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SUMMARY AND CONCLUSIONS 

1. D u p l i c a t e   s a m p l e s  from t h e   1 9 7 6   d r i l l i n g   p r o g r a m  on t h e  Hat 
C r e e k  No. 1 coal d e p o s i t ,   t a k e n  t o  m o n i t o r   a n d  eva lua te  
a n a l y t i c a l  q u a l i t y ,  were a s  follolws: G e n e r a l .   T e s t i n g - - 2 4  
s a m p l e  pa i r s ,  Commercial L a b o r a t o r i e s - - 2 0  sample p a i r s ,  and  
L o r i n g  L a b o r a t o r y - 1 2   s a m p l e   p a i r s ,  General and  Commercial-- 

25  sclmple p a i r s ,  2nd L Q r i F q  + n i  Conmercial--16 s a m p l e  pairs .  

2. I n  g e n e r a l ,   p r e c i s i o n s  of o r e - 1 9 7 6   p r o x i m a t e ,  S t u / #  and  t o t a l  
s u l p h u r  a n a l v s e s  twmre hintter or s s  good a s  p r e c i s i o n s  of con-  

p a r a b l e   1 9 7 6   v a r i a b l e s .   T h e   o n l y   e x c e p t i o n  t o  t h i s  is t o t a l  
s u l p h u r   b y  General T e s t i n g  f o r  w h i c h  p o o r   p r e - 1 9 7 6   p r e c i s i o n  
was   improved  more-or-less t o  t h e   l e v e l .  of p r e c i s i o n  for t h e  
o t h e r  two l a b s .  

~- 

3. A g e n e r a l   e v a l u a t i o n  of t h e  i n t e r n a l  p r e c i s i o n s  of t h e   t h r e e  
l a b s   i n d i c a t e s   t h a t   L o r i n ( ;   a n d   C o m m e r c i a l  labs are more-or- 
less e q u i v a l e n t  i n  terms of numbers  of v a r i a b l e s  f o r  w h i c h  

t h e y  show  good r e l a t i v e   p r e c i s i o n   a n d   b o t h  are s u b s t a n t i a l l y  
better t h a n   G e n e r a l   T e s t i n g .  T h i s  c o n c l u s i o n  assumes eaual  
i m p o r t a n c e  t o  a l l  v a r i a b l e s   m e a s u r e d   a n d   i g n o r e s   t h e   p o s s i -  
b i l i t y  of s y s t e m a t i c  differences among t h e  three laborator ies .  

A d i f f e r e n t  c o n c l u s i o n  c o u l d  well be drawn f o r  a p a r t i c u l a r  
s u b s e t  of v a r i a b l e s .  

4. A c o m p a r i s o n  of s a m p l e   p a i r s   a n a . l y z e d   b y   L o r i n g   a n d  Commercial 
l abs  i n d i c a t e s :  

( a )  Commercial a n a l y s e s  a r e  more p r e c i s e  f o r  B t r / # ,  c02 ’ 
p y r i t i c   s u l p h u r ,   o r g a n i c   s u l p h u r , . .  CaO, Mag, Na20, Mn30q 
and  V 2 0 5 .  

(b) i o r i n g   a n a l y s e s  a re  more p r e c i s e  fo r  I\! 0 2 ( d i f f ) ,  si02, 
27 

A 1 2 0 3 ,  T i 0 2   a n d  K 2 0 .  

( c )  Precisions of t.he two l abs  c a n n o t  be d i s t i n g u i s h e d  s ta t is-  
t i c a l i y  f o r  ash, f i x e d   c a r b o n ,   v o l a t i l e  matter, c a r b o n ,  

H 2 ,  F e 2 0 3 ,  P20Fi  and  SO3. 
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4.  ( d )   S y s t e m a t i c   d i f f e r e n c e s  seem t o  e x i s t   b e t w e e n   t h e  two 
labs f o r  f i x e d   c a r b o n ,   v o l a t i l e  matter,  p y r i t i c   s u l p h u r ,  

a n d . T i 0 2 .   A v a i 1 a t l . e   d a t a   d o   n o t  show which  l ab  i s  more 
a c c u r a t e  f o r  a n y  of these v a r i a b l e s .  

5. A c o m p a r i s o n  of sample p a i r s   a n a l y z e d   b y   G e n e r a l   T e s t i n g   a n d  
Commercial l a b s   i n d i c a t e s :  
( a )  Commercial L a b o r a t o r y   a n a l y s e s  a re  more p r e c i s e  fo r  

f i x e d  carbon, v o l a t i l e  matter, p y r i t i c   s u l p h u r ,   o r g a n i c  

s u l p h u r ,   c a r b o n ,  H 2 ,  0 2 ( d i f f ) ,   F e 2 0 3 ,  MgO, Na20, V205 
and 2 0 2 5' 

( b )  G e n e r a l   T e s t i n g   a n a l y s e s  a re  more p r e c i s e  f o r  a s h ,  N2, 
C 1 2 ,  S i 0 2 ,  K20 a'nd ?4n3O4. 

( c )  P r e c i s i o n s  of t h e  two l a b s  c a n n o t  be d i s t i n g u i s h e d  for 
B t u / # ,  C 0 2 ?  .A1203, Tic!,. C 2 0  and S O - ,  

( d )  S y s t e m a t i c   d i f f e r e n c e s  seem t o  e x i s t   b e t w e e n  t h e  two 
L '  5 

labs f o r  Sku/# ,   C02,  f i 2 ,  T i 0 2   a n d  S O 3 .  

6 .  A c o m p a r i s o n  of p r e c i s i o n s  f o r  e a c h  of G e n e r a l   T e s t i n g   a n d  

L o r i n g   L a b s   i n d i c a t e s :  
( a )  G e n e r a l  analyses are more p r e c i s e  f o r  a s h ,  co2, CaO, 

MgO, Ma20, Mn304 and  V 2 0 5 .  

(b) L o r i n g   a n a l y s e s  a re  n o r e   p r e c i . s e  fo r  f i x e d   c a r b o n ,  vola- 
t i l e  matter,  p y r i t i c   s u l p h u r ,  carbon, H2: N2, 0 2 ( d i f f ) ,  
A1203, T i 0 2  and  Fe203.  

( c )  Precis ions of t h e  two l abs  c a n n o t  be d i s t i n g u i s h e d  
s t a t i s t i c a l l y  f o r  B t u / # ,  organic s u l p h u r ,  Si02 K20, 
P205 a n d  S O 3 .  

