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SOURCE SAMPLING FIELD DATA SHEET

Page Z/of 3
Plant Name Plant Yates Station Boiler No. 1 .
Sampling ion L le~t Train Particulate / Metals Run No. 2 /U(fe_ 2z
Date &/22/% 3 Time Start Time Finish Test Duration min.
Duct Dimensions, X : Diameter ft  Initial Leak Rate cfm
PTCF DGMCF NOZZLE DIA. inches - Final Leak Rate cfm
Bar Press " Hg
Static Press " H20' Operator ___ciWf A~
Travers | Clock | Dry gas meter] “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum K

Point Time - | reading &3 | in H20 | in H20 |{Temp. F| Inlet Outlet | Temp. | Temp [Impinger| in. Hg
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SOURCE SAMPLING FIELD DATA SHEET

Page é of 3
Plant Name Plant Yates Station Boiler No. 1
Sampling ipn Loalo + Train Particulate / Metals Run No. 3 / //mse_ 2
Date Time Start Time Finish Test Duration min
Duct Dimensions X Diameter ft  Initial Leak Rate cfm
PTCF DGMCF NOZZLE DIA. inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H20 Operator S
ravers | Clock | Dry gas meter] *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H20 [Temp. F| Inlet Outlet | Temp. | Temp |Impinger] in. Hg

E3-11 f2s9 |1949.595 |p02-| 0.221 307 | 9/ | 5, | — |206]&6 | C

21307 I<or s |0.03 033315 | 5/ | 52 | ~ [22¢]| e | o
31369 |62 9 lo.05 (o5 13¥ | 95 |52 N T =1 o
M r3ed | 8oet v (007 [FTI 3 | 56 (S5 | = 251 55| o5
\"’\4' S35 |€09.2 0. U4 '&u]| 30 Sg S o/ - b5 | 57 | =0
613248 yo. 5 (0.7 22313 S5 | s/ | = 242 52 | 22
Sto | 2329 813358 B! LaF c/@g,k_élzz"(ig

El-p37s | B, 00 0.7 1305 | 51 |97 | = | 20s| 3% | /3

s

5y

(35 | 9.4 |o.o7|o. 32 | g9 33 ~ {297 l/

/33 | 42057 |0.93 |&33 (30 | 9y | o | —|2c0] sB | 9
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5 fop 21 273238

Avg, _—

Check'd

CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page l of

Plant Name Plant Yates Station Boiler No. 1
Sampling ion Znlet Train Particulate / Metals Run No. /%
Date m 43’Time Start L2000 Time Finish Test Duration min’
Duct Dimensions X Diameter £ Initial Leak Rate _ I O {7 _cfm & /b’%
PTCF DGMCF NOZZLE DIA. . 3 5 inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H20 Operator __.) LW
Travers | Clock | Dry gasmeter] “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading i3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg

(205 |26, §15

2L 1426 E45

Avg. —_— %
fCheck’d : H
CONSOLE # ‘é:)ccm'ﬂ~ A6 1363
FILTER # /X 5%/

AMBIENT TEMP. R3S

PROBE LENGTH _ &

LINER MATERIAL _QRuedTz2

REMARKS
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SOURCE SAMFLING FIELD DATA SHEET

Piant Name v Plant Yates Station Boiler No. 1

Sampling Location M(,M’ ' Train Anions Run No.

Date ég; - E} ime Start [z Z5 Time Finish / #05 Test Duration

Duct Dimensions é A ¢ X Diameter ft  Initial Leak Rate (X

PTCF DGMCF _Z, Og Nozzle Dia. _o 5 ﬁ inches Final Leak Rate -

Bar Press 5  "Hg /

Static Press _— & =§ " H20 Operator ﬂ Lo Mf a/ "5

[Travers | Clock | Dry gas meter “p “H Stack {Dry gas meter temp. | Hot box | Probe Vacuum i
Point Time reading 3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp Impmger in. Hg m/ 5( é

ya

Yr 17758572 277

195 227,961 ([ re7|2 @7;7 g& 2\ Lz 13
130544073 | /0 /%é 7% |87 &/ % 2 130
325\¥13.25 | /0 156127/ 167 19 {5 125
24/ 535.771 .09 1/ ,z?o 75 7K 6z (33
1 POS| YR T B (0 [ 36| 270 75 &7 Z¢o|s 250

Avg. —

Check’d i
CONSOLE # ,4 7y f’oé’
FILTER# |2 29

AMBIENT TEMP. 7.5~
PROBE LENGTH Z£& *
LINER MATERIAL _ BZB 52

REMARKS

C-191



e o Bt d L e it e Fu i T AN e

SOURCE SAMPLING FIELD DATA SHEET

ESP INLET

. 3 Page L__ of _/
Plant Name . Plant Yates Station Boiler No. 1 /40 (FAS
Sampling Location__ /2214 i Train eticileteeRrdtorraciizh Run No. _Z
Date &— Time Start ZZ [4] 3 Time Finish __¢ Z- : Test Duration @ éf min.
Duct Dimensions 2. ¢? X _&5 &7 Diameter R Initial Leak Rate &0, il ro”
PTCF DGMCF _/,003  NozzleDia. £ 37.F __inches Final Leak Rate _g)y ()% _ cfm
BarPress  Z25:5d  "Hg . . . @{, g L
Static Press* & " H20 Operator Mfﬂ
Travers | Clock | Dry gas meter] “P “H Stack |{Dry gas meter temp. | Hot box | Probe Last | Vacuum A

Point Time reading ft3 | in H20 | in H20 {Temp. F} Inlet Outlet | Temp. | Temp | lnpinger| in. Hg tC/ 2 ‘;

L/ LY 550, 052

1178|472, 7% 5 U4s\ 6z 4.0

=7 S AL 12,0

/ = 9754 77 197 Z57|5¢ | %5 ,
75 87 28155 =5 /331 k

? 94227
{5 | 7

IAvg. —
Check’d

CONSOLE ¢ _ A/ &/ ¥/
THIMBLE # _ —_ + /232
AMBIENTTEMP. 7 <&
PROBELENGTH ___/ ()

LINER MATERIAL /9[/7‘

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page l of

Plant Name Plant Yates Station Boiler No. 1

Sampling Location INLeT Train Anions Run No. S

Date é',Z:Z—isﬁyle;!m’t 071 ; Time Finish d& 5 / Test Duration é Z. Y min. '
Duct Dimensions /{ é X &% Diameter ft  Initial Leak Rate _/, ‘Z&E cfm M/L
PTCF 555 DGMCF (. 0% NozzleDia. ;375 inches Final Leak Rate _2 , 23/l cfm

BarPress 724, " Hg d,f‘? 174

Static Press __ % " H20 Operator /{,é{) / ﬁ/(7(- &- S

Travers | Clock | Dry gas meter| “~P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H20 |Temp. F| Ialet Qutlet | Temp. | Temp |Impinger] in. Hg £=/ Z, 9

/A% 7/%5;%' 5 — —~— —
~ w138l 721 081l 36 1727 |77 | | 254 5517,
0759167307 . 081102 Z02| 75 (77 7521 53 1.5
8/ 6827 01,0 8 20 |83 172 L6/15 6 12, 5
023 20/.003.07 7893/ | GF |72 153156 (25

Avg. -
iCheck’d

CONSOLE# __ L4/ &6/ . A .
FILTER # — s

AMBIENTTEMP. __ 7 &/
PROBELENGTH ___ /0 7
LINER MATERIAL _& [FS5 T

REMARKS
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SOURCE SAMPLIMG FIELD DATA SHEET

Page ) of
Plant Name Plant Yates Station Boiler No. 1
Train Anions Run No. &d ;% p/ﬁf&é
Time Finish Test Duration in.
Diameter f  Initial Leak Rate _¢9. QO 2efm é (sS4,
Nozzle Dia. inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H20 Operator
Travers | Clock | Drygasmeter] “P | *“H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time reading 3 | in H20 | in H20 |Temp. F Intet | Outlet | Temp. | Temp | Impinger| in. Hg

770 YA )
3//7,-% 63

|Avg. —
Check’d

CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Pagc_’_of/_
Plant Name Plant Yates Station Boiler No. 1
Sampling Location: E§P’ _Ll\\\c:(' Train _ Ammonia/Hydrogen Cyanide RunNo. [
Date &~ Start gﬁ Time Finish Test Duration ;2 P
Duct Dime: Diameter Initial Leak Rate fg .@
PTCF ?9? DG;ICF 406 2 NozmleDia. , 375 inches Final Leak Rateléchfml&
Bar Press 5 Hg
Static Press __—5, " H20 Operator M £ pg/d/ L(//;
Travers | Clock | Dry gas meter| “P. “H Stack |Dry gas meter temp. | Hot box Vacuum
Point Time igm in H20 | in H20 |Temp. F| Inlet Outlet | Temp. Tcmp lmpmgcr in. Hg
% M'%L-F‘"‘ et eI | —~—— i
W\ e 50 So s3] — e e e e M I e e R
L yeqs | YL EF O /,?/: ;%ﬁ % 7D e/ 7 1830
Y S30 | &7749%. L0 [1. 3079/ | BE 7257162 | 9
sZ8D|  Loallofor/t 6.0)l odh 27|,
4 put o [ ¢ TN
Lhecaujoe TH) A V2% @774/
Came ol | 70 FRARECR flye ), BT 2iats oo
), / _‘ﬂy . ; 4
/vyl ) -
e U | O ‘0"? At 217
62 ¢7 Zﬁ C - -
227z 7 Qzaf% % 755 1672 | 3.2
5%6 LT, L0 L 34 (® 75 2 ¢
74 663 %
Avg. — i
Check'd
consoLe s A L6/ 40/
FILTER#
AMBIENT TEMP. __ &/
PROBE LENGTH _ /) ‘g /%55

LINER MATERIAL __ &
4

REMARKS
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SCURCE SAMPLING FIELD DATA SHEET

Page _l_ ofl_

Plant Name Plant Yates Station Boiler No. 1

Sampling Location TN (eT Train Ammonia/Hydrogen Cyanide _ Run No. Q\_
Date~Z£.9 3 T} eSt_ 4 F37 Time Finish /03> Test Duration __ &8 65 min.

Duct Dimensions C X_&957 Diameter Initial Leak Rate _ @, 0 o 2 cfm a,f' /o

PICF 5% DGMCF_/tepB  NozzleDia. 4 375 _inches Final Leak Rete 2, 00 & __cfmy 20

;Zﬂ, !5 (’Q "H
::rﬁms et "gHZO Operator i Lo / W ‘0"%

Mravers | Clock | Dry gasmeter| ~P “H Stack [Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading i3 | in H20 | in H20 {Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg |/ 3.8 &

' 169 1S07.964 —T— ]
Isp 622, 67| L0 | 1391780 |75 |7 ¢ T WAV
(070 1s33,67 | /2 /38 \Z8& |$5 |77 Z55 bt |65~
w354 L5| (0 |38 | zg5 | 86 |77 23515 % s
/635 e/, /.4%.0? 24 775 |88 & £t S (45

Avg. —
Check’d

consoLE# A l&]%0/
FILTER# __ —

AMBIENT TEMP. __ 70

PROBE LENGTH __ /0" : :
LINER MATERIAL 70—;» .

REMARKS
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Page l of

SOURCE SAMPLING FIELD DATA @f

Plant Name Plant Yates Station Boiler No. 1
Sampling Location__ /N LT Train Ammoma/Hydrogen Cyamde Run No. 3
Date é"éﬁ’ﬁ e Start __/ Zw Time Finish /S 70 Test Duration min. 7
Duct Dimensions / 7 X {é S Diameter ft  Initial Leak Rate -0 cfm 76
PTCF DGMCF (082  NozzleDia. ;4§ 7 5 _inches Final Leak Rate
Bar Press " Hg W /W Z
Static Press _=— & ;ﬁ " H20 Operator WA@ W /
ravers | Clock | Dry gas meter| P “H Stack |[Dry gas meter temp. | Hot box | Probe Vacuum

Point Time reading i3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp Impmgcr in. Hg (5 5

P 20 157530 :

IO (S |/ 1 g8 2B/ Tb |72 | | [TLa e (4.0
500 LIl 25 .09 1/ 7] 2/29 72 Tloblo> 15
£L0 2l G21.(0 V.25 |7 | 25 (T2 (Hoz 155

Avg, —
Check'd

CONSOLE # ﬁ/[l/ go/
~

FILTER # ~
AMBIENTTEMP. 7 2
PROBELENGTH ___,p 7 inétic {%
LINERMATERIAL < /8 55

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET

Page ’ of /
Plant Name Plant Yates Station Boiler No. 1
Sampling Location_ AN (E 7 Train __Ammonia/Hydrogen Cyanide  Run No. H
Date £, <774 Time Stat _ O 720 Time Finish _JOYO Test Duration __ & min. - /e

Duct Dimensigns__ £ ¥ X _/S7 Diameter &  Initial Leak Rate

L. 2L [T
PICF_, &% _ DGMCF [ipp®  NozleDia 375 _inches Final Leak Rate (), 0 )0/ _ oty 7 g/

BarPress 2.7 £ "Hg .
? LD ) Vel 7
Static Press — & 2 " H20 operator 47 Er) F ~5 /) 7
(3
Travers | Clock | Dry gas meterf “P “H Stack |Dry gas meter temp. | Hot box| Probe Last | Vacuum

/ et -
Point Time reading 3 | in.H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg &K ",',L./

L 2k770 |70/ L 77

/“/—_—x

IO\ 7 3. 0% 08 L7 Bs5 | FZ | B/ Toclof 5o
20019275 /T /N 6r5|13/518% g | | 7571495 (5.0
g7 (756610, 08 (0235185182 | | k571 §.2
o) | 745 2. 08 1ci-15/6 | B6 |z [I 57 Lo e

Avg. —
[[Check’d

consoLE# A/ 418/
FILTER # —

AMBIENT TEMP. 7.6

PROBE LENGTH __ /0"

LINER MATERIAL /? [ASS

REMARKS

C-198
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SOURCE SAMPLING FIELD DATA SHEET

Page _L of _L

Plant Name P!ant Yates Station Boiler No. 1 z
Sampling ion J,n /p '/ Train __Ammopia/Hydrogen Cyanide _ Run No. w %5 4
Date % Time Stan /XS Time Finish _ /703  TestDuration
Duct Dimensiting Diameter ft  Initial Leak Rate cfm
PTCF DGMCF Nozzle Dia. inches Final Leak Rate cfm
Bar Press " Hg
Static Press " H20 Operator ___y /et~
Travers | Clock | Dry gas meter{ “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading i3 | in H20 | in H2O |Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg
[(252-| (320557
02 |36, (57
Avg. —
Check'd
CONSOLE #
FILTER #
AMBIENT TEMP.
PROBE LENGTH

LINER MATERIAL

REMARKS

Tt PSR AT

RO
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SOURCE SAMPLING FIELD DATA SHEET

ESP INLET
Page /—°f-,Z-__

Plant Name ____Plant Yates Station Boiler No. 1

Sampling Location gg/df- Train Bulk Particulate-Radionuclides Run No. __/

pate  H6-{573 Tim,e Stag_ D7 fj§ . Time Finish an z Test Duration (%4 Z min.
Duct Dimensions g £ X [ Diameter ft Initial Leak Rate _up_ﬁgéfq/ 2/
PTCF _« B¢/  DGMCF_/DOF  NozzleDia. ¢ FZ§ _inches Final Leak Rate (), fY0 4  cfm
. : aFE S
Bar Press __ Z 7/5 S Hg .
Static Press - é . 4)4 " H20 Operator %,é 1 ///)7&6‘4‘ §Z
Last

[Travers | Clock | Dry gas meter| ~P “H Stack |Dry gas incter temnp. | Hot box | Probe Vacuum /ér'- j/
Point Time reading ft3 | in H20 | in H20 Temp. F| Inlet Outlet | Temp. | Temp |Impinger] in. Hg / 3’
wfh Vo745 | 651 . L350 DEFEFT /A
" legoslbe] T o g |200 178 |77 2905 &l 3.0
LRIEILT2.80 , 10 125 B0E (B¢ |7 2¢7 &4 (300
eRES | L2v.05 13 1175 |20 |K5 (8O 2493|sz €.
Fw AV YLAWEN AP PRIPE A AR,
AN |
< . sl ! A'i/ ‘2. s
f S?CI Co
log (A Fa
Pl At N S QV\(/, ’(&<
N P PP € i Y
# of ", WALk
N 22 L
Do\ ‘Y a
AW
J g
Avg. — Qs
Check’d

CONSOLE# A/ 6/ 407
THIMBLE # _~—

AMBIENTTEMP. 7 ¥
PROBE LENGTH __ /777 J

LINER MATERIAL g $( P

REMARKS
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SOURCE SAMPLING FIELD DATA SHEET
ESP INLET

Page _[ of _/

Plant Name Plant Yates Station Boiler No. 1 7
Sampling Locgtion___£¢ o~ Train Bulk Particulate-Radionuclides Run No. &~
Date &

