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SECTION 1.0 - INTRODUCTION 

t 

z 

B r i t i s h  Co'lumbia  Hydro  and Power A u t h o r i t y  (B.C.  Hydro) 

proposes t o   c o n s t r u c t  a c o a l - f i r e d   e l e c t r i c   g e n e r a t i n g   s t a t i o n ,  and 

open-p i t   coa l   m ine   and  assoc ia ted   suppor t   fac i l i t i es  i n  the  Hat  Creek 

v a l l e y   o f   B r i t i s h  Columbia.  This  document i s  in tended  to   update  the 

a n a l y s e s   o f   a i r   q u a l i t y  and c l i m a t i c   e f f e c t s   o f   t h e   H a t  Creek  Project  

t h a t  have  been p r e p a r e d   t o   d a t e   i n   l i g h t   o f  changes  which  have  occurred 

i n   p l a n s   o r   d a t a  used i n  these  analyses. 

1.1 - F'URPOSE 

It i s  recogn ized  tha t  any  major  industr ia l   development  (such 

a!s the  Hat  Creek  Project)  undergoes a continuous  process o f  evo lu t i on .  

From i t s  i n c e p t i o n   t h r o u g h   i t s   c o n s t r u c t i o n  and even i n t o   i t s  opera- 

t.ion,  the  development  must  respond t o  changes i n   t h e   a v a i l a b l e   d a t a  

bsase, improvements i n   r e l a t e d   t e c h n o l o g y ,  and new r e g u l a t o r y  

proceedings. Any assessment made o f  such a development  can  only  be 

r e f l e c t i v e   o f   t h e   e v o l u t i o n   o f   t h e   p r o j e c t   a t   t h e   t i m e  t.he assessment 

i s  made. Analyses o f   a i r   q u a l i t y  and c l i m a t i c   e f f e c t s  o f  the  proposed 

H a t  C reek   P ro jec t   were   ca r r i ed   ou t   p r imar i l y   i n  1977  and e a r l y  1978. 1 

An environmental  impact  statement (EIS) i s  now being  prepared, and i t  
will r e f l e c t  changes i n  t h e  p r o j e c t  des ign and data  bases  that  have 

o c c u r r e d   s i n c e   t h e   d e t a i l e d   a i r   q u a l i t y   s t u d i e s   w e r e   p e r f o r m e d .   I n  

addi t ion  the  analysis  techniques  themselves  have  undergone  an  evolut ion 

i n   t h e   p e r i o d   s i n c e   t h e   d e t a i l e d   a i r   q u a l i t y   s t u d i e s  were  performed. 

The purpose o f  th is  document i s   t o   p r o v i d e  a technica l   eva lu-  

a t i o n  o f  a i r   q u a l i t y  ;and c l i m a t i c   e f f e c t s   o f   t h e   H a t  Creek  Project  as 

i.t i s  proposed a t   t h e   t i m e  o f  t he  E I S .  It i s  n e i t h e r   p r a c t i c a l   n o r  

necessary to   comp le te l y   redo   t he   de ta i l ed   a i r   qua l i t y   s tuc l i es .   Ra the r  

the  method i s  t o   u t i l i z e   t h e   o r i g i n a l   s t u d i e s  as  a bas is ,  and t o  

address  only  those  areas where s i g n i f i c a n t  changes  have  occurred. 

S p e c i f i c a l l y ,   t h e s e  changes  can  be  grouped in to   f ou r   ca tegor ies :  

SE 1931 1 - 1  
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1.1 PURPOSE - (Cont 'd)  

I.. Changes i n   t h e   a v a i l a b l e   d a t a  on which  the  assessments  were  based. 

i!. Changes i n   t h e  p'lans o r   d e s i g n   o f   t h e   f a c i l i t y .  

:I. Technical  advances i n   t h e   a n a l y s i s   t e c h n i q u e s  used. 

4.. Changes in  the  standards  of   comparison  which were  used as a 

measure o f  the  e l ' fects o f  t h e   p r o j e c t .  

I n   add i t i on   con f i rma t ion   o f   t he   assumpt ions  and r e f l e c t i o n s  

on  an expand ing   c l imat ic   da ta  base  were  addressed. 

1 .2  !BACKGROUND 

The o r i g i n a l   d e t a i l e d   s t u d i e s   o f   a i r   q u a l i t y  and c l i m a t i c  

e f f e c t s  o f  t he  propo!;ed Hat  Creek  Project  were  conducted  by  Environ- 

mental  Research and Technology (ERT), 1 n c . l  based  upon t e n t a t i v e   p l a n t  

design  then  avai lable.  Their  assessment was based  on t h e   r e s u l t s   o f  

computer  modell ing  of  the  various  sources o f  contaminant   miss ions,  and 

t h e   r e s u l t a n t   c o n c e r l t r a t i o n s   i n   t h e   a m b i e n t   a i r   s u r r o u n d i n g   t h e  

pro jec t .   Su lphur   d iox ide  was i d e n t i f i e d  as t h e   p r i m a r y   p o l l u t a n t  o f  

concern,  but  analyses  were  also  conducted  for  oxides  of  nitrogen, 

part iculates,  carbon  monoxide,  hydrocarbons, a v a r i e t y   o f   t r a c e  
elements, and atmospher ic  react ion  products.  The p l a n t  was assumed t o  

be a t   f u l l   l o a d  on a l l   f o u r  u n i t s  a l l   y e a r  round. 

( a )   I n i t i a l   S t u d i e s  

The ana lys i s  o f  a i r   q u a l i t y  and c l i m a t i c   e f f e c t s  was 

based  on fou r   i nd i v idua l   s tud ies :  

1. Mode l l ing  o f  the  powerplant  stack  emissions  wi th in a rad ius  

o f  25 km ( loca l -sca le ) .  

m 
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1.2 - BACKGROUND - (Cont 'd )  

2. Mode l l ing  o f  the  powerp lant   s tack  emiss ions  a t   d is tances  f rom 

25 t o  100 km f rom  the   s tack   ( reg iona l   sca le ) .  

3. Mode l l ing  o f  the   coo l ing   tower  plume. 

4. Mode l l ing  o f  dust   emissions  f rom  the  mining  operat ions.  

- W 

* 

Each o f  these  s tud ies i s  d iscussed  separate ly  i n   t h e  

fo l l ow ing   sec t i ons .  

(i) Powerplant  Stack  Study - Local  Scale 

Ground- level   concentrat ions o f  t he   va r ious  

contaminants  were  predicted  by a Gaussialq-plume  based 

a i r   q u a l i t y  model.  Emission  rates  used as .inputs t o   t h e  

model  were  as shown i n  Table 1-1. Sulphur  d ioxide (SO2) 

emissions  were  calculated  by  assuming a hea t ing   va lue   o f  

the   coa l   o f   14  650 k i l o j o u l e s   p e r   k i l o g r a m  CkJ/kg)  on  an 

"as  received"   bas is ,   w i th  a mean su lphur   content  o f  

0.45  percent "as  received".  Other  contaminant  emissions 

were   ca lcu la ted  as descr ibed i n   t h e   t a b l e .   F o r   t h e  

var ious  t race  e lements,   impacts   were  actua l ly   ca lcu lated 

from t v o  separate  emission  est imates. The e a r l i e r  

est imates were rev ised  be fore  an  appendix  specif ic t o  

t race   e lement   e f fec ts  was prepared. Those shown i n   t h e  

tab le   a re   the   la t te r   emiss ion   ra tes .   Other   emiss ion  

paramet'ers  used  by  the model are shown ;n  Table  1-2. 

Concentrat ions  were  calculated  using a 

sequent ia l  s e t  of   meteorological   data.   That i s ,  h o u r l y  

observat ions  o f   w ind speed,  wind d i rec t ion ,   a tmospher ic  

s t a b i l i t y ,  and o ther   parameters   a re   pu t   in to   the  model 

1-hour a t  a t ime  and  analysed  indiv idual ly.   Running 

average!; are  kept t o  determine  3-hour,  24-hour  and 

- r. S E  7931 1 - 3  



m TABLE 1-1 

CONTAMINANT EMISSION RATES USED I N  THE ORIGINAL 
ERT STllOIES FOR THE HAT CREEK PROJECT' 

Contaminant 

c 

SE 7931 

Sulphur  d ioxide 
N i t rogen   ox ide  
N i t rogen  d iox ide  
T o t a l   p a r t i c u l a t e s  
Carbon  monoxide 
Total  hydrocarbons 
Arsenic 
Cadmium 
Chromium 
Copper 
F luo r ine  
Lead 
,Mercury 
Vanadium 
.Zinc 
'Sulphate 

N i t r a t e  

Symbol 

SO2 

NO2 

NO 

TSP 

HC 
co 

As 
Cd 
C r  
cu 
F 
Pb 

v 
Hg 

Z n= 
so4 

NO; 

Emission  Rate 
( k { / d )  

324  768 
82  4891 
124, 759l 
40 0002 
18 0433 
541.:34 
17. ;?5 

0.351~ 
5.2!j 

2815 
5.935 

4.36 
7.0T5 
16. :15 
12.95  
~~ ~ 

No emission .. Atmospheric 

No emission -. Atmospheric 
reac t i on   p roduc t  

reac:t ion  product 

I Emiss ion  ca lcu lated  on  the  bas is   o f  600 ppm NOx i n  .the s t a c k   w i t h  

:! Emiss ion  ca lcu lated  on  the  bas is  o f  a maximum of 0.1 gra ins   pe r  

equal  parts  by  volume  of NO and NO,. 

s tandard   cub ic   foo t   in   the   exhaust  gas. 

2, Emiss ion  ca lcu lated on t h e   b a s i s   o f  0.45 kg CO p e r   t o n   o f   c o a l .  

Emiss ion  ca lcu lated on the   bas i s  o f  0.14 kg HC p e r   t o n  of  coal. 

' Emiss ions  ca lcu lated  f rom  the  test   burn sample ana lys i s  and  a coal  
consumption  rate o f  42 630 t / d .  