( d )  No c o m p a r i s o n  was d o n e  f o r  C 1  s y s t e m a t i c   d i f f e r e n c e s  2' 
b e t w e e n  t h e  two l abs  c o u l d   n o t  be i n v e s t i g a t e d   b e c a u s e  

n o  s a m p l e s   a n a l y z e d  were common t o  b o t h  labs. 
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INTER AND ItdTiiA LABORATORY REPRODUCIRILITY 
1976 HAT CRZEK COAL ANALYSES 

INTRODUCTION 

A s  a c h e c k  ‘ o n  a n a l . y s e s   o f   s a m p l e s  from t h e  1976 d r i l -  

l i n g   p r o g r a m t   s a m p l e   p a i r s  were a n a l y z e d  as follows:, 

L a b ( s )  No, of P a i r s  Ana lvzed  

u l t i m a t e   a n d   m i n e r a l  ash  d a t a   a n d  t h e  a n a l y t i c a l  resul ts  were 
e v a l u a t e d   u s i n g   t h e  method d e s c r i b e d   b y  Garrett (1.969) i l l u s -  

t r a t e d  by t h e  f o l . l . o w i n g   e q u a t i o n :  

2 12. (’ti - ‘2i l 2  
h! 

’a - N ” 2 ”“ 
i=? 

where 2 
’a 

xli. 

‘23. 

is t h e   c o m b i n e d   s a m p l i n g   a n d   a n a l y t i c a l   v a r i a n c e  

i s  v a l u e  f o r  a r o u t i n e  sample 

i s  v a l u e  f o r  a d u p l i c a t e   s a m p l e ,   a n d  

N i s  t h e  number of sample  pa i r s .  

T h i s   e q u a t i o n  was a . p p l i e d  t o  e a c h  of t h e   a b o v e  5 g r o u p s  of 
d u p l i c a t e   s a m p l e s .   R e s u l t s  f o r  both  l o g g e d  (base 10) and raw 
d a t a  a re  g i v e n   i n   T a b l e s  I t o  V i n c l u s i v e ,   a l t h o u g h   d i s c u s s i o n  
here will be c o n f i n e d  t o  t h e  raw resul ts .  I n  t h e  t ab l e s  
a n a l y t i c a l   ( a c t u a l l y   a n a l y t i c a l   p l u s   s a m p l i n g )   p r e c i s i o n  i s  
g i v e n  as t h e   9 5   p e r c e n t   c o n f i d e n c e   r a n g e   q u o t e d  as  a p e r c e n t a g e  
o f  t h e  mean v a l u e ,  

1.98 Sa 

x 
i .e.  P r e c i . s i o n  = x 100 

I 

Precis ion refers to l a b o r a t o r y   r e p r o d u c i b i l i t y   ( c o n s i s t e n c y ) .  

A c c u r a c y   u s e d   l a t e r  i n  t h i s  r e p o r t  refers t o  c l o s e n e s s  t o  t rue 
v a l u e .  



d 



""~"~""~"""-""""""-- 
DATA I DATA I SAMP/ANAL.  IS 

...... 0 . c 4  
0 .2h 

I 
I 
i 

. " 

I 
1 
I 
I 
I" 
1. 

. " ............ 0. O H  I .................... 0.20 I I 
0 0 Ll'3 I 3 ,  30 I "~ I 

........ 

""" L Z 3 L  """ !LA41 """"" 1.. 
-""""" L-YAl.'rLS ."""-.: _""""" 1 """"""_ 1 """"""" /$I> T ~ t ~ . * f . ~ ?  

. .  
..... 

I 6 . 5 2  I 2.55 I I I 
i 
I 
I 
I 
I 
I 

I 
I 

. . .  

1 .77 I 
I 

I 

I 
I 
I 
I 
I 

I' 
t 

..... 

t 
t 
J.." 

i .... 
I 
I 
I 
I 
I 
I 

I 
I 

I 
' I  
I 
.- 1 

59,901 .......... 7.741 ." ..... ~ 

2 0 . 4 6 )  4.52 I 
.......... 

- 1  
I 

I 
I 
1 
I 

I 

I 
I 

I 
I 

:1 

.. 

_" .......... .?.!.??! 3.2.4.4.1 ..... 
0.05 I 
00051 

0 , % 3 I 0. 2 3  I 
[I .9 !I J *I :I 1 I 
o.o i I  0.09 I 
00511 0 .711  

................ . . . . . .  . .  

0 0 7 0  I 

. , ,  . . . . . . . . . .  . . . . . . .  . .  ^ "  . . . . . . . .  . . . . . . . .  t" 
7': r.c. [ I) 



.""."^""""""~"_i"""""""""". 

R E F L I C A T E I  O A T h  1 O A T 4  I S A M P / A N A L . [ S  
1 
I 

1- 
I 
! 
I 
I 

. . 

I 
. I  

I 
I 

I 
I 
1 ... 
I 

1.511 0,OLI 0-10 
. . . . . .  ~ ~ ' )  ..?h I ... 9 ..:!?.I ................ . I .? 1 

-0 .93  I 0.231 
-0.371 0.041 0,  19 

0.+4 

. .  1 - 5 2  I. ............... 0.031 :1.17 

-0.18 1 
0 . 4 4  I C.041 

c.051 
0 .20  
0.22 

""" =.Q*aOl.-."". " . ? d - t  "1 

I 
I 

I 
1 

. .  ... 

! 
,L. 

""" i """"""~."~""" BEIIk.?!EIIL,!aLCU.ES ."""___""".""""""""""~ ." 
I 
"""""". 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 
1 
.1. 

. . .  

. - ........ 

i 
I 

I 
. . . . . .  ._ ... ;.. 

""""" 1-. 
F 



Q 

..... 

.I 

I 
1 

1 
I 
i 
I 
i 
I 
.I.. 
I 
I 

I 
I 

I 
I 
I 

... 

1,701 c.031 0.191 I 

0.85 1 0.111 3 . 3 3  1 I 
. .  0 4 5 ! ........... 0.13 I .. 9.37 i ... ...... .- ... I 

0.161 0 0 0 3 l  00 10 I I 
s .05  I 3.021 3.1.51 I 

." ~ . . ,  -C.33! . . . . . . . . . . . . . .  o . z ? l  . . .  . -  . . .  3.52 I 
-1,0t.I 0,531 c, 7 3  I 
-1 .1'3 I 0.191 3.431 

I ""~~2,ULl"~"~Q~lll""""-"" L 
. . . . . . . . . . . .  . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . . .  """"""""""""""- CBlltELIIL-YSLk> ._""""""_."""""- - 

I 
- .  

I 
I 
... 

I 
.I. 
I 

""_""""""""- 
3.151 I 

I 

I 
I 
I 
" 

I 
..... L 

1.?"4.1! 1 .  
7.541 I 
c. 34 I I 

12 .551.  I 
6.53 I I 
00 bo I I 

I 
0.35 I 1 
1.141 I 

, 3 2 I _" -. -. .- ." ". ..... . 

3 3 3  I I 
0 . 2 3  I 1 

? 1 
2 hYL L 
C.7'31 

n-.-.---. =A- ..-."..-.-."-". 



! 

.... ""." .. -. . . . . .  