ﬁ‘i{mc Sgart SS U e Time Finish / 7,2 &/ Test Duration éﬁ min.
(4 X 45

/ 7
Diameter ft  Initial Leak Rate 2, 0!‘2 47 cfrd @

Duct Dimensio Z s

PTCF é 2 ZGMCF_LQO&_ Nozzle Dia. <3 7 Y inches Final Leak Rate £, QQZ cfm

Bar Press 2?,5_ " Hg - -

Static Press — /,é/ * H20 Opcm[or M/\ M 6/7 €v7 /&’C /

[Travers Clock | Dry gas meter| ~P “H Stack |Dry gzas ineter temp. | Hot box | Probe Last | Vacuum
Point Time reading i3 | in H20 | in H20 | Temp. F| Inlet Outlet | Temp. | Temp | linpinger| in. Hg
y -
WA Y — ‘ — s
@._o 87¢ <N/ (0SS 00 |77 241 ST Y5 | pz8,2
OTIRE AV; AIAR Log |9¢ EVAVARUS RIS 4
L 27007 7 | A9 075 oo | P4 Y5/ lgs S Te=cd.7
70// /200 |, B2 AN S V49 a5 k=47
Avg. Frl .. 3#7 - Q7 -
Check'd SR 2 PR
coNsOLE# ___ A /4 (462 Velodity
THIMBLE # — % Moisture - :
AMBIENT TEMP. __ 7 %5 Flowrite (DSCFM)___
PROBELENGTH [/ © ' Isokinetic (%}

LINER MATERIAL S S

REMARKS

C-201
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SOURCE SAMPLING rrelD DATA SHEET
ESP INLET

Page of

Plant Name - Plan} Yates Station Boiler No. 1

Sampling Location £ £ : Train ___Bulk Particulate-Radionuclides Run No, 3
Dawé’ Z ( ,ﬁ Time Start __/ ¢ 2 (2 Time Finish [ZC;_fﬂ Test Duration 4’10 2947 m19
Duct Dimensions_ & " {,” Xx_4s Diameter _____ & InitialLeakRate_g@. 177 ~of /O o/
PTCF_, 24 _ DGMCF /10 5  Nozzle Dia. TE4=— _inches Final Leak Rate 09 et o
Bar Press L 42 "Hg 0,315 3W
Static Press __ —Z, 3 " H20 Operator 'é é ”0/(\/ (_’_ 5
Travers | Clock | Dry gas meter P “H Stack |Dry gas meter temp. | Hot box Prdbe Vacuum ‘L C
Point Time reading 3 | in H20 | in H20 [Temp. F{ Inlet Outlet | Temp. | Temp !mpmger in. Hg ‘—_ Z
Vn (772079567 — _
T RN W AT A s 2 | 7s/hl6S (3T
y 2A Ao, 67 | BT3¢ |G, Too 26/1S57 135
N Wl LW B AR A 77 755 5 Ly 15~
240\ 775707 | 7 3IVIGE |75 H1ls7 [#.o

Avg. —
{{Check’d

consoLe#__4 LB/

THIMBLE # ___—
AMBIENT TEMP. 7 4
PROBE LENGTH (0’
LINER MATERIAL &/ 477

REMARKS

C-202



SOURCE SAMPLING FIELD DATA SHEET

ESP INLET

Page _L of_l’
Plant Name __Plant Yates Station Boiler No. 1
Sampling Location gg/zf Train Bulk Particulate-Ex. Metals Run No.
Date é’Z’Z ~F 2!'1me St __ g ééj Time Finish _/p g5 Test Duration
Duct Dimensions el /5 X _é’ >‘/ Diameter ft  Initial Leak Rate 2 r cfm;g/ /2 /7
PTCF _. 8 % DGMCF _/, 005 Nozzle Dia. __ . % 75" inches Final Leak Rate _, (¥ g g@%/o sy
BarPress_ 29,45  "Hg )
Static Press — S. & " H20 Operator M/k[‘ éi,y
[Travers | Clock | Dry gas meter{ ~ P “H Stack {Dry pas meter temp. | Hot box | Probe Last | Vacuum »

Point Time reading ft3 | in H20 | in H20 {Temp. F{ Inlet Qutlet | Temp. | Temp |[Impinger| in. Hg / ]5

A

\_\‘ ._,——/\-n—'\__q

v 07457 1/ FE] : 1

(0681725 75 /3 W |2l | 6 | g/ | | [257] 55 [2 D
675174000\, r5 1778 |275] 8 g4 [T 125197 5. 5
S s B (% |1, 751299 | A4 | P 7050 9.0

J¥

| —

Avg. — 66475109 | - 185

Check’d B N D ,

CONSOLE ¥ __ A/ 4/ Y6Z Velocity

FILTER # T Tnoeble) % Moisture

AMBIENT TEMP. __ -7 & Flowrate (DSCFMJ,” = .-
PROBE LENGTH __ /5 “r/#55 Isokinetic (%)

LINER MATERIAL f,’//é

REMARKS

C-203




Plant Name

ettt .

SOURCE SAMPLING FIELD DATA SHEET

/_Plant Yafes Station Boiler No. 1

J—
Sampling Location_/%e & T

Train

Bulk Particulate-Ex. Metals

ESP INLET

Page /

Date - Z& & BTime Stant

IS4S

Duct Dimensions &~ & a X ?
PTCF 45 # DGMCF

Nozzle Dia. « 22 S inches

Bar Press Z=Z,Sg " Hg
Static Press _~— &~ " H20

of

Run No. Z

Time Finish __ /S o &< Test Duration. @ min.

Diameter g P ft

Operator

[/

[nitial Leak Rate Q.01 cfm
Final Leak Rate _ ©. 00 F  cfm

[Travers | Clock | Dry gas meter] *P “H Stack |Dry gas meter temp. | Hotbox|{ Probe | Last | Vacuum
Point Time reading ft3 { in H20 | in H20 [Temp. F|  Inlet Qutlet [ Temp. | Temp |Impinger] in. Hg
E-F \34S 87275 |pd8 | \v 322 82 |8 | —[22s] St [«.o
400 |£22.251002 |0.89%2132> | Q2. | 8= — |[238| S3 | 4.
1S |83 003 |pA2| 325 | QL [ QD — 241 | S8 | 4
1430 893 0d |03} |GF52 1323| Qb | 8p | ~ |z4c| bp |YD
445 |85C 02 |02 |05z | 323]| /o0 | 3¢ — 1247 o | 4. ©
1Soe |83 op l0.03 092 | 375 | ro7 | 98 — 1238 |2 | 4O

STedisps | RES.RYS

Avg. —

ICheck’d

CONSOLE #

4 /6) 4/

FILTER#__/04C  (Tnoabie)

AMBIENT TEMP. Z&

PROBE LENGTH 207

LINER MATERIAL _278>% cg

REMARKS

C-204



SOURCE SAMPLING FIELD DATA SHEET

ESP INLET
Page / of Z

Plant Name Plant Yates Station Boiler No. 1

Sampling Location_cpt CF /= Train ___Bulk Particulate-Ex. Metals __ Run No. 3

Date é, ?.’7 ﬂ%‘hn/c’Sm/; 1300 Time Finish 190D Test Duration Q _{(_/

Duct Dimension Q g X__¥L5 Diameter ft  Initial Leak Rate é; éﬁi O

PTcE_, & DG)}iCF [,003 Noule DiaM Final Leak Rate_C -0 g (4 cfm “Fro”

BarPress__ 7 <./ ¢ "Hg O.315 3V

Static Press — S, " H20 Operator M/CZ/ -5

Travers | Clock | Dry gas meter| ~P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point/ Time rcadingﬁ3 in H20 | in H20 {Temp. F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg |/ Z--,<

T 55— : —

7 a3 iS008 (9175297 | oz P zedpe 175
yzq: 9’/5"95. 2V (e %1817 73 |1 _|Zs/152 [
IS s 3 5 N (O 22157 T 77 o7 |1 lzhs|57 [¢5

410 1 FZ 7Aoo /,15'7/5/ 77 129 | 55 Yo

Avg. — 15 {31k A T 7

Check’d A SR L . he

CONSOLE # /f/é (4 Vilocity|

FILTER # OO | (Thble) % Moisture,_ =
AMBIENT TEMP.  7& Ho&mc'(nscm Ll
PROBELENGTH _ /0o IsoKisietie (%)

LINER MATERIAL __ 7 /457

REMARKS ////!/// oM< ‘Zﬁ/ /é”%/ Q(//z”/( 4.7"44/ C%/Cu«“

AV FE Py /07/

C-205

N Tl g -~
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SOURCF SAMFLING FIELD DATA SHEET

ESP INLET
Page _/ of 4
Plant Name - Plant Yates Station Boiler No. 1
Sampling Location L/M% Train __Size Fract. Particulate Run No. /
Date @ — Zéﬁj'ﬁmc Start Qapad Time Finish /O 20 Test Duration / Qﬁd min.
Duct Dimensipns_& & ¢ X _¥.< Diameter R Iniial Leak Rate J 24 G otm@f*7
PTCF o DGMCF _,Z8EC NozzleDia. 375  inches Final Leak Rate ofm
Bar Press ,5S  "Hg
Static Press _— (£ , & " H20 Operator AMM

Travers | Clock | Dry gas meterj “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum . 3
Point Time reading f3 | in H20 | in H20 |Temp."F| Inlet Outlet Tcn}p. Temp | Impinger| in. Hg lé" ; 9

y

X R\ oBasl28. 86 Wi
0s2015¥R 73 |, 08 1.2/ \z5p |76 |75 289 44 |20
08¢40\2s¢. B .08 2/ el 87 77 245 s lr.p
0 7001340.97 =07 .3/ 1727 % 78 7Z20\aZ. |20
07 701%. 781,08 1.3/ AN 4 247166 (1.0
N2 Y027% ¢2on213/ B 2z 78 ooy |22
50z 279. 801, 67 .%/ 770 |56 & 757 45 13- 0
oo $83070 08 | 3 b€ (&7 18/ 75Hed 125

Avg. —_ p
IiCheck’d i NPT g

CONSOLE # AL/

FILTER # __ #[30€ (4 ) Thimble

AMBIENT TEMP. 7,5 “~

PROBE LENGTH /57

LINERMATERIAL _ S & ——~ _~

REMARKS —_—

C-206



SOURCE SAMPLING FIELD DATA SHEET

ESP INLET
Page g of /
Plant Name . Plant Yates Station Boiler No. 1
Sampling Location e Train _ Size Fract. Particulate  Run No. Z

Date &~ Time Start @ 62 4 Time Finish[z é 5 Test Duration _/ ch min.

Duct Dimensions ffg V74 X «5”7 Diameter __ o ft  Initial Leak Rate QcQ{ z cfmpff'/o “

PTCF _, 5% DGMCF /. 007 Nozzle Dia. _+ 27 5 inches Final Leak Rate N& cfm
Bar Press 2. zg " Hg . y
Static Press  — 5.9 " H20 Operator /A7 £ / Mf/f ’z

[Travers | Clock | Dry gas meter| *P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum

Point Time rcading%‘—-in H20 | in H20 {Temp." F| Inlet Outlet | Temp. | Temp |Impinger| in. Hg ég Z

s7/5 |74 9 257 P72
_/gé 0235 772223 .7/ L¢2 130 | B/ 175 "z 42132

765127387 |10 .28 Z/7 [ &7 5D 2% (o) B0

vty 720,722 1,16 .28 By LY 244 o0 12 .(0)

Y

s 778 2% o1 2.4l 130 AP 242/ 2. )

g
VIl AR IR ATV, Y zd/\ G0

(- N

B
N

2
s (51578 (0 |3 [z/ zz 59 |25

b N

=g

Ave. - % 10:4i3

Check'd

CONSOLE # __4 /tof 462~ Véloeiy T
FILTER# _[ 3|  Ligmem) %:Moisitine,, = -
AMBIENT TEMP. ____ 7/, Flowrste (DSCEM)
PROBE LENGTH 10’ Isokinetic €%3 .

LINER MATERIAL * 2 //7s=
7

REMARKS

C-207




SOURCE SAMPLiNu F'ELD DATA SHEET

ESP INLET
Page _L_of _L
Plant Name __Plant Yates Station Boiler No. 1
Sampling Locaﬁon_&é'/" Train __ Size Fract. Particulate Run No. B
Date 6-Z 723 Time Sat __ 07 4o Time Finish s Test Duration __{ 3§~ min. ’,
Duct Dimensions 3 6.7 X_4%5_ Diameter ___ Ade ft  Initial Leak Rate O ctm pf~-/©
PTCF_D. @4  DGMCF_/. 089  NozleDia. 77 5 inches Final Leak Rate E . cim
Bar Press (4] " Hg
Static Press -5 " H20 Operator 6/1«)
Travers | Clock | Dry gas meter| “P “H Stack |Dry gas meter temp. | Hot box | Probe Last | Vacuum
Point Time reading 3 | in H20 | in H20 [Temp."F| Inlet Qutlet | Temp. | Temp | Impinger| in. Hg &’; ;5

£-8 0740 1 9381301008 | 0.3; |30 | % | 25 | — | ¢4l &> | z.o
OFSS| 942, ¥V |0.A 034|342z | 38 | 25 | — | 222 bz | Zo
08B | 942 221008 |p. 31| 3¢ | £ 1L — 1232| é0 | 2o
o2l |9s2. 22009 |05+ 3¢ | Q2 | 39 | — [232] ¢ |20
oRYD [QSR.4F 008 [H.3) | 214 | B | @0 | ~ | 248 ¢z | z.©
O0RSs|9bz.12 1008 16.-3) | 314| 86 | 8= | - [245] 63| 2.0
O9io | 96625 |0.08]0.31 | 34| 82 | 8¢ 246l 6#¥¢ | Z. O
09251931.48 |po8lo3; | Bi1S| 22 |84 2t |5 |20
pNa4oi43$93 |0.08ln3) |34 | 1 |82 — |z¢3|l S | 20
STP |08 §S 1480.84F :

]

)

Avg. —

{Check’d

CONSOLE # __/M6/%pZ

FILTER # (47 mm )

AMBIENT TEMP. 77
PROBELENGTH __ /p’
LINERMATERIAL S 5

REMARKS
C-208




ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location___ ESP N
Run No. /
Date Operator Twm
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) 2-1) (ml) (3-2) (ml) 4-3)
(ml) (ml) (ml)
@ )
/ 0.0 Mo/ /%0 [Aizz
Nl N
2 — /1
DAD Loz [Dewp/t
/7 ’
Oz 8.5
Averaged Results: % CO2 % 02
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%CO2) (%02) (%CO + % N
- . . Y-001 &SI
Run# | Train OFSaﬁ E Sttﬁ:tk
Component
Date 424 =93 Time (F3D SmpkTW M
Tare Wt. _QA_____Final Wt _Ne
C-209

7
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ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location 6/ fn /€7£’
Run No. Z
Da:te é// 2 Z///} 3 Operator f 1 // f M/
v v
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO2) (Co2) 02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) -1 (ml) 3-2) (ml) 4-3)
(ml) (mi) (mb)
/ 2. 0 /0:2 /0.2 /80 Z8
A DD Y4722 2z &,
2 2:0 Vo 0.0 Kot &6
Averaged Results: %coz_ MDA % 02 b
% CO % N2 3[ iy
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%CO2) (%02) (%CO + % N2)
= * - Y-251
Run # 2 Train__ O0CSoh,
Stack
Component _N\o O
- Date Q-Q\Q-—OIQ- Time Smplr, T2 M\
Lab o 541§ , Analysis (O~ O?_

C-210

Tare Wt. Final Wt.




Plant

ORSAT DATA SHEET

Plant Yates Station Boiler No. 1 Comments
Location £SP /nle
Run No. 3
Date & [23 /45 Operator ____ 7 M F
pd v
Sorbing Reagents: (CO2) (02) (CO)
Replicate Original (CO2) (CO2). (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (ml) 2-1) (ml) (3-2) (ml) 4-3)
(ml) (ml) (ml)
/ .0 L. 8 £.9 /9.0 £z
2 0.0 /0.9 /0.9 /7.4 5.5
3 -0 /0. % /0.8 19.0 £.2
Averaged Results: wco2__ [0D.8 % 02 63
% CO % N2 50. 9
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(% CO2) (%02) (%CO + % N2)
= + + Y-256 SIS
Run # 3 _Train_cN Sl ESP l gmik!
Component Dot
Datel,, 2. 3~93= Time smpir.J W) N\

Lab (50 S 7@ Analysis C(Bl OZ

Tare Wt.

Final Wt.