. 
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TABLE 1 - 2  

STACK  PARAMETER,S AND FLUE GAS PROPERTIES FOR BASE-LOAD 
EMISSIONS OF TI+E PROPOSED HAT CREEK GENERATING  PLANT 

AS USED I N  THE ORIGINAL ERT STUDIES 

Stack Base E l e v a t i o n  ,(MSL) 

1 
L 

Stack  Height 

1418 
4650 

244 o r  366 
800 o r  1.200 

l .ns ide  Diameter   o f  Flue ( f o u r   f l u e s   f o r   f o u r   u n i t s  i n  one stack) 

F lue  Gas Temperature 

SE 1931 

(M'/min) 

(ACFM) 

1 - 5  

7 
23 

149 
300 

Volumetr ic  Flow  Rate  (per  f lue) 

62  204 
2.195 x lo6 
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1 . 2  ElACKGROUNO - (Cont ’d)  

annual-average  concentrat ions.   For  the  local-scale 

study  meteorological   data  were  taken  f rom a 10 m tower 

loca ted   very   near   the   powerp lan t   s i te .  These were 

c o r r e c t e d   t o   s t a c k   h e i g h t  (244 m o r  366 m) by a 

stabi l i ty-dependent  power- law  formula.  The r e s u l t s   o f  

p lume  . t racer   s tud ies  carr ied  out  i n   t h e   w i c i n i t y   o f   t h e  

proposttd  powerplant  were  used t o  deve lop   s i t e -spec i f i c  

d ispers ion  parameters  for   the  s tudy.  

Concentrat ions  were  ca lcu lated a t  an  array  of  

locat ions  ar ranged  a long 16  r a d i a l   d i r e c t i o n s   f r o m   t h e  

s tack ,   ou t   t o  a d i s t a n c e   o f  25 km. Maximum p red ic ted  

SO2 impacts  are shown i n  Table  1-3.   Further  informat ion 

on the   spa t ia l   d is t r ibu t ion   o f   annua l -average  concent ra -  

t i o n s  and on the  concentrat ions  o f   o ther   contaminants  

can  be  found i n   t h e  ERT summary repo r t .  1 

(ii) Powerplant  Stack  Study - Regional  Scale 

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

study was c a r r i e d  out on a 25 t o  100 km reg iona l   sca le .  

A Gaussian-plume  based a i r   q u a l i t y  model ‘was a lso  used 

i n   t h i s  assessment, bu t   he re   t he   p r imary   i r ke res t  was i n  

es tab l i sh ing   chemica l   reac t ion   p roduc ts  and depos i t ion  
behavior.  

Meteoro log ica l   inpu ts  used i n   t h i s   s t u d y  were 

taken   f rom  tw ice   da i l y   upper   a i r  measurements a t  Vernon, 

B.C., and  were  combined i n t o  a s t a t i s t i c a l   f o r m a t   f o r  

long-term  average  calculat ion.  Thus, sho r t - t e rm concen- 

t r a t i o n s   c o u l d   n o t  be ca lcu lated.   Only   su lphur   d iox ide 

and i t s  consequent  react ion  products,   n i t ro ’gen  oxide  and 

i t s  consequent  react ion  products,  and p a r t i c u l a t e  

emissiolis  were  considered i n  t h i s   a n a l y s i s .  

1 - 6  



TABLE 1-3 

MAXIMUM  PREDICTED  GROUND-LEVEL  SULPHUR DIOXIDE 
CONCENTRATIONS k'ITHIN 25 km FROM  THE  HAT  CREEK  GENERATING 

STATION  WITH  METEOROLOGICAL  CONTROL AND 244 m STACK 
FROM THE ORIGINAL ERT  STUDY 

Averaging  Time 

1-hr  

3- h r  

24- hr  

Seasonal 

Win ter  

Spr ing  

Summer 

Fa1 1 

Annual 

SF 7931 1 - 7  

Maximum Concentra:.tion __ 
(~.~g /m~)  

1730 

622 

260 

5.8 

17.2 

10.9 

9.2 

9.3 
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1.2 - ElACKGROUND - (Cont'd) 

The analysis in the regional !Study assumed 
emissions to be  released from a 366 m stack  with no SO2 

contro.ls.  Maximum annual-average SO2 concentrations 
were 1.7 pg/m . Maximum deposition of S 3 2  was calcu- 
lated to be less than 0.1 pg/m / s .  The impacts for 
other contaminants can be found in the ERT summary 
report. 

3 

2 
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( i i i )  Cool  inq Tower  Study 

Impacts from the proposed cooling towers were 
analysed using two models. The  first mode'l was a  numer- 
ical model to calculate the occurrence o f  fogging and 
icing episodes as well as visual obscuration caused by 
the plume. The second  model analysed the  effect of 
water droplets (called  drift) from the cooling towers. 
ERT conducted analyses for both natural  and mechanical- 
draft cooling towers. A configuration 0.f two natural 
draft cooling towers was recommended as the  most 
desiratlle of the alternatives. 

The conclusions o f  the study were that 
precipitation would increase by less than 1 percent 
annually i n  the immediate vicinity of the s i t e .  V i s i b l e  

plumes  from the cooling towers were predicted to 
occasionally extend to 15 km, but shadowing1  by the plume 
was not, expected to  occur more than 20 hours per year  at 
distances greater than 2 km. No occurenc:e of ground- 
level  .Fogging or icing was predicted although a  small 
increase in ground-level  humidity was viewed as a 

possible occurence in the. cooling tower vicinity. 
Cooling tower drift deposition was predicted to have a 
maximum  value of 4700 kg/km  /a at a  dist.ance of 1 km 
east of the cooling towers. 

2 
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1.2 BACKGROUND - (Cont'd>l 
(iv) Mine 5w 

An air quality modelling study was conducted 
to det.ermine ground-level concentrations  of  particulates 
which would result from the mining operations. These 
emissions, frequently referred to as .fugitive dust, 
origirlate from the handling of  coal,  waste  rock and 
surficial materials,  blasting, traffic on unpaved roads, 
open  stockpiles and wind  erosion  from newly exposed 
areas. A total emission rate of 2 283 800 kg/a was 
calculated. These emissions were used in a  multi-source 
Gaussian-plume  diffusion model  to  predict, ground-level 
concentrations o f  suspended particulates at locations in 
and around  the mine. 

SE 7931 

The meteorological data used  in this analysis 
were  taken  at  a height of 10 m by a mechanical weather 
station in Upper  Hat  Creek valley. Maximum 24-hour 
concentrations  were determined by examining the data  set 
to identify a series of  "worst cases". N.ine such cases 
were identified  and analysed. Annual concentrations 
were determined by statistical analysis o f  the entire 
data set. 

Maximum 24-hour  concentrations  of suspended 
particlJlates calculated by the model were 400 pg/m . 3 

Highest  annual-average  concentrations  were calculated to 
be 250 pg/m . In this analysis no accourting was made 
for particle size ranges or deposition properties. 

3 

( b )  Subsequent  Studies Performed by ERT 

Based  on the original modelling stuoies, special 
investigation was subsequently undertaken in two areas: trace 
element  redistribution, and the effects of long-range  transport 
and the implications of acid precipitation. 

1 - 9  
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1 . 2  RACKGROUND - (Cont'd) 

(i) Trace Element Analysis 

The analysis of trace element redistribution 
began with  an analysis of 73 separate elements. This 
number was then reduced to 21 elements basNed on toxicity 
potential to plants and animals and  then to nine 
elements ascertained t o  be o f  greatest environmental 
concern. The various processes leading to redistri- 
bution were: leaching from coal  and waste  piles, and 
air quality effects caused by powerplant emissions. 
This document is concerned only with  air quality and 
related  effects. 

The  analysis of ambient  air concentrations of 
trace elements  was based solely on  the powerplant SO2 
model  ling assuming a stack height of 366 m. Trace 
element deposition analysis did include an accounting 
for effects of the cooling tower drift, but was also 
primarily based on  the SO2  modelling. I,rl the initial 
work, estimates of trace elements were used to calculate 
both 24-hour and annual-average concentrations for a 
number of trace elements. However, subsequent to the 
preparation o f  the  trace element appendix,  many  of  the 
elements to be considered were changed and the emission 
rates were re-estimated. The trace element appendix, 
however, did not analyse for  24-hour concentrations. 

The methodology for the analysis .in the 
appendix was to calculate an emission rate by multi- 
plying the measured emission rate from the test  burns by 
the ratio o f  the trace element content in average coal 
in the mine to the trace element content in the coal 
burned  in the tests. These emission rates are then 
ratioed to the SO2 emission rate to calculate annual- 
average concentrations.  Final ly, the concentrations 
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1.2 BACKGROUND - (Cont' d) 

were multiplied by an  assumed  deposition velocity of 
0.1 cm,/s to  calculate  deposition rates. This latter 
techni'que  is a very approximate way 0.f determining 
deposition rates.  It was  carried  out only for the local 
scale (within 25 km). No accounting was made for trace 
e1emen.k which might  become entrained into the atmos- 
phere in the form of mine dust. The  results  of the 
calculations  are  shown in Table 1-4. 

S E  7931 

(ii) Acid Precipitation 

A special modelling study was  conducted to 
determ.ine the effects  of  long-range  transport and the 
implications of acid precipitation result,ing from the 
Hat Creek Project. The  study also investigated the 
deposii,ion of  major  contaminant  species and their 
reaction products. This  study itself was i I  reassessment 
of previous work done as part of  the regional-scale 
modelling. In this study which,  for  convenience, will 
be called the acid precipitation study,  the modelling 
was very similar  to  that used  in the  regional-scale 
study, but  here the model was modified to include 
consideration o f  both wet and  dry atmospheric removal 
processes for plume contaminants, and the effects o f  

sulphur and nitrogen compounds  on precipitation. The 
study used essentially the same input data  as the 
previous work, including the assumption that the 
emissions would be released from a 366 m Istack with no 
controls on SO2 emission rate. The meteorological data, 
however, were augmented to include precipitation data 
from 34 stations in southern British Columbia. Also, 
the  calculations  were carried out to a  distance of 
200 km  from the stack. 

1 - 11 



Trzce  Element 

Arsen ic  ( A s )  

Cadmium (Cd) 

Chrnmi urn (Cr) 

Copper  (Cu) 

F1 u o r i  ne (F) 

Lead (Pb) 

Mercury (Hg) 

Vanadium (V)  

Zinc  (Zn) 

c. 