: 
i 

"""_i""""~""""~ 

-f?!E€.LSlP!3 
3 5 - 8 6  
:3 . 5 (1 

. . . . .  :: .5C 
t . i t j  
6.64 

...... -220.45 

-4.3.4s 
-10.011 

-60.76 
1.27 

.- 

. . . . .  -32.73 

3.031 
C o C 7 . I  

c.21 I 
,.I . 1 7 I 

c. 15 1 
0.101 
0.41 I 
0.231 
0 . 5 7 1  
O e l 8  I 
3.1Yf 

3 .  c 1  
, .  . 0.CO 

0 0 GC 
0 . c 5  

.............. 0 .:+3 
0 0  c2 
C . 4 1  

. .  0 .09 
o r  13  

I 
I 
I 
.I 
I 
I 
I 

I 
I 

. .  C. 0 4  I 

0.01 I 
0 , 3 3 (  i 4FIXC 

i I S P Y  C.32 I 
c. 03 I 
0 " 0 4  I 
0.03 I 

. . . . . .  

...... - . 
-317.112 

(3 D 3 2 .I .. 
I 

1. 1. 
...................................... . . .  . . . . . . . . . .  " .  . . . . . . .  . . . . .  

"-dBlik!rEJ1G".UES """"...""".~ I """""""""""""""" 

. .  

I 36,341 176077  I 7.371 7.701 2,771 I 

I 
I 

1.911 31.4 271.3CI 16.471 I 
.L" 3,I-i.I ~1.~6r5.5.~')1._1-~.1_:?-3. .0!1!fj~4~574.~~.I I. _ ....... ... ._ ............ 2376 *. !'. Q f j I ~  ..... . . . .  

I .  

I 
..L. 
I 
I 
I 
I 
I 
1, 

I 

.'' I 
I .- 

I 
I 
I 

. . . . . . . . . . . .  S.. 
I 

I 

I 
I 

I 
I 
I 
.L. 

.... 

1 .30 
0 e27 

. . . . .  

0.11 
' I  
0 3 1  

""""" 1" 



"I .-.""" ." " ..... " ...... "" . 

. .- ......... . . . . . . . . . . . . .  . . . . .  . ..... .... . . . . . . . . . . .  . . .  . . . . . . . . . . .  -~ . _  " " -.  - - 
T H E  Tf!TAL E!UMUEP C F  S A P P L E S  I S  4.9 

THE h?I'.IRE'I @P F F F 1 . I C b T E  SP'9PI .FS I5 . 2 4  

i 

.......... 

. . . . .  

I' 
1 
I 

I 
I 

I 
1 
I 
I 
I 
I 

I 
1 

I 
I 
I 

. . . . . .  

. ~. 

"-""""-""""""","~Lf~e~~~~~~~~Y4L~~~~"""~""."""""~""""""""-""--- 
i \ ' A ~ ~ T I h ~ A L Y T I ( P L I b ~ P L Y T ! ( . P C ! A P ! A t Y T I C A L I  R E P L I C A T E 1  R E P L I C A T E !  D A T A  I D A T P   I S A ? ' P / A N A L o I S  

AL201 3 .C? I 0 .c3 1 4 . 5  1 I 3 4 .  E l  I 1 . 4 5  I 0 . 0 0  I 0.07 I I 
c. 0: I 
5.351 
c .221 
c o  21  I 
I ; . l ? I  
c . 2 9  I 
c.t;3i 
0.161 
c.21 I 

i 
I 
t 
I 
I 
I 
1 
I 
I 
I 

.1 " 



I 

. .  

. .  . .  . 

I 
I 
I. 
i! 

I 

1 
I 
I 

-0.291 0,021 C o  131 
......... 115.6 I . . . . . . . . . .  (5.031 3.181 

0.511 c.021 c.12 I 
. . . . .  

-0.071 0.011 c. C8 I I 

0.31 1 2.821 824.371  39.26 

. .- 
I 
i 

-1 
6. 

""""""""""-""""""- 
l l r O b l  3.41  I I 

I 
273,201  16 .531 I 

5722585.CCl  2352.191 
.~ 

. 13.2.. 1. c !... ...... " 1 10.49 I . . . . . . .  
30.251 

I 
5.531 I 

0.171 0.41 I I 



" ."-. "" ""- 

..... ........................... - . __ . .. -..I ..... 
THC T Q T A L  hL.I,X.';eFR I IF  SPPFLES . I S  4 2  

. . . . . .  . . . . . . . .  
0012 I cc.35 I 30.121 4 8 e E 4 1  2.32 

. .  

I 
I 

I 
I 
I. 
I 

I 
I 

I 
I 

I 
I 
.1. 

.. 

. . . . .  . ........ C e 0 5 . 1  .............. 
c.021 

C.231 

C.031 
3.15 I 

0.041 
0018 I 

. . .  !1.2Il 
3.271 0 . 52 I 
C O C L I  G o  I l l  

. .- .................... 0 1 7 I .............. . . . . . . . . . .  
0.07 I 

r3.411 
3.27 I 

4a121""" Gal51 """"" 

.............. 3x .24 I , .  . . . . . .  . . . . . . . . . .  5 . 0 4  I I 
17.731 4.a 2 1  I 1 

3.021 Q.131 I 

._ ........... C.? 1.3 I. ............ 0,+3 I . , . . . .  I 
0.051 3.23 I I 



(- 
t 

I R H 2 0  I c.cc I 0.C7 I 17.221 0.81 I 0 . O O l  7.3.11 1 

.. ". 

........... 

. . . . . .  

.. . - 

............. 

..... 

ASH 

V C L V  
F I X C  

0.00 I i1.01 I 
'I * c 0 1 
3 .co I 

0.93 I 
0.021 

O e 0 2 l  
0.181 

0.15 

C . C l I  
3.42 
0.13 

I 
I 
I 

I 
I 

I 

I 
1 

I 

. . . .  

K h2@ 
I3TU 
A S  ti 
F I X C .  
V C U  
coz I 

I 
I 

I 
1 

I 
I- 
. .  

T I  

0.511 2.231 547.56 I 4 5 . 6 3  I 197.151 14.3'tl I 



&*""."","" ""C""""" -.-.. - "" 

THC bIIMI?ER !YF,F!jPI.,!C,bT!! SIIb 'PLi fS I S  12 ' . ,,.,. , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" _ L ~ u e e l z ~ L , ~ - ~ e L u ~ s  .""""."""""""- c 
" 

1 )  T 

IAVALYTICALI   REPLICATFI  R E P L I C A T E 1  D 4 T A  
" " 

I :  I 
1- 
I 
I 

1- 
I 
I 

.L. 
I 

5 ..'t5 
3.21 

c* 45 
0. 37 

I 
I 

I 

I 
' I  
I 
I 

' I  
I 

i 

C, c0  
i) . 0 0 
0.ui 
0.00 

... 9 ..o i. 
0 . C L  
7 . C 6  
0 .02  
0,21 
1.17 

c. C l  
............. 0.43. 

I 

I 
! 

I 
I" 
I 
I 
1 
I 
I 
I 
1. 
... 

15.'i?l . . . .  1.ZSI 0 . 2 3  
"1 P ! ,  I C : E  L 

I 
I 

I 
I 

I 
I 

................... 

