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SCOPE 

LOCATION 

TEST PERIOD 

1. 

Western  Research & Development  conducted a s e r i e s   o f  

and  Power A u t h o r i t y  ( B . C .  Hyd ro )   du r ing  a t e s t   b u r n  
t e s t s   f o r   t r a c e   e l e m e n t s   f o r   B r i t i s h   C o l u m b i a   H y d r o  

o f   H a t   C r e e k   c o a l .  The t e s t   p r o g r a m   i n c l u d e d   t h e  
d e t e r m i n a t i o n  o f :  

0 v a p o u r   a n d   s o l i d s   e m i s s i o n   r a t e s   f o r :  

- mercury  
- f l u o r i d e  

- se len ium 
a r s e n i c  - 

0 p u l v e r i z e d   c o a l ,   f l y a s h   a n d   b o t t o m   a s h   t r a c e  
e l e m e n t   a n a l y s e s   a n d   m a t e r i a l   b a l a n c e   c a l c u l a t i o n s  
f o r :  

mercury  
f l u o r i d e  
a r s e n i c  
s e l   e n i  um 
b e r y l  1 ium 

cadmi um 
boron 

chromium 
copper  
1 ead 
manganese 
n i c k e l  
s t r o n t i u m  
uran ium 
vanadi  um 
z i n c  

O u t l e t   d u c t   o f   U n i t  No. 2 e l e c t r o s t a t i c   p r e c i p i t a t o r  
a t   t h e   A l b e r t a  Power L i m i t e d ,   B a t t l e   R i v e r   G e n e r a t i n g  
S t a t i o n .  

August  14,  20  and 21,  1977 



RESULTS 

2 

D e t a i l e d   r e s u l t s   o f  measurements,  analyses  and 
c a l c u l a t i o n s  made f o r   t h i s   s t u d y   h a v e  been  organized 
i n t o   t h r e e   s e c t i o n s .  They a r e :  

0 Appendix 1 Trace  E lement   Emiss ion  Rate 

0 Appendix 2 Labora to ry   Ana lyses  
0 Appendix 3 M a t e r i a l   B a l a n c e  

Appendix 1 c o n t a i n s   a l l   o f   t h e   r e s u l t s   o f   t h e   f i e l d  
s t a c k   s a m p l i n g   i n c l u d i n g   t h e   t e s t s   t o   d e t e r m i n e  

elements.  A summary o f  a l l   t h e   e m i s s i o n   r a t e   t e s t s  
s o l i d  and   vapour   phase   em iss ion   ra tes   f o r   se lec ted  

i s   c o n t a i n e d  i n  Tab le  1. 

Appendix 2 p r e s e n t s   t h e   a n a l y t i c a l   r e s u l t s   t h a t   w e r e  
s u p p l i e d   t o  WR&D by  Environmental   Research & Techno?ogy 
I n c .   f o r   a l l   o f   t h e  samples t h a t   t h e y   a n a l y s e d .  
Tab le  2 p r e s e n t s  a summary o f   t h e a n a l y s e s .  

The r e s u l t s   f o r   F l y a s h   E m i t t e d   w e r e   c o r r e c t e d   t o   t h e  
mean c o a l   a n a l y s i s .  Thus f o r   t h e   c o a l   f i r e d  on   the  
t h r e e   d a y s   o f   t e s t i n g   f o r   t r a c e   e l e m e n t s   t h e   v a l u e s  
p r e s e n t e d   r e p r e s e n t  a mean c o m p o s i t i o n   f o r  each f l o w  
stream. 

Appendix 3 p r e s e n t s   m a t e r i a l   b a l a n c e   c a l c u l a t i o n s  
and i s   d i v i d e d   i n t o   f o u r   p a r t s .  

P a r t  1 o u t l i n e s   t h e   a s h   m a t e r i a l   b a l a n c e   r e c o n -  
c i l i a t i o n  made by  WR&D fo r   pu rposes   o f   mak ing   componen t  
m a t e r i a l   b a l a n c e s .  

P a r t  2 c o n t a i n s   t h e   c o m p o n e n t   m a t e r i a l   b a l a n c e s   f o r  
e a c h   t e s t   a n d   t h e   r e s u l t s   a r e   c o n t a i n e d   i n   t a b l e s  3- 
2, 3-3 and 3-4. Due t o   t h e   c o m p l e x i t y   o f   t h e   t a b l e s  

balancer; f o r   t h e   s i x   t r a c e   e l e m e n t   t e s t s  show i n  
they  have  not  been  summarized. The component m a t e r i a l  

some ins tances ,   se r ious   imba lances .  

e s t a b l i s h e d   f o r   e a c h   f l o w   s t r e a m   b a s e d  on t h e   d a t a  
I n   P a r t  3 a mean v a l u e   t r a c e   e l e m e n t   c o m p o s i t i o n   i s  

c o l l e c t e d   f o r   t h e   s i x   t r a c e   e l e m e n t   t e s t s .  

De te rm ina t ions  



3 .  

I n  P a r t  4 a   t y p i c a l   m a t e r i a l   b a l a n c e   f o r   a   f i r i n g  
r a t e   o f   50 ,000  Kg/Hr was prepared using t h e  mean 
value  t race  e lement   cornposi t ion o f  each  stream  and 
assuming the following  parameters:  

e Coal - 28% moisture  
- 32.5 % ash   (wet   bas i s )  
- 50,000 Kg,lhr (we t   bas i s )  

e Bottom  ash - 15%  of   to ta l   ash  
- 2437.5 Kg/hr 

D Fl,yash t o   p r e c i p  - 85% o f  t o t a l   a s h  

e Flyash  emit ted - 99.7% e f f i c i e n t   p r e c i p i t a t o r  
- 13812.5 Kg/hr 

- 41.4 Kg/hr 

Vapour  phase  emit.ted - Scaled up from t e s t  bu rn  
r e su l t s   based  on coal  f low 
r a t e s  and mean composition. 

s t a n d a r d   d e v i a t i o n   o f   e a c h   s t r e a m   f l o w   r a t e  i s  
Table 3 c o n t a i n s  t h e  typ ica l   mater ia l   ba lance .  The 

i n d i c a t e d .  



OISCUSSION 
d i f f i c u l t   t a s k   a s   i s  ev idenced b y   o t h e r   p u b l i s h e d  
E s t a b l i s h i n g   e m i s s i o n  r a t e s   f o r  t r a c e   e l e m e n t s   i s  a 

m a t e r i a l   b a l a n c e s   f o r   c o a l   f i r e d   b o i l e r s   ( 1 )  ( 2 ) .  
F o r   t h e   t e s t s   c o n d u c t e d   a s   p a r t   o f   t h i s   s t u d y   t h e  
f o l l o w i n g   f a c t o r s   m u s t   b e   t a k e n   i n t o   c o n s i d e r a t i o n .  

D T o t a l   t e s t   d u r a t i o n  was t h r e e   h o u r s   a l l o w i n g  a 
t o t a l   s a m p l e   t i m e   o f   a p p r o x i m a t e l y   1 0 8   m i n u t e s .  
T h i s   f a c t o r   l i m i t e d   t h e   q u a n t i t y   o f  sample 
c o l l e c t e d .  

D u p l i c a t e   t e s t s   w e r e   n o t   p o s s i b l e  due t o   f a c t o r s  
b e y o n d   t h e   c o n t r o l   o f  WR&D o r   t h e   t e s t   b u r n  
c r e w .   T h e s e   i n c l u d e d   b o i l e r   s t a b i l i t y ,   b o i l e r  
f i r i n g   r a t e   a n d   p r e c i p i t a t o r   e f f i c i e n c y   v a r i a t i o n s .  
I n  a d d i t i o n   t h e   t e s t s   h a d   t o   b e   c o n d u c t e d  
s i m u l t a n e o u s l y   w i t h   p r e c i p i t a t o r   e f f i c i e n c y   a n d  
f l y a s h   p a r t i c l e   s i z e   d e t e r m i n a t i o n   t e s t s .  

0 C y c l i c   o p e r a t i o n   o f   t h e   b o i l e r   d u r i n g   t h e  
e n t i r e   t e s t   p e r i o d ,   i n c l u d i n g   v a r i a t i o n s   i n  
s ta r t -up   and  shut -down may h a v e   a f f e c t e d   t r a c e  
e lemen t   re ten t i on   and   subsequen t   re lease   f rom 
t h e   b o i  1 e r .  

Q u a n t i t i e s   o f   s a m p l e   a v a i l i a b l e   f o r   a n a l y s i s  
d i d   n o t   a l l o w   f o r   d u p l i c a t e   s a m p l e   a n a l y s e s .  
In many c a s e s   l o w e r   d e t e c t a b i l i t y   l i m i t s   c o n t r o l l e d  
t h e   a n a l y t i c a l   r e s u l t s .  

Based on r e v i e w s   o f   t h e   i n f o r m a t i o n   c o n t a i n e d   i n  
Appendic ies  1 ,  2 and 3 t h e   f o l l o w i n g  comments a r e  made. 

The e m i s s i o n   r a t e s   f o r   m e r c u r y ,   s e l e n i u m   a n d  
a r s e n i c   a r e   a l l  maximum v a l u e s .   F o r   e a c h   t e s t  
t h e   s a m p l e   c o l l e c t e d  was d i s t r i b u t e d   o v e r   t h e  
probe, f i l t e r ,   f i r s t   i m p i n g e r ,   a n d   s e c o n d  and 
t h i r d   i m p i n g e r s   ( t o g e t h e r ) .  The a n a l y t i c a l  
r e s u l t s   f o r   t h e   f i l t e r ,   a n d   a l l   i m p i n g e r s   f o r  
m e r c u r y   w e r e   l e s s   t h a n   t h e   m i n i m u m   d e t e c t i b l e  
a m o u n t .   F o r   s e l e n i u m   a n d   a r s e n i c   q u a n t i t i e s   i n  

minimum d e t e c t i b l e  amount. 
a l l   p o r t i o n s   o f   t h e  t r a i n   w e r e   l e s s   t h a n   t h e  

0 F o r   t h e   m a j o r i t y   o f   t h e   e l e m e n t s  a l a r g e  
s t a n d a r d   d e v i a t i o n   i s   a s s o c i a t e d   w i t h  each 
mean. When t h e   m a t e r i a l   b a l a n c e s   a r e   e x a m i n e d  

does n o t   b a l a n c e .  
c o n s i d e r i n g   t h e   s t a n d a r d   d e v i a t i o n   o n l y   f l u o r i d e  



5. 

RECOMMENDATION 0 I n   t h e   a p p l i c a t i o n  of t h e   r e s u l t s  o f  t h e s e   t e s t s  
i t  i s  recommended t h a t   t h e  mean va lue   compos i t i on  
o f  e a c h   s t r e a m   a n d   t h e   t y p i c a l   m a t e r i a l   b a l a n c e  
b e   u s e d   r a t h e r   t h a n   t h e   i n d i v i d u a l   r e s u l t s  o f  
e a c h   t e s t .  

REFERENCES ( 1 )   K l e i n ,  D.H. e t  a l ,  Pathways o f  Th i r t y -seven   T race  
Elements  Through  Coal -F i red Power P lan t ,   Env i ronmen ta l  
Sc:ience & Technology  Vol 9 ,  No 10,  1975. 

( 2 )  B lock ,  C and R Dams, S tudy  of F l y  Ash Emissions 
Dur ing  Combust ion o f  Coal ,   Env i ronmenta l   Sc ience & 
Technology  Vol   10,  No 10,  1976. 