I-. 

I 

w 

TABLE 1 -4  

4 N A L Y S I S  OF A I R  QUALITY EFFECTS O F  THE HAT CREEK 
PROJECT FOR 9 TRACE ELEMENTS AS PRESENTED BY ERT I N  JUNE. 1978 

7 . 8  

<O. 48 

3 nn 
I V V  

43 

137 

C6.6 

0.14 

140 

25 

Amount En te r ing '  
B o i   l e r  
( W d )  

Amount En te r ing '  
B o i   l e r  
( W d )  

332.0 

c20.4 

426. uu 

1030.0 

5840.0 

C281.0 

5.96 

5960.0 

1065.0 

Emission 

17.2 

0.35 

5.20 

5.93 

281.0 

4.36 

7.07 

16 .1  

12.9 

Max. Ground' 
Level   Concentrat ion 

( W m 3  1 

0.0003 

0.000005 

0.00008 

0.00009 

0.004 

0.00007 

0.0001 

0.0002 

0.0002 

Max. Deposi t ion'  

9 . 5  

0.16 

2 . 5  

2.8 

126 

2.2 

3.2 

6 .3  

6.3 

Based  on  coal   consumption  rate o f  42 600 t / d .  

Annual averages. 
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1 . 2  BACKGROUND - Cont 'd)  

The conc lus ions   o f   the   s tudy   were   tha t  no 

measurab le   e f fec ts   shou ld   resu l t   f r om  i nc reases   i n   ac id  

p r e c i p i t a t i o n  caused  by  the  Hat  Creek  Pr'Dject.  Annual 

ave rage   depos i t i on   ra tes   f o r  SO2 and other  contaminants 

were p l o t t e d   w i t h  maximum va lues   f o r  SO2 be ing  approx i -  

mately 40 x lo-' g/mz/s. Reductions i n   t h e  pH of 

p r e c i p i t a t i o n  were  expected t o   f a l l  as 'low as 4 .6  t o  

4 .9  f r o m  normal  values o f  5 .0 t o  5.5. The r e p o r t   a l s o  

con ta ins   cons ide rab le   ana lys i s   o f   t he   b io log i ca l  and 

w a t e r   q u a l i t y   e f f e c t s   o f   t h i s   a c i d i f i c a t i o n .  The 

a n a l y s i s   i n d i c a t e d   t h a t   t h e r e   w o u l d  be no e f f e c t  on 

s o i l s ,   v e g e t a t i o n  and  animal  or   f ish  popu1,at ions.  

1 . 3  !\REAS OF REASSESSMENT 

As ment ioned  prev ious ly   there  are  four   major   areas where 

changes  have occurred  that   necessi tate  reassessment.  Each o f   these 

areas will be discussed i n   t u r n .  

S t  7931 

(a )  Changes i n  Data Hases 

(i) Coal C h a r a c t e r i s t i c s  

The min ing  and blending  processes and thus   the  
c h a r a c t e r i s t i c s  of the coa l  t o  be burned a t  the  Hat 

Creek  IProject  have  been r e f i n e d   s i n c e   t h e   o r i g i n a l  ERT 
work was completed.  This has al lowed a b e t t e r   e s t i m a t e  

t o  be made o f  the  su lphur   content  and hea t ing   va lue   o f  

the   cca l .   Cur ren t   es t imates   ind ica te   , tha t   su lphur  

content  ("as  received")  of  average  blended  coal will be 

0.39 percent   ins tead  o f   the  0.45 percent  used i n   t h e  

o r i g i n a l  ERT work.  This i s  counterbalanced t o  some 

degree  by a r e d u c t i o n   i n   h e a t i n g   v a l u e  01' t h e   c o a l   t o  

13 700 kJ/kg  from  the  value  of 14 650 kJ/kg  used i n   t h e  

previous  work. The end r e s u l t  i s  t h a t   t h e   e m i s s i o n   r a t e  

o f  SO2 dill be  somewhat changed  from  the o r i g i n a l   v a l u e .  

1 - 13 



1.3 - A,REAS OF REASSESSMENT - (Cont'd) 
In addition  the concentration of other poten- 

tial contaminants in the coal  has been re\fised from  the 
original assessment. Table 1-5 shows the c:oncentrations 
of 23 trace elements as originally estimated and as 
currently estimated. The values shown in the table are 
averages of many samples. In many cases  the standard 
deviation from  these mean values is quite substantial. 

(ii) Combustion Rate 

The combustion rate of coal  has also changed 
from the value  used  in the previous work. At that time 
emissions of trace elements and other contaminants were 
calculated on  the basis o f  42 630 metric tonnes per day 
(t/d) of coal  being  burned. Current estimates for  the 
coal consumption rate are approximately 40 000 t/d. 

(iii) Meteorological Data 

The meteorological data on which the local- 
scale modelling study, the cooling towqer modelling 
study, ,dnd the mine modelling study were based consisted 
of 1 year (1975) of values collected from a network of 
10 m towers on site. As of this writing there  are  four 
f u l l  ye83rs of reduced data from this same network which 
can be compared to the single year used  previously. 
This has  been done and is  documented  elsewhere. 2 

Although there are a few isolated differences noted  by 
the comparison, in general, 1975 data  are representative 
o f  longer-term normals. 

(iv) Reclamation Potential of Mine Waste 

In addition to the above data,  there is new 
information which affects the analysis o f  mine dust 
emissions.  Reclamation trials conducted during the bulk 

1 - 14 
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TABLE 1-5 

CHANGES I N  E!;TIMATES OF CONCENTRATIONS OF VARIOUS 
TRACE ELEMENTS I N  HAT CREEK COAL (DRY BASIS)  

- Element 

Antimony 
Arsenic  
Eleryl 1 i um 
Eloron 
Cadmi um 
Chromium 
Cobal t  
Copper 
F l u o r i n e  
L.ead 
Manganese 
Mercury 
Molybdenum 
Nicke l  
h l e n i u m  

Thal 1 ium 
S 8 i  l v e r  

l i n  
Thorium 

lungs ten  
Uranium 
Vanadium 
Z inc  

(0.47 
7.8 
0.38 
15.0 
(0.48 
100.0 
5 .8  
43.0 
137.0 

(200.0 
(6.6 

4.9 
0.14 

(1.0 
33.0 

(0.5 
( 0 . 1  
(3.0 
(0.76 
(0. 1 
<2.3 

25.0 
140.0 

1 - 1 5  

Current   Est imates o f  
Concent ra t ion   in   Coa l  

(mg/k!j) 

8.5 
0.5 

(18.0 
0.64 

(0.33 
71.0 

42.0 
5.8 

118.0 
5.6 
213.0 
0.13 
2.3 
24.0 
(0.77 
(0.4 
(0. 5 
5.73 
0.83 
(1.0 
2.2 
109.0 
35.0 
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1 . 3  AREAS OF REASSESSMENT - (Cont 'd)  

sampling  program show t h a t   v e g e t a t i o n  can  be r e a d i l y  * 

es tab l i shed  on most o f   t h e  waste  mater ia ls  f rom  the 

mine. The r e s u l t s   o f   t h e s e   t e s t s   i n d i c a t e   t h a t  revege- 

t a t i o n   o f   t h e  waste dumps  may e l i m i n a t e  much o f   the   w ind  

erosioi l   f rom  these  areas  which made u p  t h e   l a r g e s t  

s i n g l e   d u s t   s o u r c e   i n  ERT's  analys is .  It a l s o  appears 

ev ident   f rom  the  amount o f   c l a y e y   m a t e r i a l s   i n   t h e   p i t  

was te ,   t ha t   t he re  will be s i g n i f i c a n t   c r u s t i n g .   T h i s  

will help   to   e l im ina te   w ind   e ros ion   f rom  the   was te  

dumps. ERT has recent ly   es t imated  that, t h i s   s h o u l d  

r e d u c e   t o t a l  mine  emissions  by as much a s  30 percent. 

SE 1931 

( b )  Changes i n  Plans  or  Designs 

( 7 )  Powerplant  Stack  Design  and SO Cont ro ls  2 

I n   t h e   o r i g i n a l  ERT work,  three  separate  cases 

for  th'2  main  powerplant  emissions  were  treated. These 

inc luded  a  366 m s t a c k   h e i g h t   w i t h  a f l u e  gas desu lphur i -  

z a t i o n  (FGD) u n i t ,  a  366 m s t a c k   h e i g h t   w i t h  a meteoro- 

l o g i c a l   c o n t r o l  system (MCS) and  a  244 m s tack   he igh t  

w i t h  an MCS. The p lans  have now been f i n a l i z e d  and t h e  

244 m s t a c k   h e i g h t   w i t h  a meteorological  c:ontrol  system 

has been selected. The o r i g i n a l   r e p o r t  assumed t h e  
s t a c k  i n  each  case t o  exhaust gases t o  the  atmosphere a t  

t h e   r a i x  o f  249 000 m /min. It i s  now es t ima ted   t ha t  

t h e   s t x k  will exhaust gases a t   t h e   r a t e  o f  260 000 m / 
min. I n   a l l  cases t h e   p l a n t  was assumed t o  be a t   f u l l  

l oad  f o r  a l l   f o u r   u n i t s   a l l   y e a r   r o u n d .  

3 

3 

(ii) Cool ing Tower Plans 

The p lans   fo r   the   coo l ing   towers  have  changed. 

I n   t h e   o r i g i n a l  ERT work, four  separate  cool ing  tower 

designs  were  considered. The se lec ted   des ign   ca l l ed   f o r  

two  na tura l   d ra f t   towers .  The design  parameters  used i n  

1 - 16 
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1 . 3  AREAS OF REASSESSMENT - (Cont'd) 

SE 7931 

the   o r ig ina l   s tudy  and those  now planned  a,re compared i n  
Table 1-6. 

