions for each of General Testing and

Loring Labs indicates:

(a)

{(b)

{(c)

(d)

General analyses ars more precise for ash, CO2, Cal,
MgO, Nazo, Mn304 and V205.
Loring analyses are more precise for fixed carbon, vola-~

tile matter, pyritic sulphur, carbon, H N, , Oz(diff),

2.‘
A1203, T102 and be203.

Precisions of the two labs cannot be distinguished
statistically for Btu/#, organic sulphur, 8102’ K50,
PZOS and SO3.

No comparison was done for C12. Systematic differences
between the two labs could not be investigated because

no samples analyzed were common to both labs.
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1976 HAT CREEK COAL ANALYSES

INTRODUCTION

As a check on analyses of samples from the 1976 dril-

ling program, sample pairs were analyzed as follows:-

Lab(s) "No. of Pairs Analvyzed
General 24
Commercial .20
Loring 12
Commercial-General 25
Commercial-~Loring , 16
The foregoing sample palrs were analyzed for proximate,

ultimate and mineral ash data and the analytical results were
evaluated using the method described by Garrett (1%69) illus-

trated by the following equation:

N 2
o (X, = XA
g2 _ 1 2‘ (Xq3 21!
a N 2
i=1 o
where Si is the combined sampling and analytical variance
X1j is value for a routine sample

Xéj is value for a duplicate sample, and
N is the number of sample pairs.

This equation was applied to each of the above 5 groups of
duplicate saﬁples. Results for both logged (base 10) and raw
data are given in Tables I to V inclusive, although discussion
here will be confined to the raw results. In the tables
analytical (actually analytical plus sampling) precision is
given as the 95 percent confidence range quoted as a percentage

of the mean value.
1.98 s
l.e. Precision = e x 0 100
X
Precision refers to laboratory reproducibility (consistency).
Accuracy used later in this report refers to closeness to true

value.
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The foregoing methodology has been used to examine
(1) comparison of pre-1976 precision with 1976 precision,

(2) reproducibility of all variables within each of the
‘ three labs used, and

(3) comparison of values between pairs of labs-- General
vs. Commercial and Loring vs. Commercial. No dupli~
cates were analyzed by both General and Loring.

Replicate samples are few in number considering the varia-

bility that some variables show (see Sinclair, 1977).

Furthermore, most variables do not have normal density

distributions. Hence, it 1is difficult to evalﬁate'results

rigorouslvy. In particular, it is unwise to attribute a

precise confidence level to statistical tests even though

such tests are done at a particular level of confidence.

Despite this precautionary statement F—- and t-~tests provide

a useful and convenient framework within which to consider -

within-lab and betwesen-lab variations.

COMPARISON WITH PREVIOUS PRECISION MEASURES

Only 5 wvariables were evaluated in an earlier
analysis of precision (Sinclair, 1976)--ash, volatile matter,
fixed carbon, Btu per pound, and total sulphur. Precision
values for the pre-1976 data are compared with those for
1976 by an F-test (Table VI). Calculated F values outside
the critical range (forK= 0.05) indicate a significant
difference in the two precision estimates coﬁpared. A low
F value indicates that pre-1976 data are more precise, a high
F value indicates that 1976 data are more precise. In only
one case was there a significant improvement in precision--
total sulphur by General. For three other variables (ash,
volatile matter and fixed carbon) General had a marked
decrease in precision. Commercial showed a significant
decrease in precision for volatile matter and fixed carbon
(the reader should bear in mind that the variabilities of
these two variables are closely tied together). Loring

showed a significant change to poorer precision for total
sulphur. For proximate variables Loring's precisions were



TABLE VI

F=-VALUES COMPARING PRE-~1976 ANALYTICAL VARIANCES
* WITH 1976 ANALYTICAL VARIANCES

F-Value

Variable General Commercial Loring
Ash 0.14% - 0.44 1.63
Volatile Matter C.,01= 0.20= 3.12
Fixed Carbon 0.01= 0.20% 1.72
Btu/# 1.44 0.41 .88
S(tofal) : 38.9 = - - 0.06%
Critical Range®** .23-2.90 .29-2.83 .26-3.60
# Indicates significant differences between pre-

1976 and 1976 precisions.