Table 1 

B.C. HYDRO TRACE ELEMENT STUDY 

SUMMARY OF STACK  EMISSIONS 

Morning Tests Afternoon Tests 

Sol   ids  Gaseous 
Kglhr  

Total  
Kglhr 

Sol i d s  
Kglhr  

Gaseous 
Kg/ hr 

Total  
Kg/hr Kglhr  

August  14,  1977 

Arsenic 
Beryl 1 i um 
Lead 

Aug 20, 1977 

F luor ide  

Aug 21,  1977 

Mercury 
Selenium 
Boron 
Cadmi urn 
Chromi urn 
Copper 
Manganese 
Molybdenum 
Nickel 
S t ron t ium 
Vanadium 
Zinc 

<0.00225 
<O. 00039 
0.00552 

<O. 01 735 

<o. 0001 0 
<O. 00045 
0.00108 

<o. 0001 1 
0.0001 3 
0.00031 
0.00325 

<O.  0001 5 
0.00042 
0.0001 4 

<0.00011 
0.00699 

<0.00375 <o. OObOO 
<O. 00039 
0.00552 

0.14690  0.16425 

0.00023 <0.00033 
<o. 001 35 <O. 00180 

0.00108 
<o. 0001 1 
0.0001 3 
0.00031 
0.00325 

<o. 0001 5 
0.00042 
0.0001  4 
<0. 0001 1 
0.00699 

<O. 00064 
<O. 00005 
<O. 00058 

~ 0 . 0 2 1 8 7  

<O. 00089 
<O. 00052 
0.00250 
0.00050 
0.00110 
0.00190 
0.01  840 

~ ~~~ ~ 

0.00080 

0.00290 
0.00340 

0.00020 
0.00610 

<O. 001 07 <O. OOi 71 
<O. 00005 
<0.00058 

0.251  50  ~0.27337 

0.00134 
<O. 00263 

<O. 00223 
<O. 0031 5 
0.00250 
0.00050 
0.00110 
0.001 90 
0.01840 
O.OO080 
0.00340 
0.00290 
0.00020 
0.00610 m 



Coal  

Bot tom  Ash 

A F i e l d  
Hopper   Ca tch  

B F i e l d  
Hopper   Catch  

Hopper   Catch  
C F i e l d  

Composi te 
A , B & C  
Hopper   Catch  

E m i t t e d  
F l y a s h  

( 1 )  

Elelrrent 

n 
nean 
S t d  Dev 

mean 
n 

S t d  Dev 

n 
mean 
S td  Dev 

mean 
n 

S t d  Dev 

n 
mean 
S td  Dev 

mean 
n 

S t d  Dev 

n 
r.ean 
S t d  Oev 

Hg F 

6 
0.08 123 

6 

0.02  39 

0 . 1 4  73 
5 5 

0.16  32 

6  6 
0.04  50 
0.01 38 

6 
0.09  75 

6 

0.10 52 

5 5 
0 .04  201 
0.01 122 

1 7  17 
0 . 0 6  104 
0.06 97 

T a b l e  2 

MEAN COMPOSITION OF TRACE ELEMENTS 
B.C. HYDRO T3ACE ELEMENT STUDY 

m W g  

As Se Be B Cd 

10.3  10.0 0.43 12.2  1.03 
6 6 6   6 6  

7.3 10 .6  0.27 3 .3  0.50 

5 5 5  5 

2.7  9.5 0 .53  27 
5.4 13.2 u.96  29 

6 6 6  
27.0 18.3 1.7  41 

6 

7.7 11 .7   1 .2   13  

6 6 6  6 
87  24  2.0  117 
56 12 0.5 76 

5 5 5  5 

296 12.2 1.; 62  

17  17  17  17 

168  11.9  1.0  65 
99 19.1  1.9 88 

201 14.2 2.0 109 

2 2  2  2  2 2 

5 
u. 74 
0 .23  

0.68 
6 

0.16 

6 
1 . 0  
0.5 

5 

1 . 3  
1.9 

1 7  

0.9 
1.1 

2 
6 7 . 8  506.1 ' 2 2 0 . 4  < 7 6 . 2  <3.1 139.3 e28.1 

16.6 32.3 288.3  6.3 2.5 93.0 1.3 

C r  

46 
6 

1 7  

5 
I b 4  
158 

179 
6 

92  

6 
266 
158 

319 
5 

144 

1 7  
251 
138 

2 

. .. 

Cu Pb 

6 6  
,557 1 3 . 2  
369  3 .7 

,678 12.6 
5 5  

443 5.0 

6 6  
,958 31.0 
102 7.3 

6 6  
'893 6 0  

261  1s 

5 5  
,1000  86 

0.0 67 

'948 57 
1 7   1 7  

163  42  

2 2  

Mn 

6 
A83 
432 

d i 5 4  
5 

21 3 

6 
,560 
385 

.767 
6 

379 

5 
,760 
329 

%92 
1 7  

358 

2 

?lo N i   S r  

6 
3.8 34 .8   176 

6 6 

0.41  33.4  100 

5 5 5 
8.2 55  380 
7.4 22  213 

6 
10 .8   66   415 

6  6 

3.5 23 180 

6 6 
1 4 . 8   1 0 5   S 5 7  

6 

9.7  129  260 

5 
16.2  156 6544 

5 5 

6.2  198 345 

1 7   1 7   1 7  
13.8 107 %03 

7.0 125 256 

2 2 2 

U V 

6 6 
5.8 172 
2 . 6  116 

5 5 

6 .0  416 
9 . 6  ,554 

1 3 . 8  ,697 
6  6 

3.7  228 

6 6 
1 8 . 3  ,660 

6 . 2  292 

5 
17.4 ,762 

5 

15.3  264 

1 7  17 
1 6 . 5  ,703 

3 . 9  249 

2n 

6 
56 
23 

5 
56 
36 

136 
6 

82  

6 
-03 

238 

>6G4 
5 

366 

17 
,354 

255 

0 1 2 
85.4  ,160.5 138.1 ,2992.4 4 7 . 9  9 2 . 9  73.5 <30.3 231.3 
22.7 105.4  9.6 3540.6  34.5 19.5 61.4 37.0 52.2 

( 1 )   T o t a l   f r o n t   h a l ?  of EPA T r a i n   ( p r o b e  wash p l u s   f i l t e r )  

U 



Table 3 

B . C .  H Y D R O  TRACE ELEMENT STUDY 
TYPICAL  MATERIAL BALANCE 

ELEMENT INPUT ELEMENT OUTPUT TOTAL OUTPUT 

Trace  Element  Input  Bottom Ash 
Element Kg/hr  Kg/hr  Kg/hr  Kg/hr Kg/hr** Kg/hr 

Flyash Flyash Emitted Vapour Phase  Mat'l 

Mean S t d  Oev Mean Std Oev Mean S t d  Dev Mean Std Dev Mean S t d  Oev 

H9 0.004 f 0.001  0.0003 + 0.0004  0.0008 f 0.0008 <0.002 ' +  0.00002  <0.0037 5 0.0027 <0.007 + 0.004 

- <0.001 + 0.0008 <0.0353 T 0.0207 ~ 1 . 3 9 0  T 2.349 
F 6.17 T 1.93  <0.180 T 0.080 
AS 

1.430 7 1.340 
0.52 T 0.37  0.010  0.007  1.370 T 2.320 

0.030 T - 0.004  0.4000 + 0.1393  <2.040 T 1 .563  

Se 0.50 + 0 . =9 J J  0.030 + n "q" 0.260 + 0 . 1 6 0   4 . 0 0 5  t 0.005 
Be 0 .02  T 0.01 0.002 T 0.0015 

<0.0123 5 0.0146  cO.308 T 0.200 
0.030 T 0.010 

B 0.61 T 0.42 0.070 T 0.0065 
<O. 0001 T 0.00003  <0..032 T 0.01 

1.210 T 0.890 
Cd 0.05 T 0.03  0.002 T 0.0006 

0.014 T 0.011 
0.020 7 0.010 

1.294 T 0.908 

Cr 
<0.002 T 0.0009 

2.31 T 0.83  0.400 5 0.390  3.460 T 1.900  0.003 T 0.00002 
cu >27.84  T 18.44  >1.650 f 1.080  >13.080 7 2.250  0.005 T 0.0014 

3.860 T 2.290 

Pb 0.66 T 0.19 0.030 T 0.010  0.790 T 0.580 
Mn >24.14 T 21.60 2.080 0.520 
Mo 0.19 T 0.02 0.020 f 0.018 

>9.550 f 4.940 
0.190  0.100 

0.054 T 0.017  >11.684 T 5.477 

Ni 1.74 T 1.67  0.130 T 0.050  1.470 T 1.770 
<0.0024 T 0.0008 

Sr 
0.008 T 0.0006 

8 .79  T 5.02  0.930 T 0.520 
- 1.608 T 1.821 

>6.940 + 3.530  0.005 T 0.0026  >7.875 T 4.053 
0.2507 T 0.1304 

>9.700 T 3.440 
Z n  2.78 T 1.16 

4.0013  0.0013  >11.081 7 4.451 
- 0.140 5 0.090 5 . 0 3 0  5 4.070  0.014 T - 0.0002 > 5.184 T - 4.160 

- - - 
U . U L U  

<O. 024 T 0.01 2 

>14.735 T 3.331 
<0.0014 T 0.0002 - <0.821 T 0.590 

Q.212 T 0.119 

U 0.29  T 0.03 0.020 5 0.010  0.230 T 0.120  0.0007 T 0.0004* 
V 8 .62  T 5.78 >1 .380 f 1.010 

Parameters:  Coal Flow = 50,000 K g / h r  (Wet Bas i s )  
Bottom Ash = 2437.5 Kg/hr  
Flyash = 13812.5 K g / h r  
Flyash Emitted = 41.4 K g / h r  

* Value  for  uranium  based o n  mean value 
of  uranium i n  composite A ,  8 and C 
hopper  catch  (Table  3-5 Appendix 3 )  

** Values   a r e  sum o f  s t ream  output  
means o r   s t a n d a r d   d e v i a t i o n s  m 



APPENDIX 1 

TRACE  ELEMENT  EMISSION  RATE  DETERMINATIONS 



Al-1 

RESULTS 

REFERENCES 

Two so l id   phase /vapour   phase   emiss ion   ra te  tests 
were  conducted a t   t h e   p r e c i p i t a t o r   o u t l e t   f o r   e a c h  
of   the   fo l lowing   t race   e lements  

- mercury 
- f l u o r i d e  
- a r s e n i c  
- selenium 

A d e t a i l e d  summary o f   r e su l t s   o f   t he   so l id   phase /vapour  
phase t e s t  program for  each  of  the  four  elements is  
presented  in  Table 1 - 1 .  

On August  14  arsenic  emission  rates  were  determined 
using t h e   c o n c e n t r a t i o n  and f lue   gas   f l ow  r a t e  
determined  using  the EPA sample t r a i n .  

On August 20 and 21 the   t r ace   e l emen t   t e s t s   were  
conducted  during the same t ime   pe r iods   t ha t   t he  
P r e c i p i t a t o r   S t u d y ( ] )  was conducted.  For the 
P r e c i p i t a t o r   S t u d y   i n l e t  and o u t l e t   g a s  volumes  were 
measured  and  because  of  the  favourable  agreement 
be tween  the   in le t  and ou t l e t   va lues   t he   gas  volumes 
de te rmined   fo r   t he   p rec ip i t a to r   s tudy   were  used t o  
c a l c u l a t e   t h e   t r a c e   e l e m e n t   e m i s s i o n   r a t e s .  The 

were c o n s i s t e n t l y  low wi th   r e spec t  t o  t h e   P r e c i p i t a t o r  
volumes  determined by the  t race  e lement   sample  t ra in  

Study. 

The coa l   f l ow  r a t e   fo r   each   t e s t   pe r iod  was determined 
by o the r s   and   supp l i ed   t o  WR&D by B . C .  Hydro. 

( 1 )   P r e c i p i t a t o r  S tudy  f o r  Hat  Creek C o a l  T e s t  
B u r n .  Western  Research & Development. November 
1977 (WR&D Job 3462) 



HAT CREEK COAL TEST BURN 
B.C.  HYDRO TABLE 1 - 1 

TRACE  CONTANINANTS - SOLID PHASE/VAPOR  PHASE 

Contaminant   Mercury   (Hg)   F luor ide  (F-) Arsen ic   (As)   Se len ium  (se)  

T e s t  Number T e s t  1 T e s t  2 T e s t  1 T e s t  2 T e s t  1 T e s t  2 T e s t  1 T e s t  2 

Test   Date  21/77 Aug  21/77 Aug 20/77 Aug 20177  Aug  14/77 Aug 14/77 Aug 21/77 Aug  21/77 

Coal  Flow  Rate  (Dry)  Kg/hr  9,890  14,170  16,700 
F l u e  Gas  SCFM ( D r y )  54,617  84,936 

19,490  11,720**  10,980**  9,890 
95,660 

14,170 

M3/MIN ( D r y )  1,547 
96,587  42,174 

2,406  2,709  2,735 
36,866  54,617 

1,194  1,044  1  ,547 
84,936 

2,406 

T o t a l   P a r t i c u l a t e  !?Is/!? 3 * 22.0 125.9  139.6 108.8 2502.3 247.8 22.0 125.9 

Contaminant   Concent ra t ion :3  
Sol i d  mg/M3 <0.0011 <0.0062 0.1068  0.1296 
Gaseous 

~ 0 . 0 3 1 4  <0.0102  <0.0048 
<0.0025 <0.0093 

<O. 0036 
m d M 3  0.9047 

T o t a l  
1.5379 

mg ji.1 <0.0036 ~0 .0155   1 .0115  
~ 0 . 0 5 2 4  <0.0170  <0.0146 ~ 0 . 0 1 8 2  

1.6675  <0.0838  <0.0272  <0.0194 ~ 0 . 0 2 1 8  

Contaminant   Emiss ion  Rate 
Sol  i d   g / h r  eO.102 <O. 895  17.360  21.270  <2.249  <0.639  <0.445  <0.518 

g/hr   <0.232 Gaseous  <1.343  147.040  252.370 ~ 3 . 7 5 4  <1.065 4 . 3 5 8  Q.627 
Total   g/hr  <0.334  Q.238  164.400  273.640  4.003  <1.704  <1.803  <3.145 

Total  Contaminant  0.000164  0.000123  0.007250  0.007980  0.000033  0.000110  0.000883  0.000173 
T o t a l   P a r t i c u l a t e  
Average O.OOOl44 0.007620  0.000072  0.000528 

Gaseous f r a c t i o n   o f   C o n t a m i n a n t   0 . 6 9 4  0.600 0.894  0.922  0.625 0.625 0.753  0.835 
T o t a l   c o n t a m i n a n t  
Average  0.647  0.908  0.625  0.794 

" _ ~  T o t a l  "" C o n t a m i n a n t   0 . 0 3 4 ~ 1 0 - ~   0 . 1 5 8 ~ 1 0 - ~   9 . 8 3 7 ~ 1 0 - ~   1 4 . 0 2 7 ~ 1 0 - ~  0 . 5 1 2 ~ 1 0 ~ ~ 0 . 1 5 5 ~ 1 0 ~ ~ 0 . 1 ~ 2 ~ 1 0 ~ ~  0 . 2 2 2 ~ 1 - ~  
To ta l   Coa l   (D ry -bas i s )  
Averdye  n.096xlO-6  11  .932x1 0-6 0 . 3 3 4 ~ 1 0 - ~   0 . 2 0 2 x 1  o-6 
* T o t a l   P a r t i c u l a t e   C o n c e n t r a t i o n   b y  €PA T r a i n  
** Percen t  Ash i n  Coal  on Wet Bas is  Taken as  Average  Value of  Aug 20 and  21,  1977. 