( i i i )  Mine Plans 
" 

The p lans   fo r   t he  mine  have a l s o  changed. 
Recent da t a  have ind ica ted  tha t  vegetat ion wi l l  grow 
readi1.y on waste  piles.   Also the amount o f  exposed  area 
s h o u l d  decrease  as  an e f f o r t   w i l l  be !made to   avoid 
s t r ipp ing   a r eas  u n t i l  necessary. In addi t ion ,   a reas  
which a re  exposed and must remain so for  long  periods of 
t ime  will  be sprayed w i t h  soil   binder.   All  of t h e  above 
procedures  should  substantially  reduce  the  emission  of 
fugi t i 've  d u s t  r e s u l t i n g  from  wind erosion of  exposed 
areas.   Other  changes  to  the mine plan which wi l l  
c o n t r i b u t e   t o  a reduction i n  emissions  are   the  spraying 
of  water  or  binding  agents on the  coal   ! ; torage  pi les ,  
the  reduct ion i n  t h e  number and s i z e  o f  some of the  
s to rage   a r eas ,  and the  use  of  telescopic  chutes and 
water Isprays on the   s t acke r s .  

( c )  Technical Advancos Affect ing  the Assessment 

( i )  SO De)osi t ion -2 1 
The study  of  long  range  transport and t h e  

implicat ions of ac id   p rec ip i t a t ion   ( t he   ac id   p rec ip i -  
t a t i on   s tudy)  which was recent ly  added t o  the   o r ig ina l  
ERT s tud ie s ,   r ep resen t s  an improvement i n  l-he assessment 
of the   reg iona l   sca le   depos i t ion   for   su lphur   d ioxide  and 
o ther  Icontaminants. The r epor t  i s  a complete document 
and wi l l  not be requoted  here. However, many of the  
conclusions o f  t h i s   r e p o r t  can be used t o  r e f ine   t he  
ana lys i s  i n  o the r   a r eas ,  most notably  trace  element 
deposi t ion.  
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TABLE 1-6 

COMPARISON OF PREVIOUS DESIGN DATA FOR HAT CREEK PROJECT 
COOLING TOWERS WITH CURRENT DESIGN DATA 

DESIGN CONDITIONS 
aD 
1 

I 
Ambient  wet  bulb  temperature 
Approach 
Range 
C i rcu la t ing   water   f low  ra te / tower  

- 
* 
L 

PHYSICAL DIMENSIONS 
I - Base diameter 

Cool ing  tower   he ight  
Top diameter 

0 
L 

EFFLUENT PROPERTIES 

Ambient Temp. i n  O C  

-Bulb - .  'Wet Bulb 

a - 
" 

I - 
-(15.0) -(15.0) 
-(15.0) -(16.3) 

10.0 10.0 
: v . 2  23.9 

d 10 .0  - -(3.3) 

1 
I 

D R I F T  PROPERTIES 

D r i f t  r a t e  
Cool ing  tower   cyc les o f  

Sa l t   emiss ion   ra te / tower  
concen t ra t i on  

Previous Cur ren t  
Study Data 

13.9OC 13.9OC 
12.8OC 12.8OC 
18.7OC 18.9OC 
20 422 l / s  18 925 1/s 

- 
67 .1  m 

102 m 

116.4 m 134 m 
- 

E x i t  Air Temp. 
i n  O C  (100% Saturated) 

Air F'low Rate  per Tower 
-_ i n  Actual  m3/s 

Previous  Current  Previous  Current 

28.9 
29.4  20.0 

19.7 13 470 2 1  600 

36.7 
13 508 2 1  750 

31.9 
36.7 

1% 393 17 370 

42.2 
33.9 
43.9 1% 006 13 950 

12 393 18 025 

Previous 
Study 

0.008% 

14 
2.46  g/s 

Current 
Data 

0.008% 

20 
3.08 g/s 
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1 .3  AREAS OF REASSESSMENT - (Cont 'd)  

(ii) NO Emissions  Rate 

The o r i g i n a l   a n a l y s i s   f o r   o x i d e s   o f   n i t r o g e n  

used  emissions  based  on a concen t ra t i on   o f  600 ppm i n  

the  exhaust  gases. These emissions  have  been 

re-evaluated  using  an  emission  factor  approach. 

Cons ide rab le   research   i n to   t he   f o rma t ion   o f   ox ides   o f  

n i t r o g e n  has proceeded  s ince   the   o r ig ina l  ERT work. It 

i s  known t h a t   v i r t u a l l y   a l l   t h e   o x i d e s   o f   n i t r o g e n   i n  

t h e   f l u e  gas will be i n  the   f o rm  o f   n i t rogen   ox ide  (NO) 

and will t r a n s f o r m   v i a   c h e m i c a l   r e a c t i o n   t o   n i t r o g e n  

dioxic le (NO ) i n   t h e  atmosphere a f te r   emiss ion .  A value 

o f  0 .3  grams per  megajoule (g/mJ) o f   coa l   bu rned  has 

been assumed f o r   a l l   o x i d e s   o f   n i t r o g e n .  The 

d e p o s i t i o n   o f   o x i d e s   o f   n i t r o g e n  has a l s o  been t r e a t e d  

i n   t h e   a c i d   p r e c i p i t a t i o n   s t u d y .   I n   t h a t   s t u d y ,  

however,  the  previous  emission  values  were  used  and a 

366 m s t a c k   h e i g h t  was used. 

2 

SF 7931 

(iii) Part icu la te  Emiss ion  Rate 

The p r e v i o u s   w o r k   c a l c u l a t e d   t o t a l   p a r t i c u l a t e  

emissions  by  assuming a g r a i n   l o a d i n g   i n   t h e   e x h a u s t  o f  

0 .1   g ra ins   pe r   s tandard   cub ic   f oo t .   Pa r t i cu la te  

emissions  have  been  re-evaluated  by  examination o f   t h e  

a s h   c o n t e n t   i n   t h e   c o a l ,   t h e   p r o p o r t i o n i n g   o f  ash  dur ing 

combust ion  into  bot tom  ash  or f l y  ash,  and t h e  

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

( i v )  Mine Assessment 

Considerable  technical   development  into 

methods fo r   assess ing   the   impacts   o f   m in ing   opera t ions  

has  proceeded  s ince  the  or ig ina l   work 'was done. I n  

p a r t i c u l a r  i t  i s  now r e c o g n i z e d   t h a t   t h e   p a r t i c u l a t e s  

1 - 19 
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1 . 3  AREAS OF REASSESSMEN11 - (Cont ’d)  

produced  by  min ing  operat ions  are  genera l ly   larger  i n  

mass  mean diameter  than  those  from a c o a l - f i r e d   b o i l e r ,  

f o r  example. As a r e s u l t  mine  dust will experience 

r a p i d   d e p o s i t i o n  and consequen t l y   rap id   reduc t i on   i n  

concen t ra t i on  downwind.  Such e f f e c t s  were n o t  

c o n s i d e r e d   i n   t h e   o r i g i n a l  work. It . is  c l e a r   t h a t  

concent ra t ions  of mine  dust  were s i g n i f i c a n t l y  

overes t imated  by   the   neg lec t   o f   such  e f fec ts .  

SE 7931 

( V )  Trace  Elements 

The area   most   s ign i f i can t ly   a f fec ted   by   tech-  

n i c a l  advances i s  the  assessment of  t he   impac ts   o f   t r ace  

e lemen t   red i s t r i bu t i on .   I n   t he   t race   e lemen t   append ix  

t o   t h e  ERT report ,   concern was focused on nine  elements: 

arsenic ,  cadmium, chromium,  copper, f l uo r ine ,   l ead ,  

mercwy,  vanadium  and zinc.  More r e c e n t   i n v e s t i g a t i o n  

has  developed  the  need t o  broaden  the  s tudy  to   inc lude 

an a d d i t i o n a l  14 elements:  antimony,  ber:yllium,  boron, 

c o b a l t ,  manganese,  molybdenum, n icke l ,   se l ’en ium,   s i l ver ,  

t h a l l i u m ,   t h o r i u m ,   t i n ,   t u n g s t e n  anti  uranium. I n   t h e  

previous  work  the  only  source  of   t . race  element 

red i s t r i bu t i on   t h rough   a tmospher i c  proce!;ses was t h e  

emiss ions  resul t ing  f rom  the  combust ion of coal  i n  the 
powerp’lant.  While f o r  most o f   t h e  region!; i n v e s t i g a t e d  

i n  t h e   o r i g i n a l  work t h i s  i s  still the ca:;e, the  areas 

surrounding  the  mine will experience a l a r g e r   t r a c e  

element. r e d i s t r i b u t i o n   f r o m   t h e   t r a c e   e l e m e n t   c o n t e n t   i n  

the   fug i t i ve   dus t   genera ted   by   the   min ing   opera t ions .  

Analys is   o f   both  ground- level   concentrat ions 

and d e p o s i t i o n   r a t e s  were  based i n   t h e  .trace  element 

appendix t o  t h e   o r i g i n a l   s t u d y   s o l e l y  on   the   loca l -sca le  

mode l l ing  o f  the  powerplant  emissions. I n   t h e  

re -eva lua t i on  i t  i s  apparent   that ,   immediate ly  
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surrourtding  the  mine  both  ground  level   concentrat ions 

and depos i t i on  will be cont ro l led   by   mine   dus t  

emissions.  For  the  remainder  of  the  region,  ground- 

level   concentrat ion  impacts  can  be  adequately  def ined  by 

t h e   l o c a l - s c a l e  SOz model l ing.  However, t h e   a c i d  

p r e c i p i t a t i o n   s t u d y  has i d e n t i f i e d   t h a t   d e p o s i t i o n  

pa t te rns   can  be  more accurately  addressed  than i n   t h e  

o r i g i n a l   s t u d i e s .  Thus d e p o s i t i o n   p a t t e r n s   o f   t r a c e  

elements  from  the  powerplant  emissions  should be de f i ned  

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

A c r i t i c a l  process i n   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   o f   t r a c e  elements i s  t he   de te rm ina t ion   o f   t he  

f r a c t i o n   o f   t h e   t r a c e   e l e m e n t   i n   t h e  c:oal which i s  

em i t ted  as a resu l t   o f   combus t ion .  Some elements  such 

as  mercury  tend to   vapor ize   dur ing   combust ion  and as a 

r e s u l t   a r e   e m i t t e d   i n   s u b s t a n t i a l   p o r t i o n  .in t h e  gaseous 