£ S ey~ o e vt

™
I
~

C-211



ORSAT DATA SHEET

" -

Plant Plant Yates Station Boiler No. 1 Comments
Location W —_;1/67"
RuaNo. __ Mefnls Ausiv— 2- |
Date é/l S;/§3 Operator __/ A1/
Sorbing Reageats: (CO2) (02) (CO)
Replicate Original (CO2) (CO2) 02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
' Reading (ml) - (ml) 3-2) (ml) 4-3)
(ml) (ml) (ml)
/ 0.9 0.2 |2 /70 88
&, 0 Lo /oo |90 Z.0
Averaged Results: %coz /0:[ % o279
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%C02) (%02) (ZCO 4+ % N2
_ . . Y-337
Run#_/ Trein_ () rscﬁt ESP Outlet
Stack
Component‘c boaa = Phado Tux
Date p2ZPsTime_ Y 3D Smplr -l M
Lab o Svte  Amlysis (5 %0’
C-212 Tare WT(g) -

Final Wt(g)



ORSAT DATA SHEET

Plant Plant Yates Station Boiler No. 1 Comments
Location  E£SP T, fef
Run No. Z-3
Date é/ 2 '7"“# 3 Operator 7N r
L/
Sorbing Reagents: (C(f) (02) (CO)
Replicate | Original (CO2) (CO2) (02) (02) (CO) (CO)
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 Volume
Reading (mi) 2-1) (ml) (3-2) (ml) (4-3)
(ml) (ml) (ml)
/ 0.0 /.8 /3-8 70
2 2.0 (1.8 %% 720
Averaged Results: % CO2 /1-8 % 02 +0O
% CO % N2
Dry Molecular Weight, MW (dry) =
=0.44 +0.32 +0.28
(%CO2) (%02) (%CO + % N2)
Pl
Run #2-3Train _ ORSAT ESP Outlet
Stac
Component __ ORSAT
Date 62743  Time_l4on  Smplr WM
Lab ON Sils Analysis_ o [CDy_
Tare WI(g)  — Final Wi(g)  — C-213
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Plant Name

Sampling Location.

Date

Plant Yates Station Boiler Nol

TRAVERSE FIELD DATA SHEET

ESP JTHNLeT

DL-/8-93

Operator

Z0/ DIv / Twm

Stack Diameter

B'L" xus’

Sample Port Diameter,

Sample Port Depth

Distance Upstream

Yy

/Y

"

Distance downstream

OUCT DLAMETEIRS UPSTALAM FAOM FLOW DISTURBANCE (DISTANCE A)

X3 1.9 1.5 2.0 28
bd T T T T : T [
* HIGHER NUMSER 1S FOA Drstunsanct
- ALCTANGULAR STACKS OR DUCTS T
z O 2 ugasyngment| =
2 - - ‘Tt
i
g *r 26 O 25* i
5 komcz
s 1 2
§ op -
2 _—-‘;‘x‘:cx DIAMETER D> 0.51 m (24 wn)
§ 12
5“-0"&'0'”10!"7"’(0 l-__IOl"—
DISTURBANCE (BIND. EXPANSION. CONTRACTION, ET2.)
', , | s:’m oun'tul - 6.33!10 LSt » (l‘l:cu -l
°1 J [ EY [ 7 3 } ] 10
OUCT DIAMEITIRS DOWNSTREAM FROM FLOW omnuxc:'wmucz [ 1]
Number Traverse Ponts On A Diameter Traverse Points
Traverse Point Numoer
2} «i sl 8| w| 2] w| 16| 8] 20 2| 2¢ No. | Distance From Wall
I | L1 L EER E E %ﬁm
R 461 671 44 321 26| 21] 1.8 1.6} 14} 13) 11| 11 1 .
{ 2 ] 8541250 | 14.8110.5| 82| 67| 57| 49| 44| 29| 35} 32 2l 39.§
5 i 175.0 129.6 [ 19.4 {146 11.8] 99| 8.5] 7.5| €7| 60| 58 3 . S .
‘ 193.3 704 (323122617748 (125]109] 97| 8.7] 7.0 411335
i 5 ! 1854|677 3421250 20.1)169 | 146} 129} 11.8{ 0.6 E] 0.9
G i . 1956180.61658 | 3561269220 128 | 165 | 14.6 ) 152 Bl 1i10%.S
| 7 1 [ 1 89.5{77.4 | 64.6 | 366 | 28.3 1 228 | 20.4 | 10.0 | 18,1 7
! 8 | i [ 96.8 | 85.4 | 75.0 | 63.4 | 37.5129.6 | 25.0 | 21.8 | 19.4 8
9 1 | } ]91.8 | 823 | 723 | €251 38.2130.6 | 26.2] 20 2]
18 | i i [ 97.4 | 882 | 709|717 | 61.8 {388 | 15| 272 10
1" | t | | 3312854 78,0704 ) 6122393323 i8]
12 ] | ) $7.9 190.1 }83.1 1784 | 63.4 | 60.7 | 3.8 12
13 [ 1 ] 194.3187.5]81.217501 68| 802 13
14 1 . | | [ {982 91.5]854 | 79.8) 738 | 627 14
ol ! L | { 5.1 1 39.1 | 835 | 78.2 | 728 15
16 1 1 : 1 | 1 s6¢ 92518711820 77.0 10
17 i I ) 1 1 ] 1 1 95.8 19031854 0.8 17
18 } . ! i i | ' 188619331884 8%9 18
i 1 i : i i [ ) i ] 96.1 | 91.3 | 868 19
I | ] ' . ] 1 ] ] i 98.7 | 94.0 | 89.5 20
E R 1 (9es]|e 21
E] : ] 1 1 ] 1 : ! i 1 9.9 | 94.5 <<
IR i ! i ] : i i i i | 96.3 23
L N ] T 11 (%3 2%

C-215
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VELOCITY PROFILE FIELD DATA

Plant Name __—£7) e /fé/’;”""l‘ffly pe/ac A, 74fc<<)c/5< /7D_MW /%:/c@{w
Sampling Location Zinled Sample/ Ident.

Date M(MMDDYY) Time Start _/({00 _ (HHMM) Time Finish [23 0 (HHMM)

Duct Dimensions 8.5 ' X ys ' ft. or Diameter H.
PTCE . Yﬁz . % Hzo =< 7.0

Bar Press. 29.5% “Hg % CO % N2

Static Press. e "H,0 % co, -0 % H,

Operator Initials L OJV, Jwm % 0, 7.4 % CH,

et fee v v

Stack Temp. °F Velocity Pressure * H,0 Qther ( )
Pt " 2 Ave. " 2 Ave. " 2 Ave.
El\-] | 253 | z3¢ 0.055 | 0. 06
2 | 2795 | 285 g0 | Q06
3 | 2% | 297 oo’ |aoys
< |25/ |25 Jdo>xs | 0oz
S 12%3 | 2%3 Qs loo3
C 1209 | 265 0.0 ooz
- | 2% 2%z 0.0z | 6.02
2 | 2%2 293 g.o02 |o.ors”
3 125« lox4 0.0/ 9.0
£ 12%2 | 2952 .03 | ooz
S 274 | 225 o.0f |0.03
l26/ 263 S.of |aos
£3 — ﬁ‘/ O.0 %
2 | 295 O .02
3 299 O.0 */
“ 1|1 29 (f; o 0¥
5| 294 ag.0%
b | 0o o./>
Weather VP /&— = 0.2s30
Stock Tomp: 483 °F
Remarks Vel = 7.2 £
AL Fm < 392 204
DscFMmM

C-217
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VELOCITY PROFILE FIELD DATA

206G

Plant Name =
Sampling Location Sample ident.
Date (MMDDYY) Time Start (HHMM) Time Finish’ —_—  _ (HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF - % H 20
Bar Press. “Hg % CO % N,
Static Press. "H 2o %'CO2 % H2
Operator Initials %0, % CH,
Stack Temp. °F Velocity Pressure * H,0 Other ( )
Pt 1 »2 Ave. 2] #2 Ave. " 2 Ave,
/-1 | 250 S| 0.0
2-| 2593 TS | oregt 0.95
2 | 29% O.Cb
< 1299 o. (%
< 1259 0. (b
b | 29° o9
€s. j | 220 o.03
& 1292 0.03
3 | 295 258
¥ | 295 S.(2
S | 300 d.s
b | 2926 0.20
£ | 255 ©.03
7| 29% o, 04
3,1 302 0.0/
71 205 B,
51367 0. (7
"6 | %67 0.1%
" Weather
Remarks

C-218
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VELOCITY PROFILE FIELD DATA

Plant Name
Sampling Location Sample Ident.
Date . (MMDOYY) Time Start ______(HHMM) Time Finish —_— (HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF —_— % HZO
Bar Press. . "Hg %CO . %N,
Static Press. _ =7 (- 7/ "HO %CO, _____ %H,
Operator |nitials % O2 % CH .
Stack Temp, °F Velocity Pressure * H,0 Other ( )
P # ” Ave, L2l n Ave. # L4 Ave.

| E2- ] 399 ©.03

2{ 309 a.o~F

3 3(’( : O.0%

AW oz

5 ?/'{L 8.7

&l 314 o.2d
E«.) | 30¢ Q.07

2| 305 =

3, 307 0.0%

7 130% Wi

51314 244

é wriZa 0.2%
| ot /-2;’74 0.0+

2 2935 0.0?

CAPx 14 D07

4 1282 J- ot

5 2_77 O /

O | 22 O.13
Weather
Remarks

C-219



VELOCITY PROFILE FIELD DATA

Plant Name
Sampiing Location Sample Ident.
Date (MMDODYY) Time Start (HHMM) Time Finish (HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF % H,0
Bar Press. "Hg % CO % N,
Static Press. " Hzo % CO2 % Hz
Operator Initials % O, % CH,
_ Stack Temp. °F Velocity Prassurs * M,0 Other ( )
Pt #1 2 Ave. 2 , # Ave. ] »2 Ave.
we-/ 1223 g.of
2| 227 Q.03
3,120 0. 05
£ 1207 9,07
&1 20 0.5
3 217 o,0Z
2 |22 o.07
3.l2%% 38,06
/1252 0. (3
s 125/ D./2
&6 1277 O, (7
it 1254 0.02
S 2 |290 0.0
3 232, 007
7 257 0.3
S5 120 9.2
G 1202 °.3
Weather

Remarks




VELOCITY PROFILE FIELD DATA

Plant Name
Sampling Location Sample Ident.
Date _________ (MMDODYY) Time Star (HHMM) Time Finish ______ (HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF % H,0
Bar Press. "Hg %CO . %N,
Static Press. "HO %CO, ______ %H,
Operator [nitials % o2 % CH .
Stack Temp. °F Valocity Pressure = M,0 Other ( )
Pt " ) Ave. " ” Ave. " "2 Ave.
ws=/ | 275 0.0
2| 2357 2 06
J S . (D
S 1272 O.1¢
123 o.(3
G l262 .15~
o~/ 260 a. o>
2| 26 o, 03
S |29 o.03
4 129¢r o.cC
5| 265 s,
& 20 O (o
wil-/ | 200 0,02
z | 247 0.92
3/ %_@ Q.02
I 2s% 0.02%
< | 2@ 0.7,
A3 o.of
Weather
Remarks

c-221



B o , L AL LT Y L T o ;y
PR A S S Sy S DU S ST T A S A RUICEPURIE RN SIS A

VELOCITY PROFILE FIELD DATA

Plant Name
Sampling Locat'on Sampie Ident.
Date ___________(MMDDYY) Time Start ___ ____(HHMM) Time Finish (HHMM)
Duct Dimensions X ft. or Diameter ft.
PTCF 0 %4 - %H,0 7.9
Bar Press. 29.58 "Hg %CO ________ %N,
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APPENDIX D:
QUALITY ASSURANCE/QUALITY CONTROL

Appendix D presents a summary of analytical results for QC samples, estimates of measure-
ment precision and accuracy based on analysis of QC samples, and potential limitations in
the use of the data.

Overall, QA/QC data associated with this program indicate that measurement data are
acceptable and defensible. The QA/QC data indicate that the quality control mechanisms
were effective in ensuring measurement data reliability within the expected limits of sampling
and analytical error.

Quality control data provide information for identifying and defining qualitative limitations
associated with measurement data. The following key types of QC procedures provide the
primary basis for quantitatively evaluating data quality:

* Field and laboratory blank samples;

® Duplicate field samples;

® Matrix and surrogate spiked samples;

* Laboratory control samples; and

® Performance evaluation (audit) samples.

Additional details of the project QA/QC program are documented in the DOE Quality
Assurance Project Plan.

Sample Collection

Several factors are evaluated to determine acceptable sample collection. Key components of
the sampling equipment including the Pitot tubes, thermocouples, orifice meters, dry gas
meters, and sampling nozzles were calibrated in the Radian Source Sampling Laboratory
before use in the field. These calibrations were also checked after the equipment was
returned to the laboratory after the field activities. The presampling calibrations were
reviewed by the Radian QA Coordinator as part of the on-site Technical Systems audit.
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Appendix D: Quality Assurance/Quality Control

These calibrations as well as the post sampling calibrations are on file at Radian Corporation.
Standard EPA methods or other acceptable sampling methods were used to collect the
organic, metal, and anion samples. The sampling runs were well documented, and all gas
samples were collected at rates of between 90 and 110% of the isokinetic rates. Sufficient
data were collected to ensure acceptable data completeness and comparability of the measure-
ments. :

Gas samples were collected from the ESP inlet, ESP outlet, and stack as integrated samples
for most analyses over a specified time period. Solid samples of coal, limestone, bottom
ash, ESP fly ash, and FGD slurry were collected at hourly intervals over each of the test
runs. These individual grabs were combined to provide a single composite sample of each
stream for each of the three test runs. Liquid streams were also collected as hourly grabs
which were combined to provide a single composite for analysis for each test run. Liquid
streams include the ash pond, gypsum recycle water, ash sluice filtrates, FGD slurry filtrate,
limestone slurry filtrate, and the inlet and outlet to the condenser. All sampling was
conducted while the plant was operating at 85 to 100% of full load and should be representa-
tive of typical operation for Plant Yates.

Analytical Quality Control Results

Generally, the type of quality control information obtained pertains to measurement preci-
sion, accuracy (which includes precision and bias), and blank effects that are determined
using various types of replicate, spiked and blank samples. The specific characteristics
evaluated depend on the type of quality control checks performed. For example, blanks may
be prepared at different stages in the sampling and analysis process to isolate the source of
the blank effect. Similarly, replicate samples may be generated at different stages to isolate
and measure sources of variability. The QA/QC measures used as part of this program data
evaluation protocol and the characteristic information obtained are summarized in Table D-1.
The absence of any of these types of quality control checks from the data for a particular
analytical technique does not necessarily reflect poorly on the quality of the data but does
limit the ability to estimate the magnitude of the measurement error and hence, prevents
placing an estimate of confidence in the results.

As shown in Table D-1, different QC checks provide different types of information,
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As part
of this program, measurement precision and accuracy are typically being estimated from QC
indicators that cover as much of the total sampling and analytical process as feasible.
Precision and accuracy measurements are based primarily on the actual sample matrix. The
precision and accuracy estimates obtained experimentally during the test program are
compared to the data quality objectives (DQOs) established for the program as listed in the
project QAPP.

These DQOs were not intended to be used as validation criteria but as empirical estimates of
the precision and accuracy that would be expected from existing reference measurement
methods and that would be considered acceptable. The precision and accuracy objectives are
not necessarily derived from analyses of the same types of samples being investigated. .
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Table D-1
Types of Quality Control Samples

QC Activity

Appendix D: Quality Assurance/Quality Control

Characteristic Measured

Precision

Replicate samples collected over time under
the same conditions

Duplicate field samples collected
simultaneously

Duplicate Analyses of a Single Sample
Matrix- or Media-Spiked Duplicates

Laboratory Control Sample Duplicates

Surrogate-Spiked Sample Sets

Accuracy (Including Bias and Precision)

Matrix-Spiked Samples

Media-Spiked Samples

Surrogate-Spiked Samples

Laboratory Control Samples (LCS)

rin e e gy - ey o »

Total variability, including process or
temporal, sampling, and analytical, but
not bias.

Sampling plus analytical variability at
the actual sample concentrations.

Analytical variability at the actual sam-
ple concentrations.

Sampling plus analytical variability at an
established concentration.

Analytical variability in the absence of
sample matrix effects.

Analytical variability in the sample
matrix but at an established concentra-
tion.

Analyte recovery in the sample matrix,
indicating possible matrix interferences
and other effects. In a single sample
indicates both random error (impreci-
sion) and systematic error (bias).

Same as matrix-spiked samples. Used
where a matrix-spiked sample is not
feasible, such as the stack sampling
methods.

Analyte recovery in the sample matrix,
to the extent that the surrogate
compounds are chemically similar to the
compounds of interest. Primarily used
as indicator of analytical efficacy.