132.71 
-102.33 

. -111.3i  
-122,70 

-97.2C ..... 
141.67 

.."Z22.L22 

I 
I 

. . .  

, I  

""" L3uL """"" 1". 1. 
. . . . . . . . . . . .  . . .  -" " ARL1PP'F.T ""- 

I 5.72. 

. . . . . . . . . . . . . . . .  
.-YBLU~.T""""-.""--."""""""""""""""""- 

182.7hI 1.5.231 5.81 I 3.13 I I 

24.2 8 1 57.191 u .2i: I I 
............. . . . . . . . . . . . . . . . . . .  - 6.2P.Ofi I 5.1,tl.l. 2 3 e  .... *.?? 1 14.431 I 

r ! 
I 
I 
I 

I 
I 

. .  

""""""""~"~""" 

9.131 0.44 
I 
I 
.. ."! 3 .s.?. ( 0  

. .  12.20 
16 - 1 7  

6.61 

5 3 - 8 4  
3 t . t "  

IFEZOl . . . . .  

I C A C  I 
0.391 
0.72 I 

9.63 
c .E5 I 

I 
I". 

1 
I 
I 
I 
1. 

I MGO i 0.22 I 0,47 
IN420.J.. ........... .__._ P...$:1 
I K Z C  I 0.031 0.06  

I 
- .. 
I 
I ... 

" 

I 
I 
I 
.i 
1. 

9 0 0 8  1 0 0 7 6  
2 . 2 s  I 
1.cni 

3.19 
0. CY  

. , . .  ~, 

I 
""" L5.21""_._ QtkEZl-.""". Srlll""" SlAl'+L" """" 

2 0 . 5 l l  L.71 
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The foregoing  methodology  has been used to examine 
(1) comparison of pre-1975  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 is  difficult to evaluate results 
riqorously. .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. 
Vesplte  this  precautionary  statement F- and  t-tests  provide 
a useful  and  convenient  framework within which to consider 
within-lab and  between-lab  variations. 

COMPARISON WITH  PREVIOUS  PRECISION NIEASURES 

Only 5 variables 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-1.976 data  are  compared  with those for 
1976 by  an F-test  (Table VI). Calculated F values outside 
the crjtical range ( f o r d =  0 . 0 5 )  indicate a significant 
difference  in  the two  precision  estimates  compared. 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 
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TABLE VI 

F-VALUES CO!VIPARING PRE-1976  ANALYTICAL  VARIANCES 
WITH 1976 ANAL,YTICAL, VARIAMCES 

F-Value - 

Variable General _. Connecc ia l  - Lorinq 

Ash 0.. 14' 0.44 1.63 

"" 

Volatile  Matter C.O1* 0.20" 3.12 

Fixed Carbon 0.01.* 0.20*  1.72 

BtU/" l.44 0.41- C -88 

S (total 1 38.3 * - 0.06* 

Critical  Ranc;c** - 2 3 - 2 . 9 0  .29-2.83 .26-3.60 

* Indicates significant  differences  between  pre- 

A value lower  than  critical ranqe indicates a 
1976 and  1976  precisions. 

* *  Critj-cal  range of F-values for o( = 0.05. 
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s t a t i s t i c a l l y   u n c h a n q e d   b u t  i n  three c a s e s   t h e y  were s i g -  

n i f i c a n t l y  worse t h a n  t h e  o t h e r  two labs f o r  pre-1.976 da ta .  
I n   g e n e r a l , ,  t h e  1976 p r o x i m a t e   a n a l y t i c a l   d a t a  f o r  all 
t h r e e  l abs  h a s   p o o r e r   o v e r a l 1 , p r e c i s i o n   t h a n   d o  e a r l i e r  da ta .  

A n a l y t i c a l   p r e c i s i o n s   f o r   i n d i v i d u a l  labs are cj iven 

i n  T a b l e s  111, I V  and  V f o r  p r o x i m a t e ,   u l t i m a t e  a n d  mineral 
a s h  raw d a t a  ( l abe l l ed  ' A r i t h m e t i c '   i n   t h e   T a b l e s ) .  P r e -  

c i s i o n s  a r e   q u o t e d  as a v a r i a n c e ,  as a s t a n d a r d  error, '  and 
as a p e r c e n t a g e  of t h e  m e a n   v a l u e ,  i.e. as  sa,  s3 and  pre- 
c is ion as d e s c r i b e d  i n  t h e  two e q u a t i o n s   i n  t h e  I n t r o d u c t i o n  

2 

. 

INTRA m a  PRECISION 

To pner. l l \ . ,  eT"ral\!at.. !.,:5.7 r,-.:~E.?i:;.r; -=,-:-. "_.. i , :  ".L..,. :,.,:.,. - 
l e t  e a c h ' l a b  be r a n k e d  1, 2 o r  3 d e p e n d i n g   o n  w h e t h e r  i t  h a s  

best ,  midd1.e o r  worst p r e c i s i o n   f o r   e a c h   v a r i a b l e .   S u c h  
r a n k i n g s  a re  l is ted i n  Table V I I .  Sums f o r  i n d i v i c l u a 3  la'rrs 

la re  L o r i n g  ( 4 6 ) ,  Commercial (33 .5)  a n d  General ( 5 2 . 5 ) .  I n  
t h i s  case t h e  lower score i n d i c a t e s  bet ter  overal l  p r e c i s i o n .  

S u c h  a n  a p p r o a c h   a s s u m e s  t h a t  all v a r i a b l e s  a re  of e q u a l  
i m p o r t a n c e .  A c o m p x a b l e   s u m m a t i o n  f o r  a selected g r o u p  of 

v a r i a b l e s   m i g h t   p r o d u c e  a d i f f e r e n t  r a n k i n g .  T h e  a p p r o a c h  
also i g n o r e s  t h e  p o s s i b i l i t y  of s y s t e m a t i c   d i f f e r e n c e s  between 
l abs .  A summary of t h i s  a p p r o a c h  follows: 

" 
L a b  - NO. of l . 's  No. of 2 ' s  No. of 3 ' s  

L o r i n g  e 7 8 
Commercial. 12 6.5 4.5 
General 3 9.5 10.5 

Note: t h e  -5's ar i se  because of e s s e n t i a l l y   e q u a l  

__ 

p r e c i s i o n s .  
By e i ther  r e c k o n i n g  ( t h e  above   summary  o r  Table V I I )  there 
i s  l i t t l e  to choose between L o r i n g   a n d  Commercial b u t   b o t h  
a re  s i g n i f i c a n t l y  be t te r  t h a n  General .  