phase.  Others  such as tungs ten   tend  to  be c a r r i e d   a l o n g  

w i t h   t h e  f l y  ash  and t h u s   s u b s t a n t i a l   f r a c t i o n s   a r e  

c a p t u r e d   b y   t h e   e l e c t r o s t a t i c   p r e c i p i t a t i o n .  Still 

others  (most  of   the  e lements  considered) have behavior 

somewhere between  these  two  characterist, ics. I n   t h e  

o r i g i n a l   w o r k ,  ERT used measured va lues   du r ing   two   t es t  
burns  conducted  by B.C. Hydro t o   d e t e r m i n e   t h e   f r a c t i o n  

o f  each  element  which i s  emit ted.   Examinat ion  o f   recent  

1 i t e r a t u r e  has revea led   tha t   fo r   severa l   e lements  a 

s i g n i f i c a n t   d i f f e r e n c e   e x i s t s  between the  va lues 

measured du r ing   t he   t es t   bu rns  and the  exper ience  of  

o t h e r   r e s e a r c h   e f f o r t s .   S i n c e   t h e   a n a l y s i s ,   o f   t e s t   b u r n  

resu l t s ,  was n o t   a b l e   t o   c l o s e   t h e  mass balance  on many 

of  the  elements, i t  i s  necessary  ( to   ensure  that   the 

analyses  are  conducted on  a c o n s e r v a t i v e   b a s i s )   t o  

increase  the  percentage  that  i s  e m i t t e d   f o r   c e r t a i n  

1 - 2 1  



1 . 3  AREAS OF REASSESSMENT - (Cont 'd)  

elements. A comparison  of   previous  values and c u r r e n t  

est imates i n  shown i n  Table 1-7. 

One a d d i t i o n a l   t e c h n i c a l  advance  which a f f e c t s  

the  t race  e lement   analys is   concerns  averaging  t imes.  I n  

the  t race  element  appendix  concentrat ions were ca lcu-  

l a t e d  f o r  annual-average  values  only. I n   t h i s   a n a l y s i s  

it i s  (desired i n   a d d i t i o n   t o   p r e d i c t  maximum 24-hour  and 

3-hour  concentrat ions. The  maximum concentrat ions  can 

be ca lcu lated  f rom  the model p r e d i c t i , u n s   f o r  SO2. 

Howeve,?, the  meteoro log ica l   cont ro l   system  used  to  

c o n t r o l  SO2 concent ra t ions   be low  cer ta in   th resho ld  

v a l u e s   u t i l i z e s  two  cont ro l   s t ra teg ies :   fue l   sw i tch ing  

and load  reduc t ion .  F o r  load   reduc t ion   ac t ions   the  

t race  element  concentrat ions will a l s o  be  reduced; 

however, f o r  f ue l   sw i t ch ing   ac t i ons ,   t he   e . f f ec t  on t r a c e  

element  concentrat ions  varies  from  elemerlt   to  element. 

For many of   the  e lements  the  low  sulphur  coal   which will 

be used as the  secondary  fuel i s  a lso  low i n   t r a c e  

elemeni, concentrat ion.  Among these elements  are 

f luor ine,   mercury,   copper ,   arsenic  and o the rs .   Fo r   t h i s  

reason  the SO2 model p r e d i c t i o n s  will be  used t o  

est imate maximum 24-hour  and  3-hour  trace  element 
concentrat ions.  

( d )  Changes i n   t h e  Standards  of  Comparison 

S ince   t he   o r i g ina l  ERT work was completed,  the 

P o l l u t i o n   C ~ ~ n t r o l  Board o f  the  Min is t ry   o f   the  Envi ronment  

f o r   B r i t i s h  Columbia has publ ished new p o l l u t i o n   c o n t r o l  

ob ject ives  . for   the  min ing,   smel t ing and r e l a t e d   i n d u s t r i e s .  

The object ives  contain  both  ambient  concentrat ion  ranges  and 

emission  rate  ranges.  Table 1-8 summarizes the  new objec- 

t i v e s  f o r  those  contaminants  which  are  of   interest   for   the 
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TABLE 1 - 7  
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E 
I 

A COMPARISON OF THE FRACTIONS OF TOTAL TRACE ELEMENTS CONTAINED I N  
THE  COAL WHICH WERE ASSUMED TO BE EMITTED I N  THE PREVIOUS WORK 

AND THE FRACTIONS  CURRENTLY ASSUMED 

- E 1  ement 

h t i m o n y  
P,rsenic 
Bery l  1 ium 

Cadmium 
Boron 

Chromium 
Cobal t  
Copper 
F l u o r i n e  
Lead 
Mlanganese 
M:ercury 
M,olybdenum 
Nicke l  
Selen.ium 

Tha l l ium 
Si  1 ver 

Thorium 

Tungsten 
T i n  

Uranium 
Vanadi um 
Zinc 

Symbol 

Sb 
As 
Be 
B 
Cd 
Cr 
co 
cu 
F 
Pb 
Mn 

Mo 
Hg 

N i  
Se 
Ag 
T1 
Th 
Sn 
W 
U 
V 
Zn 

Assumed Percent 
Previous Work 

Emi t ted  (%) 

0.572 
6.4 
0. 052 
1.22 
2.1 
0.15 
0.  32 
0.4 
6.0 

0.22 
1.9 

148 
0.52 

0.12 
0.092 
0.3 
1.5 

Current  Value' 
kssumed Percent 
" Emit ted (%) 

1.0 
Not  changed 

1.5 
5 

Not  changed 
Not  changed 
Not  changed 

63 
2 

3 
1.1 
100 
5 

25 
1.0 

Not  changed 
Not  changed 
Not  changed 
Not  changed 
Not  changed 

Not  changed 
N o t  changed 

1 

Selected as rep resen ta t i ve  o f  l i t e r a t u r e   v a l u e s  4,5,6,7,8,9,10 
and  Hat   Creek  coal   character is t ics .  

2 For  these  elements  emissions  were  not  analysed i n   t h e   o r i g i n a l  
work. The value!; shown above are  those  which  would  resul t   f rom 
ana lys i s  o f  t e s t  burns. 
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TABLE 1-8 

SUMMARY OF NEW PCB POLLUTION  CONTROL  OBJECTIVES  FOR 
MINING. SMELTING AND RELATE0  INDUSTRIES 

* - 

Contaminant 

Su lphu r   d iox ide  

. ._____- 

Annual a r i t h m e t i c  mean 
24-hour maximum 
3-hour maximum 
1-hour maximum 

Oxides o f  n i t r o g e n  
( a s  NO2) 

Suspended p a r t i c u l a t e s  
Annual  geometric mean 
24-hour maximum 

Trace  Elements' 
Antimony 
Arsenic  

Cadi um 
Bery l  1 iurn 

Chromium 
Copper 
F I u o r i  ne 
Lead 

Molybdenum 
Mercury 

N i c k e l  
Selenium 
Uran i urn 
Vanadium 
Z inc  

Ambient  Concentrat ion 
Range ( w / m 3  1 

25 
160 
375 
450 

n 'me 

613 
l!jO 

0 . 1  
0 . 1  
0.005 
0 . 0 5  
0 . 0 5  
0 . 2 5  
0 . 1  
1 , o  
0 , l  
0 , 1  
0,Ol 
0 1  
0. 01 
0. 05 
1. 0 

50 
260 
665 
900 

none 

70 
200 

0.5 
1 .0 
0 . 1  
0 .3  
0 . 1  
2.5 
2.0 
2.5 
1.0 
2.5 
0 . 1  
0.5 
6.0 
1 .0  
2.5 

Emission  Rate 
U n i t s  Range 

mg/kJ f u e l  0.09 0.34 

mg/kJ f u e l  0.15 0.3 

mg/kJ f u e l  0.01 0.04 

(None f o r  
mg/rnol 
mg/mol 

none 
mg/mol 

none 
mg/rnol 
mg/mol 
mg/mol 
mg/mol 

none 
none 
none 
none 

mg/mo 1 
none 

c o a l - , f i r e d   b o i 1 e r s ) z  
0.16 0.27 
0.16 0.27 

none 
0.05 0.27 

none 

0.02 0.2 
0 .16  0.27 

0.16 0.27 
0.03 0.27 

none 
none 
none 
none 
none 

0.16 0.27 

I No a v e r a g i n g   t i m e   i s   s p e c i f i e d  
times  on a case  by  case  basis. 

I f  a need a r i s e s ,   t h e  PCB will e s t a b l i s h  

7 l h e r e   a r e  no s p e c i f i c   e m i s s i o n   l i m i t s   f o r   t r a c e   e l e m e n t s   f r o m   c o a l - f i r e d  
b o i l e r s .  Those shown i n   t h e   t a b l e   a r e   g e n e r a l   v a l u e s   i n t e n d e d   t o   a p p l y   t o  a 
v a r i e t . y   o f   i n d u s t r i e s .  
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1.3  AREAS OF REASSESSMENT - (Cont 'd )  

Hat  Creek  Project.  For  ambient  levels  background concen- 

t r a t i o n s  m L l s t  be  taken  in to   account  i f  comparisons  are t o  be 

made t o  a p r o j e c t .  

1 ~ .  4 METHODOLOGY FOR REASSESSMENT 

The changes t o   t h e   d a t a  bases,  designs and analys is   tech iques 

lhave been i d e n t i f i e d   i n   t h e   p r e v i o u s   s e c t i o n s .  The f o l l o w i n g   s e c t i o n s  

will discuss  the  e f , fect   o f   these changes  on t h e  assessment o f   a i r  

q u a l i t y   e f f e c t s   o f   t h e   H a t   C r e e k   P r o j e c t .  The e f f e c t s  have  been 

d iv ided  in to   those  invo lv ing   ma jor   con taminants   (su lphur   ox ides ,  

n i t r o g e n   o x i d e s ,   t o t a l   p a r t i c u l a t e s ,   c a r b o n  monoxide  and  hydrocarbons), 

and those  invo lv ing  t race  e lements.  Those ca tegor ie , j   a re   f u r the r  

separated  in to   impacts   o f   the  powerp lant  and impacts o f   t h e  mine. The 

two  are  expected  to have separate  areas o f  impact so that .   the  analys is  

of the  mine i s  assumed t o   c o m p l e t e l y   d e f i n e   i m p a c t s   i n  a reg ion  

immediate ly   surrounding  the  mine,   whi le   the  analys is   o f   the  powerp lant  

emissions i s  assumed t o  define  impacts  elsewhere. 