Analyte recovery in the absence of actual
sample matrix effects. Used as an indi-
cator of analytical control.
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Table D-1 (Continued)

QC Activity

Characteristic Measured

Standard Reférence Material

Blank Effects

Field Blank

Trip Blank

Method Blank

Reagent Blank

D-4

Analyte recovery in a matrix similar to
the actual samples.

Total sampling plus analytical blank
effect, including sampling equipment and
reagents, sample transport and storage,
and analytical reagents and equipment.

Blank effects arising from sample trans-
port and storage. Typically only used
for volatile organic compound analyses.

Blank effects inherent in analytical meth-
od, including reagents and equipment.

Blank effects from reagents used.



Appendix D: Quality Assurance/Quality Control

Although analytical precision and accuracy are relatively easy to quantify and control,
sampling precision and accuracy are unique to each sample matrix. Data that do not meet
these objectives are not necessarily unacceptable. Rather, the intent is to document the
precision and accuracy obtained, and the objectives serve as benchmarks for comparison.
The effects of not meeting the objectives should be considered in light of the intended use of
the data.

Table D-2 presents the types of quality control data reported for the program and a summary
of precision and accuracy estimates. Almost all of the quality control results met the project
objectives.

The following potential problems were identified by the quality control data.

* Chloromethane, methylene chloride, and tetrachloroethene were found in one or more of
the field blanks analyzed for VOST. In many cases, the same concentrations were also
found in the field samples.

* A standard limestone sample (NIST 1C) was submitted blind as a performance audit
sample. Aluminum, silicon, and sodium recoveries in this sample were below 50%, and
the recovery of potassium was greater than 200 percent. This may indicate a similar low
bias for these elements in the limestone process streams.

* Selenium showed no spike recovery in the impinger solutions analyzed by GFAAS.
However, selenium recoveries in the audit samples submitted by RTI showed recoveries of
104 and 113 percent.

A discussion of the overall measurement precision, accuracy and blank effects is presented
below for each measurement type.

Precision is a measure of the reproducibility of measurements under a given set of condi-
tions. It is expressed in terms of the distribution, or scatter, of the data, calculated as the
standard deviation or coefficient of variation (CV, standard deviation divided by the mean).
For duplicates, precision is expressed as the relative percent difference (RPD).

Accuracy is a measure of the degree of conformity of a value generated by a specific
procedure to be assumed or accepted true value, and includes both precision and bias. Bias
is the persistent positive or negative deviation of the method average value from the assumed
or accepted true value.

The efficiency of the analytical procedure for a given sample matrix is quantified by the
analysis of spiked samples containing target or indicator analytes or other quality assurance
measures, as necessary. However, all spikes, unless made to the flowing stream ahead of
the sampling, produce only estimates of the recovery of the analyte through all of the
measurement steps occurring after the addition of the spike. A good spike recovery tells
little about the true value of the sample before spiking.
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Table D-2

Summary of Precision and Accuracy Estimates

Measurement Paraméter

How Measured

Objectives

Measured

Precision

Accuracy Precision

Accuracy

(% RPD) (% Recovery) (% RPD) (% Recovery)

Semivolatile Organics in Gas Solid Phase - Precision- Matrix-Spiked Duplicates

SW8270

Acenzphthene
4-Chloro-3-methylphenol
2-Chlorophenol
1,4-Dichlorobenzene
2,4-Dinitrotoluene
n-Nitrosodipropylamine
4-Nitrophenol
Pentachlorophenol
Phenol

Pyrene
1,2,4-Trichlorobenzene
Semivolatile Organics in Fly Ash -
SW8270

Acenaphthene
4-Chloro-3-methyiphenol
2-Chlorophenol
1,4-Dichlorobenzene
2,4-Dinitrotoluene
n-Nitrosodipropylamine
4-Nitrophenol
Pentachlorophenol
Phenol

Pyrene
1,2,4-Trichlorobenzene
Semivolatile Organics in FGD Solids -
SW8270

Acenaphthene
4-Chloro-3-methylphenol
2-Chlorophenol
1,4-Dichlorobenzene
2,4-Dinitrotoluene
o-Nitrosodipropylamine
4-Nitrophenol
Pentachlorophenol
Phenol

Pyrene

1,2,4-Trichlorobenzene

Accuracy - Matrix Spikes

Precision- Matrix-Spiked Duplicates
Accuracy - Matrix Spikes

Precision- Matrix-Spiked Duplicates
Accuracy - Matrix Spikes

Semivolatile Organics in Aqueous Streams  Precision- Matrix-Spiked Duplicates

- SW8270

Acenaphthene
4-Chloro-3-methylphenol
2-Chlorophenol
1,4-Dichlorobenzene
2,4-Dinitrotoluene
n-Nitrosodipropylamine
4-Nitrophenol
Pentachlorophenol
Phenol

Pyrene
1,2,4-Trichlorobenzene

D-6

Accuracy - Matrix Spikes

54
69
62
58

130
78
84
43
36
55

54

62
58
55
130
78
84
43
36
55

54
69
62

55
130
78
84
43
36
55

54
69
62
58
55
130
78
84
43
36
55

47-145 4.1
22147 5.0
23-134 3.0
20-124 32
39-139 32
0.1-230 6.3
0.1-132 7.0
14-176 9.0
5-112 3.4
52-115 4.1
44142 4.0
47-145 1.3
22-147 5.6
23-134 1.8
20-124 2.5
39-139 2.7
0.1-230 7.8
0.1-132 37
14-176 53
5-112 2.7
52-115 17.7
44142 12
47-145 7.3
22147 9.3
23-134 7.1
20-124 8.7
39-139 4.0
0.1-230 14
0.1-132 14
14176 4.1
5-112 5.5
52-115 4.4
44-142 9.8
47-145 1
22-147 10
23-134 10
20-124 6.8
39-139 7.4
0.1-230 12
0.1-132 8.6
14-176 11
5-112 12
52-115 7.6
44-142 9.7

82
84
84
81
76
60
49
64
76

48Q
29

82
76
84
80
74
52
92
74
73
90
92

79
83
80
72
82
75
47
72
40
78
82
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Table D-2 (Continued)

Objectives Measured
Precision  Accuracy Precision  Accoracy
Measurement Parameter How Measured (% RPD) (% Recovery) (% RPD) (% Recovery)

Dioxins and Furans in Stack Gas Solid Precision: NA
Phase Accuracy: Internal Standard Recovery
C-2,3,7,8-TCDF 50 40-120 60
3C,,-2,3,7,8-TCDD 50 40-120 61
3C-1,2,3,7,8-PeCDF 50 40-120 56
3C-1,2,3,7,8-PeCDD 50 40-120 63
3Cy,-1,2,3,6,7,8-HxCDF 50 40-120 69
C,-1,2,3,6,7,8-HxCDD 50 40-120 69
13¢,,-1,2,3,4,6,7,8-HpCDF 50 40-120 57
3C,,-1,2,3,4,6,7,8-HpCDD 50 40-120 64
3C,-1,2,3,4,6,7,8,9-0CDD 50 40-120 50
PCDD/PCDF Precision - NA

Accuracy - Internal Standard Recovery,

average for all samples analyzed.
3C,,2,3,7,8-TCDF 40-120 572
3C,,-2,3,7,8-TCDD 40-120 54.7
$C,,-1,2,3,7,8-PeCDF 40-120 55.7
C,,-1,2,3,7,8-PeCDD 40-120 63.3
3¢,,-1,2,3,6,7,8-HXCDF 40-120 69.2
3C,,-1,2,3,6,7,8-HxCDD 40-120 69.0
¢C,,-1,2,3,4,6,7,8-HpCDF 40-120 571
3C-1,2,3,4,6,7,8-HpCDD 40-120 63.6
3Cy,-1,2,3,4,6,7,8,9-0CDD 40-120 50.0
PCDD/PCDF in Stack Gas Precision - NA

Accuracy - Surrogate Spike Recovery,

average for alll samples analyzed.
¥Cl,-2,3,7,8-TCDD 70-130 118.4
3C,,-2,3,4,7,8-PeCDF 70-130 113.2
$3C,-1,2,3,4,7,8-HXCDF 70-130 120.8
C,,-1,2,3,4,7,8-HxCDD 70-130 141.6
¥C,,-1,2,3,4,7,8,9-HpCDF 70-130 104.7
Cy,-1,2,3,7,8,9-HXxCDF 70-130 754
3C,-2,3,4,6,7,8-HXxCDF 70-130 84.3
Volatile Organics in Vapor Phase - Precision - NA
SW8240 Accuracy - Surrogate Spike Recovery
1,2-Dichloroethane-d4 50 70-130 114
Toluene-d8 50 70-130 101
4-Bromofluorobenzene 50 70-130 108
Aldehydes in Vapor Phase Precision - Duplicate Analyses

Accuracy - Matrix Spiked Samples
Acetaldehyde 50 50-150 10 94
Formaldehyde 50 50-150 36 90
Aldehydes in Aqueous Streams Precision - Duplicate Analyses

Accuracy - Matrix Spiked Samples
Acetaldehyde 50 50-150 14 101
Formaldehyde 50 50-150 18 94
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Appendix D: Quality Assurance/Quality Control

Table D-2 (Continued)

Objectives Measured
Precision  Accuracy  Precision
Measurement Parameter How Measured (% RPD) (% Recovery) (% RPD) (% Recovery)

Metals in Gas Solid Phase - ICP-AES Precision - Matrix-spiked pairs

Accuracy - Matrix-spiked Sample
Aluminum 20 75-125 62Q 62Q
Antimony 20 75-125 20 84
Barium 20 75-125 30Q 75
Beryllium 20 75-125 <1 89
Chromium 20 75-125 2.9 88
Cobalt 20 75-125 1 91
Copper 20 75-125 <1 93
Manganese 20 75-125 2.2 91
Molybdenum : 20 75-125 3.7 94
Nickel 20 75-125 5 89
Vanadium 20 75-125 22 94
Metals in Gas Solid Phase - ICP-AES Precision - NA

Accuracy - Standard reference material

(NIST 1633a Fly Ash)
Aluminum 20 75-125 94
Antimony 20 75-125 NC
Barium : 20 75-125 82
Beryllium 20 75-125 147Q
Calcium 20 75-125 99
Chromium 20 75-125 96
Cobalt 20 75-125 88
Copper 20 75-125 95
Iron 20 75-125 93
Magnesium 20 75-125 95
Manganese i 20 75-125 94
Potassium 20 75-125 109
Nickel : 20 75-125 94
Silicon 20 75-125 98
Sodium 20 75-125 9
Strontium 20 75-125 92
Titanium 20 75-125 97
Vanadium 20 75-125 95
Zinc 20 75-125 97
Metals in Gas Vapor Phase - ICP-AES Precision - Matrix-spiked Duplicates

Accuracy - Matrix-spiked Sample
Aluminum 20 75-125 <1 104
Antimony 20 75-125 4 101
Barium 20 75-125 0 106
Beryllium 20 75-125 0 108
Boron 20 75-125 2.9 104
Chromium 20 75-125 0 105
Cobalt 20 75-125 0 102
Copper 20 75-125 0 105
Manganese 20 75-125 <1 104
Molybdenum 20 75-125 2.0 100
Nickel 20 75-125 0 102
Vanadium 20 75-125 0 107



Table D-2 (Continued)

Measurement Parameter

Appendix D: Quality Assurance/Quality Control

How Measured

Objectives

Measured

Precision

Accuracy  Precision
(% RPD) (% Recovery) (% RPD) (% Recovery)

Metals in Gas Vapor Phase - ICP-AES
(HNO,/H,0, Impinger Solution)

Antimony
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Manganese
Molybdenum
Nickel
Vanadium

Metals in Coal - INAAS

Antimony
Barium
Beryllium
Boron
Chromium
Cobalt
Copper
Manganese
Molybdenum
Nickel
Vanadium

Metals in Limestone - ICP-AES

Aluminum
Calcium
Iron
Magnesium
Manganese
Potassium
Silicon
Sodium
Strontium

Metals in FGD Solids - ICP-AES

Aluminum
Antimony
Barium
Beryllium
Boron
Chromium
Cobalt
Copper
Manganese
Molybdenum
Nickel
Vanadium

o

Precision - NA
Accuracy - Standard reference material
(EPA ICP-19)

Precision - NA
Accuracy - Standard Reference Material
(NIST 1632b coal)

Precision - NA
Accuracy- Standard reference material
(NIST Limestone 1c)

Precision - Matrix-spiked Duplicates
Accuracy - Matrix-spiked Samples

20
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20

20
20
20
20

20
20
20
20
20
20
20

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

93
101
109
99
100
119
93
97
108
102
103

94
99
109
99

NC
99
103
102
99
97

14Q

101
70Q
69Q
74Q
224Q
1.5Q
47Q

97

94

81
91
82
78
87

79
79
84
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Table D-2 (Continued)

Measurement Parameter

How Measured

Objectives

Measured

Precision

Precision
(% RPD) (% Recovery) (% RPD) (% Recovery)

Metals in ESP Fly Ash - ICP-AES

Aluminum
Antimony
Barium
Beryllium
Chromium
Cobalt
Copper
Manganese
Molybdenum
Nickel
Vanadium

Metals in Aqueous Process Streams -
ICP-AES
Aluminum
Antimony
Barium
Beryllium
Boron
Chromium
Cobalt
Copper
Manganese
Molybdenum
Nickel
Vanadium

Metals in Aqueous Process Streams -
ICP-AES

Antimony
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Magnesium
Manganese
Molybdenum
Nickel
Titanium
Vanadium
Zinc

Precision - Matrix-spiked Duplicates
Accuracy - Matrix-spiked Samples

Precision - Matrix-spiked Duplicates
Accuracy - Matrix-spiked Samples

Precision - NA
Accuracy - Performance Audit Samples
(2 concentrations)

Metals in Gas Vapor Phase - GFAAS and  Precision - Matrix spiked Duplicates

CVAAS
Arsenic
Cadmium
Lead
Mercury
Selenium

Metals in Gas Solid Phase - CVAAS

Mercury
Metals in Gas Vapor Phase - CVAAS

Mercury (KMnO, Impinger Solution)

D-10

Accuracy - Matrix Spiked Samples

Precision - Matrix spiked Duplicates
Accuracy - Matrix Spiked Samples

Precision - NA :
Accuracy - Performance Audit Samples

20
20
20
20
20

20

20

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125

75-125

75-125

16
8.4
10.2
1.8
1.7
1.8
24

4.5
5.2
2.8

4.4
16
7.6
4.4
1.0
4.9
4.6

4.5
4.8
7.3
3.6

4.0
<1
45Q
1.3
94Q

1.0

127Q/82
99/93
169Q
94/97
100/87
96/110
103/139Q
131Q
96/95
98/114
104/111

128Q

33Q



Table D-2 (Continued)

Measurement Parameter
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How Measured

Objectives

Measured

Precision

Accuracy

Precision

Accuracy

(% RPD) (% Recovery) (% RPD) (% Recovery)

Metals in Process Solid Streams - GFAAS  Precision - Matrix spiked Duplicates

and CVAAS
Arsenic
Cadmium
Lead
Mercury
Selenium

Metals in Solid Phase - GFAAS and
CVAAS

Arsenic
Cadmium
Lead
Mercury
Selenium

Metals in Aqueous Process Streams -
GFAAS and CVAAS

Arsenic

Cadmium

Lead

Mercury

Selenium

Metals in Aqueous Process Streams -
GFAAS and CVAAS

Arsenic

Cadmiuvm

Lead

Selenium

Metals in Gas Vapor - ICP/MS
(HNO,/H,0, Impinger Solution)
Antimony

Arsenic

Beryllium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Molybdenum

Nickel

Selenium

Vanadium

e

Accuracy - Matrix Spiked Samples

Precision - NA
Accuracy - Standard reference material
(NIST 1633a Fly Ash)

Precision - Matrix Spiked Duplicates
Accuracy - Matrix Spiked Samples

Precision - NA
Accuracy - Performance Audit Samples
(2 concentrations)

Precision - NA
Accuracy - Performance Audit Samples

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

<]
8.8
12
2.6
25.3Q

42
22
12

24.6Q

41.2Q

104
110
86

107
103

NA
NA
NA
119
NA

99

108

76
35Q
76.4

94/100
93/100
99/96
96/50

89
109
98
97
97
88
83
87
97
94
90
106
93
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Table D-2 (Continued)