3 
1 
N 
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TEST METHODS Trace   e lemen t   em iss ion   ra tes   were   de te rm ined   a t   t he  
p r e c i p i t a t o r   o u t l e t   b y  means o f  a s tandard  EPA t y p e  
s a m p l i n g   t r a i n  as  shown i n   F i g u r e   1 - 1 .  

An i n t e g r a t e d  gas  sample was o b t a i n e d   b y   i s o k i n e t i c  
s a m p l i n g   a t   p r e - s e l e c t e d   t r a v e r s e   p o i n t s   t h r o u g h  a 

were  mainta ined  above  the  s t ream dew p o i n t .  The 
sharp-edged  nozz le.  The probe  and f i l t e r   t e m p e r a t u r e s  

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

The Hz0 c o n t e n t   o f   t h e   s t r e a m  was c a l c u l a t e d   f r o m  
t h e   v o l u m e   i n c r e a s e   o f   t h e   i m p i n g e r   s o l u t i o n s .  The 

was co l rputated  by a m e t h o d   t h a t  assumes s a t u r a t i o n  
v a p o u r   l e a v i n g   i m p i n g e r  3 and  absorbed  by   the   des iccant  

o f   t h e  sample  stream a t   i m p i n g e r  3 o u t l e t   c o n d i t i o n s .  

The p a r t i c u l a t e   c o n c e n t r a t i o n   o f   t h e   s t r e a m  was 
based   upon   the   t o ta l  mass o f   p a r t i c u l a t e s   c o l l e c t e d  
b y   t h e   p r o b e   a n d   f i l t e r   ( f r o n t - e n d ) .   Q u a n t i t a t i v e  
r e c o v e r y   o f   t h e   p a r t i c u l a t e   f r o m   t h e   p r o b e  and 

a l l ow ing   subsequen t   evapora t i on .  The f i l t e r   c a t c h  
f ron t -end   g lassware  was achieved  by  washing  and 

was de te rm ined   by   t he  mass g a i n   o f   t h e   f i l t e r   a f t e r  
i t  was d r i e d   t o  a constant  mass. 

IMPINGER SOLUTIONS The p r o c e d u r e   f o r   e a c h   t e s t  was s p e c i f i e d   b y   E n v i r o n m e n t a l  
Research & Technology,   Inc.  

Mercury  and  Selen ium 

The apparatus  and  method  correspond  to  EPA 
Reference  method  01-01-01-05. The imp inger  
s o l u t i o n s   u s e d   w e r e :  

IMPINGER 1. 6M hydrogen  perox ide  

IMPINGER 2. D.2M ammonium p e r s u l f a t e  + 
0.2M s i l v e r   n i t r a t e  

IMPINGER 3. 0.2M ammonium p e r s u l f a t e  t 
0.2M s i l v e r   n i t r a t e  

IMPINGER 4. s i l i c a   g e l  



A 1 - 4  

FIG 1 - 1  C O N C E N T R A T I O N  OF P A R T I C U L A T E   M A T T E R   I N  A  GAS  STREAM 
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0 A r s e n i c :  

The reference  method i s  and 
t h e   i m p i n g e r   s o l u t i o n s   w e r e :  

IKPINGER 1.  10%  hydrogen  peroxide 
1P:PINGER 2. 10%  hvdroaen  oerox ide ~~ 

IPIPINGER 3. 0.1 N- sodrum  hydrox ide 
IKPINGER 4. s i l i c a   g e l  

0 F l u o r i d e :  

The reference  method i s  EPA METHOD 13-B and  the  
i m p i n g e r   s o l u t i o n s   w e r e :  

IMPINGER 1. d i s t i l l e d   w a t e r  
I M P I N G E R  2. d i s t i l l e d   w a t e r  
IMPINGER 3. empty 
IMPINGER 4. s i l i c a   g e l  

EQUIPMENT WASHING Probe  and  Front-End  Glassware  Washing 
SOLUTIONS 

The  probe  and  f ront -end  g lassware  were  washed  wi th  
d i s t i l l e d   w a t e r   a f t e r   e a c h   t e s t .  

Impinger  Washing 

same s o l u t i o n   t h a t  i t  c o n t a i n e d   f o r   t h e   t e s t   i n  
Each i rnp inger  was r i n s e d   w i t h  a c l e a n   b a t c h   o f   t h e  

q u e s t i o n .  

EMISSION 
CALCULATIONS 

REFERENCE 

Western  Research & Development's  computer  programs 
were  used t o   c a l c u l a t e   t h e   f o l l o w i n g   f o r  each mass 
e m i s s i o n   t e s t :  

0 m o i s t u r e   c o n t e n t  
0 a v e r a g e   v e l o c i t y  of f lue gas 
0 t o t a l   f l u e  gas f l o w   r a t e  

The t o t a l   p a r t i c u l a t e   c o n c e n t r a t i o n  and t r a c e   e l e m e n t  
c o n c e n t r a t i o n s   w e r e   c a l c u l a t e d   m a n u a l l y .  

The f o l l o w i n g  pages   p resen t   t he   compu te r   p r i n tou t  
and  manual c a l c u l a t i o n s .  

( 2 )  T e s t   m e t h o d   f o r   a r s e n i c   f u r n i s h e d   b y  Jim S t e i n e r  
o f  Ae ro the rm  Corpo ra t i on   (Ae ro the rm  Corpo ra t i on  
p r e s e n t l y   u n d e r   c o n t r a c t   t o  EPA t o   d e v e l o p  
t e s t i n g  and a n a l y t i c a l  methods f o r   v a r i o u s  
t r a c e   e l e m e n t s )  
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JOB N U M B E R  3463 
12/11/77 

SUBJECT:  8CH - Trace Contaminants- BY 3 . h L  

tern Research & Development 
Oir,r#on "1 tlnr " 1 4 8 L . "  " t . I "Y I<P  S-l",Crr La,, DATE 

A u q  21/U Mercury SHEET 1 OF 1 

iercury 

Sol id  probe wash 

Total  
f i l t e r  

Gaseous 

- o t a l   S o l i d s   f i l t e r  

Total  
r e s idue  

;as  Volume Sampled 

b13 Dry 
OSCF 

:oncent ra t ion  

So l id  Hg 

Total  
Gaseous Hg 

T o t a l   p a r t i c u l a t e  

Hg 

la t io   Tota l  Hg 
T o t a l   p a r t i c u l a t e  

l a t i o  Gaseous Hg 
Total  Hg 

; o i l e r   E f f l u e n t  
( P r e c i p i t a t o r  S t u d y )  

:mission 

So l id  Hg 
Gaseous Hg 

Total  Hg 

loa1 Rate  (Dry) 

! a t i o  Total  Hg 
UNIT WT COAL 

TEST 1 

<0.0005 mg 
0.001 mg 

<0.0015 rng 

<0.0035 mg 

02. 60 
27.57 mg 
__ mg 
30.17 mg 

___ 

< O .  001 1 mg/M3 3 

< O .  0036 mg/M 
<0.0025 rng/Ff3 

22. o mg/!d3 

<0.000164 

0.694 

54617 DSCFM 
1547 DM3/M 

181 "C 

~ 0 . 1 0 2  g/hr 
<0.232 g / h r  

~ 0 . 3 3 4  g/hr 

9,890 Kg/hr  

0 . 0 3 4 ~ 1 0 - ~  

__ 

TEST 2 A V E R 4 G E  

c.0005 mg 
.I3055 mg 

<.0060 mg 

< .009 mg 

103.26 mg 
13.22 rng 

1 Z E Z  mg 

___ "" 

34.29 
0.971 

<O. 0062 mg/Mi 
< O .  0093 mg/l.I3 
<O. 01 55 mg/M 

125.91 mg/M3 

<0.000123  <0.000143 

0.60  0.647 

94936 DSCFM 
2406 DM3/M 

185 O C  

~ 0 . 8 9 5  g/hr 
<- g / h r  

<2.238 g/hr 

14,170 Kg/hr 

: o t e  Hg con ten t  i n  Sample 1 - b lank   r ead ing   fo r   imp inge r   so lu t ion .  
An e r r o r  was assumed, thlus, c a l c u l a t i o n s   d i s r e g a r d e d   f i g u r e .  



JOB N U M B E R  3463 

DATE 1 2 / 1 1 / 7 7  ___~-  4 
tern  Research & Development 

<>,",W"" 101 BClX " * # I t . ,  H,.5,,,,:<* S P , . . ,  es L l U  

SUBJECT: B C H  Trace  Contaminants BY OGC . 
Aug 20f 77 F luor ide  I SHEET 1 01: 

1 

1 uor i  de TEST 1 

Sol id   p robe  wash 0.173 mg 
f i l t e r  ~ 0.003 mg 
Total  0.176 mg 

Gaseous  1.491 mg 

o t a l   S o l i d s  

f i l t e r  

Total  
r e s idue  

a s  Volume Sampled 

DSCF 
N3(Dry) 

oncen t r a t ion  

212.0 mg 
~ m9 
230.0 mg 

18 .0  

58.196 
1 .648 

S o l i d  F 0.1068 mg/M3 3 
Gaseous F 0.9047 mg/M3 Total  F 1.0115 mg/M 

T o t a l   P a r t i c u l a t e   1 3 9 . 6  mg/M3 

a t i o   T o t a l  F 0.00725 
T o t a l   p a r t i c u l a t e  

a t i o  Gaseous F .8944 
Total 

o i l e r   E f f l u e n t  95660 OSCFM 
( P r e c i p i t a t o r   S t u d y )  

mission 

S o l i d  F 
Gaseous F 
Total  

2709 DM3/M 
194 " C  

17.36 g /hr 
~- 147.04 g /hr 

164.4 g /hr 

oal  Rate  16,700 Kg/hr 

a t i o  Total  F 9 . 8 3 7 ~ 1  0-6 
UNIT WT COAL 

TEST 2 

0.153 rng 

0.154 mg 

1.827 rng 

__ 0.001 mg 

184.1 mg 
mg 

248.1 mg 

41.945 
1.188 

0.1296 mg/M3 3 

1.6675 mg/M 
1.5379 mg/M3 

208.8 mg/M3 

0.00798 

0.9223 

96587 DSCFM 
2735 DI@/M 

197 " C  

252.37 g /hr 
21.27 g /hr 

273.64 g /hr 

19,490 Kg/hr 

1 4 . 0 2 7 ~ 1  0-6 

AVERAGE __- 

0.11  82 mg/M3 3 

" 1.221 3 rng/M3 
1.3395 mg/M 

174.2 mg/M3 

0.0076 

0.908 



Western Research & Development 
",",%"" , ) l  B O X  "a,#e" "trl"(rr  bel",, e /  , t i  

SUBJECT: ~ BCH - T r a c e c o n t a m i n a n t s  

JOB NUhlBER 3463 

DATE Oec 12/77 

BY 614s 
A u q  14/77 - Arsenic  SHEET 1 ~ OF 1 - 

r s e n i c  "_ TEST 1 

S o l i d s  probe wash a .  01 0 
f i l t e r  

mq 
cO.002 . mg 

Total  <0.012 mg 

Gaseous <o. 020 mq 

Total 
S o l i d s   f i l t e r   1 5 . 8 7  

res idue   940  
mg 

Total  955.87 
mg 
mg 

__ 

Gas  volume sampled 

OSCF 13.484 
M3 Dry 0.382 

Concentrat ion 
s o l i d  As <O.  031 4 mg/M3 3 
qaseous As 
Total  As <O. 0838 m q / M  