An examination was  made o f  the changes t o   t h e   d e s i g n   o f   t h e  

c:ooling  towers. It was f e l t   t ha t ,   g i ven   t he   genera l l y   sma l l   impac t  

d e f i n e d   i n   t h e   o r i g i n a l   s t u d y  and t h e   r e l a t i v e l y   s m a l l  c:hanges t o   t h e  

des ign ,   t ha t  a f u l l  reassessment was not  necessary.  T h i s  i s   f u r t h e r  
suppor ted   by   the   inc rease  in   he igh t  o f  the  proposed  cool ing  towers, 

which will enhance the   d ispers ion  o f  the  tower  exhaust.  Therefore the 
i m p a c t s   d e f i n e d   i n   t h e   o r i g i n a l  ERT repo r t   a re  assumed t o  be v a l i d   f o r  

the  current   cool ing  tc 'wer   des ign.  

f 
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SECTION 2.0 - REASSESSMENT OF MAJOR CONTAMINANT  IMPACTS 

:?. 1 POWERPLANT 

A s  i n   t h e   o r i g i n a l  ERT work,   the  analysis  of   impacts 

resu l t ing   f rom  the   powerp lan t   emiss ions  i s  based 5 ,o le ly  on t h e  

mode l l ing  f o r  su lphur   d iox ide .  

(a)  Sulphur  Oxides 

Severa l   o f   the  changes  mentioned i n   S e c t i o n   1 . 0  

i n f l uence   t he   es t ima t ion   o f   su lphu r   ox ide   impac ts .  ‘These inc lude:  

1. Change i n  the   su lphur   con ten t   o f   the   coa l .  

2. Change i n  the   hea t ing   va lue   o f   t he   coa l .  

3. Change in   t he   combus t ion   ra te  o f  coal .  

4 .  Change i n   t h e   f l u e  gas f l o w   r a t e .  

5. The  emergence o f  new meteoro log ica l   data.  

I n   a d d i t i o n   t h e   s e l e c t i o n   o f  a  244 m s t a c k   h e i g h t   w i t h  a meteoro- 

l o g i c a l   c o n t r o l  system (MCS) as the   p r imary  SO2 c o n t r o l  system 

e l i m i n a t e s   t h e  need f o r   o p t i o n a l   s t a c k   h e i g h t s  and  changes the 

impacts  for  areas where o n l y   t h e  366 m s tack   he igh t  was modelled. 

I tems :L, 2  and  3  above a l l  have  an i n f l u e n c e  on t h e  

su lphur   d iox ide   emiss ion   ra te   wh ich   fo rmed  the   bas is   fo r   a l l  

analys is   o f   su lphur   ox ide  impacts .   Regard less  o f   the  s tack  he ight  

or  other  emission  parameters,  the  previous  study  used  an  emission 

r a t e  o f  324  768 ki lograms  per day (kg/d) o f  SO2. Using t h e  

i n f l uences  of i tems 1, 2 and 3 above, a new emi5,sion r a t e   o f  

312 000 kg/d i s  c:alculated  based  on  operation o f  a l l  f o u r   u n i t s   a t  

f u l l   l o a d   y e a r  round. I n  making  both  these  estimates i t  has  been 

assumed t h a t   a l l   o f   t h e   s u l p h u r   i n   t h e   c o a l  i s  combusted t o  SO2 

and  emitted.  There i s  ev idence  tha t  some of   the  su lphur ,   perhaps 

as much as  5 percent ,  i s  not   exhausted  but   re ta ined i n   v a r i o u s  
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?.l POWERPLANT - (Cont 'd)  

po r t i ons   o f   t he  ash. The n e g l e c t   o f   t h i s   f r a c t i o n   h e l p s   e n s u r e  

that  emissions  are conserva t ive ly   es t imated   (overpred ic ted) .  

The increase i n   f l u e  gas f l o w  r a t e  will r e s u l t   i n  

g rea ter  plume r i s e  and as a resu l t   genera l l y   lower   c :oncent ra t ions .  

It i s  no t   poss ib le   to   accura te ly   assess   the   reduc t ion   w i thout  

remodel l ing,  but, the  expected  increase i n  plume r i s e  i s  approxi-  

mate ly  3 percent   which  would  probably   not   resul t  .in s i g n i f i c a n t  

concent ra t ion   reduc t ions .  

The e f f e c t  o f  t he  emergence o f  new meteoro log ica l   data 

i s  a l s o   d i f f i c u l t   t o   q u a n t i f y   w i t h o u t   a d d i t i o n a l   m o d e l l i n g .   T h i s  

i s  p a r t i c u l a r l y   t r u e   f o r  24-hour and 3-hour   predic t ions.  However, 

an i n d i c a t i o n   o f   t h e   e f f e c t s   c a n  be obtained  by  examining  the 

annual-average  .impacts. One impor tan t   meteoro log ica l   func t ion  

wh ich   i n f l uences   t he   concen t ra t i on   a t  any p o i n t  i s  the  frequency 

of  occurence o f   w i n d   i n   t h e  downwind d i r e c t i o n  o f  t h a t   p o i n t .  The 

highest  annual-average  concentrat ions were p r e d i c t e d   t o   o c c u r   a t  

Cornwall Hill which i s  l o c a t e d   t o   t h e   s o u t h e s t   o f   t h e   p l a n t .  An 

examinat ion  o f   the  f requency o f  occurence of   wind  f rom  the  nor th-  

west shows t h a t   d u r i n g   t h e   s i n g l e   y e a r  o f  data used by ERT, wind 

f rom  th is   d i rec . t ion   occured  13 .4   percent   o f   the   t ime  wh i le   the  

longer   term  average  for   the same s i t e  i s  12.5 pe rcen t .   Wh i le   t h i s  
i s  by no  means conc lus ive  it i s  i n d i c a t i v e   t h a t   t h e   a d d i t i o n a l  

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

s i g n i f i c a n t l y   d i f f e r e n t  maxima i f  used i n   t h e   a n a l y s i s .  

The i n s t a l l a t i o n   o f  a 100 m tower on s i t e  t o   c o l l e c t  

meteoro log ica l   data has  been  completed.  However, s u f f i c i e n t   d a t a  

f rom  th is  system has no t  been  reduced t o   a l l o w  an  assessment. 

( i )  Concentrat ions 

As the  above ana lys i s   i nd i ca tes ,   t he  change t o  

t h e   a n a l y s i s   o f  SO2 concentrat ions i s  ve ry   sma l l   f o r  
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2 . 1  POWERPLANT - (Cont'd:l 

those  areas  where  the  case o f  a  244 m s t a c k   w i t h  an MCS 

has  been t rea ted .  The MCS i t s e l f   c o n t r i b u t e s   t o   t h i s  

conclusion. The na ture  o f  an MCS i s  t o   : s p e c i f y   c o n t r o l  

ac t i ons  when necessary t o   a v o i d  a g iven  th resho ld   va lue .  

Thus t h e  maximum c o n c e n t r a t i o n s   f o r  a p roper l y   ope ra t i ng  

MCS can  general ly  be  expected  to be j u s t  below  the 

maximum a l lowab le   va lue .   For   th is   reason,  even  though 

s l i gh t .  changes are  expected i n   t h e  emiss- ion  rate,  plume 

r i s e  and meteoro log ica l   cond i t ions ,   the  maximum impacts 

can be  expected  not   to   vary .  

Thus, the  impacts o f  Table 1-3  and the  annual 

average  isopleths o f  F i g .   2 - 1  can be used t o   d e f i n e   t h e  

impacts o f  su lphur   d iox ide   emiss ions   w i th in  25 km. I n  

t h e   f i g u r e ,   i s o p l e t h s  o f  contaminant  concentrat ion  are 

l a b e l l e d  as A, B, C, D, E and F. Table 2 - 1  shows t h e  

SO2 concentrat ions  which  correspond  to  each o f   t h e  

i s o p l e t h s .  

TABLE 2-1 

ANNUAL-AVERAGE CONCENTRATIONS OF MAJOiQ CONTAMINANTS 
I N  pg/m3 FOR CODED ISOPLETHS 

I s o p l e t h  Code" 

" 
Contaminant - A - B C D E F 

Sulphur   d iox ide 9.0 7.0 5.0 3.0 1.0 0.1 

Nitrog,en  oxide 1.8 1.4 1.0 0.6 0.2 0.02 

Ni t rog len  d iox ide 2.8 2.2 1.5 0.9 0.3 0.03 

T o t a l   p a r t i c u l a t e s  0.95 0.74 0.53 0.32 0.11 0.01 

- - - - 

See Fig.  2-1. 
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2.1 POWERPLANT - (Cont 'd)  

For   reg iona l   sca le   concent ra t ions  it i s  n o t  

p o s s i b l e   t o   q u a n t i f y   t h e  changes  because t h e   o r i g i n a l  

study assumed  a  366 m s t a c k   h e i g h t   w i t h  no SO2 c o n t r o l s .  

However, g i ven   t he   genera l l y  l o w  concent ra t ions  and 

ins ign i f i can t   impac ts   p red ic ted ,   a long   w i th   t he   dec rease  

i n  importance o f  s t a c k   h e i g h t   w i t h  downwind d is tance,  i t  

can be conc luded  tha t   the   reg iona l   sca le   concent ra t ions  

o f  bo th  SO and i t s   r e a c t i o n   p r o d u c t ,   s u l p h a t e  ( S O ; ) ,  as 

shown i n  Figs. 5-18 and 5-20 o f  ERT 's  r e p o r t  , are 

a p p l i c a b l e   t o   t h e   c u r r e n t   p r o j e c t   p l a n s .  