Objectives Measured
Precision  Accuracy  Precision
Measurement Parameter How Measured (% RPD) (% Recovery) (% RPD) (% Recovery)
Extractable Metals - ICP/MS Precision - Duplicate Analysis
Nitric acid digestate) Accuracy - Matrix-Spiked Samples
Antimony 20 NA 40Q NA
Arsenic 20 75-125 434Q 118
Barium 20 75-125 5.8 94
Beryllium 20 75-125 11 108
Cadmium 20 75-125 0 94
Chromium 20 75-125 9.4 98
Cobalt 20 75-125 7.7 100
Copper 20 75-125 19 100
Lead 20 75-125 1.6 83
Manganese 20 75-125 9.6 108
Mercury 20 75-125 NC 852Q
Molybdenum 20 NA 12 NA
Nickel 20 75-125 13 103
Selenium 20 75-125 43Q 138Q
Vanadium 20 75-125 3.6 109
Extractable Metals - ICP/MS Precision - Duplicate analysis
(Gastric fluid leachate) Accuracy - Matrix-spiked samples
Antimony 20 NA 6.5 NA
Arsenic 20 75-125 NC 0Q
Barium 20 75-125 1.5 85
Beryllium 20 75-125 12 79
Cadmium 20 75-125 27Q 107
Chromium 20 75-125 4.2 88
Cobalt 20 75-125 34 92
Copper 20 75-125 14 92
Lead 20 75-125 3.2 97
Manganese 20 75-125 32 71Q
Mercury 20 75-125 61Q 124
Molybdenum 20 NA 10 NA
Nickel . 20 75-125 3.7 81
Selenium 20 75-125 NC 84
Vanadium 20 75-125 NC 0Q
Metals in Gas Solid Phase - GDMS Precision - NA
Accuracy - Standard Reference Material

Aluminum (NIST 1633a Fly Ash)
Antimony NA NA 180Q
Barium NA NA NC
Beryllium NA NA 357Q
Calcium : NA NA NC
Chromium NA NA 70Q
Cobalt NA NA 140Q
Copper NA NA NC
Iron NA NA 203Q
Magnesium NA NA 79
Manganese NA NA 120
Potassium NA NA 58Q
Nickel NA NA 119
Silicon NA NA 115
Sodium . NA NA 111
Strontium NA NA ’ 39Q
Titanium NA NA 320Q
Vanadium NA NA 131Q
Zine NA NA 141Q

NA NA 129Q
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Measurement Parameter
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How Measured

Objectives

Measured

Precision

Accuracy
(% RPD) (% Recovery) (% RPD) (% Recovery)

Precision

Accuracy

Anions in Aqueous Process Streams -

Chloride
Fluoride
Sulfate

Anions in Gas Vapor Phase -

Chloride
Fluoride

Anions in Process Solid Streams

Chloride
Fluoride

Anions in Aqueous Process Streams

Chloride
Fluoride
Sulfate

Ammonia in Gas Vapor Phase by 350.2

Ammonia
Ammonia in Aqueous Streams by 350.1

Ammonia
Cyanide in Gas Vapor Phase by 335.2

Cyanide
Cyanide in Aqueous Streams by 335.2

Cyanide

Phosphate in Aqueous Streams by 365.2

Phosphate

NA = Not applicable.
NC = Not calculated.

Q = Outside project QC objectives.

Precision - NA
Accuracy - Performance Audit Samples

Precision - Matrix spiked Duplicates
Accuracy - Matrix Spiked Samples

Precision - Matrix spiked Duplicates
Accuracy - Matrix Spiked Samples

Precision - Matrix spiked Duplicates
Accuracy - Matrix Spiked Samples

Precision - Matrix spiked Duplicates
Accuracy - Performance Audit Standard

Precision - Matrix spiked Duplicates
Accuracy - Performance Audit Standard

Precision - Matrix spiked Duplicates
Accuracy - Performance Audit Standard

Precision - Matrix spiked Duplicates
Accuracy - Performance Audit Standard

Precision - Matrix spiked Duplicates
Accuracy - Performance Audit Standard

20
20
20

20
20

20
20

20
20
20

20

20

20

20

20

80-120
80-120
75-125

80-120
80-120

80-120
80-120

80-120
80-120
75-125

80-120

80-120

75-125

75-125

75-125

9.7
1.9

<1
35

3.6
1.6
1.5

39Q

60Q

16

13

6.1

0Q
39Q

350Q

100
107

95
70

111
101
97

63Q

88

50

80

97
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Representativeness expresses the degree to which sample data accurately and precisely
represent a characteristic of a population, parameter variations at a sampling point, or an
environmental condition. The representativeness criterion is based on making certain that the
sampling locations are properly selected and that a sufficient number of samples are
collected.

Comparability is a qualitative parameter expressing the confidence with which one data set
can be compared to another. Sampling data should be comparable with other measurement
data for similar samples under similar conditions. This goal is achieved using standard
techniques to collect and analyze representative samples and by reporting results in appropri-
ate units. Data sets can be compared with confidence when the precision and accuracy is
known.

Completeness is an expression of the number of valid measurements obtained compared with
the number planned for a given study. The goal is to generate a sufficient amount of valid
data. -

Semivolatile Organics

Precision. The precision of the semivolatile organic analyses was estimated using matrix
spiked duplicate pairs. The precision was met for all of the gas-phase solid samples, the gas
vapor-phase samples, the solid stream samples, and aqueous-phase sample streams. The
precision estimates afe summarized for each stream in Table D-2.

Accuracy. The accuracy of the semivolatile analyses was estimated using matrix spiked
duplicate samples. All of the spiked compounds analyzed in the gas solid-phase samples and
the aqueous process streams were within the accuracy objectives. Matrix spikes into the
solid process streams were all within the recovery objects for all analytes in the FGD solid
stream and all the except pyrene in the ESP ash solids. Recovery for pyrene was 51% and
56% (project objective--52-115%) for the ESP ash sample and 48% and 37% for the ESP ash
field duplicate.

Blank Effects. Acetophenone and benzoic acid were found in one or more of the field
blanks associated with the gas-phase solids analyses. The concentrations of these compounds
in the blanks, however, were not significant in comparison to the concentrations found in the
samples. Several phthalates were also found in the field blanks. The concentrations found in
the samples were about the same level as found in the blanks and are therefore considered an
artifact of the sampling and handling process.

Volatile Organics
Precision. Precision for volatile organic analysis of the aqueous process streams was

estimated using matrix spiked duplicate samples. The 50% precision objectives were met for
each of the volatile analytes used for the matrix spikes.
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Accuracy. Accuracy for the volatile organic analyses in the aqueous process streams was
estimated using matrix spiked samples and accuracy for the gas vapor-phase streams was
estimated using surrogates spiked into each sample prior to analysis. The accuracy objec-
tives for recoveries ranging from 0.1% to 234% were met for all analytes of interest (actual
recoveries ranged from 70-136%) for the aqueous streams. Accuracy objectives for
surrogate recoveries of 70 to 130% for the gas-phase streams were met for all samples
except for toluene-d8 in one stack sample. Accuracy based on the analysis of two laboratory
method spikes met the recovery objectives for all analytes of interest except for one acetone,
chloromethane, chloroethane, and methylene chloride spike.

Blank Effects. Chloromethane, methylene chloride, and tetrachloroethene were found in
one or more of the field gas vapor-phase blank samples. In most cases these compounds
were found in the investigative field samples at about the same level as in the field blank or
at lower concentrations. The sampling, handling, and transport from the field may have
contributed this observed contamination. Chloromethane and methylene chloride were also
found in one laboratory blank.

Aldehydes

Precision. Precision for the aldehyde analyses was estimated using duplicate sample
analyses. The precision objectives of 50% were met for both formaldehyde and acetaldehyde
in the gas vapor-phase samples and the aqueous process stream sample analyses.

Accuracy. Accuracy for the aldehydes was estimated using matrix spiked samples. The
project accuracy objectives of recoveries of 50-150% were met for the gas vapor-phase and
aqueous stream sample spikes for both formaldehyde and acetaldehyde.

Blank Effects. Formaldehyde and acetaldehyde were found in concentrations (3.8-8.2 pg,
formaldehyde; 2.7-8.6 ug, acetaldehyde) above the reporting limits in the field blanks to the
gas vapor-phase sampling train. Low levels (within 3 times the detection limit) of these
analytes were also found in two of the four laboratory (method) blanks but were not found in
the trip blanks.

Metals

Precision. The precision of metals analyses by ICP-AES, GFAAS, and CVAAS was
estimated for samples using matrix-spiked duplicate samples. The precision objectives (RPD
<20%) were met for all target analytes analyzed by ICP-AES except aluminum and barium
in the gas solid-phase spiked samples and boron in the process solid-spiked samples. The
precision objectives for the GFAAS analyses were met except for lead in the gas vapor-phase
matrix-spiked samples, selenium in the process solid matrix-spiked samples, and mercury and
selenium in the aqueous process stream matrix spikes. In most of these cases, the concentra-
tions of the analytes of interest were within 10 times the detection limit where the precision
would not be expected as good or the spiked amount was low (<4 times) the amount found
in the original sample.
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Accuracy. The accuracy of metals analyses was estimated for the gas solid-phase samples
using standard reference material (NIST 1633a fly ash) submitted blind to the laboratory as a
performance audit sample. All of the metals analyzed by ICP-AES were within the 75-125%
accuracy objectives except for beryllium (147%) which was recovered above the objectives.
The fly ash (NIST 1633a) reference standard was also submitted for GDMS analysis. The
results for this analysis are shown in Table D-2. Accuracy objectives were not assigned to
the GDMS analyses since this technique has not been validated or widely used for these types
of samples at the present time. However, the recoveries have been compared to the accuracy
objectives for ICP-AES and flagged with a Q when outside the QC objectives.

The accuracy of the metals analyses was estimated for coal samples using a standard
reference coal sample (NIST 1632b) submitted blind to the laboratory. All of the metals
analyzed by INAA in the reference sample were within the 75-125% accuracy objective.

The accuracy of the metals analyses was estimated for the limestone samples using a standard
reference limestone (NIST Limestone 1C) submitted blind to the laboratory. The results -
show that the recoveries for most of the metals were outside the 75-125% accuracy objec-
tives. Aluminum, silicon, and sodium recoveries were 50%, and the recovery for potassium
was greater than 200 percent. The recoveries of these analytes may show a similar bias in
the limestone process streams.

The accuracy of the metals analyses for the gas vapor-phase samples and the aqueous process
streams were estimated using performance audit samples prepared from EPA reference
standards. The gas-phase audit sample was prepared in the solutions used for the impingers
(multi-metals train) and the two aqueous-phase samples were prepared in HPLC grade water.
The results show that the recoveries of all the metals analyzed by ICP-AES and GFAAS
were within the 75-125% accuracy objectives except Sb (127%), Ca (169%), Fe (139%), and
Mg (131%) by ICP-AES and Se (50%) and Hg (33%) by GFAAS. The concentrations of
these elements in the samples were at or near the detection limit and are not expected to be
as accurate as concentrations at higher levels (at least 10 times the detection limit). The gas-
phase audit sample prepared in the HNO,/H,0, impinger solution was also analyzed by
ICP/MS. The results for this analysis showed recoveries ranging from 83 to 109%, all
within the accuracy objectives for ICP-AES (accuracy objectives were not assigned for
ICP/MS).

Matrix-spiked samples were also used to determine the accuracy of the metals analyses in the
gas, process solids, and aqueous process matrices. Recoveries for the target analytes were
within the 75-125% accuracy objectives except for selenium (0% recovery) in the gas vapor-
phase matrix mercury (35% recovery) in the aqueous process stream matrix.

Blank Effects. Aluminum, iron, manganese, and nickel were found at concentrations above
the reporting limits in the field blanks to the gas vapor-phase sampling train. These elements
were also found to a lesser extent in the impinger reagent blank solutions. Field blank filters
combined with probe/nozzle rinses were also analyzed to determine the contribution of the
filter media to the gas solid-phase components. Background or blank correction was
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performed for the gas-phase samples using the results of the analysis of the impinger reagent
blanks and the blank filter media.

Anions

Precision. Precision for the anions analyses was estimated for the gas vapor-phase samples,
process solid streams, and aqueous process streams by the analysis of matrix spiked samples.
The precision objectives of 20% were met for chloride, fluoride, and sulfate except for
chloride and sulfate in one matrix spike pair from the stack with RPDs of 22% and 24 %,
respectively.

Accuracy. Accuracy for the anions analyses was estimated using matrix spiked duplicate
samples. The accuracy objectives of 80-120% recovery were met for all analytes and all
sample matrices except for the fluoride spikes into the ESP ash solid samples with recoveries
of 56% and 60 percent. A performance audit sample was submitted for analysis of the target
anions in an aqueous matrix. The recoveries for this sample were outside the accuracy
objectives for all three analytes. This sample was prepared with each analyte concentration
at the MDL,; therefore, no corrective action was initiated.

Cyanide, Ammonia, and Phosphate

Precision. Precision for the cyanide, ammonia, and phosphate analyses was estimated using
matrix spiked duplicate sample analyses. The precision objectives of 20% were met for each
of the analytes for both the gas vapor-phase and aqueous process streams except for ammonia
spikes into the JBR process liquids. The spike concentration was too low in comparison to
the level found in the native process sample.

Accuracy. Accuracy for ammonia, cyanide and phosphate was estimated using both matrix
spiked duplicate samples and "double blind" performance audit samples. The accuracy
objectives (cyanide, 75-125%; ammonia, 80-120%; phosphate, 75-125%) were met for all
matrix spiked samples except for the ammonia spikes into the JBR process liquids with
recoveries at 60 and 273 percent. Recoveries for the performance audit samples met the
accuracy objectives for all analytes with recoveries of 88% for ammonia, 80% for cyanide,
and 97% for phosphate. Recoveries for performance audit samples spiked into the gas
vapor-phase impinger solutions were not as good as the aqueous spiked audit samples. The
recovery for ammonia in the impinger solutions was 63% and the recovery for cyanide was
50 percent. The aqueous spikes and impinger spikes were performed using the same spiking
solutions and were spiked at the same concentration levels.
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Performance Evaluation Audit Samples

Performance audit samples are samples of known composition which provide a point-in-time
assessment of analytical performance. Audit samples were prepared for this study by spiking
known concentrations of target analytes from EPA Quality Control Check material, vendor-
certified standard material, or standards obtained from NIST (formerly NBS). Audit samples
are similar to QCCS except that they are submitted "double blind" to the analytical laborato-
ry. That is, the laboratory does not know the identity or composition of the audit samples.

Audit samples were prepared at concentration levels simulating the expected range of the
analytes in the field samples when possible. Organic audit samples were not prepared
because the laboratories performing organic analyses have consistently shown acceptable
performance on surrogate recoveries and internal quality control samples. Results for these
samples are shown in Table D-2. :

Quality Assurance Audits

The purpose of a quality assurance audit is to provide an objective, independent assessment
of a sampling or measurement effort. It ensures that the sampling procedures, data generat-
ing, data gathering, and measurement activities produce reliable and useful results. Some-
times inadequacies are identified in the sampling/measurement system and/or the quality
control program. In such cases, audits provide the mechanism for implementing corrective
action.

A technical systems audit (TSA) is an on-site, qualitative review of the various aspects of a
total sampling and/or analytical system. It is an assessment of overall effectiveness and
represents a subjective evaluation of a set of interactive systems with respect to strengths,
deficiencies, and potential areas of concern. The audit consists of observations and docu-
mentation of all aspects of the measurement effort. Checklists that delineate the critical
aspects of each methodology are used by the Radian auditor during the audit to document all
observations. In addition to evaluating sampling and analytical procedures and techniques,
the systems audit emphasizes review of all recordkeeping and data handling systems
including:

* Calibration documentation for analytical instrumentation and sampling apparatus;
* Documentation of quality control data (control charts, etc.);
* Completeness of data forms and notebooks;

* Data review and validation procedures;

Sample logging procedures;

Chain-of-custody procedures;
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* Documentation of maintenance; and
* Review of malfunction reporting procedures.

A technical systems audit of the Radian sampling and on-site analytical efforts was conducted
on June 23 - 25, 1993 at Plant Yates by Barbara Hayes, a member of Radian’s Quality
Assurance Section. No critical or major concerns were observed during the audit; therefore,
no Recommendations for Corrective Action (RCAs) were made. The sampling team was led
by Dave Virbick and the analytical team was led by David Maxwell. The sampling team
appeared well versed in the sampling methodology and requirements of the program. The
equipment and instrumentation were generally in good working condition. All sampling and
measurement procedures conformed to those described in the site Management Plan.
Sampling information and any problems encountered were recorded onto preformatted data
sheets or into bound laboratory notebooks. Duplicate samples were collected for the solid
and aqueous streams at a rate of ten percent or one duplicate set per sample type (bottom
ash, fly ash, etc.).

Sample collection procedures used by the sampling team followed those outlined in the site
test plan. A detailed sampling schedule was used by the team to guide the collection of the
samples for each analytical species at each sampling point.