A value lowsr than critical range indicates a
decrease in precision; a value ¢greater than
critical range indicates increase in precision.

* Critical range of F-values for K = 0.05.

15-
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statistically unchanged but in three cases they were sig-
nificantly worse than the other two labs for pre-1976 data.
In general, the 1976 proximate analytical data for all

three labs has poorer overall precision than do earlier data.

Analytical precisions for individual labs are given
in Tables III, IV and V for proximate, ultimate and mineral
ash raw data (labelled "Arithmetic' in the Tables). Pre- .
cisions are gquoted as a variance, as a stahdard error, and
as a percentage of the mean value, i.e. as sg, R and pre-

cislon as described in the twe eguations in the Introduction.’

INTRA LAB PRECISION

v T mlam
HIHE S DI I )

-l e
rela

To generally evaluate aLive ST

ey gt S o A Th o

2 or 3 depending on whether it has
Such
rankings are listed in Tablie VII,. labs
,are Loring (46), Commercial (38.5) and General (53.5}. In

this case the lower score indicates better overall precision.

let each lab be ranked 1,
best, middle or worst precision for each variable.

Sums for individual

Such an approach assumes that all variables are of eqgual
importance. A comparable summation for a selected group of
variables might produce a different ranking. The approach

also ignores the possibility of systematic differences between

labs. A summary of this approach follows:

Lab. No. of 1's No. of 2's HNo. of 3's
Loring ' 8 7 53
Commercial 12 .5 Le5
General : 3 9.5 10 .5

the .5's arise because of essentially equal

precisions.

Note:

By either reckoning (the above summary
is little to choose betwesen Loring and

are significantly better than General.

Alternatively, the data can be

or Table VII) there

Commercial but both

sumnarized as in Table

VIII which shows by lab the number of variables whose pre-

cisions are in specified but arbitrary

ranges. The differ-



TABLE VII

RELATIVE RANKINGS (I,
PRECISIOMS OF PROXIMATE,

2 or 3) O EACH LAPB
ULTIMATE AND MINERAL

FOR
ASH DATA

Variable

Lab

General

Commercial

Loring

Btu/#
Asnh

Fixed Carbon

Volatlle Matter

COZ

S(pyritic)

S(organic)

C

Hy

N2

C12

Oz(diff)

SiO2
.Al203

Ti02

re,0

273
Cal

"K,0
Mn304

V05

P,05

503
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Rankings based on standard deviations. Values with .5 indicate essentially

equivalent values,



TABLE VIII

NUMBERS OF VARTABLES WITHIN ARBITRARY PRECISION RANGES
' FOR EACH OF THREZ LABS '

Lab
Precision#** Commercial . General "Loring*
0-5% 3 3 - 2
5.1-10.0% 4 2 6
10.1-20% 3 -3 ‘ 5
> 20% 16 18 ; 12
i

#*  does not include C12

#**  95% confidence interval as percentage of the mean
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ences between labs are not quite so apparéent as in Table
VII but the general ranking from "best" to "worst” is

Loring, Commercial, General.

A somewhat more rigid approach to comparing labs
utilizes results ¢f statistical comparisons that appear in
later sections of this report. The methodology is to
comparevatious reproaucibility estimates by F-tests, in
this case at the 95 percent confidence level. These data
are shown in Tables X to XIV inclusive but the important
general results are summarized in Table IX which lists
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both other labs and more precisely than one other lab. By
this criterion Commercial shows relatively good precision
for the greatest number of variables. However, the question
of which lab is best obviocusly has a different answer for

different variables or groups of variables.



TABLE IX
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LISTING OF VARIABLES FOR WHICH BACH LAB HAS BETTER PRECISTION
THAN ONE OR TWO OTHER LABS#*

Commercial Loring iGeneral
‘Better Precision MgO N, Ash
Than Both Other S(pyritic) Oz(diff} | Mn 0,
| Labs S{organic) AL,04 '
Eazu TiYs
Voo
V205 -
Better Precision Btu/# 3102 wNZ
Than One Other CO2 'K20 , Cl2
Lab Cad fixed carbon -SiOQ
Mn304 volatile matter K20
fixed carbon S{pyritic) co,
volatile matter| carbon “Ca0
carbon M, ' Mg0
H, Fe,0, Na,O0
Oz(le.f) VZOS
Fe203
PZOS