<0.0524 mg/M3 

Tota l   Par t icu la te   (Dry)   2502.28  mq/M3 

Rat io   Total  As <0.000033 
T o t a l   P a r t i c u l a t e  

Ratio  Gaseous As 0.6253 
Tota l  As 

B o i l e r  Effluent 42,174 DSCFM 
(Trace  element t e s t )  11  94 DP13/mi n 

169 "C 
Emission 

S o l i d  As <2.249  olhr  
Gaseous As 
Tota l  As 

<3.754 i)hr 
c6.003 g / h r  

Coal  Rate  11,720 Kq/hr 

Rat io   Tota l  As 4 . 5 1  2x1 0-6 
UNIT WT C O A L  

TEST 2 A V E R A G E  -_ 

48.19 
243 

mg 
mg 

291.19 mg 

41 .518 
1 .175  

<0.0102 mg/Mi <O. 01 70 mg/M3 <0.0272 mq/M 

247.82 m q / M 3  

~ 0 . 0 0 0 1 1 0  

0.625 

36,866 DSCFM 
1044 DM3/mi n 

188 "C 

<O. 639 q/hr 
C1.065 g / h r  <m q/hr 

10,980 Kg/hr 

< 0 . 1 5 5 ~ 1 0 - ~  Avg. = < 0 . 3 3 4 ~ 1 0 - ~  



JOB NUMBER 3463 
tern  Research & Development 

OWI#". ,  "l Box "a,le" I(tl"",<S SF." ( 0 5  i t , ,  DATE Oec 1 2 / 7 7  
SUBJECT:  BCH - Trace  Contaminants BY GMS 

Auo 21/77 - Selenium I SHEET 1 0,: 1 

Selenium TEST 1 

Sol  id  probe wash <O. 00618 mg 
< 0.0004 mq f i l t e r  - 

Total <O. 00658 mg 

Gaseous <0.0201 mg 

Total  
S o l i d s   f i l t e r   2 7 . 5 7  mg 

Total  
res idue  2 .60 rng 

30.17 mg 

Gas Volume Samples 

DSCF 
M3 Dry 

48.50 
1.374 

Concentrat ion 
s o l i d  Se ~ 0 . 0 0 4 7 9  mg/M3 3 
gaseous Se <0.01463 mg/M3 
Total  Se <O. 01 942 mg/M 

Total  
P a r t i c u l a t e  22.0 mg/M 3 

Rat io   Total  Se < O .  000883 
T o t a l   P a r t i c u l a t e  

Ratio  Gaseous Se 0.75334 
Total  Se 

B o i l e r   E f f l u e n t  
( P r e c i p i t a t o r   S t u d y )  

5461 7 DSCFM 
1547 DM3/M 

181 "C 

Emission 

So l id  Se 
Gaseous  Se 

<0.445 g / h r  

Total  Se 
< I  .358 g/hr  
~ 1 . 8 0 3  g/hr 

Coal Rate  9,890 Kg/hr 

Ratio  Total  Se  <0.182xlO- 6 
UNIT WT COAL 

TEST 2 A V E R A G E  

< 0.00309 mg 
< 0.0004 mg 
< 0.00349 mg 

<O. 01 77 mg 

109.26 mg 
13.00 rng 

122.26 mg 

<0.00359 mg/M3 3 
< 0.0182 mg/M3 
<0.02179 mg/M 

125.91 rng/M3 

<0.000173 

0.83525 

84936 DSCFM 
2406 DM3/M 

185 "C 

<0.518 g / h r  
<2.627 g /hr  
<3.145 g / h r  

14,170 Kglhr 

<O. 222x1 0-6 Avg . = <O. 202x1 0-6 
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LABORATORY  ANALYSES 

S u b c o n t r a c t o r  All sample t r a i n ,   c o a l ,   f l y a s h  and  bottom  ash 
samples  were  analysed  by  Environmental   Research 8 
Technology,  Inc.,  Concord,  Massachusetts. 

Sample T ra in   Ca tch   Tab le   2 -1   g i ves  a d e s c r i p t i o n   o f   e a c h  sample  analysed, 
i n c l u d i n g   b l a n k   f i l t e r s  a n d   s o l u t i o n s .  The samples 
were   ana lyses   fo r  

- mercury  
- f l u o r i d e s  
- a r s e n i c  
- se len ium 

The r e s u l t s   a r e   g i v e n   i n   T a b l e  2-2. F i l t e r  and  probe 
wash  samples f o r  August   21,   1977  were  analysed  for  
a l l   t r a c e   e l e m e n t s   c o v e r e d   b y   t h i s   s t u d y .  

Coal  Samples 

Bottom Ash 

F l yash  

P r e c i p i t a t o r  
I n l e t  

D i s c u s s i o n  

Pu lve r i zed   coa l   samp le   ana lyses   a re   g i ven   i n   Tab le   2 -3a  
t o  2-3c fo r   Augus t   14 ,  20,  and  21,  1977. 

B o t t o m   a s h   a n a l y s e s   f o r   e a c h   t e s t   d a y   a r e   l i s t e d   i n  
Tables  2-3a  to   2-3c.  

F l y a s h   a n a l y s e s   f o r   e a c h   t e s t   d a y   a r e   l i s t e d   i n  
Tables  2-3a  to   2-3c.  

Four  samples o f   f l y a s h   c o l l e c t e d   i n   t h e   p r e c i p i t a t o r  
i n l e t   d u c t   w h i l e   c o n d u c t i n g   t e s t s   f o r   t h e   P r e c i p i t a t o r  

elements.  The r e s u l t s   a r e  shown i n   T a b l e  2-4. 
Study  on  August  20  and 21 w e r e   a n a l y s e d   f o r   t r a c e  

Due t o  sample s i ze   and   componen t   concen t ra t i ons   sow 
a n a l y s e s   r e s u l t e d   i n   c o n c e n t r a t i o n s   t h a t   w e r e   l e s s  
t h a n   t h e   d e t e c t a b l e  limit o f   t h e  measurement  instrument.  
T h e s e   a n a l y s e s   a r e   n o t e d   w i t h  < s igns   and   t he  m a t e r i a l  
b a l a n c e s   c a r r y   t h e s e   s i g n s .   S i m i l a r l y ,  some ana lyses  
f o r   m a j o r  components r e s u l t e d   i n   c o n c e n t r a t i o n s  above 
t h e   r a n g e  o f  the   measurement   ins t rument   and  the   va lues  
a r e   n o t e d   w i t h  > s igns .  
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TABLE 2 - 1 

B.C. HYDRO TRACE  ELEMENT  STUDY 

SAMPLES  FOR  LABORATORY  ANALYSES 

Sample 

Number 

D e s c r i p t i o n  

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13  

14  
15 

16 

17 

18  

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

B l a n k   f o r   M e r c u r y  & Selenium,  50/50 A C J N O ~ / ( N H ~ ) ~ . S ~ ~ ~  

B lank   fo r   Mercury ,   Se len ium,  & A r s e n i c   D o u b l e   d i s t i l l e d   w a t e r  

B l a n k   f o r   M e r c u r y  & Selenium, 6M H202 

B l a n k   f o r   A r s e n i c ,   0 . 1  N NaDH 

1 s t   i r n p i n g e r  wash T e s t  1 (Hg/Se) 
1 s t . i m p i n g e r  wash T e s t  2 (Hg/Se) 
2nd & 3 r d   i m p i n g e r  wash T e s t  1 (Hg/Se) 

2nd & 3 r d   i m p i n g e r  wash T e s t  2 (Hg/Se) 
Probe  wash  Test 1 (Hg/Se) 

Probe  wash  Test 2 (Hg/Se) 

Probe  wash  Test 1 ( A r s e n i c )  

Probe  wash  Test 2 ( A r s e n i c )  

1 s t  & 2nd  imp inger   Tes t  1 ( A r s e n i c )  

1 s t  & 2nd  imp inger   Tes t  2 ( A r s e n i c )  
3 rd  imp inger  T e s t  1 ( A r s e n i c )  

3 r d   i m p i n g e r   T e s t  2 ( A r s e n i c )  

Probe  wash  Test 1 ( F l u o r i n e )  

Probe wash T e s t  2 ( F l u o r i n e )  

I rnpinger wash T e s t  1 ( F l u o r i n e )  

Imp inger  wash T e s t  2 ( F l u o r i n e )  

B lank  Whatman f i l t e r   p a p e r  

B lank  Gelman g l a s s   f i b e r   p a p e r  

F i l t e r  #1 - F l u o r i n e   T e s t  1 

F i l t e r  #2 - F l u o r i n e   T e s t  2 

F i l t e r  #54 - A r s e n i c   T e s t  1 

F i l t e r  #55 - A r s e n i c   T e s t  2 

F i l t e r  %57 - Hg/Se T e s t  1 

F i l t e r  #58 - Hg/Se T e s t  2. 



TABLE 2 - 2 

B . C .  HYDRO TRACE ELEMENT STUDY 

LABORATORY ANALYSES OF SAMPLED  EMISSIONS 

SAMPLE N U M B E R  

1 2 3  4  5 6 7 8 9 10  11  12  13 

Sanlpl e Volume 

Mercury 
F luor ide  
Arsenic  
Selenium 
Beryl 1 i um 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Stront ium 
Urani u m  
Vanadiurn 
Zinc 

Residue 

172 172 

133,n  < 1 , c  
<17.0 
<10.0 

< 5.16 < 5.16 
< 0.86 

15 .48  
< 0.86 
< 0.86 

1.72 

< 0.34 
< 8.60 

< 1.72 
< 1.72 
< 0.34 

1376 

< 7.72 
< 0.86 

< 1 . 0  

90 327  250  225 420  365 206 103  407  186 51 0 

2 . 3  2 .5   7 .9   1 .0  1.1 1 .0   5 .5  

<10.0  C10.0 <10.0 C10.0 < l o .  0 
< 2.70 <7.50  <6.75  <12.60  <10.95 < 6.18 < 3.09 

24.72 5.15 
0.45 < 1.64  < 2.04 < 0.93 < 2.55 

4.50  16.35 

< 1 . 0 3  1.34 

4 .94  8.76 
1.44 5.97 

~~ 

28.49 < 9.30  <25.50 
26.57 79.93 

< 2.06 4.53 
6.18 21.63 
1.65 3.09 

< 206 299 
< 1.03  1 . 1 3  
8.24 37.29 

2 . 6  1 3 . 0  940 .0  243.0 

D 
N 

W 



TABLE 2 - 2 (CONTINUED) 

B . C .  HYDRO TRACE  ELEMENT STUDY 

LABORATORY ANALYSES OF SAMPLED  EMISSIONS 

SAMPLE NUMBER 

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Sample Volume ml 440 208 254 230 

Mercury u g  
F1 uor i  de u 4  
Arsenic 
Sel eni um 
Beryl 1 ium 
Boron 
Cadmium 

Copper 
Chromium 

Lead 
Manganese 
Molybdenum 
Nickel 

Uranium 
S t r o n t i u m  

Vanadium 
Zinc 

173.0 

Residue mg 18.0 

232 645 61 0 NA 

153.0  1491.0  1827.0  6 .0  

<0.60 
4 . 0 7  

<0.1 
1 .n 

1.10 

<O. 67 
2.96 
0.22 

n. 32 

0.86 
0.10 

0.12 
1.84 

64.0 

NA NA NA NA NA NA 

9 . 0  7.0 
CO.50 

<2.0  <2.0 
< 0.40 

2.09 

N A  

< 0.50 

0.40 

17 .9  

2.67 
1 .87  

6.51 

46.7 
1 .29  
1.73 

16 .5  

0.68 
3.87 5.31 



B.C. HYDRO TRACE  ELEMENT  STUDY 
TABLE 2 - 3a 

ANALYSES OF PULVERIZED COAL,  BOTTOM ASH, AND FLYASH 
mg/kg BY WEIGHT 

AUGUST 14,  1977 

ELEMENT Pul.   Coal  
AM 

B o t t .  Ash Ash-A F i e l d  
AM 

0.04 
36 

Ash-B F i e l d  
AM 

Pul. Coal 
PPI 

Ash-A F i e l d  
PM 

0.04 
24 
32 

Ash-B F i e l d  
PM 

0.05 
44 
63 

Ash-C F i e l d  
PM 

0.05 
300 

4 
14 

4 
130 

430 
> l o o 0  

" 
I Y  

Mercury  
F l u o r i d e  
A r s e n i c  
Selenium 
B e r y l  1 i urn 
Boron 
Cadmi urn 
Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
N i c k e l  
S t r o n t i u m  
Uranium 
Vanadium 
Z i n c  

0.10 
100 

0.11 
120 
1 
1 

0.07 
44 

9 

37 
1 

0.5 

" 

13 

0.04 
100 

8 
2 
0.7 

55 
13  
2 
66 

19  
3 
59 
0.6 

21 
3 
140 
2 

0.3 
7 0.4 

0.8 0.6 
64 
750 
20 
110 
8 
77 

0.6 
27 
360 
48 
120 
12 

0.6 
36 72 

140 
13  

120 
.loo0 

13 

220 430 
420 
11 

> loo0  
35 
640 

> l o o 0  
69 

> l o o 0  
17 

~~ 

200 
> l o o 0  

25 
500 

160 
4 
6 
84 

. .  
530 
4 
29 

> loo0 
7 
25 

9 
78 
300 
17 
570 
100 

37 
680 
12 

>loo0 
350 

lio 
2 

250 
11 

180 
7 

>1 no0 
44 6 

240 
27 

> l o o 0  
620 

430 
> l o o 0  

79 
41 

> loo0 
230 

420 
55 

800 
460 41 

P 
N 
I 

L r  



TABLE 2 - 3b 
B.C. HYDRO TRACE  ELEMENT  STUDY 

ANALYSES OF PULVERIZED COAL,  BOTTOM ASH, AND FLYASH 
mg/kg BY WEIGHT 

AUGUST 20, 1977 

ELEMENT Ash-C F i e l d  Ash-B F i e l d  Ash-A F i e l d  B o t t .  Ash Pu l .   Coa l  Ash-C F i e l d  Ash-B F i e l d  Ash-A F i e l d   B o t t .  Ash Pul .   Coal  
AM P M PM PEI PM PM AM AM AM AFI 