2 1 

z 

m 
I 

S t  7931  

(ii) Oepos i t ion  - 

The ana lys i s  o f  long  range  t ranspor t  and t h e  

i m p l i c a t i o n s   o f   a c i d   p r e c i p i t a t i o n ,   w h i c h  has been 

documented i n  a l a t e r  appendix t o   t h e   o r i g i n a l  ERT work, 

inc ludes  a r e v i s i o n  and  improvement t o   t h e   o r i g i n a l  

assessment o f  SO2 and SO, depos i t ion   pa t te rns .   A l though 

the  s tudy assumed contaminants t o  be  released  from a 

366 m stack,  and u t i l i z e d   t h e   p r e v i o u s   e m i s s i o n   r a t e s ,  

meteorology, and s tack  parameters,   the  conc lus ions 

s t a t e d   i n  t h e  above s e c t i o n  on concentrat.ions  can  also 

be appl ied  here.  Thus, the  impacts  of  SO2 and SO: 
depos i t ion   a re   judged  to  be most accu ra te l y   de f i ned  by 

t h e   a c i d   p r e c i p i t a t i o n   s t u d y .   F i g .  2-2 has  been pre-  

pared as a combined  wet  and d ry  SO2 d e p o s i t i o n   p l o t .  

The values t o  be assigned t o  the  var ious  - isopleths have 

been c:oded  and are   p resented   in   Tab le  2-2. For  values 

o f  SO: depos i t ion ,   the   reader  i s  re fe renced   to   t he   ac id  

p r e c i p i t a t i o n   s t u d y .  11 
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;' . l  POWERPLANT - (Cont 'd)  

TABLE 2-2 

ANNUAL-AVERAGE DEPOSITION RATES IN g/m2,'s X 10-9 FOR 
SULPHUR DIOXIDE AT CODED ISOPLETHS 

m ... 

a 
II) 

SE 7931 

- Isopheth  Code -2 SO Depos i t ion  Rate 

A 40 

B 30 

C 20 

D 10 

(b )  0-n - 
A change i n   t h e   b a s i s   f o r   c a l c u l a t i n g   t h e   e m i s s i o n   r a t e  

o f   o x i d e s   o f   n i t r o g e n  (NOx) combined w i t h  a change i n  coa l   heat ing  

value and consumpt ion  ra te  has  resul ted i n  a new emi5,sion r a t e   f o r  

NOx. Us ing  the  emiss ion  factor  o f  0.3 gm/J, an  emiss ion  ra te o f  

165 000 kg/d i s  c a l c u l a t e d   f o r  NOx. This  represents a reduc t i on  

f r o m   t h e   o r i g i m l   v a l u e   o f  207 000 kg/d  based on 600 ppm i n   t h e  

stack  exhaust.  Most  impact  analyses  for NOx isre  concerned 

p r i m a r i l y   w i t h  ,impacts o f  NO2. As  ment ioned  previously,  i t  i s  

thus  necessary tD assume a convers ion   o f  NO t o  NO s ince  most o f  

t h e  NOx i n   t h e   r , t a c k  gas i s  i n   t h e   f o r m   o f  NO. I n   t h e   p r e v i o u s  

work t h e  assumption was  made t h a t ,   f o r   t h e   l o c a l  scale model l ing ,  

50 percent o f  t h e  NO (by  volume)  had  been  converted t o  NO This 

assumpt ion  has  been  re ta ined  for   th is   analys is .  Thus the assumed 

e m i s s i o n   r a t e s   l o r  NO and NO2 are 65 000 kg/d  and 100 000 kg/d 

respec t i ve l y .  F o r  t he   reg iona l   sca le   mode l l i ng  a conversion  of 

90 percent  was  ,assumed i n   t h e   o r i g i n a l  work.   Since  the  acid 

p r e c i p i t a t i o n   r e p o r t  has a l ready  reanalysed  the  deposi t ion 

pa t te rns   us ing  a  more dynamic  approach, it has been viewed  not 

necessary t o   r e v i s e   t h i s  80 percent  assumption.  Rather,  the 

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

s tudy  form  the  impact   analys is   for  NO . 

2 

2 '  

X 
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,?.l POWERPLANT - (Cont'd:l 

(i) Concentrat ions 

The SO2 mode l l ing  has  been  used t o   e s t i m a t e  

annual-average NO and NO2 concent ra t ions .   F ig .  2 - 1  and 

Table 2 - 1  depict   these  impacts.  MaximlJm 24-hour o r  

3-hour   concentrat ions  for  NOx i n   t h e   o r i g i n a l   s t u d y  were 

est imated  f rom SO2 impacts.  Since  the PCB has n o t  

pub l i shed   con t ro l   ob jec t i ves   f o r   t hese   amb ien t  concen- 

t r a t i o n s ,  it was not  viewed  necessary t o  make such 

assessments i n   t h e   c u r r e n t  work. I n  any case  such 

assessment  would  be d i f f i c u l t   s i n c e   t h e   i ' h o r t - t e r m  SO2 
concent ra t ions   a re   con t ro l led   by   the  MCS. (Un l i ke   t he  

annual-average  concentrat ions where t h e  ClCS has  a very  

minor   e f fect . )   Whi le   the  load  reduct ion  opt ions  would 

r e s u l t  i n  lower   concen t ra t i ons   o f  NO,, t,he e f f e c t   o f  

fue l   sw i tch ing   ac t ions  on NO, emiss fon   ra te  is 
uncer ta in .  The  maximum 1-hour  average  concentrat ion  of  

NO2 is es t ima ted   t o  be 526 pg/m . 3 

SE 793; 

(ii) Deposit, ion - 
The a n a l y s i s   o f   l o n g   r a n g e   t r a n s p o r t  and t h e  

i m p l i c a t i o n s   o f   a c i d   p r e c i p i t a t i o n  forms t,he b a s i s   f o r  

t h e  assessment o f  NOx deposi t ion  impacts .  'The reader i s  

r e f e r e n c e d   t o   t h a t  document. As ment ioned  for  SO2, 
t he   em iss ion   ra te  and s tack   he igh t  used in t h a t   r e p o r t  

a re   no t   i n   keep ing   w i th   t he   cu r ren t   es t ima tes ,   bu t  i t  i s  

f e l t   t h a t   t h e   d e p o s i t i o n   r a t e s   c a l c u l a t e d  i;n t h a t   s t u d y  

represel l t  a reasonable  assessment. 

( c )  P a r t i c u l a t e s  

The a n a l y s i s   o f   t o t a l   p a r t i c u l a t e   e m i s s i o n s   i n   t h e  

o r i g i n a l  ERT work  est imated  emissions by assuming  an  exhaust gas 

l oad ing  o f  0 . 1  gra ins  per   s tandard  cubic   foot .  More r e c e n t l y ,  

pa r t i cu la te   em iss ions  have  been ca lcu la ted   f rom  the  ,ash f r a c t i o n  

(25.5 percent,  which  equals 10 200 t/d), t h e   p a r t i t i o n i n g   i n t o  

2 - 6  
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bottom ash (25 percent,  which  equals  2550 t/d), and fly ash 
(75 percent, which equals 7650 t/d), and the  efficiency  of  the 
electrostatic  precipitator in capturing  the fly ash (99.55 per- 
cent). The end result is that emissions o f  particulates  are 
calculated to  be approximately 34 400 kg/d. This i s  a  reduction 
from  the previous value of 40 000 kg/d. 

(i) Concentrations 

Concentrations of total  suspende!d particulates 
(TSP) are  calculated from the SO2 impact!;  by the ratio 
of  emission rates. Fig. 2- 1 and Table 2-1 show  the 
annual-average  concentrations  of TSP.  M,aximum 24-hour 
concentrations  can be estimated from the SO projections 
by  the same ratio, because the  low sulphuir  coal  is also 
low in ash content and requires less consumption  for  the 
same electrical output  due  to its higher heating value. 
For this reason both  fuel switching and load reduction 
actions will result in substantially lower particulate 
emission rates. Maximum 24-hour  concentrations of TSP 
are thus reduced to 28 pg/m3 from the v,slues for the 
previous study  of 32 pg/m . 

2 

3 

(ii) Deposition 

I ... 

SE 79.31 

The  analysis of long range trarlsport and the 
implic,stions of acid precipitation forms  the basis for 
the  assessment of TSP deposition. The reader is 
referellced to that document. As mentioned for SO2, 
the  emission  rates and stack  height used  in that  study 
are nct in keeping with current  estimates, but it  is 
felt that the deposition rates calculated in that study 
represent  a reasonable assessment. 

2 - 7  
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(d)  Carbon  Monoxide 

D e s p i t e   t h e   s l i g h t   r e d u c t i o n   i n   c o a l  conlsumption r a t e ,  

t h e   r e l a t i v e l y   i n s i g n i f i c a n t   i m p a c t s  o f  carbon  monoxide (CO) have 

not   warranted a reassessment.  Given  the  accuracy o f   t h e  approach, 

t h e  assessments o f  CO impacts i n   t h e   o r i g i n a l  ERT st.udy are  v iewed 

t o  be c u r r e n t l y   v a l i d .  

il 
I 

(e )  Hydrocarbons 

Desp i te   t he   s l i gh t   reduc t i on   i n   coa l   consumpt ion   ra te ,  

t he   re la t i ve l y   i ns ign i f i can t   impac ts   o f   hyd roca rbon   em iss ions  have 

not  warranted a reassessment.  Given  the  accuracy o f   t h e  approach, 

t h e  assessment o f  hydrocarbon  impacts i n   t h e   o r i g i n a l  ERT study 

are  viewed t o  be c u r r e n t l y   v a l i d .  

2 ' .  2 _- IMINE 

The o r i g i n a l  ERT work i d e n t i f i e d   t h e   o n l y   c o n t a m i n a n t   p r o -  

lduced by   the   Hat   Creek   Pro jec t   m in ing   opera t ions   to   be   fug i t i ve   dus t .  

W h i l e   t h i s  i s  still the  case,  the  entrainment  of   mine  dust  into  the 

atmosphere will resu:l t  i n   t h e   r e d i s t r i b u t i o n   o f   t r a c e   e l e m e n t s .   T h i s  

e f f e c t  was not  analysed i n   t h e   o r i g i n a l  ERT work.  Trace  element 

-impacts will be  discussed i n   t h e   n e x t   s e c t i o n .  Here we are  concerned 
only  w i t h  t h e  c o n t r i b u t i o n  o f  mine dus t  t o  a m b i e n t   p a r t i c u l a t e   l e v e l s .  