*  Better precision is

better nrecision at

on comparison by an F-test.

defined arbitrarily as a significantly

the 95 percent confidence level based
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COMPARISON OF COMMERCIAL AND LORING LABS

F-tests were used to compare the internal errors of
Commercial and Loring Labs as a standardized means of evalu-
ating their relative performances. Of the 23 variables
compared (ses Table X¥) sigrnificant differences were found in
15 cases. F-values below 0.36 and above 3.23 indicate sig-
nificant differences. For a giVen variable low F*Values
indicate Commercial is more precise, whereas high values
indicate that Loring is more precise. By this criterion
Commercial measures Btu/#, C02, S{pyriticy), S(organic),'CaG;

MgO, Na,0, Mn,0, and v,0. with a significantly (95% certainty)

_ 2 374 275
lower error than does Loring. On the other hand, Loring

measures N, 02(diff),‘§i02, A1203, TiO2 and KZO with a sig-

Er-] L o I p« s ™ PO =
nificantly lowor error than doogs Zommercial. Dreaisions of

o2 Fey04, Py0g

and 803) cannot be distinguished statistically for the two

each of eight variables (Ash, F.C., V.M., C, H

labs.

Previous analyses indicated that Loring in general
measured volatile matter systematically higher than Commercial
or General. Using a t-test the writer compared volatile
matter data for the 16 samples analyzed by both Loring and
Commercial labs and again found a highly significant differ-
ence-~Loring consistently measures higher volatile matter than
does Commercial by about 18 percent of Commercialt's values on
the average (a calculated t of 10.27 greatly exceeds the
critical values of 1.697 for X = 0.05 and 30 d.£.). Of courss,
this results in a comparable systematic difference between the
two 1a55 for fixed carbon data. In the case of fixed carbon,
Loring measures low relative to Commercial. In one duplicate
sampnle Loring measured -8.7% fixed cérbon; the negative sign
almost certainly due to an error in reporting volatile matter.

No comparison could be made for C12.

Inter lab precision variances are compared with intra
lab precision variances in Table XI as calculated F values.
High values of F indicate the between-lab variances are greater

than within lab variances. If, for a given variable no sig-
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REPRODUCIBILITY BETWEEN AND WITHIN LABS: COMMERCIAL AND LORING

(Precisicon is 95% confidence range expressed as a percentage
of mean value.)

PRECISION

Between Lab Within Lab
Variable _ =

CO vs. LL c o L L

(n = 16 prs) |{n = 2) prs){ (n = 12 prs)
Btu/# 5.37 3.07 7.87 0.22
Ash 2.51 3.07 2.23 1.65
Fix. Carbon 35.09 8.36 13.45 0.65
Vol. Mat. 23.55 7.36 8.78 0.57
C02 108.64 40.29 114.38 0.02
S{pyriticy 22.81 il1.42 34.00 0.18
S(organic) 41.77 23.56 46.77 0.27
Carbon 3.79 2.82 2.12 2.21
H, 6.79 7.25 9.23 0.6
N 66.56 47.55 13.41 5.3
Cl2 1046.75 16G.87
Oz(diff) 14.49 12.45 5.72 3.79
SiO2 5.45 8.12 3.60 5.42
A1203 13.51 10.05 6.62 3.71
TiO2 69.39 46,41 16.17 3.39
Fe203 14.80 20.02 12.20 1.49
CaO 23.02 30.12 36.68 - 0.17
MgO 63.16 22.07 53.84 0.11
Na,0 30.01 21.77 75.81 0.02
KZO 49.63 47.68 16.40 4.98
Mn304 278.50 189.51 114.04 0.08
V,0g 64 .58 40.95 103.64 0.02
P205 128.80 .84.09 380.36 0.78
504 41.88 68.99 39.50 2.08
* Data for F test taken from Tables II, IV and V.

Values in range 0.36 - 3.23 could be same population.

(25 percent confidence). Outside this range the two

measures of variability are different.