No problems were identified with the sample custody procedures or documentation. A
detailed master logbook was prepared prior to the field effort for all samples to be collected
during each sampling period. This log was updated as the various samples were collected
with the actual dates and times of sample collection. Samples were labelled with
preformatted sample labels and stored at ambient temperature or cooled as required by the
analytical species. Chain-of-custody forms were filled out and the samples were prepared for
shipment to the laboratories for analysis.

Calibration of all on-site equipment was checked and found to be up-to-date. The analytical
balance and top loading balance in the on-site laboratory trailer had been calibrated and
certified within the past year. In addition, certified weights were available for daily balance
checkout. All dry gas meters, consoles, Pitot tubes, and nozzles had been calibrated in the
Radian Source Sampling Laboratory prior to being transported to the field location.
Documentation for each of the observed instruments and equipment in use could be found in
the records maintained by the sampling crew chief in the on-site laboratory. Sufficient
replacement units were on hand to allow for breakage or equipment malfunction.

Recordkeeping practices by the project team were observed to be sound. Entries were made
onto preformatted data sheets in ink, without erasures, signed and the time noted as each
sample was collected.

Ccal Round Robin

An interlaboratory study consisting of a coal round robin analysis was conducted by
CONSOL, Inc. The objective of this round robin study was to estimate the analytical
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variability one can expect on trace element analyses when comparing results from the same
laboratory or results from two or more laboratories. The results of CONSOL’s study is
contained in the document entitled "Interlaboratory Variability and Accuracy of Coal
Analyses in the U.S. Department of Energy Utility Air Toxics Assessment Program," which
follows this section. The results from Radian’s laboratory are designated as "Lab III" in the
above referenced document. Radian’s objectives in assessing this data are (1) to compare
Radian’s round robin results with the overall results of the study, and (2) based on this
assessment, determine if a change in any of the analytical methods for Phase II should be
made.

The analytical accuracy for each laboratory involved in the round robin study was measured
by a comparative analysis of a standard reference material (SRM) coal sample (NIST 1632b).
Each laboratory’s analytical results for the standard reference material were compared to the
certified or informational (non-certified) values. The round robin criteria for accurate results
was 90-110% recovery of the SRM’s certified value. (This is more stringent than the 80-.
120% recovery objective established for the program at Plant Yates). The following
discussion addresses the performance of Radian’s subcontracted coal laboratories with respect
to the accuracy and precision assessments conducted by CONSOL on the NIST SRM.

Discussion of Results

The results of Radian’s analysis of the SRM and the SRM-certified values are shown in
Table D-3. Accuracy and precision objectives for the SRM coal in the round robin study
were met by Radian for all ultimate and proximate parameters (% ash, C, H, N, S, and
HHYV) with the exception of one sulfur analysis which was reported outside the objective
range for accuracy and precision. The methods used for ultimate, proximate, and HHV
analyses are current ASTM protocols and are consistent with the methods used by most of
the other laboratories. No change in the analytical approach for Phase II of this project is
warranted.

Major ash minerals weére primarily determined by instrumental neutron activation analysis
(INAA). Silicon dioxide (SiO,) and sulfur trioxide (SO;) were not reported for the Plant
Yates or the round robin study. The accuracy and precision objectives were met for all
major ash minerals reported except calcium, magnesium and potassium. For future work,
other ASTM methods (ASTM D-4326 or alternate) should be used to improve analytlcal bias
and precision for these elements. This is especially important where these major elements
are considered key factors in assessing mass flow rates in material balance closures.

Radian analyzed most of the trace elements in coal by INAA. Other methods of analysis
using different preparation techniques were performed for As, B, Be, Cd, F, Hg, Pb, and

Se. Of the target trace elements, 82% were detected. Cadmium, copper, and nickel were
not detected. The results for copper and nickel are surprising, since this same SRM (1632b)
was used as an internal audit sample during the Plant Yates study, and recovery by the same
method (INAA) was 99% for both elements. Cadmium was determined by ICP-AES and this
technique does not have the sensitivity to detect cadmium at the levels present in the SRM.
Analysis of cadmium by graphite furnace-AA will be specified in Phase II of this project.
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The accuracy objectives of the round robin study were met for 50% of the detected trace
elements. Elements meeting accuracy objectives were barium, chromium, cobalt, and
vanadium. Certified values for boron, beryllium, fluorine, and mercury are not available for
this SRM, so no accuracy measurements were performed for these elements in the round
robin report. However, the results for these noncertified elements appear consistent with
those from the other laboratories. Elements that did not meet the 90-110% recovery range
were arsenic, cobalt (1 result), manganese, molybdenum, lead, antimony, and selenium.
(Antimony, manganese and molybdenum SRM recovery values obtained during the Plant
Yates study were well within the 90-110% objective of the round robin study. See Table
D-2.)

One of the requirements of the round robin study was to report analytical results for the
target analytes that were determined by the same methods used to report plant coal sample
results. For the Yates project (and the coal round robin study), Radian performed multiple
techniques for some elements (i.e., INAA vs. GFAA or ICP-AES) to provide comparative
results, especially where questionable results by any one technique had been previously
encountered. Performance evaluation (PE) audit samples (SRMs) were submitted for analysis
by each method and the accuracy and precision were assessed before selecting the best
qualified data for reporting and for use in material balance calculations.

Comments

One of the conclusions evident from the round robin study is that there is a high degree of
variability and repeatability between methods, laboratories, and duplicate results for trace
elements. Evidence of the variability in trace element analyses can be shown, for example,
with neutron activation analysis where unacceptable results were reported for the analysis of
the NIST SRM in the round robin study, but the same technique produced 90-110% recovery
for the same elements in the NIST 1632b standard reference coal submitted as an audit
sample during this project. This suggests that the performance of some techniques, like
INAA, may vary substantially between repeated analysis and analytical batches. Neutron
activation appears to be a cost effective analytical technique; however, as with all analytical
techniques, the results must be evaluated on a case-by-case basis.

Although the round robin analysis is useful for indicating problematic methods and poor
quality control, the project-specific quality control activities should be used for assessing the
accuracy and precision of the coal analyses performed at each site.
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Table D-3

Radian Lab analysis of Standard Reference Coal, 1632b

Analytical Average %

Parameter Certified Value Method Recovery Run 1 Run 2
Ulitmate/Proximate (% Dry Basis)
Ash 6.80 D 3174 99.6 6.78 6.77
Carbon 78.11 D 5373 99.4 77.74 77.52
Hydrogen 5.07 D 5373 101.2 5.14 5.12
Nitrogen 1.56 D 5373 97.1 1.54 1.49
Sulfur 1.89 D 4239 140.7 1.93 3.39°
Chlorine . 0.126 D 4208 84.5 0.107 0.106
BTU/b 13,890 D 2015 99.2 13,767 13,797
Major Ash Minerals
sio, 44.03 - -~ -
ALO, 23.75 INAA 98.5 24.37 22.43
TiO, 1.11 INAA 92.8 0.97 1.09
Fe,0, 15.96 INAA 91.7 14.24 15.04
Ca0 . 4.2 INAA 53.5 2.3 2.19°
MgO 0.93 INAA 80.1 0.77 0.72*
Na,0 1.02 INAA 85.3 0.87 0.87
K,0 1.33 INAA 74.1 1.07* 0.9°
P,0;s - ICP-AES - 0.36 0.39
SO, - - - - -
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Analytical Average %

Parameter Certified Value Method Recovery Run 1 Run 2
Trace Elements
As 3.72 GF/AA 53.8 2* 2°
B -~ ICP-AES - 61 60
Ba 67.5 INAA 106.6 71.2 72.7
Be - ICP-AES - 0.6 0.6
Cd 0.0573 ICP-AES - <0.2 <0.2
Cr 11¢ INAA 96.4 11 10.2
Co 2.29 INAA 89.5 2.09 2.01¢
Cu 6.28 INAA - <35.3 <35.7
F - D 3761 - 40 40
Hg - DGA/CVAA - 0.05 0.05
Mn 12.4 INAA 86.3 10.8° 10.6°
Mo 0.9 INAA 191.7 1.55% 1.9®
Ni 6.1 INAA 145.1 <8.8 <8.9
Pb 3.67 ICP-AES 81.7 3¢ 3¢
Sb 0.24¢ INAA 81.3 0.196¢ 0.194¢°
Se 1.29 GF/AA 71.5 1¢ 1°
v 14¢ INAA 101.1 14.2 14.1

* Results exceed ASTM reproducibility limits.

® Results exceed certified values by more than 25 percent.

° Results exceed certified values by more than 10 percent.

¢ Informational value (not certified).
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INTRODUCTION

The 1990 Clean Air Act Amendments (CAAA) empower the Environmental Protection Agency 1o
set emission standards for a variety of potentially hazardous air pollutants from combustion
sources. In order to define emissions from coal combustion sources, the U.S. Department of
Energy (DOE) is coordinating an air toxics assessment program 1o characterize stack emissions
from coal-fired utlity boilers of volatile and semi-volatile organics, metals and anions specified
in Title III of the Clean Air Act Amendments of 1990. The information from the DOE study will
enable the Environmental Protection Agency to properly classify coal-fired utility boilers with
regard to the CAAA and evaluate the potential risk to human health posed by these types of
ernission sources.

The first phase of DOE study consisted of sampling eight power plants. These plants represented
a diverse range of boiler configurations, emission controls, and coal feeds. Part of the sampling
protocol at each of the sites was to collect representative samples of the feed coal to the boiler.
By analyzing the feed coal as well as all gas, solid, and water effluent streams, a material balance
around each site could be established. A material balance closure near 100% would indicate that
sampling and analyses of all streams was handled properly, and reliable emission estimates could
be calculated. ,

Five laboratories participated in analyzing samples that were collected at the eight test sites. As
part of the DOE program, CONSOL R&D conducted a coal analysis round robin among these
laboratories. The primary purpose of this study was to estimate the analytical variability one can
expect on trace element analyses when comparing results from the same laboratory or results from
two or more laboratories.

Trace elements in coal generally are defined as those elements that occur at concentrations of 100
parts per million (ppm) or less. Seventeen trace elements were included in this study. Thirteen
of these elements are listed in the 1990 CAAA as hazardous air pollutants. Earlier studies! have
shown the interlaboratory variability of trace element analyses can be quite large. This analytical
variability should be considered when determining the potential emissions from coal combustion
sources. :

The variability of other commonly measured coal quality parameters also was evaluated.

COAL SAMPLES

The coal samples used in the round robin study were supplied to CONSOL R&D by the prime
contractor at each of the eight test sites. These were the same coals that were being fed to the
boilers during the testing period at each site. The coals were geologically diverse and ranged from
lignite to bituminous in rank. Once received, all sample reduction and preparation was according
to ASTM D 2013 "Standard Method of Preparing Coal Samples for Analyses".2 A spinning riffle
was used to divide the gross sample prepared from each coal irito homogenous splits. This is the
preferred method in the coal industry to divide a sample of coal into several samples having the
same composition and is widely used in commercially sponsored coal analyses round robin
programs. ;
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ROUND ROBIN DESIGN

Each participating laboratory was provided duplicate samples of each of the eight coals, along
with a sample of a National Institute for Standard and Technology (NIST) certified reference coal.
The samples were randomized and were identified only by code letters. Each laboratory was
requested to analyze the samples in duplicate using the same procedures used to analyze the
samples from the DOE Air Toxics Assessment programs. By using this round robin design, intra-
laboratory repeatability and interlaboratory reproducibility, as well as individual laboratory
precision, could be established. The suite of analyses included in this study is shown below:

Proximate-Ultimate Major Ash Elements Trace Elements
Moisture Si0, As Hg
Ash Al,O4 B Mn
Carbon TiO, Ba Mo
Hydrogen Fe,0O4 Be Ni
Nitrogen ‘Ca0 Cd Pb
Sulfur MgO Cr Sb
Chlorine Na,O Co Se
Heating Value (Btu/1b) K,0 Cu \Y

P,Os F
SO4

The average interlaboratory results for this suite of analyses for all eight sampies are shown in
Table 1. Individual laboratory results for all samples are presented in Appendix A. Samples
identified as A&J and B&K are [llinois basin bituminous coals. Samples C&L, F&O, and H&Q are
mid-sulfur bituminous coals. Sample D&M is a subbituminous coal from the Powder River basin.
Sample G&P is also a subbituminous coal. Sample E&N is ranked as a lignite.

ANALYTICAL TECHNIQUES

The analytical techniques used by the participating laboratories to complete the suite of analysis
in this study are shown in Table 2. No one parameter was measured by all laboratories by the
same analytical technique. All of the labs used ASTM standard methods for the Proximate and
Ultimate analyses. However, numerous techniques were used for the major ash and trace element
analyses. The techniques included graphite furnace atomic absorption (GF/AA), inductively
coupled plasma emission spectroscopy (ICP/ES), inductively coupled plasma mass spectroscopy
(ICP/MS), instrumental neutron activation analyses (INAA), ion chromatography (IC), cold vapor
atomic fluorescence (CV/AF), and X-ray fluorescence (XRF). Mercury was measured by gold
amalgam cold vapor atomic absorption (GA/CVAA), double gold amalgam cold vapor atomic
absorption (DGA/CVAA), and cold vapor atomic fluorescence (CV/AF). The techniques of AA,
GF/AA, ICP/ES, ICP/MS, IC, and CVAA require that the analysis sample first be put into solution
before being introduced into the instrument. INAA, XRF, GA/CVAA, and DGA/CVAA analyses can
be performed on the whole coal or an ash sample of the coal.
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ACCURACY

The accuracy of analyses performed by each laboratory was evaluated using the NIST Standard
Reference Coal 1632b. This Pittsburgh seam coal is the most characterized standard reference
material available from NIST. Certified or informational values are listed for all of the parameters
included in this study except for boron, barium, fluorine, phosphorus, and mercury. For trace
elements, all definitive results ("<" values ignored) that fell within 10% of the certified or
informational value arbitrarily were considered accurate values. Values outside this range were
considered to be inaccurate. ASTM interlaboratory reproducibility limits were the criteria for
accuracy on all other analyses. Table 3 shows the results reported by the each laboratory for
NIST SRM 1632b. Using the previously described criteria for accuracy, the percentage of accurate
results (accurate results/total definitive results) was calculated. Parameters without a certified
or informational value were not included.

The table below shows the percentage of accurate results reported by each lab for the suite of
trace elements, the percentage of accurate results for all analyses, and the percentage of trace
element results that were reported as definitive. Although lab IV showed the highest percentage
of accurate results (75%), that figure is based on only the 80% of definitive results reported by
that laboratory.

As shown in the table below, the percentage of accurate trace element analyses ranged from 38%
0 75%. Non-definitive results reported for antimony, cadmium, copper, fluorine, molybdenum,
nickel, and selenium. Only one laboratory reported definitive results for the entire suite of trace
elements. The most troublesome elements, with respect to accuracy, were arsenic, cadmium,
molybdenum, antimony, and selenium. Only one lab reported .accurate results for cadmium,
molybdenum or antimony. :

The Proximate and Ultimate analyses reported by labs II, III, IV, and V were all within ASTM
reproducibility limits except for a single sulfur analysis. Lab I reported results that exceeded
ASTM reproducibility limits for hydrogen, nitrogen, sulfur chlorine and heating value. Two labs
reported all major ash elements within ASTM limits. Lab I exceeded limits for silicon, iron,
calcium, magnesium, and potassium. Lab III exceeded limits for calcium, magnesium, and
potassium. Lab IV performed only a limited number of major ash element analyses, but reported
results for aluminum and potassium that were outside established ASTM reproducibility limits.

% ACCURATE RESULTS ON NIST 1632b

Definitive Trace
Lab Trace Element Results Elements All Analyses
I 88 38 43
I 100 73 88
I 82 S0 63
v 80 75 80
A\ 100 : 48 78
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REPRODUCIBILITY

The percent relative standard deviation (PRSD) of the analytical results was chosen 1o represent
interlaboratory reproducibility in this study. Table 4 shows the average PRSD for all labs, on all
samples, for the entire suite of analyses. Reproducibility for trace elements ranged from
11.0 PRSD for vanadium to 60.7 PRSD for molybdenum. The average PRSD for all of the trace
elements (all coals, all labs) was 27.9%. In most cases the PRSDs for cadmium, copper and
antimony are based on results from only three laboratories. These elements were either below
detection limits at laboratories II and IIT or were not determined.

Excluding Lab I's results, Proximate and Ultimate analyses were generally within ASTM limits.
Aside from the determination of percent ash this particular laboratory reported only a singie sulfur
analyses on the standard reference material that was within established ASTM Limits. Chlorine,
although not generally considered a trace element in coal, is listed in the 1990 CAAA as a
hazardous air pollutant. It showed an average PRSD for all labs of 37.2 %. Three of the coals
sampled in the study are ranked subbituminous or lignites. Chlorine on these samples (D&M,
E&N, G&P) was reported as below detection Iimits (0.01 and 0.02%) by two laboratories and not

Major ash elements were determined with an average PRSD of 21.7%. This is only slightly better
than the average PRSD of 27.9% for trace elements. Phosphorous, calcium, and magnesium had
PRSDs greater than 35%. Including only labs II and V, the overall average PRSD for the major
ash elements drops to 7%. These were the only labs that did not exceed ASTM limits on the
certified reference material. Labs [ and Ill showed a consistent low bias for calcium and
magnesium on most samples as well as on the certified reference material. Lab I showed poor
intralaboratory repeatability for most major ash elements.