A l t e r n a . t i v e l . y ,   t h e   d a t a   c a n  be summar ized  as i n   T a b l e  

V I 1 1  w h i c h  s h o w s   b y   l a b  t h e  number of var iables  whose p r e -  
c i s ions  a r e  i n  s p e c j - f i e d   b u t   a r b i t r a r y   r a n g e s .  T h e  d i f f e r -  
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TABLE VI1 

RELATIVE RANKING!; ( I ,  2 or 3 )  '0;' EACH LAB FOR 

PRECISIONS OF  PROXIMATE,  ULTIMATE AND MINERAL  ASH  DATA 

[ I 

I 
I 

i 
I 

L 

Variable 

B t u / %  

Ash 
F i x e d  C a r b o n  

V o l a t i l e  Matter 

~ "" 

COi 

S(pyritic) 
S (o raan ic )  
c 
H2 

N2 

c1 2 
o2 ( d i f f  1 

A1.203 

Si02 

Ti02 

Fe203 
CaO 

Mg 0 
Na20 

K2°  
P'ln3Oq 

"2'5 
'2'5 
so ., 2 
TOTALS : 

T L a b  
"_ . .. 

G e n e r a l  
.. ". 

2 
1 
3 

3 

2 .  

3 
2 :' 

3 

3 

2 

3 
2 
3 

2 e 5  
3 
2 
2 
2 

I 
1 
2 
3 
3.. 

53.5 

" 

I_ 

" 

Commercial 

1 
3 
1 

z 
I .  

1 
1 
2 
1 
3 

"""_._I 

2 
3 
2 

. 2.5 
2 
1 
1 
1 
3 

2 
1 
1 
2 ,  , .  
" 

3% - 5  

L o r i n g  
" 

3 
2 
2 

2 
'1 
2 

2 

3 
1 
2 

1 

1 
1 
1 
1 
1 
3 

3 
3 

2 
3 

'. 3 
2 
1. 

416.G 

- 

Rankings based on standard deviat ims.  Values with .5 indicate  essentially 
equivalent  values. 
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TABLE VI11 

NUMBERS OF  VARIABLES !AJITHIN ARSITRARY  PRECISION  RANGES 
FOR EACH OF TH?EZ LABS 

Precision** 
.- 

0-5% 

5.1-10-0% 

IO. 1-20% 

) 20% 

Commercial 
- 

3 

4 

3 

16 

Lab i 

General 
-I_- 

3 

2 

3 

18 

Loring" 

2 

6 

5 

12 

* does not include c12 
* *  95% confidence  interval as percentage of t h e  mean 
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e n c e s   b e t w e e n  labs  a re  n o t   q u i t e  so a p p a r e n t  a s  i n   T a b l e  
V Z Z  ba t  t h e   g e n e r a l   r s n ! c i n a   f r o n  "best." to "worst" is 

L o r i n g ,  Commercial, G e n e r a l .  

A somewhat more r i g i c ;   a p p r o a c h  t o  c o m p a r i n g  l a b s  
u t i l i z e s   r e s u l . t s  Of s t a t i s t i c a l  c o m p a r i s o n s  t h a t  a p p e a r   i n  
l a t e r  s e c t j . o n s  of t h i s  r e p o r t .   T h e   m e t h o d o l o g y  i s  t o  
c o m p a r e v a r i o u s   r e p r o d u c i b i l i t y  es'iimates by F - t e s t s ,   i n  
t h i s  case a t  t h e  95 p e r c e n t   c o n f i d e n c e  level.  T h e s e  d a t a  

a r e  shown i n   T a b l e s  X t o  X I V  i n c l u s i v e   b u t   t h e   i m p o r t a n t  
g e n e r a l  results a re  s u m m a r i z e d   f n  Tab le  I X  wh ich  l i s t s  
C h n r e  . ~ - - i - S ? = c ,  t h - t  "-h 1 -'r. ----. I--- ---- - - - - : - - 7 . .  Ll"- 
_..VI_ " . L L A L . ,  C I I L C L  LuL,, l  . L i i Y  ,.*Lu.,"'.Ld III"i_i t , L L L L d G A y  LIICL1, 

b o t h  o t h e r  l a b s  and  more p r e c i s e l y   t h a n   o n e  o the r  lab. By 

t h i s  c r i t e r i o n   C o m m e r c i a l  shows r e l a t i v e l y  good p r e c i s i o n  
f o r  t h e  g r e a t e s t  number of v a r i a b l e s .   S o w e v e r ,  t h e  q u e s t i o n  

of which  l a b  i s  best o b v i o u s l y   h a s  a d i f f e r e n t   a n s w e r  fo r  
d i f f e r e n t  v a r i a b l e s  o r  g r o u p s  of v a r i a b l e s .  
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TABLE IX 

LISTING OF VARIABLES FOR IWHICH EACH  LAB HAS BETTER PRECISION 
THAN O:YE OR TWO  OTHER LABS* 

MgO 
I ~ ( p y r i t i c )  

',  organic) 
b l  2 r! 
" -2 '  

v2°5 

Btu/ t f  

c3 2 
CaO 

Mn30, 
f i x e d  carbon 
v o l a t i l e  matter 
c a r b o n  

p2°5 

L o r i n g  1 G e n e r a  

I 
I 

S i 0 2  N 2  

K 2 0  c12 
f i x e d  carbon S i 0 2  
v o l a t i l e  matter 
S ( p y r i t i c 1  1 c02 

K 2 0  

carbon 1': CaO 

MgO H2  
Fe203 

' 2 ' 5  

Na20 

* Better p r e c i s i o n  is d e f i n e d  a r b i t r a r i l y  as  a s i g n i f i c a n t l y  

better prec is ion  a t  t h e  95 percent conf idence  level b a s e d  

o n  c o m p a r i s o n  b y  an F - t e s t .  
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COMPARISON  OF COMMERCIAL AND L O R I N G  LfAE3S 

F - t e s t s  were u s e d  t o  compare  t h e  i n t e r n a l  errors of 

Commercial .   and L o r i n c !  Lahs  as a s t a n d a r d i z e d   m e a n s  of e v a l u -  
a t i n q   t h e i r   r e l . a t i v e   p e r f o r m a n c e s .  O f  t h e   2 3   v a r i a b l e s  
compared  (see Table  X )  s i g n i f i c a n t   d i f f e r e n c e s  were f o u n d  i n  
15  cases. F - v a l u e s   b e l o w   0 . 3 6   a n d  above 3 . 2 3   i n d i c a t e  si.g- 
n i f i c a n t  d i f f e r e n c e s ,  For a g i v e n   v a r i a b l e  low F - v a l u e s  
i n d i c a t e  Commercial j.s more p r e c i s e ,  whereas h i g h   v a l u e s  
i n d i c a t e   t h a t   L o r i n g  i s  more p r e c i s e .  By t h i s  cri terion 
commerciai m e a s u r e s  B t u / + ,  cG2 , S i p y r i t i c i  , S ( o r g a n i c j  , c a s ,  
MgO, Na20, Mn30q and  V205 w i t h  a s i g n i f i c a n t l y  (95% c e r t a i n t y )  
lower error t h a n   d o e s   L , o r i n q .  On  t h e   o t h e r   h a n d ,   L o r i n g  

measures N 0 2 ( d i f f ) ,   S i 0 2 ,   A 1 2 0 3 ,   T i 0 2   a n d  K 2 0  w i t h  a s i g -  2: 
--. . I . .  . " r; ,. .. . - 2 c k l  - . , . . . y : 0;~;C.r err:>r ',ha2 $G?S .?cK22rc:.Cl ~ !?7?.7? .S?.GES .>f . .  
each of e i g h t  v a r i a b l . e s   ( A s h ,  F.C., V.M., C ,  H 2 ,  Fe203 ,  

and  SO3) c a n n o t  be d i s t i n g u i s h e d   s t a t i s . t i c a l l y  f o r  t h e  two 
labs .  