F-VALUES COMPARING IN

-TABLE XTI

TER AND INTRA LAB REPRODUCIBILITIES
COMMERCTIAL AMD LORING

Calculated F Values

Variable

CO vs. LO/CO CO vs. LO/LO
Btu/i 2.45 0.53
Ash 0.75 1.25
F.C. 33,15 * 6.42 #
V..M. 13,49 += £.86 =
<o, 39.92 0.99
S{pyritic) 64,0 = 7.1 . %
S{organic) 2.56 * 0.64
C 1.47 3.38 =
H2 0.69 0.59
N2 1.31 23.04 =
C12 0.56 —~
Oz(diff) 0.56 3.73 %
8102 2.28 = 239
A1203 0.92 4,54 %
TiO2 2.84 % 15,00 =
Fe203 0.95 1.38
ca0 4.72 = 1 0.80
MgO 10.67 * 1.09
NaZO 2.58 - 0.04
K20 1.47 8.03 *
Mn3O4 18.78 = 1.40
V205 4,00 = 0.04
PZO5 0.64 0.50
'803 0.38 0.83
Degrees of freedom (15,21) (15,11)
F{critical)¢{=0.05 2.22 2.73

* Between lab error significantly larger than within

lab error.
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nificant difference is found in either of the two comparisons
then both labs have comparable precisions and no systematic‘
differences can be recognized in results for that variable.

If the inter lab variability differs significantly from (i.e.
is significantly greater than) both intra lab precisions, a
systematic difference in results by the two labs is indicated
for the variable(s) in guestion. By this criterion‘Commercial
and Loring appear to measure fixed carbon, volatile matter,'
pyritic sulphur, and TiO2 with systematic differences. It is
not possible to say which lab is the more accurate with data

availabie.

COMPARISON OF COMMERCTYAL AND CENERAL LARS

VPrecisions within and between Commercial and General
Labs are given in Table XII. F-tests are used to compare

these precisions.

Within and between lab precisions of all varilables
for General and Commarcial are given in Table XII along with
calculated F values comparing their within lab variances.
Calculated F-values in the range 0.4%1 to 2.35 indicate com-
parable precisions. Low F-values indicate that Commercial
has the better precision whereas high F-values show that
General has better precision (at the 95% confidence level).
By this measure Commercial is more precise for fixed carbon
volatile matter, pyritic sulphur, organic sulphur, carbon,
Hy, Oz(diff), Fe,05, Mg0, Na,0, V205 and P205, a total of 12
variables. General is more precise for Ash, de Clz, 8102,
K20 and Mn304. For © other variables (Btu/#, C02, A1203, Ti0
cal and 803) the two labs cannot be distinguished at the 0.05

27

level.

Calculated F values comparing within lab and between
lab precisions for Commercial vs. General are listed in Table

XIII. For any one variable two F-values higher than the
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_ TABLE XIT
REPRODUCIBILITY BETWEEN AND WITHIN LABS: COMMERCIAL AND GENERAL

(Precision is 95% confidence range expressed as percentage of
mean value.)

Precision
: Between Lab Within Lab
Variable CC vs. GT = CO GT |
(25 pairs) (21 pairs) (24 pairs) |,
Btu/# ' 5.90 3.07 3.77 -7 0.43
Ash 2.14 3.07 1.93 *  4.33
Fixed Carbon 12.97 . 8.36 19.17 * 0.11
Vol. Matter 13.77 7.36 23.51 = (.09
C02 124,11 | 40,29 - 117.94 .86
¢ S{pyritic) - 192.24 11.42 208.41 = 0.03
S(organic) 24,92 | 23.56 |  53.47 | * 0.34
Carbon e 5.10 | .82 5.24 |+ o.18
Hy 33.05 7.25 12.27 | * 0.21
N2 . 22.98 47.55 23.42 * 3.50
Cl2 125.29 160.87 175.77 * 3,24
Oz(diff) ' 21,94 12.45 20.24 = (.32
;SiO2 6.09 8.12 4.21 ¥ 3.41
'A1203 17.33 j 10.05 14.60 0.54
TiO2 109.96 46,41 44,23 1.00
F9203 32.47 20.02 35.65 *  0.40
Cao 32.59 30.12 38.48 0.60
MgO 29.58 22,07 54.90 *  0.37
N620 55.17 - 21.77 59.60 o (0.11
KZO 43.80 - A7.68 22.54 * 10.38
Mn3O4 22 .48 189.51 85.94 * 5.17
V205 ‘ 55.96 40,95 68.27 *  0.18
PZOS 505.02 84,09 197.76 *  0.34
SO3 145.72 - B68.SO 69.30 0.80