Mercury  
F1 luor ide 
A r s e n i c  
Selenium 
B e r y l  1 ium 
Boron 
Cadmi um 
Chromium 
Copper 
Lead 
flanqanese 
Molybdenum 
N i c k e l  
S t r o n t i u m  
Uranium 
Vanadium 
Z i n c  

0.08 

11 
1 9  
1 
1 5  
0.8 
40  
530 
13  
> l o o 0  
4 
11 

6 
110 

46 
120 

180 
0.42 
76 
2 
23 
1 
71 
0.9 
430 

> l o o 0  
5 

> l o o 0  
21 
40 
61 0 
17 

> l o o 0  
17 

0.03 0.05 
110 

0.03 
160 

0 .06  
140 

0.02 
160  72 

40 52 110  12 37 
0.6 0.8 1 1 0.5 ~~ ~~ 

220  380  380 60 i 20 
> l o o 0   > l o o 0   > l o o 0   > l o o 0   > l o o 0  

35 60 40 9 19 
960 
17 

> l o o 0  430  66 
19 

> l o o 0  
4 8 8 

78  35  40  13  86 
680 
17 

360 
15 

540 
15 

170 560 
5 14 

950  840  840  65 
280 250  280 38 41 

> l o o 0  

0.05 
84  
28 
40 
2 
50 
1 
130 

> l o o 0  
40 
51 0 
13  
90 
540 

630 
15 

110 

0.06 0.03 
92 130 
59  75 
43 
2 2 
260  200 

~~ 

13 

0.7 2 
320 31 0 

> l o o 0  > l o o 0  
64 88 
480 370 
16  12 
16 43 



TABLE 2 - 3~ 
B . C .  HYDRO TRACE ELEFIENT STUDY 

ANALYSES OF PULVERIZED COAL BOTTOH ASH, AND FLYASH 
mg/kg  BY WEIGHT 

AUGUST 21, 1977 

ELEMENT Pul .  Coal Bot t .  Ash Ash-A Field Ash-B Fie ld  Ash-C Field  Ful .  Coal Bot t .  Ash Ash-A F i e l d  Ash-B Field Ash-C F i e l d  1 AM I AM 1 AM AM I AM 1 PM I FM I PM 1 PM 1 PM 

Mercury 
F luor ide  
Arsenic 
Sel  eni u m  
Beryl 1 i u m  

Cadmi um 
Boron 

Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Stront ium 
Uranium 
Vanadium 
Zinc 

0.05 0.12 
8 4  
23 
27 

3 
18 

- < 2 0  

0.8 0.8 

2 
25 23 

41 
0.5 
170 

>loo0  >loo0 
20 13 
140 740 
3 4 

60 go 
350 
10 

390 

160 
9 
370 

71 96 

0 .03   0 .3  0.04 

0.9 
53 

2  1 
97  60 

0.6 0.8 0.  5 
320 120  74 

>loo0 
31 

>loo0  >loo0 
30  40 

~. .~ . .  

9 
140 > 1000 > 1000 

4  9 
27 42 
450 

45 

13 
280 28 
1 2  5 

>loo0 
180 

260 
110 

>loo0 
430 

0.07  0.02 
96 < 20 
7 

- 
3 

4 8 
0 .3  0 . 5  

13 20 
> 1000 >loo0 

4 7 
60  45 

6 
230 

23 
350 

370 
96 

- >500 
53 

<20 
0.05 

17 
10 
0 . 2  
10 
0.7 

> loo0  
120 

25 
> 1000 

9 
56 
340 
14 

>610 
90 

- 

0.05 0.03 
28 76 
200  730 
34 34 
2 2 
88 44 
1 7 
320 400 

- 

>loo0 >loo0 
86 64 

>loo0 >loo0 
32 16 
150 150 
450  570 
22  10 
710  >loo0 
620 31 0 

D 
N 
I 
U 
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Table  2  - 4 
B.C. HYDRO TRACE  ELEMENT  STUDY 

ANALYSES OF PRECIPITATOR INLET ASH 
rng/Kg BY WEIGHT 

DATE 

TIME 

SAMPLE NO. 

ELEMENT 

Mercu 
F1 uor 

r y  
,i de 

A r s e n i c  
Sel e n i  um 
B e r y l  1 i urn 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
N i c k e l  
S t r o n t i u m  
Uranium 
Vanadi urn 
Z i n c  

AUG 20,  1977 Aug 21,  1977 

AM 

M93 

<20 
0.19 

7 
15 

0.9 
51 
0.4 
210 

>loo0 

550 
13  

6 
150 

6 
120 

820 
71 

PM 

M76 

0.19 
<20 

65 
19 
2.0 
49 
0 .8  
360 

> l o o 0  
64 

>loo0 

87 
13  

500 
13 
470 
41 0 

AM 

M96 

<20 
0.4 

6 
38 

0 . 8  
46 
0 .5  
170 
660 
27 

>740 
5 
75 
230 
9 
180 
120 

PM 

M92 

4 0.29 
<20 

99 
23 
3 .0  
71 

430 
1 . o  

'1 000 
77 

'1 000 
21 
520 

> l o o 0  
4 

>loo0 
830 
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METHODOLOGY 

EXAMPLES 

P a r t  1 - Ash Reconc i l i a t ion  

Coal flow on a dry   bas i s  was determined from the   coa l  
f low  (wet   bas i s )   mul t ip l ied  by the r a t i o   o f   p e r c e n t  
ash on a wet   basis  t o  percent   ash  on a d ry   bas i s .  
Coal f low  (wet   basis)  was suppl ied  by B . C .  Hydro 
( P .  W i l l i s )  i n  l b / h r  and c o n v e r t e d   t o  Kg lh r .  

The flyash  produced  during  combustion was measured 
a t   t h e   p r e c i p i t a t o r   i n l e t  by WR&D d u r i n g  t h e  
p r e c i p i t a t o r   e f f i c i e n c y   t e s t s .  The values  were 
used t o   o b t a i n   t o t a l   f l y a s h  and  bottom  ash  flow  rates 
based on  an 85/15 s p l i t  o f  f lyash   t o   bo t tom  a sh   a s  
measured by the   combus t ion   t e s t   c r ew  du r ing   t he   t e s t  
b u r n .  

The a s h   r e c o n c i l i a t i o n   c a l c u l a t i o n   f o r   t h e  morning 
t e s t  o f  August  21,  1977 i s   i n c l u d e d   t o   i l l u s t r a t e  
the  methodology: 

0 Coal 
coal   f low  (wet   basis)  = 15,067 Ks/hr 
% a s h   ( w e t . b a s i s )  = 31 .7% 

coal   f low  (dry   bas i s )  = 15,067 x 0.317 
% a s h   ( d r y   b a s i s )  = 48.31% 

0.4831 

- 

= 9,886 Kg/hr 

a Ash 
measured   f l yash   f l ow  in to   p rec ip i t a to r  (ASTM t e s t s )  

= 4309 Kg/hr 

using  85/15 s p i l t  of   f lyash   to   bo t tom  ash :  

t o t a l  ash = 4309 x - 100 
85 

= 5069 Kg/h r  

bottom ash = 5069 - 4309 
= 760 Kg/hr  

ca lcu la ted   based  on coal  burned 

- 9886 Kg/hr coal x 48.31% ash = 4776 Kg/hr 

0 Check 

an 8 5 / 1 5   s p l i t  
Determined  from ASTM p r e c i p i t a t o r   i n 1 e . t   t e s t  and 

- t o t a l   a s h  i s  5069 Kg/hr  

d i f f e r e n c e  

- 5069 - 4776 = 293 Kg/hr 
Di f fe rence   as  a percent  o f  i npu t  = 6% 



A3-2  

RESULTS 

On  August 14, 1977 no  precipitator  efficiency  tests 
were  conducted,  therefore a number of  assumptions  were 
made in order  to  determine  the ash reconciliation. 

August 14 illustrate the  methodology. 
The  following  example for  the  morning  tests  of 

coal  flow  (wet  basis) = 16,308 Kg/hr 
7; ash (wet  basis) = average  of  ash  content 

for Aug 20 and 21 

= 31.8 + 37.6  +31.7 + 29.8 

= 32.2% 
4 

% ash  (dry  basis) = 44.82% 
coal  flow  (dry basis) = 16,308 x 0.332 

= 11,716  Kg/hr 

total ash = 11,716 x 0.4482 
= 5251 x Kg/hr 

assuming on 85/15  flyash  to  bottom  ash  split: 

total  flyash 
= 4463 
= 5251 x 0.85 

Kg/hr 

bottom  ash = 5251 - 4463 
= 788  Kg/  hr 

The rewlts of the ash reconciliation  for  August 14, 

August  21,  1977 PM the  ash  reconciliation i s  reasonable. 
20 and  21,  1977  are  given in Table 3-1. Except for 

the  coa'l  ash content  wet  basis. 
Explanations  for  August  21,  1977 PM may  be  found in 



T A B L E  3 - 1 

B . C .  HYDRO TRACE ELEMENT STUDY 

ASH  RECONCILIATION 

August  14 Augus t  20 Augus t  21 

AM P M AM PM AM PM 

Coal  Flow ( K g / h r )  Wet 16,308  16,749  25,120  27,107’  15,067  22,585 
Ash i n  Coal ( 7 ; )  Wet 32.20  32.20 31 .80  35.60  31.70  29.80 

Cod1 Flow { K y i h r )  Dry I I,/lb l U , Y / /  
Ash i n  Coal (7;) 

lb,bY8 
Dry 44.82  49.13  48.31  47.50 

lr,49i 
47.84 

9,886 
49.51 

i 4 , i 6 9  

Total  Ash (Ky/hr) Dry 5,251 5,393 8,974 10,273 5,069 8,917 

Bottom Ash (Kg/hr) Dry 788 809 1,346 1,541 760 1 ,338 

Flyash ( K g / h r )  Dry 4,463 4,584 7,628 8,732 4,309 7,579 

1 .  -.- .^ ”- ~- ”^ ~- 

Tota l  Ash 1 . o  1 . o  1.12  1 .06  1 .06  1 .32 
Coal f low (wet) x % Ash (wet) 

COMMENT No Flyash  Measurements O K  O K   O K  Poor 

D 
W 

W 



A 3 - 4  

METHODOLOGY 

P a r t  2 - Mate r i a l   Ba lance   Ca lcu la t ions   fo r  Each Tes t  

A mater ia l   balance  for   each  of   the  e lements  

- mercury 
- f l u o r i d e s  
- a r s e n i c  
- selenium 
- beryl 1 i um 
- boron 
- cadmium 
- chromium 
- copper 

- manganese 
- l ead  

- molybdenum 
- nickel  
- s t ron t ium 
- uranium 
- vanadium 
- z i n c  

was ca l cu la t ed   fo r   each   t e s t   conduc ted  on August 1 4 ,  
20, and 2 1 ,  1977. 

The mater ia l   balance 
fo l lowing   s impl i f i ed  

c a l c u l a t i o n  i s  i l l u s t r a t e d  by the 
flow  diagram: 

El 
ELEMEN'T BOTTOM 

IN ASH 
FLYASH STACK TOTAL 

EMISSIONS EMISSIONS 

August 14 ,  1977 

A compll?te   mater ia l   balance  for   arsenic  was 

were s p l i t  i n t o  s o l i d  and  vapour   f r ac t ions   s ince  
c a l c u l a t e d .  The s t a c k   e m i s s i o n s   f o r   a r s e n i c  

the  t race  e lement   sampling on t h i s   d a t e  was 
s p e c i f i c a l l y   f o r   a r s e n i c .  

A d d i t i o n a l l y ,  ERT ana lysed   the   a rsen ic   samples   for  
beryl l ium and lead  and ma te r i a l   ba l ance   ca l cu la t ions  
were made (so l id   phase   on ly) .  

The ma te r i a l   ba l ances   fo r   a l l   o the r   e l emen t s  do 
no t   i ndude   s t ack   emis s ions   s ince  no a n a l y s e s   f o r  
t h e s e   4 e m e n t s   a r e   a v a i l a b l e  from the   s tack   emiss ion  
t e s t s .  
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August 20, 1977 

Trace  e'lenlent t e s t i n g  was s p e c i f i c a l l y   f o r   f l u o r i d e .  
Consequent ly a c o m p l e t e   m a t e r i a l   b a l a n c e  was c a l c u l a t e d  
f o r   f l u o r i d e   i n c l u d i n g   t h e   s o l i d  and  vapour  phase 
f r a c t i o l i s   o f   t h e   s t a c k   e m i s s i o n s .  