'2'5 

P r e v i o u s   a n a l . y s e s   i n d i c a t e d   t h a t   L o r i n g  j.n g e n e r a l  
m e a s u r e d   v o l a t i l e  matter s y s t e m a t i c a l l y   h i g h e r   t h a n  Commercial 
o r  General. U s i n g  a t - tes t  t h e  writer c o m p a r e d   v o l a t i l e  

matter d a t a   f o r   t h e  1.6 s a m p l e s   a n a l y z e d  by  b o t h  L o r i n g  and  
Commercial l abs  a n d   a g a i n   f o u n d  a h i q h l y  s i g n i f i c a n t  d i f f e r -  
e n c e - - 1 , o r i n g   c o n s i s t e n t l y   m e a s u r e s   h i g h e r   v o l a t i l e  matter t h a n  
d o e s  Commercial by a b o u t  18 p e r c e n t  of Commercial's v a l u e s  o n  
t h e  a v e r a g e  ( a  c a L c u l . a t e d  t of 10.27 g r e a t l y  exceeds t h e  

c r i t i c a l  v a l u e s  of l..697 f o r  o(= 0.05 and   30   d . f . 1 .  O f  course,  
t h i s  r e s u l t s  i n  a c o m p a r a b l e   s y s t e m a t i c   d i f f e r e n c e   b e t w e e n  t h e  

two l a b s  f o r  f i x e d   c a r b o n   d a t a .  I n  t h e  case of f i x e d  carbon,  
L o r i n g   m e a s u r e s  low r e l a t i v e  t o  Commercial. I n   o n e   d u p l i c a t e  

s a m p l e   L o r i n g   m e a s u r e d  -8.7% f i x e d   c a r b o n ,   t h e   n e g a t i v e  s i g n  
almost c e r t a i n l y  d u e  t o  a n  error i n   r e p o r t i n g   v o l a t i l e  matter. 
No c o m p a r i s o n   c o u l d   h e   m a d e  f o r  C l  2 '  

I n t e r  l a b  p r e c i s i o n   v a r i a n c e s  a re  c o m p a r e d   w i t h  i n t r a  
l a b   p r e c i s i o n  va r i ances  i n  T a b l e  X I  as  c a l c u l a t e d  F v a l u e s .  
High  v a l u e s  of F i n d i . c a t e  t h e  b e t w e e n - l a b   v a r i a n c e s  a re  g r e a t e r  
t h a n   w i t h i n  l ab  v a r i a n c e s .  I f ,  f o r  a g i v e n   v a r i a b l e  n o  s i g -  
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T>.BLE x 
R E P R O D U C I B I L I T Y  i3ETWEt:N A N D  WITHIN LABS: COM?iERCIAL A N D  LORING 

( P r e c i s i o n  j.s 9 5 %   c o n f i d e n c e   r a n g e   e x p r e s s e d   a s  a p e r c e n t a g e  
of mean va lue . )  
"" ... 

Variab le  

B t u / #  

Ash 

F i x .  C ~ r 3 o 1  

Vo 1. . Mat . 
co2 

(pyL..L iiLj 

S ( o r g a n i c 1  

C a r b o n  

k' 2 

c1 2 

?J 

0 2 ( d i : f f )  

S i 0 2  

A1203 
T i 0 2  

Fe203 
C a O  

M ~ O  

Na20 

K*O 

v2°5 

S03 

Mn304 

'2'5 

P R E C I S I O N  
V f i t h i n  Lab B e t w e e n  Lab 

( n  = 1 6  p r s )  
C O  v s .  LJ., 

5 . 3 7  

2 .51  

35.09 

23.55 

108 .64  
22-s1 

41 - 7 7  

3.79 

6.79 

6 6 . 5 6  

1046 .75  

1 4 - 4 9  

" 

5.45 

1 3 . 5 1  

69 .39  
14.80 

23.02 

63 .16  

30 .01  

49 .63  

278 .50  

64 .   58  

1 2 8 . 8 0  

41 .88  

I _1_1 

"_ 
c o  

- 
n = 2 1   p r s )  

3 .07  

3 .07  

8.36 

7.36 

4.0.29 
i -42 

23.56 

2.82 
7.25 

47.55 

1'00.87 

12 .45  

9.12 

10.05 
46 .41  
20.02 

30.1.2 

2 2   - 0 7  

21 .77  

47.68 

,189 .51  

40.95 

84.09 

6 8   - 9 9  

L L  
( n  = 1 2  p r s  -__ 

7.87 

2.23 

1 3   " 4 5  

8 .78  

114 .38  

34.i30 
46.77 

2.12 
3.23 

13 .41  

5.72 

3.60 

6 .62  

1 6 . 1 7  
12.20 

36.68 

53.84 

75.81 
16.40 

114.04 
1 0 3 . 6 4  

380 .36  

39 .50  

. .  

F .  y 

* 0.22 

1.65 

0.65 

0 . 5 7  

* 0.02  - 0.i8 
* 0 . 2 7  

2.21 

0 .6  

* 1 5 . 3  

* 3.79 

5.42 

* 3.71 

* 3.39 
1.49 

* 0.17 

* 0.11 

* 0.02  

* 4.98 

* 0.08 
* 0.02 

0.78 

2 -08 

* Data f o r  F t es t  t a k e n  from T a b l e s  11, I V  and  V. 

V a l u e s  i n  r a n g e   0 . 3 6  - 3 . 2 3   c o u l d  be same p o p u l a t i o n .  

( 9 5   p e r c e n t   c o n f i d e n c e ) .   O u t s i d e   t h i s   r a n g e   t h e  two 
m e a s u r e s  of v a r i a b i l i t y  are' d i f f e r e n t -  



23.  