*  Values outside the critical range (0.41-2.35) A = 0.05



F-VALUES COMPARING INTER AND INTRA LAB REPRODUCIBILITIES
GENERAL AND COMMERCIAL

TABLE XIII

~Calculated F Values

Variable -

CO vs. GT/CO CC vs. GT/GT
Btu/+# 5.59 = 2.43 *
Ash 0.25% 1.13
F.C. 3.97 # .42
V.M. 4,34 = 0.38
C02 447 % 3.92 =%
S{pyritic) 9.00 = 0.14
S{organic) 1.2856 G.88C
C ' 4.90 0.91
H2 29.34 & 5.80 *
N2 0.23 100.00 *
c1, 0.56 2.25 =
Oz(diff) 4,34 % 1.41
510, 0.62 2.12 *
Ala03 2.75 » 1.48
Tio, 3.54 3.54 %
fe,04 2.13 * 0.86
Ca0 1.06 0.64
MaO 1.14 0.41
NazO 10.12 = 1.06
K2O 0.41 5.06 #
Mn304 1.00 0.16
V205 1.00 0.11
P205 5.44 # 1.81
303 2.82 = 2.25 *
Degrees of Frecdom (24,20) (24,23)
F(critical) =0.05 2.08 2.01

T

* Between lab error significantly larger than within

lab error.
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listed critical values indicate the likelihood of a system-
atic difference in analyticalrresults. In the case of these
two labs, possible systematic differences exist for Btu/s,
COZ’ H2, TiO2 and SO3. Which of the two labs is more precise

cannot be determined with available data.

COMPARISON OF GENERAL AND LORING

An F-test comparison of individual variables for the
two labs (Table XIV) .shows that General analyées'are more
precise for ash, CO0,, Ca0, Mg0, WNa,0, Mn,0, and V,0. at the
S5 percent confiden;e level. Lori;g anaiyées areumare pre-—
cise for fixed carbon, volatile matter, pyritic sulphur,
carbon, Hy, Ny, 0,(di¢f), Al,05, Ti0, and Fe,04. For other
variables (Btu/#, organic sulphur, Sio2, KZO’ P205 and SO3)
precisions of tne two labs are indistinguishable at the S5 -

percent level of confidence.

No evaluation of systematic differences could be done
for these two labs because no samples were analyzed by both
labs.



(Precision is 95% confidence range expressed as
percentage of mean value.)

TABLE

XIV
WITHIN LAB REPRODUCIBILITY - GENERAL AND LORING

Variable

Within Lab Precision

GCeneral Loring f F
- (24 pairs) (12 pairs)
Btu/# 3.77 7.87 0.50
Ash 1.93 2.23 0.37 =
Fixed Carbon 19.17 13.45 6.15 =
Volatile Matter 23.91 8.78 6.48 .
C02 117.94 114,38 g.03 =
S{pyritic) 208.41 34.00 7.11 =
S{organic) 53.47 46,77 .81
carbon 5.34 2.12 12.07 =
| H, 12.27 9.23 4,31 *
N2 23.42 13.41 4.84 =
C12 175,77 - -
Oz(diff) 20.24 5.72 11.47 =
Si02 4.21 5.60 i - 1.59
L A0, 14.60 6.61 6.83 *
TiOz' 44,23 16,17 3.57 #
Fe.zo3 35.65 12.20 3.69 *
Cal 38.48 25.68 i G.28 =
MgO 54.90 53.34 0.28 =
Na,0 59.50 75.81 0.14 =
K2O 22.54 16,40 0.44
'{Mn304 85.94 114.04 0.01 =
V205 68.27 103.64 0.09 =
| B0, 197.76 | 380.36 2.34
SO3 69.30 39.50 2.71
ﬂﬁegrees of freedom 23 11 (23,11)
F(critical)o{=0.05 | 0.39-3.19
* Values outside critical range (0.39-3.19) = 0.05
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