The m a t e r i a l   b a l a n c e s   f o r   a l l   o t h e r   e l e m e n t s  do n o t  
i nc lude   s tack   em iss ions   as   no   l abo ra to ry   da ta   on  
s t a c k   e m i s s i o n s   f o r   t h e s e   e l e m e n t s  was a v a i l a b l e .  

August 21,  1977 

T r a c e   e l e m e n t   t e s t i n g  was s p e c i f i c a l l y   f o r   m e r c u r y  
and  selenium.  Consequent ly a comple te   In la te r ia l  
ba lance was c a l c u l a t e d   f o r   t h e s e   e l e m e n t s   i n c l u d i n g  
t h e   s o l i d  a n d   v a p o u r   p h a s e   f r a c t i o n s   o f   t h e   s t a c k   e m i s s i o n s .  

The f i l t e r   c a t c h  and  probe  washings  were  a lso 
a n a l y s e d   f o r   t h e   f o l l o w i n g :  

boron  
cadmi um 
chromi um 

manganese 
copper 

molybdenum 
n i c k e l  
s t r o n t i u m  
u r a n i u m   ( r e p o r t e d   v a l u e s   w e r e   j u d g e d   i n v a l i d )  
vanadium (AM t e s t   o n l y )  
z i n c  

C o n s e q u e n t l y ,   t h e   m a t e r i a l   b a l a n c e   c a l c u l a t i o n s   i n c l u d e  
t h e   s t a c k   e m i s s i o n s   i n   t h e   s o l i d  phase f o r   t h e s e  
elements.  

The m a t e r i a l   b a l a n c e   c a l c u l a t i o n s   f o r  

- f l u o r i d e  

- b e r y l  1 i um 
- a r s e n i c  

- l e a d  

do n o t   i n c l u d e   s t a c k   e m i s s i o n s   s i n c e  no a n a l y s e s   f o r  
these  e lements  were  conducted.  
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t EXAMPLE Material   balance  calculat ions  were  done by a programmable 
c a l c u l a t o r .  The fo l lowing   example   i l l u s t r a t e s   t he  
ca l cu la t ion   t echn ique :  

Mater ia l   ba lance   for  cadmium, f o r  August  21,  1377, 
AM t e s t  
1 Cd i n p u t  = coal flow x cadmium i n  coal 

= 9,886 x Z X ~ O - ~  
= 0.0198 Kg/hr 

2 Cd in  = bottom  ash x cadmium in  
bottom  ash f low  ra te   bot tom ash 

= 760 x 0 . 5 ~ 1 0 - ~  
= 0.00038 Kg/hr 

3 Cd i n  = f lyash   f low x cadmiunl in   f lyash  

= 4309 x 0 . 6 3 ~ 1 0 - ~  
= 0.00272 Kg/hr 

f l y a s h  ra te  

4 Cd i n  s t a c k  emissions ( so l id   phase   on ly )  
Cd on f i l t e r  paper = <1.697 ug 
a n d  probe  washings 

gas sample  (dry)  = 1.374 M3 

b o i l e r   e f f l u e n t  = 1547 M / M l n  (Dry) 
Cd emiss ion   ra te  = <1.235 x 1547 x 6G 

3 .  

= <0.00012 Kg/hr 

5 t o t a l  Cd emissions = 2 + 3 t 4 
= <0.00321 Kg/hr 

Cd output/Cd i n p u t  = 16% 
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RESULTS 

CONCLUSIONS 

August  14,  1977 

The m a t e r i a l   b a l a n c e   r e s u l t s   a r e   g i v e n   i n   T a b l e s  
3-2a  and  3-2b. 

August 20, 1977 

The m a t e r i a l   b a l a n c e   r e s u l t s   a r e   g i v e n   i n   T a b l e s  
3-3a  and  3-3b. 

August 21, 1977 

The m a t e r i a l   b a l a n c e   r e s u l t s   a r e   g i v e n   i n   T a b l e s  
3-4a  and  3-4b. 

T h e s e   m a t e r i a l   b a l a n c e s   p o i n t   t o   t h e   f a c t   t h a t   t h e  

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

v a r i a b k .  

e m i s s i o n   a s h )   a r e   a v e r a g e d   i n   P a r t  3 and a t y p i c a l  
F o r   t h i s   r e a s o n   t h e  s i x  s e t s  o f  da ta   ( two  for t h e   s t a c k  

m a t e r i a l   b a l a n c e   f o r   c o a l   f i r i n g   r a t e   o f  50000 Kg/hr 
i s   p r e s e n t e d   i n   P a r t  4. 
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TABLE 3 - 2a 

B.C. HYDRO TRACE  ELEMENT STUDY Coal   F low  (Dry  Basis)  = 11,716  Kg/hr 
MASS BALANCE 

DATE: AUGUST 14 (MORNING TEST) 

( 5 )  
o u t p u t  

Amount i n  Stack  Emiss ions 
Sum Element 

I n p u t  Amount i n  Bottom  Ash Amount i n   F l y a s h  S o l   i d s  Gaseous ( 3 ) + ( 4 )   I n p u t ( 1 )  
of  ( 2 ) +  O u t p u t ( 5 ) /  

E l e m e n t   K g j h r   K g / h r   ( 2 ) / ( 5 ) %   K g / h r   ( 3 ) / ( 5 ) %  K g / h r   ( 4 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %   K a / h r  % 

Mercury  0.0012 
F l u o r i d e s  1.1716 
A r s e n i c  0.0937 
Se l   en i  um 0.0235 
3 e r y l l  i urn 0.0082 
Boron 0.0047 
Cadmi un1 0.0094 
Chromium 0.8436 
Copper 1.6403 
Lead 0.1523 
i,langanese 6.2096 
Molybdenum 0.0469 
N i c k e l  0.3398 
S t r o n t i u n i  1 .2888 
Uraniunl 0.0235 
Vanadium 0.9256 
Z inc  0.4804 

0.0005 
0.0347 
0.0103 
0.0071 
0.0008 
0.0292 
0.0004 
0.0945 

>O. 7879 
0.0103 

>O. 7879 
0.0055 
0.0197 
0.1970 
0.0087 

'0.7879 
0.1812 

20.0 
10.2 

12.1 
5.7 

11.8 
9.8 

13.2 
31 .8 

>22.9 
6.1 

>60.6 
11 . o  

7.2  
9.3 

'22.4 
17.0 

13.6 

0.0002 
0.3035 
0.1629 
0.0513 
0.0067 
0.21 87 
0.0027 
0.2031 
2.6557 
0.1518 
0.5133 
0.0446 
0.2544 
1.91  92 
0.0424 
2.7226 
1.1493 

80.0 
89.8 
91 . o  
87.9 
85.2 
88.2 
86.8 
68.2 
77.1 
90.6 
39.4 
89.0 
92 .8  
90 .7  
83.0 

86 .4  
77.6 

No Data 
No Data 

No Data 

No Data 
No Data 
No Data 
No Data 

No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 

<O. 00225 <1 . 2  <0.00375 

<0.00039  <5.0 

0.00552  3.3 

0.00025 
0.3382 

2.1 <O. 1755 

~0.0079 
0.0584 

0.2479 
0.0031 

>3.4436 
0.2976 

0.1676 
> 1  ,3012 

0.0501 
0.2741 
2.1162 
0.0511 

>3.5105 
1.3305 

20 
29 

249 
191 

96 
5289 

33 
35 

210 
110 
21 

107 

164 
81 

218 
319 
277 



TABLE 3 - 2b 
B.C. HYDRO TRACE  ELEMENT  STUDY 

MASS BALANCE 

DATE: AUGUST 14,  1977 (AFTERNOON TEST) 

Coal   F low  (Dry  Basis)  = 10,977  Kg/hr 

( 4 )   ( 5 )  
o u t p u t  

(3 )+ (4 )   I npu t ! ! )  

Sum Element 
Amount i n  Stack  Emiss ions o f  (2)+ O u t p u t ( 5 ) l  

I n p u t  Amount i n  Eot tom Ash P,n!ount i n   F l y a s h  Sa! i d s  
E l  ement K g / h r   K g / h r   ( 2 ) / ( 5 ) %   K g / h r   ( 3 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %   K g h r  % 

Gaseous 

Mercury  

A r s e n i c  
F l u o r i d e s  

Sel e n i  urn 
B e r y l  1 i urn 
Boron 
Cadmi u m  

Copper 
Chromi urn 

Lead 
Manganese 
t4olybdenum 
N i c k e l  
S t r o n t i u m  
Uraniunl  
Vanadium 
Z i n c  

0.0012 
1.3183 
0.0110 
0 . O l l D  
0.0033 
0.0768 
0.0066 

4.6105 
0.3952 

0.1207 
1  .7564 

0.0659 
0.0439 

0.9221 
0.0659 

0.4501 
2.6345 

0.0005 
0.0356 
0.0105 

0.0008 
0.0073 

0.0299 
0.0004 

0.8088 
0.0971 

0.0105 
0.8088 
0.0057 
0.0202 
0.2022 
0.0089 

0.1860 
0.8088 

16.7 
6.1 
3.8 
8 . 3  
5.1 

4.0 
5.7 

5.7 
15.3 

2.2 
17.1 

7 . 0  
1.4 
5.6 
6.4 

21.4 
6.8 

0.00023 
0.5477 
0.2659 
0.0803 
0.0153 
0.4910 
0.0098 
1.6068 

>4.4633 
0.4644 

>3.9277 
0.0759 

'3.4234 
1.3792 

0.1295 
>2.9770 
22.5575 

83.3 
93.9 
95.6 <O. 000640 
91.7 
94.6 
94.3 

<O. 00005 

96.0 
94.3 

>84.7 
97.5 <O. 00058 

>82.9 
93.0 
98.6 

>94.4 
93.6 

>78.6 
>93.2 

No Data 
No Data 

<o. 2  <0.00107 <D.4 

<O. 3 
No Data 

No Data 

No Data 
No Data 

No Data 
<0.12 

No Data 
No Data 
No Data 
No Data 
No Data 

No Data 
No Data 

0.00028 
0.5832 

<O. 2781 
0.0876 
<O. 01 61 
0.5209 
0.0102 
1.7039 

>5.2721 
~ 0 . 4 7 5 5  
4.7365 
0.0816 

>3.6255 
1  .3994 

0.1383 
23.7858 
>2.7435 

22 
44 

2534 
798 
490 
678 

431 
155 

114 
394 
270 
186 

21  25 
393 
21 0 

610 
144 

W 
n 

W 
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TABLE 3 - 3a 

B.C. HYDRO TRACE ELEMENT STUDY Coal F l o w  ( D r y   B a s i s )  = 16,698  Kg/hr 
MASS BALANCE P r e c i p i t a t o r   E f f i c i e n c y  = 99.65% 

DATE: AUGUST 20 (MORNING TEST) 

( 5 )  
o u t p u t  

Sum E l  ement ~~~ 

Amount i n  Stack  Emissions 
I n p u t  Amount i n  Bottom  Ash Amount i n   F l y a s h  S o l   i d s  

 of^ ( 2 ) +   O u t p u t ( 5 ) /  

Element W h r  K g / h r   ( 2 ) / ( 5 ) %   K g / h r   ( 3 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %  Kg/hr % 
Gaseous ( 3 ) + ( 4 )   I n p u t ( 1 )  

Mercury  
F l u o r i d e s  
A r s e n i c  
S e l  e n i  um 
B e r y l  1 ium 
Boron 

Chromium 
Cadmi um 

Copper 
Lead 
Manganese 
Molybdenunl 
N i c k e l  
S t r o n t i u m  
Uran i  urn 
Vanadium 
Z i n c  

0. 

0. 
3. 