TABLE X I  

F-VALUES COMPARING 1:MTE'R AXD INTRA LAB REPRODUCIBILITIES 

COMMERCIAL A N 9  L O R I N G  

C a l c u l a t e d  F Values f 
co v s .  LO/CO 

2 ..45 

0 .75  

33 .15  * 
13 .49  * 
39.92 * 

.. 64.0 * 
2 - 5 6  i 

1 . 4 7  

0 . 6 9  

" 

1 7, 
I. J i  

0 . 5 5  

0.55 

2 .23  * 
0.92 

2.84 * 
0.95 
4.72 * 
10.67 * 

2.59 * 
1.47 

18.7L! * 
4.00 "i 

0.64 

0 .38  

( 1 5 , 2 1 1  
2.22 

-. 

t 
1- 

t 
! 
j 

i 

I 

1 
I 

_" 
co vs. LO/LO 

0.53 

1 .'25 

6.42 * 
6.86 * 
0 -99 

7.1 * 
0 -6.4 
3.38  * 
0 -59 

23 .04  * 

II_ 

- 
3.73 * 

2 - 3 9  

4.54 
1 5 . 0 0  * 

1.38 
0 -80 

1.09  

0.04 

8.03  * 
1. -40 

0.04 

0.50 

0.83 

( 1 5 , 1 1 1  
2 .73  

" 

* B e t w e e n  l a b  error s i g n i f i c a n t l y   l a r g e r   t h a n  w i t h i n  
l a b  error.  
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n i f i c a n t  d i f ference j.s f o u n d   i n  e i ther  of t h e  two c o m p a r i s o n s  

t h e n  b o t h  l a b s   h a v e   c o m p a r a b l e   p r e c i s i o n s  a n d  no s y s t e m a t i c  
diCC , . . , e rences  c a n  be r e c o g n i z e d  i n  r e s u l t s  f o r  t h a t  v a r i a b l e .  

If t h e  i n t e r  l a b  v a r i a b i l i % y   d i f f e r s   s i g n i f i c a n t l y  from ( i -e .  
i s  s i g n l f i c a n t l y   g r e a t e r  t h a n )  bo th  i n t r a  l a b  p r e c i s i o n s ,  a 
s y s t e m a t i c   d i f f e r e n c e  i n  r e s u l t s  by t h e  two l abs  is i n d i c a t e d  
f o r  t h e  va r i ab le . ( s )  i n  q u e s t i o n .  By t h i s  c r i t e r i o n  Commercial 

and  L o r i n g   a p p e a r  t o  m e a s u r e   f i x e d  carbon,  v o l a t i l e  matter,  
p y r i t i c   s u l p h u r ,   a n d   T i 0  w i t h  s y s t e m a t i c   d i f f e r e n c e s .  I t  i s  
n o t   p o s s i b i e  t o  s a y  w h i c h  l a b  i s  t h e  more a c c u r a t e  w i t h  d a t a  
a v a i l a b l e .  

2 

cs?!?~4F?.yssy COR~.T.7RC1.5.L. .),?:E GE.5.IER.L.L L.5.35 

P r e c i s i o n s  w i t h i n  a n d   b e t w e e n  Commercial a n d   G e n e r a l  
L a b s  a re  g i v e n  i n  T a b l e  X I I .  F - t e s t s  a re  u s e d  t o  c o m p a r e  
these  p r e c i s i o n s ,  

W i t h i n   a n d  between l a b   p r e c i s i o n s  of all v a r i a b l - e s  

f o r  G e n e r a l   a n d  Commercial a r e  g i v e n  i n  T a b l e  X I 1  a l o n g  w i t h  

c a l c u l a t e d  F v a l u e s   c o m p a r i n g  t h e i r  w i t h i n   l a b  var iances .  
C a l c u l a t e d   F - v a l u e s  i n  t h e  r a n g e  0.41 t o  2.35 i n d i c a t e  com- 
p a r a b l e   p r e c i s i o n s .  Low F - v a l u e s   i n d i c a t e   t h a t   C o m m e r c i a . 1  
h a s  t h e  better p r e c i s i o n  whereas h i g h   F - v a l u ' e s  show t h a t  
G e n e r a l   h a s  bet ter  p r e c i s i o n  ( a t  t h e  95% c o n f i d e n c e  l eve l ) .  
B y  t h i s  measu re   Commerc ia l  i s  more p r e c i s e  f o r  f i x e d  carbon 

v o l a t i l e  m a t t e r ,   p y r i t i c   s u l p h u r ,   o r g a n i c   s u l p h u r ,  carbon,  
H 2 ,  0 2 ( d i f f ) ,  F e 2 0 3 ,  MgO, Na20, V 2 0 5  a n d  P 2 0 5 ,  a t o t a l  of 12 
v a r i a b l e s .   G e n e r a l  i s  more p r e c i s e  f o r  Ash ,  N2., C 1 2 ,  S i 0 2 ,  
K20 and  Mn3O4. F o r  6 o t h e r  v a r i a b l e s   ( B t u / W ,  C 0 2 ,  A 1 2 0 3 ,  T i 0 2 ,  

C a O  and  S O 3 )  t h e  two l a b s  c a n n o t  be d i s t i n g u i s h e d  a t  t h e  0.05 
1 e v e 1  . 

C a l c u l a t e d  F v a l u e s   c o m p a r i n g   w i t h i n  l a b  a n d   b e t w e e n  

l a b  p r e c i s i o n s  f o r  Commercial v s .  G e n e r a l  are  l is ted i n  T a b l e  
X T 1 . S .  F o r   a n y  one v a r i a b l e  two F - v a l u e s   h i g h e r   t h a n  t h e  
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TABLE X I 1  

REPRODUCIBILITY BETWEEN A N D  WITHIN LAYS:  COMMERCIAL AND GENERAL 
( P r e c i s i o n  i s  95% c o n f i d e n c e   r a n q e   e x p r e s s e d  as p e r c e n t a g e  of 
mean va lue  

Variabie 

Y t U / #  

Ash 
Fixed C a r b o n  

VUI. ivietlcer ,. . 7 

C0 2 
S ( p y r i t i c 1  
S ( o r g a n i c )  
CarSCr? 

H2 

c1 2 
2 

02(diff) 

s o 2  
A1203 
Ti02 

Fe203 
CaO 

M W  

Na20 

20 
Mn304 

"2'5 
'2'5 
s03 

- I  
IT' 

Pr6  
B e t w e e n  L a b  
co vs.  GT 
( 25 pa i r s )  

5 -90 
2.1.4 
12.97 
13.77 
124.11 
192.24 
44.92 

5.10 

33.05 
22 -98 
12.5.29 
21.94 

" 

6.09 
17.33 
109.96 
32.47 
32  ;59 
29.58 
55-17 
43.80 
22.48 
55.96 
505.02 
145.72 

___I__-. 

i s i o n  
W i t h i n  Lab 

CO 
(21 D a i r s )  
"" 

3.07 
3.07 
8.35 
-, ..r 
1 . 5 0  

40.29 
11 -42 
23.56 

."" 7 $27 

7.25 
47.55 
160.87 
12.45 

8.12 
10.05 
46.41 
20.02 
30.12 
22.07 
21.77 
47.68 
189.51 
40.95 
84-09 
68.99 

I 
I 

i 
i 

J 

I 
i 
1 

! 