Figure 1 shows the interlaboratory reproducibility as PRSD for the suite of trace elements on all
samples. The overall average PRSDs for V, F, Be, Mn, B, Hg, Cu, Sb, and Cr, and Ba are between
9.6 and 22.9%. PRSDs for Ba, Co, Ni, and Se were somewhat poorer, averaging nearly 30%. Ni,
As, Cd, Pb and Mo showed the most variability with PRSDs from 36.2 to 60.7%.

Figure 2 shows the average interlaboratory reproducibility for the suite of trace elements, as well
as the range of PRSDs, for each element on each sample. Although the average PRSD for many
elements is reasonably good (~20%), on any given sample the range of reported values can be
quite large. The average minimum PRSD for interlaboratory trace element analyses was 13.6%.
The average maximum was 48.1%. Ba, Cd, Cu, Hg, Mo, Ni, Pb and Sb all had a PRSD range over
30%. The range of reported values for Mo, Ni, and Cd on some samples was 52%, 76%, and
110% respectively. This shows that outliers are to be expected when comparing trace element
analyses between laboratories. :

REPEATABILITY

Figure 3 shows the average intralaboratory repeatability for each trace element for ajl coals.
[ntralaboratory repeatability was calculated as the average percent difference in a given
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laboratory’s results on the eight paired samples. The data show that the overall laboratory
repeatability on trace elements ranged from a low of 7.8% for chromium to a high of 32.5% for
cadmium. The average repeatability for all trace elements was 14.6%. Overall intralaboratory
repeatability for all elements by a1l labs was less than 10% on half of the analyses, less than 20%
on 68%, and less than 30% on 75% of all trace element results. In general, elements with lower
between-lab reproducibility also had lower same-iab repeatability. Similarly, elements like
cadmium, that showed reproducibilities with a high PRSD, had higher average repeatabilities, with
the exception of molybdenum. This element had a relatively low repeatability (16.8%), but
showed the highest reproducibility (60.7%). This may suggest bias in the various methods used
for its determination. Data showing the complete list of individual laboratory repeatability for all
samples is presented in Appendix B.

VARIABILITY vs COAL RANK

Figure 4 shows the variability in interlaboratory trace element analyses as PRSD plotted as a
function of the as-determined heating value for the eight coals. The as-determined heating value
of a coal is one way to roughly establish coal rank. The data clearly show that trace element
analytical variability is a function of coal rank, increasing as the coal rank decreases. This is not
unusual; many ASTM coal standards have precision statements that are rank-dependant. In the
case of the eight coals studied here, as the heating value of the coal (Btu/lb) decreases, the
analytical variability of trace elements increases. Sampie pairs A&J, C&L, H&Q, F&O, and B&K
are bituminous coals. Samples G&P and D&M are subbituminous and samples E&N are classified
as lignites. A regression analyses of the data is shown in Figure 5 and has an 2 value of 0.95.
Average trace element intralaboratory repeatability showed a similar trend. The overall trace
element repeatability for the bituminous coals was slightly better (14.8%) than that for the
subbituminous and lignite samples (20.2%).

MERCURY

Of the potential hazardous air pollutants mentioned in the CAAA, mercury is receiving the most
attention regarding possible emissions from coal combustion sources. As mentioned earlier, four
of the five laboratories in this study used some form of gold amalgamation followed by cold vapor
atomic absorption for mercury analyses, the other used cold vapor atomic fluorescence. The table
below summarizes intralaboratory repeatability and interlaboratory reproducibility for mercury
analyses. Repeatability is shown as the percent difference in a laboratory’s results on the eight
paired samples, and reproducibility is shown as PRSDs. .

REPEATABILITY ‘AND REPRODUCIBILITY OF MERCURY RESULTS
ARJ B&K C&l, D&M E&N F&O G&pP H&Q  _Avg.

————

Repeatability, 11.3 46.3 19.1 19.1 25.8 11.7 8.6 21.2 17.6
as % difference
Reproducibility, 104 40.6 24.8 16.7 16.9 204 9.1 26.1 20.6

as PRSD

A recent, more extensive round robin on mercury analyses® estimated interlaboratory reproduci-
bility and intralaboratory repeatability at 25 and 50%, respectively. That particular round robin
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involved three coal samples and 12 laboratories. Although the majority of laboratories in that
study also used cold vapor atomic absorption for mercury analyses, some data were provided by
labs using neutron activation and cold vapor atomic fluorescence.

SUMMARY AND CONCLUSIONS

Based on the analyses of the certified reference coal, even the best laboratory in this study
reported trace element levels to within 10% of their certified value only about 80% of the time.
On average, only 57% of the reported data from all labs met this 10% level of accuracy.

The techniques used in many laboratories for trace element analyses produced a significant
number of non-definitive ("<") results. If certain detection limits are required, analytical
techniques must be specified.

Although the overall interlaboratory trace element reproducibility is 28%, it may be very poor,
approaching 60% for some elements.

Interlaboratory reproducibility for trace element analyses is dependent on coal rank. As coal rank
decreases, analytical variability increases.

The variability of coal trace element analyses makes accurate estimates of emissions from
combustion sources difficult, especially if the estimates are based solely on feed coal analyses.

RECOMMENDATIONS FOR CONDUCTING FUTURE COAL ANALYSES ROUND ROBIN PROGRAM

1. Follow ASTM standard method E 691. This standard lists specific guidelines for conducting
an interlaboratory coal analysis round robin program. The standard also specifies software for
the statistical interpretation of results. Both the method and the software are available from
ASTM for a nominal fee. One of the guidelines violated in this round robin was the number
of participating laboratories. E 691 states that a minimum of six laboratories is necessary to
generate ASTM precision statements. For that reason we were unable to use the software
from this standard that would have generated ASTM limits for repeatability and
reproducibility.

2. Laboratories that are candidates for the round robin should be evaluated. Based on the data
reported on the standard reference coal in this study, it is obvious that Lab I was not proficient
with coal analyses. Laboratories that are candidates for round robins should be audited by
someone familiar with the guidelines set forth in ASTM D 4182, "Evaluation of Laboratories
Using ASTM Procedures in the Sampling and Analysis of Coal and Coke". These labs also
should be able to demonstrate their ability to conform with ASTM D 4621, "Accountability and
Quality Control in the Coal Analysis Laboratory”. A lab not in compliance with either of the
standards should not be included in the study. As a minimum, candidate labs should be able
to demonstrate proficiency by analyzing a certified reference material within specified precision
limits prior to conducting the actual round robin.

3. Specify the minimum detection limits that are required for each element. Based on the large
number of non-definitive results reported for several of the trace elements it is apparent that
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most laboratories are not using techniques that can accurately assess the levels of some of the
trace elements found in coal. Using half the detection limit, which is the common practice for
treating this type of result, would lead to a considerable overestimation of some trace element
levels. Examples of this overestimation based on half the detection limit are found in Table 3.
For instance, Lab III reported an average detection limit for Cu as 35.5 ppm. Using one half
of this value, or 17.8 ppm, would overstate the certified value for Cu on this sample by nearly
three fold.
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Table 1. Average of Interlaboratory Results for All Samples.

Trace Elements

As
8
Ba
Be
Cd
Cr
Co
Cu
F
Hg
Mn
Mo
Ni
Pb
Sb
Se
A

Proximate & Ultimate

Ash

Carbon
Hydrogen
Nitrogen
Suffur
Chlorine
Heating Valt

Maior Ash Elements

Sio,
AlLO,
TiO,
Fe,O,
CaO
MgO
Na,O,
K.0

P.O,

SO,

C e -

A&J B&K
IL BASIN IL BASIN
2.39 2.74
227 212
47.3 48.9
1.83 1.61
0.580 1.013
28.3 34.7
3.87 3.57
10.7 113
97.1 112
0.101 0.109
41.3 34.3
8.34 7.91
17.6 18.5
9.12 13.1
0.49 0.79
2.94 3.16
36.6 46.3
11.99 12.54
69.58 69.80
4.87 4.78
1.33 1.33
3.42 3.53
C.064 0.074
12214 12189
44.58 49.7
16.78 18.6
0.89 0.99
13.95 15.1
4.11 2.69
0.77 0.82
0.91 0.75
1.95 2.20
0.29 0.36
4.57 2.61

E&N
ND LIG.

7.64
126
568

0.72

0.079

8.05

2.10

9.28

56.9

0.145
123

3.98

7.26

3.31

0.75

0.80

16.8

16.71
$8.80
4.53
0.89
1.12
0.040
9601

39.48
10.58
0.47
6.14
10.54
2.97
0.84
1.35
0.17

C&L D&M
BIT. PRB
ppm Dry Coal
9.43 1.24
723 83.4
31.1 370
1.33 0.42
0.112 0.058
16.3 4.40
5.50 0.86
8.47 9.52
58.0 44.3
0.126 0.084
18.4 145
1.87 7.93
14.1 5.09
£.00 5.22
0.64 0.47
1.92 0.84
3t.0 9.36
% Dry Basis
11.56 1.7
72.08 67.6
4.96 4.80
1.39 1.01
3.26 1.15
0.085 0.03
12888 11350
% Dry Ash
44.98 42.12
21.41 16.48
0.98 0.88
24.75 6.07
1.04 7.79
0.60 2.55
0.43 0.29
1.84 0.51
0.16 0.37
1.39 11.41

15.08

F&O
BIT.

26.0
70.7
76.1
2.37
0.085
20.0
6.95
21.2
81.3
0.260
26.5
4.54
28.2
13.6
2.10
2.56
34.0

13.35
70.26
4.86
1.37
2.01
0.140
12452

45.67
22.54
1.22
21.33
1.50
0.73
0.30
2.17
0.58
1.71

G&P
SUB. BIT.

1.70
76.5
312
1.29
0.560
9.61
4.14
14.5
80.3
0.080
76.6
2.11
6.84
8.86
1.74
1.18
26.1

20.57
61.27
4,78
1.05
0.65
0.039
10636

59.26
20.62
1.00
4.45
3.29
0.93
0.23
1.26
.04
3.68

H&Q
BIT.

3.45
169
48.6
1.41
0.508
21.4
4.42
13.1
79.5

29.0
5.80
18.3
8.47
0.62
2.21
38.5

10.59
71.03
5.14
1.42
2.89
0.115
12587

51.55
21.74
1.03
16.39
2.46
0.79
0.84
2.50
0.26
2.56
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Table 2. Analytical Methods Used on DOE Air Toxics Assessment Coal Samples.

Parameter Lab |l Lab I Lab il Lab 1V Lab V
Moisture D3173 D 5142 D 3173 D 3173 D 3173
Ash D3174 D 5142 D 3174 D 3174 D 3174
Carbon D3178 D 5373 D 5373 D 3178 D 8373
Hydrogen D3178 D 5373 D 5373 D 3178 D 5373
Nitrogen D3179 D 8373 D 8373 D 3179 ) D 5373
Sulfur D3177 D 4239 D 4239 D 4239 D 4239
Chilorine D4208 -‘LECO D 4208 *lC D 4208
Btu/lb -D2015 D 1989 D 2015 D 2015 D 2015
Major Ash Elements

Sio, ICP/ES ICP/ES ND D 4326 XRF ICP/ES
ALO, " - INAA - .

-r; A " u L] " u
Fezo3 o o ] ND .
Ca0 * * " ND .
Mgo " L] ] ND L]
NaO - " . D 4326 XRF .
}(203 ] u ] " L]
P05 “ " ICP/ES ND .
SO, " . ND ND .
Trace Elements

As GF/AA ICP/IMS GF/AA GF/AA CV/AF
B ICP/ES - ICP/ES ICP/ES ICP/ES
Ba " ICP/ES INAA . *
Be " ICP/MS ICP/ES . -
Cd AA . " . GF/AA
Cr ICP/ES . INAA . ICP/ES
CO n " ) L) " -

CU L] 3 » » L]
Cu E ] L L] L] t ]

F D3761 *IC D 3761 *x*|C .
Hg CVAA CGA/CVAA DGA/CVAA GA/CVAA CV/AF
Mn ICP/ES ICP/MS INAA ICP/ES ICP/ES
Mo n L] E ] L} L]

Ni . " . " .
Pb AA 3 ICP/ES GF/AA GF/AA
Sb GF/AA . INAA o CV/AF
Se GF/AA **LICP/MS GF/AA . .

\ ICP/ES ICP/MS INAA ICP/ES ICP/ES

*|C Hydropyrolysis with IC Finish

**#ICP/MS Hydropyrolysis with ICP/MS Finish

***|C-Soluble Species Only

AA Atomic Absorption

CVAA Cold Vapor Atomic Absorption

CV/AF Cold Vaper Atomic Fluorescence

DGA/CVAA Double Goid Amalgam Cold Vapor Atomic Absorption
GF/AA Graphite Furnace Atomic Absorption

IC lon Chromatography

D-34
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ICP/ES
ICP/MS
INAA
ND
XRF

Inductively Coupled Plasma Emission Spectroscopy
Inductively Coupled Plasma Mass Spectroscopy

instrumental Neutron Activation Analyses

Not Determined

X-ray Fluorescence
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AVERAGE PRSD
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Figure 1. Average Variability for All Coals.
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Bars Show Range, Dash Shows Average For All Coals

Interlaboratory Variability,
Percent Relative Standard Deviation

As B Ba Be Cd Cl Cr CoCu F HgMn Mo Ni Pb Sb Se V
Element '

Figure 2. Interlaboratory Variability by Element
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Figure 3. Average Interlaboratory Repeatability.
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Figure 4. Comparison of Interlaboratory Variability vs. Heating Value.
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Figure 5. Correlation of Variability vs. Heating Value.
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APPENDIX A

INDIVIDUAL LABORATORY ANALYSIS
OF ROUND ROBIN SAMPLES
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APPENDIX B

INTRALABORATORY TRACE ELEMENT REPEATABILITY
AS PERCENT DIFFERENCE
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Laboratory Repeatability

e L e o T

Samples A & J

TTRACE LAB 1 | LABHW | LABIll [ LABIV | LABV | MEAN | SDEV | PRSD |
1ELEMENTS . l l i | = ; 5
|As 31.0% 1.9% 0.0% 0.0% 6.7% 7.9% 13.2% 166.3%
B 7.7% 1.0% 6.5%| 11.5%| 14.3% 8.2% 5.1% 62.0%
Ba 65.2% 6.3%| 29.7%| 12.2%| 63.1% 35.3% 27.7% 78.5%
|Be 57.1% 6.6% 74%| 16.0% 2.1% 17.8% 22.5% 126.2%
1Cd 9.1% 7.5% 27.9% 14.8% 11.4% 76.7%]
icr 12.4% 4.4% 3.5%| 17.3%| 16.8% 10.9% 6.6% 61.0%
1Co 0.5% 6.9% 1.5%| 50.0%| 23.2% 16.4% 20.9% 127.2%|
fCu 6.9% 23.3% 2.6% 10.9% 10.9% 99.8%|
F 2.2% 4.9% 24.6% 10.6% 12.2% 115.8%|
Hg 18.7%! 10.5%| 10.5% 5.3% 11.3% 5.5% 49.1%|
Mn 36.7% 1.5% 2.8%| 18.2% 2.2% 12.3% 15.3% 124.4%|
Mo 11.2% 2.3% 8.4%| 50.0% 9.0% 16.2% 19.2% 118.6%|
Ni 11.0% 3.3% 6.1%! 20.0%| 11.1% 10.3% 6.3% 61.5%
Pb 21.8% 1.9%| 354.5%| 12.8% 7.8%| 19.8% 20.8% 105.1%
Sb 4.9% 7.1% | 6.0% 1.6% 26.2%|
Se 32.6%| 12.5%| 18.2%|  0.0%| 17.4%]| 16.1% 11.7% 72.7%!
'\ 6.7%| 13.2% 6.6% 17.7% 1.4% 9.1% 6.4% 69.7%!
i | ]

Average 23.3% 6.0%1 11.2%| 18.5%! 14.7% 13.8% 7.9% 57.8%!|

Laboratory Repeatability
Sampies B & K
1 TRACE LABI | LABII | LAB Nl l LAB IV | LABV | MEAN SDEV PRSD
'ELEMENTS . : . ~
H 1