001 3 
006 
1837 

0.3172 
0.0167 
0.2505 
0.0134 
0.6679 

~~~ 

8 .8497 

>16.6976 
0.2171 

0.0668 
0.1837 
1.8367 
0.1002 
2.0037 
0.7681 

0. 
0. 
0. 

0006 
1023 
0026 

0.0310 
0.0014 
0.0956 
0.0012 
0.5789 

'1.3463 
0.0067 

>1.3463 
0.0283 
0.0538 
0.8212 

68.4 0.00027 31.6 

5.8 0.4577 94.2 
23.8 0.0992 76.2 

7.8  1.0450  79.7 0.01735  1.3 

9.5 
15.8 

0.0130  90.5 
0.5111 

16.8 
84.2 

0.0060  83.2 
18.8  2.4942  81.2 

'15.0  >7.6275  85.0 
1.9 0.3432 98.1 

>18.1 6.0792 81.9 

~~ ~ 

19.8 0.1144 80.2 
12.2 0.3890 87.8 

0.0229  15.8 
17.0  4.0197  83.0 

'1.3463 >16.8 
0.1221 
6.6394  83.2 

84.2 

0.0229 1.1 2.0594  98.9 

0.1469  11.2 
0.00087 

0.4603 
1.3116 

0.1301 
0.0143 
0.6066 
0.0073 
3.0731 
>8. 9738 

0.3500 
>7.4254 

0.1427 
0.4428 
4.8409 

>8.0356 
3.1449 

2.0823 

63 

251 
44 

41 

242 
86 

55 
460 
101 
161 
>44 
21  4 
241 
264 
145 
401 
271 

W 
;. 

0 



TABLE 3 - 3b 

B.C. HYDRO TRACE  ELEMENT STUDY Coal   F low  (Dry  Basis)  = 19,491  Kg/hr 
MASS BALANCE P r e c i p i t a t o r   E f f i c i e n c y  = 99.52% 

DATE:  AUGUST 20 (AFTERNOON TEST) 

( 1  1 ( 2 )  ( 3 )   ( 4 )   ( 5 )  
o u t p u t  

Sum Element 
o f  ( 2 ) +  O u t p u t ( 5 ) /  

Gaseous ( 3 ) + ( 4 )   I n p u t ( 1 )  
Amount i n  Stack  Emiss ions 

I n p u t  Amount i n  Bottom  Ash Amount i n  F l y a s h  
Element 

S o l   i d s  
Kg/hr   Kg/hr  (2)/(5)% K g / h r   ( 3 ) / ( 5 ) %   K g / h r   ( 4 ) / ( 5 ) %   K g / h r  % K g / h r   ( 4 ) / ( 5 ) %  

Mercury  
F1 u o r i d e s  
A r s e n i c  
Se l   en i  um 
B e r y l  1 i um 
Boron 
Cadmi urn 
Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
N i c k e l  
S t r o n t i u m  
U r a n i u r  
Vanadium 
Z inc  

0.0012 
3.1185 
0.2339 
0.1364 
0.0078 
0.2339 
0.0195 

>19.4908 
1.1694 

0.1754 
1 .2864 
0 I0780 
0.2534 
3.3134 
0.0975 
1.2659 
0.7407 

0.000032 6.8 
0.1109  8.7 

0.0293 
0,0108 

9.5 
2.2 

0.0031 15.0 
0.0570 3 .7  
0.00077  6.9 

>1 .5408  >15.0 
0.1849  7.7 

0.0293 5.0 
>1  ,5408 >28.0 
0.0123 9.2 
0.1325  23.3 

~~ 

0.8629 14.9 
0.0216 12.7 

>1.5408 >25.8 
0.0623 1.5 

0.00044 
0.8908 

0.2794 
0.4716 

0.0175 
1.4845 
0.0105 
2.2092 

'8.7321 
0.5589 
3.9556 
0.1222 
0.4366 
4.91 61 

4.4272 
0.1485 

4.1041 

93.2 
69.9 

90.5 
97.8 

85.0 
96.3 
93.1 
92 .3  
85.0 
95.0 
72.0 
90 .8  
76.7 
85.1 
87.3 
74.2 
98.5 

0.02187  1.7  0.2515  19.7 
No Data 

No Data 
No Data 

No Data 
No Data 
No Data 
No Data 
No Data 
No Data 

No Data 
No Data 

No Data 
No Data 

No Data 
No Data 

No Data 

0.000467 

0.4823 
1.2750 

0.3087 
0.0205 
1.541 5 
0.0112 

,10.2729 
2.3941 

0.5881 
>5.4965 

0.1346 
0.5691 
5.7790 

>5.9680 
0.1700 

4.1673 

40 
41 

206 
226 
264 
659 

58 
205 

5 3  
335 
427 
173 
225 
1 7 4  , ,  , 

1 7 4  
471 
563 
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T A B L E  3 - 4a 

B . C .  H Y D R O  TRACE ELEMENT STUDY Coal Flow (Dry  Basis)  = 9,886 K g i h r  
MASS BALANCE P r e c i p i t a t o r   E f f i c i e n c y  = 99.92% 

DATE: AUGUST 21 (MORNING TEST) 

Mercurv 0.00050  0.000091  16.3  0.00014 
F1 uor ihes  
Arsenic  
Sel  eni u m  
Beryl 1 i u m  
Boron 
Cadmi urn 
Chromium 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Stront ium 
Uranium 
Vanadium 
Zinc 

0.8305 
0.2274 

0.0079 
0.2669 

0.2472 

0.4053 
0.01  98 

0.1977 

0.0297 
1.3841 

0.8898 
3.4603 
0.0989 
1.5818 
0.7019 

>9.8864 

<O.  01 52 
0.0023 
0.0137 
0.0006 
0.01  75 
0.0004 
0.1292 

< O .  7602 
0.0099 
0.5625 
0.0030 
0.0456 
0.2965 
0.0068 
0.2813 
0.0730 

<2.5  0.5917 
1 .o 0.21 85 

20.8  0.0503 
9.5  0.0056 
5.5 0.3016 

11.6  0.0027 
14.9  0.7382 

~ 1 5 . 0  <4.3091 
6 .4  0.1452 

15.1 >3.1499 
8.8 0.0316 

21 .8  0.1637 
21.4 1.0889 
13.7 0.0431 

8 .0  >3.2448 
6.6 1.0342 

24.4 
97.5 
99.0 
76.4 
90.5 

86.8 
94.1 

85.1 
S 5 . 0  

93.6 
>84.8 

91.1 
78.1 

86.3 
78.6 

92.0 
93.3 

<0.000103 ~ 1 8 . 5  

<0.  000450 < O .  7 

0.00108 0 .3  
<0.00011 <3.4 

0.00013 <0.1 
0.00031 <0.1 

0.00325 <0.1 
<0.00015 <0.4 

0.00042 0 . 2  
0.00014 <0.1 

<0.00011 <0.1 
0.00699 0 .6  

~0 .000230  40 .8  <0. 00057 
<O.  6069 
0.2208 

<0.001351 < 2 . 1  <0.0659 
0.0062 
0.3202 
<O. 0032 
0.8674 
5.0696 

>3.7150 
0.1551 

<0.0347 
0.2098 

0.0499 
1.3857 

3.5261 
1.1142 

115 

97 
73 

25 

130 
79 

214 
16 

51 

268 
1 1 7  

24 
40 

223 
51 

159 

78 



TABLE 3 - 4b 

B . C .  H Y D R O  TRACE ELEMENT STUDY Coal  Flow (Dry Basis) = 14,169  Kg/hr 
MASS BALANCE P r e c i p i t a t o r   E f f i c i e n c y  = 99.72% 

DATE:  AUGUST 21 (AFTERNOON TEST) 

Sum 
Amount i n  Stack  Emissions 

Element 

Input  Amount i n  Bottom Ash Amount i n  Flyash 
o f   ( 2 ) +   O u t p u t ( 5 ) j  

Sol  i d s  Gaseous ( 3 ) + ( 4 )   I n p u t ( 1 )  

, 

/! ij I n , I I r , ? I  i i  ellien 1 Kyihr \ > / y o  K y j i l r  ( 3 ) / ( 5 ) %  K y j i l r  ( 4 ) / ( 5 j %  i ( g j h i -  I n \ , l y \ a /  \ + ) /  1 3 1 h  Kgjhr 0, ,a 

Mercury 

Arsenic 
F luor ides  

Selenium 
Beryl 1 i um 
Boron 
Cadmi urn 
Chromium 
Copper 
Lead 
Manganese 
Pqlybdenum 
Nickel 

Uraniunl 
Stront ium 

Zinc 
Vanadium 

0.00099 
1.3602 <0.0268 ~ 7 . 9  

0.000027 1.1 

0.0040 0.2 
0.0107 5.1 

<O. 31 30 
0.00033 

0.1970 
2.3927 

0.0106 
0.3585 
0.0091 
2.1221 

>7.5790 
0.4418 

>7.5790 
0.1440 
0.8997 
3.4356 

>5.8609 
0.1159 

2.5769 

12.6 
92.1 

<O. 00089 C34.5  <0.00134  <51.8 <O. 00259 
<O. 3398 

<0.2109 
2.3967 

0.0113 
0.4413 
0.0103 
2.2838 

>8.9186 
0.4686 

26 1 
25 

241 6 
372 

0.0992 
0.0567 

99 .8  
93.5 
94.0 
81.6 
90.0 
92.9 

<O. 00052 

0.0025 
0.00050 

0.001 9 
0.0011 

0.0008 
0.0184 

0.0034 
0.0029 

0.0002 
0.0061 

<o. 2 <0.00263 C1.2 

0 .6  
4.9 

<o.  1 
<o. 1 

0 . 2  
0 .5  
0 .4  

<0.1 

0.0043 
0.1987 

0.0007 6.0 
0.0802 18.2 

265 
222 

72 0.0142 
0.3967 

0,0007  6.7 
0.1605  7.0 576 

254 
252 3.5422 

0.1842 
14.1688 

>1.3376 15.0 

>1 .3376 >15.0 
0.0268 5.7 

85.0 

84 .8  
94.3 

>8.9350 
0.1542 
0.9632 

~ ~.~ ~~ 

63 
272 
113 

0.0567 0.0093  6.1 
0.0602  6.3 

93.5 
0.8501 
3.2588 
0.0850 

93.4 
88 .0  
79.0 

~~ 

0.4682 12.0 

'0.6688 >10.2 
0.0308 21 .O 

3.9067 
0.1467 

>6.5299 
2.6539 

120 
173 
125 
195 

0 .1  
0 . 2  

8 9 . 8  
97.1 

5.2425 
1.3602 0.0709  2.7 
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PURPOSE 

ASSUMPTIONS 

MEAN VALUE 

STANDARD 
DEVIATION 

P a r t  3 -. Mean Value  Trace  E lement   Composi t ion 

The m a t e r i a l   b a l a n c e   c a l c u l a t i o n s   f o r   e a c h   o f  
t h e   s i x   t e s t s   i n d i c a t e d   w i d e   v a r i a t i o n s   i n   t r a c e  
e lement   composi t ion  and  f low  ra te,   and i n  nlany cases 

Consequent ly,  i t  was d e t e r m i n e d   t h a t  mean values  and 
la rge   imba lances  i n   t h e  component   mater ia l  ba lance.  

s t a n d a r d   d e v i a t i o n s   s h o u l d   b e   c a l c u l a t e d   f o r   t h e  
t r a c e   e l e m e n t   c o m p o s i t i o n   o f   e a c h   f l o w   s t r e a m   a n d  
t h a t  a t y p i c a l   m a t e r i a l   b a l a n c e   b a s e d   o n   t h e  mean 
va lues  be c a l c u l a t e d .  

To d e t e r m i n e   t h e  mean v a l u e   a n d   s t a n d a r d   d e v i a t i o n   o f  
an  e lement  i n  e a c h   f l o w   s t r e a m   t h e   f o l l o w i n g   a s s u m p t i o n s  
were made : 

e The c o a l   f i r e d   i n   t h e   b o i l e r  was c o n s i d e r e d   t o  
be  one un i fo rm ly   m ixed   samp le .  

e B o - i l e r   o p e r a t i o n ,   i n c l u d i n g   f i r i n g   r a t e  and 
t e m p e r a t u r e ,   d i d   n o t   a l t e r   t h e   t r a c e   e l e m e n t  
compos i t i on   o f   any   s t ream.  

0 P r e c i p i t a t o r   e f f i c i e n c y   d i d   n o t   a l t e r   t h e   t r a c e  
e l e m e n t   c o m p o s i t i o n   o f   t h e   a s h   e m i t t e d   t o   t h e  
atmosphere. 

0 C o n c e n t r a t i o n s   o f   t r a c e   e l e m e n t s   i n   t h e   a s h   e m i t t e d  
f r o m   t h e   p r e c i p i t a t o r   c a n  be   cor rec ted   based on 
t h e   t r a c e   e l e m e n t   c o n c e n t r a t i o n   i n   t h e   c o a l   d u r i n g  
t h e   t e s t   a n d   t h e  mean v a l u e   o f   t h e   t r a c e   e l e m e n t  
i n   a l l   c o a l  samples. 

Each mean v a l u e  was c a l c u l a t e d   u s i n g   t h e   f o r m u l a  

" 
N 

x = EX. 
1 

i=l 
N 

__ 

where Xi = v a l u e   o f   d a t u m   p o i n t  i 

N = t o t a l  number o f  d a t a   p o i n t s  

The s t a n d a r d   d e v i a t i o n   o f   e a c h  mean va lue  was c a l c u l a t e d  
u s i n g   t h e   f o r m u l a  

S. Dev = 

i =1 i = l  
N 

L N-1 
.. 

r 2  
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CORRECTION 
FACTORS 

RESULTS 

CONCLUSIONS 

The c o n c e n t r a t i o n   o f  any t r a c e   e l e m e n t   i n   t h e  mean 
a s h   e m i t t e d   f r o m   t h e   p r e c i p i t a t o r  was c a l c u l a t e d   i n  