" 

GT 
(24 I p a i r s )  

3.77 
1.93 
19.17 
2 2 - 2 1  

117.94 
208.41 
53.47 

5-36 

12.27 
23.42 
1'75.77 
20.24 

- 

4.21 
14.60 
44.23 
35.65 
38.48 
54.90 
59.60 
22.54 
85.94 
68.27 
197.76 
69.30 

I .  
I 
i I 

I 
I 
1 

I 
I 
1 
f 

i 

I 

F *  

- 0.43 
* 4.33 
* 0.11 
= 0.09 

0 -86 
*i 0.03 
* 0.34 
* Q - l a  
* 0.21 
* 3.50 
* 3.24 
* 0.3% 

* 3.41 
0.54 
1.00 

* 0.40 
0.60 

* 0.37 
* 0.11 
* 10.38 
* 5.17 
* 0.18 
* 0.34 

0.80 

"_ 
* V a l u e s  o u t s i d e  t h e  c r i t i c a l  r a n g e  (0.41-2.35) d =  0.05 
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TABLE XI11 

F-VALUES  COMPARING INTER A N D  INTRA LAi3 R E P R O D U C I H I L I T I E S  

GEN'EilAL A N D  COMMEilCIAI., 

"I - 

Variable 

Btu/# 
Ash 
F.C. 
V.N. 

co 2 
S(pyritic) 

,~ ;_ -. - .. . 
I I Î I . 7 ,-~ ', ., \ .IL 7y"", 

C 

H2 
N2 
C1 
02(d%ff) 

Si02 
A1203 

Ti02 

Fe203 
cao 
MgO 
Na20 

K20 

"2O5 
P2O5 

P4n304 

SO 

Degrees of freedom 
- F(critica1) =0.05 

Calculated 17 Val.ues 

CO vs.  GT/CO 

5.59 * 
0.25 
3.97 * 
4.34 * 
4.47 * 
9-00 * 
7 c?c .. . ," 
4.90 

29.34 * 
0.23 
0.56 
4.34 * 

0.62 

2.75 * 
3.54 * 
2.13 * 
1.06 

1.14 
10.12 * 
0.41 
1.00 
1.00 
5.44 * 
2.82 * 
"" 

(24,201 
2.08 _" 

CO vs .  GT/GT 
___I__ 

2.43 * 
1.13 . .  

0.42 
0.38 

3.92 * 
0.14 
,, L "  
I .  _ . .  
V I  " V  

0.91 
5.80 * 

100.00 * 
2.25 * 
1 - 4 1  

2.12 * 

1.48 
3-54 * ' .  

0.86 
0.64 

0.41 
1.06 

5.06 * 
0.1.6 
0.11 
1.81 
2.25 * 

" 

(24,231 
2.01 

* Between  lab  error  significantly  larqer  than  within 
lab error. 

I 
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l i s t e d   c r i t i c a l  v a l u e s  i n d i c a t e  t h e  l i k e l i h o o d  of a sys t em-  
a t i c  d i f f e r e n c e  i n  a n . 3 l y t i . c a l  resul ts .  I n  t h e  case of t h e s e  
two l a b s ,   p o s s i b l e   s y s t e m a t i c   d i f f e r e n c e s  e x i s t  for  B t u / # ,  
C02,  Hz, T i 0 2  and  S O 3 .  Which o f   t h e  tw3 labs  is more p r e c i s e  
c a n n o t  be d e t e r m i n e d   w i t h   a v a i l a b l e   d a t a .  

COPliPARISON  OF GENERAL AND L,ORiWG 

An F - t e s t   c o m : 3 a r i s o n  of i n d i v i d u a l   v a r i a b l e s   f o r   t h e  

two l a b s   ( T a b l e  X I V )  .:shows t h a t  G e n e r a l  a n a l y s e s  are more 
p r e c i s e  f o r  a s h ,  C07,  CaO, P Q O ,  Na 0 Mn 0 a n d  V 0 a t  t h e  
95 p e r c e n t   c o n f i d e n c e   l e v e l .   L o r i n g   a n a l y s e s  a r e  more pre- 
cise f o r   f i x e d  carbon,  v . o l a t i l e  matter,  p y r i t i c   s u l p h u r ,  

carbon,  Hz, i G 2 ,  Cj i d i t f j ,  Ai 0 ;io2 and Fe ( 3  

var iab les  ( B t u / # ,  o r g a n i c   s u l p h u r ,   S i 0 2 ,  K 2 0 ,  P205 and S O 3 )  

p r e c i s i o n s  of t ne  two l a b s   a r e   i n d i s t i n g u i s h a b l e  a t  t h e  9 5  
pe rce in t  l e v e l  o f   c o n f i d e n c e .  

- 2 ’  3 4  2 5  

2 2 3’ 2 3’ 70.C 6tiler- 

No e v a l u a t i o n  OF s y s t e m a t i c   d i f f e r e n c e s   c o u l d  be d o n e  
for  these two labs b e c a u s e  n o  s a m p l e s  were a n a l y z e d   b y   b o t h  
labs .  
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TABLE X I V  
WITHIN LAB REPRODUCIBILITY - GENERAL AND LORING 
( P r e c i s i o n  i s  95% c o n f i d e n c e   r a n a e   e x n r e s s e d  a s  
p e r c e n t a g e  of mean v a l u e . )  

- 
Variable  

l_l _. 
9 t U / i Y  

Ash 
F i x e d  Carbon  
V o l a t i l e  Matter 
r n  -- 2 
S f p y r i t i c )  
S(organic) 
Carbon 

H2 
N2 
c1 * 
0 2 f d i f f )  

Si02 

A1203 
T i 0 2  
Fe203 

cao 

Na20 

K2° 
rqn304 

"2'5 
'2'5 

s03 
__"_l 

D e g r e e s  of freedom 
~ ( c r i t l c a l ) d = 0 . 0 5  
" 

I..'i.thin Lab P r e c i s i o n  
"- - 

General 
( 2 4  p a i r s )  

___." 

3.77 

1.93 
19 .17  

23.31 

.. _< I . >.= 1 1 7  an 

208.41 

53.47 

5.34 

12 .27  

23.42 

175 .77  
20.24 

4.21 

14 .60  

44 .23  

35.65 

38.48 
5 4 - 9 0  

59.50 

22.54 

85.94. 

68 .27  

197.76 

69.30 

2 3  
.."I. "_ 

"_ 
( 1 2  p a i r s )  

L o r i  no. 

7.87 

2.23 

13.45 

8.78 

,114.323 

34.00 

4 6 . 7 1  

2.12 

9.23 

13 .41  

-.-.____ 

- 
5.72 

5.60 

6.61 

1 6 . 1 7  

1 2 . 2 0  
35.68 
53.34 

75.81 
15.40 

114.04 
103.64 

380  36 

39.50 

11 
- 

." 

* Values o u t s i d e  c r i t i c a l  r a n g e  (0.39-3.19)  

F 

0.50 
0 .37  8 

6 - 1 5  * 
6.48 * 
c.c3 
7.11 * 
0.81 

12.07 * 
4.31 * 
4.84 * 
- 

11-47 * 

1.59 
6.83 * 
3.57 * 
3.69 * 
0.25 * 
0.28 * 
0-14 * 
0 -44 

0.01 * 
0.09 * 
2 -34 

2.71 

( 2 3 , l l )  

0 .39 -3 -19  
" 

= 0.05 
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