As 3.7% 0.6% 0.0%| 85.7%| 32.1% 24.4% 36.8% 150.5%
B 10.3%| 11.8%| 33.0% 2.5% 3.2% 12.2% 12.4% 101.6%
Ba 10.5% 2.0%| 15.2% 8.2%| 13.6% 9.9% 5.2% 52.4%
Be 8.4% 1.8%| 12.5% 3.8% 9.5% 7.2% 4.4% 60.5%
Cd 86.4% 0.0% 67.7% 51.4% 45.5% 88.5%
Cr 7.3% 1.9% 2.0% 6.9% 7.1% 5.0% 2.8% 55.9%
Co 7.3% 1.6% 0.1% 0.0% 3.1% 2.4% 3.0% 123.9%
Cu 0.2% 0.5% 5.1% 9.5% 3.8% 4.4% 115.4%
F 5.2% 0.0% 0.5% 1.9% 2.8% 149.1%
Hg 14.8%| 163.6% 4.3% 2.3% 46.3% 78.4% 169.5%
Mn 12.0% 0.9% 3.9% 2.7% 6.8% 5.2% 4.3% 82.8%|
Mo 2.3% 1.4% 9.9% 4.5% 4.7% 102.6%|
i| Ni 8.3% 1.6%| 54.0%| 12.7% 9.6% 17.2% 20.9% 121.6%!
Pb 84.5% 3.8%| 14.9% 3.3% 2.1% 21.7% 35.5% 163.5%|
Sb 2.2% 1.5% 1.8% 0.5% 25.0%
Se 28.1%| 10.1%| 15.4%| 100.0% 7.3% 32.2% 38.7% 120.4%|
v 2.1% 2.4% 4.3% 7.0% 4.0% 2.3% 56.9%|
i .

|Average 20.7% 8.7%: 227%i 17.2%1 12.0% 14.8% 23.8%|  160.7%
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Laboratory Repeatability
Samples C & L

TRACE LABT | LABll | LABIll | LABIV | LABV | MEAN | SDEV PRSD
ELEMENTS ‘ i
As 93.4% 0.7%| 22.2%| 28.6%| 16.6% 32.3% 35.7%| 110.6%
iB 1.0% 1.8% 5.8%| 19.9%| 15.5% 8.8% 8.5% 96.2%
iBa 5.7% 2.3%| 152%| 154%| 71.2% 22.0% 28.1%| 128.1%l
Be 10.0%| 12.0%| 18.2% 8.7% 5.8% 10.9% 4.6% 42.5%|
Cd 27.0%| 35.3% 76.0% 46.1%|  26.2% 56.9%
Cr 13.1% 8.5% 55%| 22.9% 5.7% 11.1% 7.2% 65.0%
Co 13.4% 0.0% 6.6%| 40.0% 2.2% 12.4% 16.2%| 130.5%|
ICu 9.6% 1.9% 13.3% 2.3% 6.8% 5.6% 83.1%
F 2.9% 8.7% 6.5% 6.0% 2.9% 48.8%
Hg 17.1% 6.3%| 13.3%| 33.3%| 25.3% 19.1% 10.5% 55.0%
Mn 8.8% 1.5% 1.9%| 22.2% 1.3% 7.2% 9.0%| 125.7%
Mo 62.9% 4.7%| 16.3% 28.0% 30.8%| 110.2%
Ni 9.9% 0.3%| 52.2%| 14.3% 3.5% 16.0% 20.9%| 130.6%
Pb 46.9% 2.0%| 66.7% 222%| 12.5% 30.1% 26.4% 87.7%|
Sb 2.2% 9.5% 5.9% 5.1% 87.6%|
Se 15.9% 6.7%| 28.6% 0.0%| 54.8% 21.2% 21.6%| 102.0%]
v 10.1% 2.4% 7.5%| 18.2% 1.7% 8.0% 6.7% 84.1%|
] i
| Average i 23.0% 54%| 18.5%| 19.9%| 20.0% 17.2%) 11.6% 67.9%|

Laboratory Repeatability
Samples D & M

TRACE LAB1 | LABIl | LABIIl [ LABIV | LABV | MEAN | SDEV PRSD |
ELEMENTS ; : ’
As 13.7% 9.0% 0.0% 1.9% 6.1% 6.4%| 103.5%|
B 7.2%| 32.8% 5.4% 7.0%| 23.3% 15.1% 12.3% 81.2%|
Ba 0.3% 3.8%| 15.2%| 20.7% 3.9% 8.8% 8.7% 99.1%|
Be 0.2%| 19.9% 0.0%| 15.4%| 16.6% 10.4% 9.6% 91.8%|
Cd 40.0% 32.5% 36.2% 5.3% 14.7%
Cr 3.2%| 12.3%| 127%| 13.3% 1.1% 8.5% 5.9% 69.1%
Co 0.4%| 11.9% 11.0% 7.8% 6.4%|  82.1%]
Cu 1.6%| 11.9% 6.5%| 12.2% 8.0% 5.0% 62.7%|
F 6.6%| 22.2% 5.3% 11.3% 9.4% 83.2%
Hg 11.6%| 13.3%| 50.0% 1.6% 19.1% 21.2%| 110.9%
Mn 8.3% 1.0%| 26.8% 3.3% 5.9% 9.0% 10.3%| 113.7%
Mo 1.5% 9.7%| 55.0%( 20.0% 7.4% 18.7% 21.3%| 113.9%
Ni 2.2% 4.5%| 52.1% 0.0% 14.7% 25.0%| 170.0%
Pb 13.8% 0.4% 0.0% 0.0% 0.0% 2.8% 6.1%| 216.4%
Sb 3.1% 8.7% 5.9% 4.0% 67.5%
Se 5.9% 0.0% 2.9% 41%| 141.4%|
v 10.1%!  12.1% 1.6% 5.7% 3.1% 6.5% 4.5% 68.7%|
| 5.6%| 10.9%| 17.3%| 10.9% 9.0% 11.3% 7.1% 63.0%|
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Laboratory Repeatability
Samples E & N

TRACE LABT | LABIl [ LABIIlf | LABIV | LABV || MEAN | SDEV PRSD
ELEMENTS !

As 86.9% 0.8% 0.0%| 85.7% 7.7% 36.2% 45.8%( 126.6%
B 17.1% 0.0% 3.4% 71%| 10.6% 7.6% 6.6% 86.2%
Ba 41.2% 1.6%| 163.0% 8.6% 4.7% 43.8% 68.5%| 156.3%
Be 12.8%| 34.8%| 13.3% 8.0%| 29.3% 19.6% | 11.7% 59.4%
Cd 8.7%| 26.1% 26.8% 20.5%| 10.2% 49.9%
Cr 7.8% 7.4% 1.2% 0.0% 0.0% 3.3% 4.0%| 121.5%
Co 24.6% 4.7% 0.5%| 40.0%| 31.7% 20.3% 17.1% 84.3%
Cu 11.8% 8.3% 0.0%| 24.9% 11.2% 10.3% 92.0%
F 7.0%| 18.2% 0.9% 8.7% 8.8%| 100.6%
Hg 2.3%| 47.3%| 32.3%| 21.2% 25.8% 18.9% 73.5%
Mn 15.4% 0.6% 3.7% 7.4% 0.8% 5.6% 6.1%| 110.2%
Mo 12.9% 3.2%| 38.0% 50.7% 26.2% 21.9% 83.7%
Ni 7.3% 1.4% 11.8%| 66.0% 21.6% 29.9%| 138.4%
Pb 109.8%( 10.6%| 72.0%| 28.6%| 96.7% 63.5% 42.8% 67.4%
Sb 4.6%| 58.6% . 31.6% 38.2%| 120.9%
Se 10.2% 0.0%| 70.6% 26.9% 38.2% 141.7%
V 81.0% 9.4%| 19.0% 5.9% 0.6% 23.2% 33.0% 142.3%
| Average 33.6% 7.8%| 33.7%| 181%| 27.7% 23.3%] 19.5% 83.9%

Laboratory Repeatability
Samples F& O

TRACE LABI | LABIl [ LABlIl | LABIV | LABV | MEAN : SDEV | PRSD
ELEMENTS =

As - 38.9% 0.6%| 13.7%| 11.8% 6.1% 14.2% | 14.7% 103.5%
B 6.5% 5.8% 0.7%| 13.3%| 14.5% 8.2%| 5.7% 70.1%
Ba 7.1% 7.6%| 14.7% 47%| 53.0% 17.4%| 20.2%{ 116.1%
Be 4.3% 9.5%| 26.7% 4.3% 0.6% 9.1%| 10.3% 113.9%
Cd 6.1%| 20.4% 16.7% 14.4% | 7.4% 51.6%
Cr 9.8%| 30.2% 5.2% 2.5% 6.8% 10.9%1 11.1% 102.0%
Co 11.0% 2.3%| 16.2% 0.0%| 24.3% 10.8%| 10.0% 92.7%
Cu 2.7% 5.7% 71%| 10.3% 6.4%| 3.1% 48.9%
F ' 21.1% 5.4% 13.1% 13.2%| 7.8% 59.3%
Hg 8.7% 6.3% 8.3%| 22.2%| 12.9% 11.7%]i 6.3% 54.3%
Mn 15.1% 2.3%| 14.1% 0.0% 0.6% 6.4%| 7.5% 117.5%
Mo 11.7% 6.8%| 36.4% 30.0% 21.2%| 14.2% 67.1%
Ni 13.9% 2.6%| 71.6% 3.8% 1.1% 18.6% | 30.1% 161.5%
Pb 97.8% 2.9%| 20.9%| 11.4%| 16.4%| . 29.9%| 38.5% 129.0%
Sb 29.7% 4.4%| 11.4% 0.0% 11.4%]1 13.1% 115.1%
Se 21.3% 3.0%| 22.2% 0.0%| 89.1% 17.1%l 16.0% 93.2%
\ 5.4% 4.5% 8.2%| 27.2% 2.1% 9.5%! 10.2% 107.3%
i Average 18.1% 8.0%| 18.4% 7.7%| 15.5% 13.6%! 9.8% 72.6%
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Laboratory Repeatability

Samples G& P

TRACE LABI | LABIl | LABIll | LABIV | LABV | MEAN | SDEV PRSD |
ELEMENTS % 5

As 21.3% 0.4% 0.0%| 66.7%| 82.3% 34.1% 38.2%| 112.0%
B 6.0%| 16.8% 8.0% 5.9% 2.7% 7.9% 5.3% 67.6%
Ba 12.9% 5.9%| 10.3% 6.2% 0.7% 7.2% 4.7% 65.1%
Be 3.6%| 17.1% 8.0% 4.3% 6.9% 8.0% 5.4% 68.0%|
Cd 165.0%) 165.0% '
Cr 9.9%| 18.8% 2.4% 0.0% 3.4% 6.9% 7.6%| 109.9%
Co 18.0% 1.5% 5.9% 0.0%| 26.3% 10.3% 11.4%| 110.3%
Cu 79.1% 9.7% 4.9% 6.1% 24.9% 36.2%| 144.9%
F 42%| 11.8% 29.7% 15.2% 13.1% 86.1%
Hg 10.5% 6.5%| 13.3% 3.9% 8.6% 4.2% 48.8%
Mn 6.7%| 10.0% 3.1% 4.3% 0.5% 4.9% 3.6% 73.4%
Mo 80.4% 4.1% 86.0% 56.8% 45.7% 80.5%
Ni 16.2% 4.0% 9.5% 3.1% 8.2% 6.0% 73.8%
Pb 30.9% 51%| 18.2%| 10.0% 0.9% 13.0% 11.9% 91.4%
Sb 13.5% 0.3% 9.8%| 40.0%| 98.5% 32.4% 39.8%| 122.7%
Se 4.4% 0.0% 92.0%! 32.2% 51.9%| 161.4%
\' 0.2% 8.6% 8.2% 3.6% 3.3%] 4.8% 3.6% 74.4%)
| Average 23.0% 7.6% 7.1%! 18.0%] 36.0% 25.9%| 18.9% 73.1%

Laboratory Repeatability
Samples H & Q

| TRACE LABI | LABIl | LABIif | LAB IV I LABV | MEAN ; SDEV PRSD |
{ELEMENTS s : f
As 96.4% 3.6% 0.0% 0.0%| 27.7%f  255% 41.3%| 161.7%
B 30.8% 1.4% 3.0% 6.3% 3.0% 8.9% 12.4%| 139.5%
Ba 14.4% 0.6%| 17.1% 1.0% 41% 7.4% 7.8%| 104.1%]
Be 28.9% 8.4%| 30.8% 4.1% 1.4% 14.7% 14.1% 95.7%
Cd 77.1% 8.1% 15.7%|  33.6% 37.8%| 112.5%
Cr 27.6% 0.5% 0.5% 0.0% 1.7% 6.0% 12.1%| 199.6%
Co 11.0% 0.1% 4.0% 0.0% 2.6% 3.6% 45%| 126.6%
Cu 19.1% 3.1% 0.0% 2.3% 6.1% 8.8%| 143.0%l
F 14.1% 0.0% 2.1%| 5.4% 7.6%| 141.0%
Hg 18.2% 5.5%| 33.3%| 42.9% 6.3% 21.2% 16.6% 78.0%
Mn 29.4% 3.4%| 30.2% 1.6% 0.9% 13.1% 15.3%| 116.4%
Mo 20.6% 0.1% 18.3%| 13.0% 11.2% 86.4%
Ni 18.0% 0.3%| 73.1% 5.7% 3.9%] 20.2% 30.3%| 150.1%
Pb 33.1% 1.0%| 24.4% 44%| 10.2%)| 14.6% 13.6% 93.2%
Sb 3.3% 3.8% 100.0% 35.7% 55.7%| 155.9%
Se 9.8% 2.5%| 40.0% 0.0%| 22.7% 15.0% 16.5%| 110.2%
Y 30.5% 2.1% 0.4% 1.3% 0.8%] 7.0% 13.1%| 187.8%
|Average 31.0% 3.4%| 18.6% 5.2%| 13.2% 14.8% 15.2%|  103.2%|
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Laboratory Repeatability

All Coals
TRACE LAB | LABII | LABII [ LABIV | LABV MEAN SDEV PRSD |
‘gLEMENTS ‘ i
As 48.2% 2.2% 4.5% 34.8% 22.6% 22.5% 19.7% 87.6%
B 10.8% 8.9% 8.2% 9.2% 10.9% 9.6% 1.2% 12.4%
Ba 19.7% 3.8% 35.1% 9.6% 26.8% 19.0% 12.6% 66.6%
Be 15.7% 13.8% 14.6% 8.1% 9.0% 12.2% 3.4% 28.2%
Cd 26.8% 17.2% 53.6% 32.5% 18.9% 58.0%
Cr 11.4% 10.5% 4.1% 7.9% 5.3% 7.8% 3.2% 40.3%
Co 10.7% 2.2% 5.9% 16.3% 15.5% 10.1% 6.1% 60.2%
Cu 15.5% 6.0% 7.5% 8.8% 9.4% 4.2% 44.5%]|
F 7.9% 8.9% 10.3% 9.0% 1.2% 13.6%
Hg 5.5% 9.5% 37.0% 26.1% 9.8% 17.6% 13.4% 76.3%
Mn 16.6% 2.6% 10.8% 7.5% 2.4% 8.0% 6.0% 74.7%
Mo 25.4% 4.0% 19.3% 8.8% 26.4% 16.8% 10.0% 59.7%
Ni 10.9% 22%| 38.6% 9.7% 12.3% 14.7% 13.9% 94.3%
Pb 54.8% 3.5% 34.0% 11.6% 18.3% 24.4% 20.4% 83.3%
Sh 5.4% 3.1% 13.8% 5.0% 24.8% 10.4% 9.0% 86.7%
Se 13.5% 6.9% 15.5% 12.5% 38.0% 17.3% 12.0% 69.5%
Vv 18.0% 6.8% 6.7% 10.5% 2.5% 8.9% 5.8% 65.3%
i Average 19.3% 6.5% 17.1% 12.3% 17.5%] 14.7% 6.9% 46.6%|
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Coal Avg

A&J 13.8%
B&K 14.8%
C&L 17.2%
D&M 11.3%
E&N 23.3%
F&O 13.6%
G&P 25.9%
H&Q 14.7%

Average Repeatability by Coals
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DOE COAL ROUND ROBIN TRACE ELEMENT REPEATABILITY RESULTS
% of Individual Lab Analysis Within Repeatability Ranges

Repeatability Range LabI | LabO | LabII | LabIV | LabV | All Labs
Less than 10% 31.0 79.0 42.0 46.0 52.0 50.0
10 to 20% 24.0 14.0 19.0 17.0 15.0 18.0
20 to 30% 8.0 2.0 7.0 7.0 11.0 7.0
30 to 50% 7.0 4.0 6.0 6.0 3.0 5.0
Greater than 50% 10.0 0.0 9.0 4.0 12.0 7.0
Non Determined 20.0 1.0. | 180 21.0 7.0 13.0
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