t h e   f o l l o w i n g  manner: 

@ By t e s t   t h e   f o l l o w i n g   w e r e   d e t e r m i n e d  

- c o n c e n t r a t i o n  f element i n  ash   em i t ted  
d u r i n g   t e s t .  6 
d u r i n g   t e s t .  6 - c o n c e n t r a t i o n  f e lement  i n   c o a l   f i r e d  

0 By c a l c u l a t i o n   t h e  mean v a l u e   o f   t h e   e l e m e n t   i n  
a l l   c o a l   s a m p l e s  was de termined.  @ 

0 By c a l c u l a t i o n   t h e   c o m p o s i t i o n   o f   t h e   e m i t t e d  
t h e  mean c o a l  was de termined 

Mean va lues   and  s tandard   dev ia t ions   were   de termined 
f o r   t h e   t r a c e   e l e m e n t   c o m p o s i t i o n   o f  

0 Coal 

0 P r e c i p i t a t o r   i n l e t   F l y a s h  
0 Bot tom  ash 

0 A-F ie ld ,   B-F ie ld   and  C-F ie ld   hopper   ash  
0 P r e c i p i t a t o r   e m i s s i o n .  

I n  add i t i on ,   t he   samp les   o f   f l yash   f rom  each   hopper  
w e r e   g r o u p e d   w i t h o u t   w e i g h t i n g ,   t o   g i v e  a composi te 
sample mean v a l u e   a n d   s t a n d a r d   d e v i a t i o n   f o r   e a c h  
component. 

The r e s u l t s   f o r   a l l   f l o w   s t r e a m s   a r e   p r e s e n t e d   i n  
Tab le  3-5.  The number o f  d a t u m   p o i n t s   f o r   e a c h   d a t a  
s e t   i s   i n d i c a t e d .  

The c a l c u l a t e d   s t a n d a r d   d e v i a t i o n   f o r   t h e   m a . i o r i t v  
o f   the  samples i s   l a r g e ,   c o n f i r m i n g   t h e   o b s e F v a t i o n s  
o f   P a r t  2. 

The d a t a   f o r   A - F i e l d ,   B - F i e l d   a n d   C - F i e l d  shows t h a t  
t h e r e   i s  a s u b s t a n t i a l   d i f f e r e n c e   i n   c o m p o s i t i o n   o f  
t h e   f l y a s h   c o l l e c t e d  by e a c h   f i e l d .   S e c o n d l y ,   t h e  
s t a n d a r d   d e v i a t i o n   o f   e a c h   B - F i e l d   a n d   C - F i e l d  mean 

A-Fie1 d means. 
i s   g e n e r a l l y   l a r g e r   t h a n   t h e   d e v i a t i o n  o f  each 

RECOMMENDATION 
bot tom  ash ,   compos i te   hopper   ca tch   and  f l yash   emi t ted  
F o r   c a l c u l a t i n g  a g e n e r a l   m a t e r i a l   b a l a n c e   t h e   c o a l ,  

s t ream  compos i t i ons   shou ld  be  used. M a t e r i a l  
b a l a n c e   c a l c u l a t i o n s   u s i n g   t h e   i n d i v i d u a l   h o p p e r  
a n a l y s e s   a r e   n o t   w a r r a n t e d   d u e   t o   l a c k   o f   f l o w   r a t e  
d a t a   f o r   a s h   c o l l e c t e d   b y   e a c h   f i e l d .  



L I 1 1 1 1 1 

Coal 

Bottom Ash 

P r e c i p i t a t o r  
I n l e t  

A F i e l d  
Hopper Catch 

B F i e l d  
Hopper  Catch 

C F i e ld  
Hopper  Catch 

Coxposite 
A , E & C  
Hopper  Catch 

Flyash 
Emitted  (1) 

El ement 

n 
mean 
S td  Dev 

mean 
n 

Std Dev 

n 
mean 
S td  Dev 

mean 
n 

S td  Dev 

n 
mean 
S td  Dev 

mean 
n 

S td  Oev 

n 
nean 
S t d  Oev 

mean 
n 

S td  Dev 

Table 3-5 

MEAN COMPOSITIG?i OF TRACE ELEMENTS 
B . C .  H Y D R O  TRACE ELEf.IENT  STUDY 

mg/ Kg 

Hg F As Se Be B Cd Cr Cu Pb Mn i4o N i S r  U V Zn 

6 6 6 6 6  6 6 6 6 6  6 6  6 6 6  6 6 
0.08 123 10.3 10.0  0 .43 12.2 1.03 46 ,557 13.2 4 8 3   3 . 8  34 .8  176 5.1:  172 56 
0.02 39 7.3 10.6  0 .27 8 . 3  0.50 17  369  3.7 432  0.41 33.4 100  2.6 116 23 

5 5 5 5 5  5 5  5 5 5  5 5  5 5 5  5 5 
0.14 73  5.4 13.2  0.96 29 0.74 164 ,678 12.6 ,854 8.2 55 380 9.6 '564 58 
0.16 32 2.7 9 . 5  0.b3 27 0.23 158 443 5.0 213  7.4 22 213 6.0 416 36 

4 4 4 4 4  4 4  4 4 4   4 4  4 4 4 4 4 
0 .3  4 0  54 13 .8   1 .7  54 0.7 293 ~ 9 1 5  $5 
0.1 0.0 36 8.5 1.0 11 0 . 3  123  170 30 219 7 . 4  211 392 1 0 . i  365 349 

,823 1 1 . 3  203 ,463 14.5 '618 358 

6 6 6  6 6  6 6  6 6 6  6 6  6 6 6  6 6 
0.04 <50 27.0 1 8 . 3   1 . 7  41 0.68  179 >958 31.0 %KO 10.8  68  415  13.8 '697 136 
0.01 38 7.7 11.7  1 .2   18  0 .16 92 102  7.3  305  3.5 23 180  3.7  223 82 

6 5 6 fi 6 6 fi 6 f i f i  6 f i  fi 6 6 6 6 
0.09 75 87 24 2.0 117 i . o  266 >e93 60 '767 14.8 105 ,557 18.3 >66i 3 9 3  
0.10 5 2  56 12 0.6 76 0.5 158 261 19 379 9.7  129 260 6.2 292 2C8 

5 5 5 5 5  5 5  5 5 5  5 5  5 5 5 5 5 
0.04 201  201 14.2  2.0  109 1 . 9  319 >1000 86 
0.01 1 2 2  296 12 .2   1 .2  62 1 . 3  144 0 .0  67 

>760 16 .2  156 >544 17.4 '762 .EO? 
329 6.2  198 345 15.3 264 366 

17 1 7  17  17  17  17  17  17  17  17  17  17  17  17  17  17 
0.06  <lo4 99 19.1  1 .9  E8  1.1 251 ,943 5 7  '692 13.8 107 ' 5 0 3  16.5  5703 >?64 

1 7  

0.06 97 168 1 i .9   1 .0  65 0.9 138 163 42 
~~ 

358 7.0 129 256 8 . 9  249 295 

2 2 2 2 2  2 2  2 2 2  2 2  2 2 0  1 2 
'67.8 500.1 420.4  <76.2  G.1  189.8  <28.1  85.4  >160.5  <38.1  ,2992.4  %7.9  92.9  78.5 
16.6  32.3 28E.E 6.8  2 .5   98.0  1 .3   22.7  105.4 9.6 3540.6  31.5  19.5  61.4 

'30.4 231.3 
37.0  52.2 

(1 )  T o t a l   f r o n t   h a l f   o f  E P A  Tra in   (probe  wash p l u s   f i l t e r )  
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P a r t  4 - T y p i c a l   M a t e r i a l   B a l a n c e  

PURPOSE 

ASSUMPTIONS 

rl 

RESULTS 

A t y p i c a l   m a t e r i a l   b a l a n c e  was c o m p l e t e d   t o   a s s i s t  

c o n t a m i n a n t s   c o n t a i n e d   i n   t h e   H a t   C r e e k   c o d 1   a s   f i r e d  
i n   t h e   e v a l u a t i o n   o f   t h e   d i s p o s i t i o n  o f  ash  and  t race 

a t   t h e   B a t t l e   R i v e r   G e n e r a t i n g   S t a t i o n .  

The fo l l ow ing   assumpt ions   were  made: 

0 The c o a l   f l o w   r a t e  was 50,000  Kg/hr 

0 The a s h   c o n t e n t   ( w e t   b a s i s )  was t a k e n  t o  be 
32.57; based  on a 28:; m o i s t u r e   c o n t e n t   i n   t h e  
r a w   c o a l .  

0 The  ash d i s t r i b u t i o n  i s :  Bottom  ash  15% 
F lyash  85% 

0 The e l e c t r o s t a t i c   p r e c i p i t a t o r   e f f i c i e n c y   i s  
assumed t o  be 99.7%. 

The t y p i c a l   m a t e r i a l   b a l a n c e   i s   l i s t e d   i n   T a b l e  3-6.  

Except   fo r   the   vapour   phase  emiss ions  o f  mercury,  

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

element i n  a f l o w   s t r e a m   ( T a b l e  3-5)  t i m e s   t h e  
f l o w   r a t e s   i n d i c a t e d   i n   T a b l e  3-6. The p r e c i p i t a t o r  

o u t l i n e d   i n   P a r t  3. 
e r n i s s i o l i   r a t e s   a r e   c o r r e c t e d   t o   t h e  mean coal   as 

Vapour   phase  emiss ion   ra tes   a re   the   measured  ra tes  
a t   B a t t l e   R i v e r   s c a l e d  up t o  50,000 Kg/hr  and 
c o r r e c t e d   f o r   t h e  mean coa l  as o u t l i n e d   i n   P a r t  3. 



Table 3 - 6 

B . C .  HYDRO TRACE ELEMENT STUDY 
TYPICAL NATERIAL BALANCE 

ELEMENT INPUT ELEMENT OUTPUT TOTAL OUTPUT 

Trace El ement Input  Bottom Ash 
Kg/hr Element Kg/ hr 

Flyash  Flyash Emitted Vapour Phase  Mat ' l  
Kg/ hr Kdhr Kg/hr** Kg/ hr 

As 
Se 
Be 
B 
Cd 
Cr 
cu 
Pb 
Mn 
Mo 
Ni 
S r  
U 
V 
Zn 

Mean Std Oev Mean Std Dev Mean Std Oev 

0.004 + 0.001  0.0003  0.0004 
6.17 T 1.93  

0.0008 + 0.0008 
<0.180  0.080  1.430 T 1.340 

0.52 T 0.37 
0.50 T 0.53 

0.010 + 0.007  1.370 T 2.320 
0.260 T 0.160 

0.61 T 0.42 
0.002 T 0.0015 
0.070 7 0.0065 

0.030 T 0.010 

0 .05  T 0.03 
1.210  0.890 

2.31 T 0.83 
0.002 T 0.0006 
0.400 T 0.390 

0.020 + 0.010 
3.460 7 1.900 

0.030 T 0.020 
0.02 T 0.01 

>27.84 T 18.44  >1.650 T 1.080 >13.080 T 2.250 
0.66 T 0.19  0.030 7 0.010 

>24.14 T 21.60 
0.790 T 0.580 

2.080 T 0.520 >9.550 7 4.940 
0.020 T 0.018 

1 .74  7 1.67 
8 .79  T 5.02 0.930 T 0.520 

1.470  1.770 
0.19 T 0.02 0.190 T 0.100 

>6.940 + 3.530 
0.130 T 0.050 

0.29 T 0.03 
8 .62  7 5.78 
2 . 7 8  1.16 

>1.330 T 1.010 
0.140 T 0.090 

>9.700 T 3.440 
0.020 i 0.010 0.230 i 0.120 

- - >5.030  4.070 

Parameters:  Coal Flow = 50,000 K g j h r  (Wet Bas i s )  
Uottoni Ash = 2437.5 Kg/hr 

Flyash Emitted = 41.4 Kg/hr 
Flyash = 13812.5 Kg/hr 

Mean S td  Oev 

<0.002 + 0.00002 
0.030 0.004 

~ 0 . 0 0 1  + 0.0008 
- 

<0.005 T 0.005 
<0.0001 T 0.00003 

0.014 T 0.011 
<0.002 T 0.0009 

0.003 T 0.00002 
0.005 7 0.0014 ~ ~~~ 

<0.0014 T 0.0002 
0.054 7 0.017 

~ .~ 

<0.0024 7 0.0008 
0.008 T 0.0006 
0.005 T 0.0026 
0.0007 T 0.0004* 

0.014 T - 0.0002 
~ 0 . 0 0 1 3  7 0.0013 

Mean Std Dev 

~ 0 . 0 0 3 7  + 0.0027 ~ 0 . 0 0 7  + 0.004 
0.4000 T 0.1393 <2.040 T 1.563 

~ 0 . 0 3 5 3  T 0.0207 ~ 1 . 3 9 0  i 2.349 
<0.0129 T 0.0146  <0.308  0.200 

<0.032 + 0.01 

C0.024 T 0.012 
1.294 T 0.908 

- 

>14.735 T 3.331 

>11.684 T 5.477 
~ 0 . 8 2 1  0.590 

<0.212  0.119 

>7.875 T 4.053 
1.608 T 1.521 

0.2507  0.1304 

>5.184 T - 4.160 

3.860 T 2.290 

>11.081 T 4.451 

* Value f o r  uranium  based on mean value 
of  uranium  in  composite A ,  B a n d  C 
hopper  catch  (Table  3-5) 

** Values a r e  sum o f  s t r e a x  o u t p u t  nieans 
or s t anda rd   dev ia t ions  2= 

W 
I 

m 
4 