SE 79.31 

S i g n i f i c a n t  changes t o   t h e  mine  plans  and  technical  advances 

.in the   sc ience   o f  mine  dust  impact  assessment  necessitate a complete 

r e v i s i o n   o f   t h e   c o n c l u s i o n s  o f  t h e   o r i g i n a l  ERT study. It i s  now 

conc luded  tha t  impact:; c a l c u l a t e d   i n   t h e   o r i g i n a l  ERT w o r k   a r e   s i g n i f i -  

(:ant o v e r p r e d i c t i o n s   r e s u l t i n g   f r o m  an overly  conservat.ive  approach. 

S p e c i f i c a l l y ,   t h e   c o n s e r v a t i v e   e l e m e n t s   t o   t h e   o r i g i n a l  approach 

inc lude:  

2 - 8  
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1. The lack  o f  accoun t ing   f o r   con t ro l  measures  which B .C .  Hydro now 

p lans   t o   imp lemen t   t o   con t ro l   dus t   l eve l s ,   i nc lL ld ing   ex tens i ve  

water ing  and a p p l i c a t i o n  o f  s o i l   b i n d e r .  

2. The absence o f  c o n s i d e r a t i o n   f o r   t h e   l a r g e   p a r t i c l e   s i z e s  o f  

mining  dust  emi5,sions  and  consequent  rapid  deposit ion. 

3. The n e g l e c t   o f   t e r r a i n   i n f l u e n c e s ,   i n   p a r t i c u l a r   t h e  absence o f  

cons ide ra t i on  for the  subsurface  (as much as 200-300 m) o r i g i n   o f  

many of   the  emiss ions.  

4. The assumption  t,hat  worst  cases  were  low  wind  speed  cases  combined 

with  the  assumption  that   dust   emissions  are  independent o f  wind 

speed. ( T h i s   r e s u l t e d   i n  maximum emissions a t   t h e  same t ime as 

worst-meteorology  which  would  not   be  the  case i n   r e a l i t y . )  

ERT was asked t o   r e v i e w   t h e i r   o r i g i n a l  assessment i n   l i g h t  o f  t he  above 

elements and the  improvements  which  have  taken  place.  Their  conclusion 

was : 

"It i s  c l e a r   t h e t   i n   t h e  immediate v i c i n i t y   o f  any dust   producing 

o p e r a t i o n   ( w i t h i n  a  few fee t )   h igh   concen t ra t i ons  will be 

observed. However, our  best  judgement i n   l i g h t  0.f the   p rev ious  
d iscuss ions and t h e  CMJV ana lys is  i s  t ha t   concen t ra t i ons   ou ts ide  

t h e   p i t s ,   a t   d i s t a n c e s   g r e a t e r   t h a n   h a l f  a ki lometer  from  these 

major  sources,  should f a l l  be low  the  gu ide l ine  va lues  o f  60 pg/m 3 

f o r  annual  con'centrations  and 150 pg/m3 f o r  24-,hour maximum 

concentrat ions" .  12 

(i) Concentrat ions 

It was not   cons idered  necessary  to   complete ly  

redo  the  model l ing  study  for   the  mine.  Rather i t  was 

f e l t   t h a t  impacts  could be a s c e r t a i n e d   b y   i n t e r p r e t a t i o n  

o f   t h e  above conclusions. The maximum  imni3ct.s o f  

SE 7931 2 - 9  
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60 pg/m3  and 150 pg/m3 r e f e r r e d   t o   b y  ERT inc lude   t he  

ambient  background  concentrat ion. Thus .the  impacts o f  

t h e  m.ine d u s t   i t s e l f  will be less  than  these  values. 

Ambient  background has  been  measured a t  20 pg/m3 b u t  it 

i s  recogn ized   t ha t   t he   add i t i on   o f   t he   m ine  may remove 

some o f  t h e   e x i s t i n g   s o u r c e s   o f   p a r t i c u l a t e s  and rep lace  

them w i t h  mine  dust. As a worst  case it can  be assumed 

t h a t   t h e   v a l u e   o f  60 pg/m3 a t  1/2 km from  the  mine 

c o n s i s t s   t o t a l l y   o f  mine  dust.  For maximum 24-hour 

concent ra t ions  it i s  d i f f i c u l t   t o  assign, a background 

va lue   t o   t he   concen t ra t i ons .  Unusual meteoro log ica l  

condit ions  can  cause  dust  storms i n  any a g r i c u l t u r a l  

reg ion   wh ich   can   subs tan t i a l l y   i nc rease   pa r t i cu la te  

concen t ra t i ons .   I gno r ing   l a rge   con t r i bu t i ons   f rom 

non-pro jec t   re la ted   sources ,  maximum 24-hour  concentra- 

t i o n s  o f  150 p9/m3 are assumed t o   a l s o   r e s u l t   t o t a l l y  

from  mine  dust  emissions as a wors t  case. 

. 

It i s  i m p o s s i b l e   t o  make concrete  statements 

r e g a r d i n g   t h e   s p a t i a l   d i s t r i b u t i o n  o f  these  concentra- 

t i o n s   w i t h o u t   c o n s i d e r a b l y  more analys is .  However, t h e  

evidence  suggests  that   mine  dust  part ic le  :s izes  are  very 

1 arge I:’ and concent ra t ions   decrease  rap id ly   w i th  
d i s tance  away from  the  source.  For  th is  reason  the 

impact:; o f  mine dus t   a re   expec ted   to  be c o n f i n e d   t o   t h e  

immediate v i c i n i t y  o f  t h e  mine. 

(ii) Depos i t ion  - 
D e p o s i t i o n   o f  mine dus t  was n o t   c a l c u l a t e d   i n  

the  previous  study.  There i s  considerable  evidence t o  

i n d i c a t , e   t h a t  mine d u s t   p a r t i c u l a t e s   a r e   v e r y   l a r g e  , 
and consequently will undergo rap id   depos i t i on .  The 

value o f  0 . 1  cm/s used as  a d e p o s i t i o n   v e l o c i t y   f o r  

p a r t i c u l a t e s  f r o m  the  powerp lant   s tack i n   t h e   o r i g i n a l  

13 

II 
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2 . 2  " MINE - (Cont'd) 
ERT work is reflective  of  much  smaller  particles. 
PEDC013 has measured  size  ranges  of  particulates  from 
mining  operations.  Examination  of  their  data  indicates 
that  the  bulk  of  the  mine  dust  particles fall in the 
size  range  between 10 and 30 pm. A value  of 1 cm/s has 
been  selected  to  represent  the  deposition  velocity  of 
particles in this  size  range  based  on  consideration  of 
Stoke's  Law  calculations  for  spheres  of  uniform  diameter 
falling in calm air. 14 

It  was  not  viewed as necessary t o  revise  the 
estimates  of  deposition  on  a  theoretical  basis  as  in  the 
analysis  of  long  range  transport  and  the  implications  of 
acid  precipitation.  Rather  the  simplified  approach  of 
multiplying  ground-level  concentrations by assumed 
deposition  velocity  was  used  to  estimate deposition. 
The  approach  yields  a  maximum  deposition  value  for  mine 
dust  of 0.6 pg/m / s .  2 

As for  concentrations it is not  possible  to 
define  the  spatial  distribution  of  deposition  patterns. 
The  influenced  areas,  however,  are  assumed  to  be 
confined  to  the  immediate  vicinity  of  the m-ine. 

a - SE 7931 2 - 11 



SECTION 3.0 - TRACE ELEMENTS 

m 
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As w i t h  tht?  major  components, the  s tudy  o f   t race  e lements  can 

be d i v i d e d   i n t o  two  genera l   categor ies:   those  resul t ing  f rom  the 

m in ing   o f   coa l ,  and   t hose   resu l t i ng   f rom  the   bu rn ing   o f   coa l   t o  

g e n e r a t e   e l e c t r i c i t y .   I n   t h i s  reassessment   the  e f fect  on t race  element 

r e d i s t r i b u t i o n   w h i c t l   m i g h t   r e s u l t   f r o m  changes i n  the   coo l ing   tower  

p lans  and  consequent  changes i n   t h e   d r i f t   d e p o s i t i o n  have  been assumed 

t o  be  small and  have  been neglected. The source o f  changes t o   t h e  

assessment fo r   t race   e lemen ts  i s  a r e v i s i o n   t o   t h e  amount. o f  each t r a c e  

element  which i s  c l m t a i n e d   i n   t h e   c o a l  and  an  improvement i n   t h e  

methods  used to   es t ima te   concen t ra t i ons  and depos i t i on   pa t te rns .  

3 . 1  POWERPLANT 

SE 7931 

The method  used t o   e s t i m a t e   e f f e c t s   o f   t r a c e   e l e m e n t s  

r e l e a s e d   t o   t h e  atmosphere  by  the  powerplant  stack i n   t h e   o r i g i n a l  ERT 

study was t o   m u l t i p ' l y  model p r e d i c t i o n s   f o r  SO2 b y   t h e   r a t i o   o f   t h e  

t r a c e   e l e m e n t   e m i s s i ~ ~ n   r a t e   t o   t h a t   o f  SO2. The use o f  such r a t i o s   i n  

t h i s   a n a l y s i s  has n o t  changed, b u t  i t  has  been  necessary t o   r e v i s e   t h e  

emiss ion  ra tes and t h e  SO2 model p r e d i c t i o n s  as d iscussed  prev ious ly .  

The t r a c e  element  feed  rates t o  t h e   b o i l e r  cart be c a l c u l a t e d  

f rom the  coal   consumption  rate o f  40 000 t / d  and the  t race  e lement  

c o n c e n t r a t i o n   i n   t h e   c o a l  as shown i n  Table 1-5. (The t race  e lement  

concentrat ions  are  expressed on  a d ry   bas i s  so o n l y   t h e   d r y   f r a c t i o n   o f  

the  coal   consumption  rate,  76 percent,  should  be  used.) O f  t h i s   f e e d  

r a t e  a c e r t a i n   p e r c e n t a g e   i s   e m i t t e d   t o   t h e  atmosphere. This  percen- 

.tage d i f f e r s  f o r  each  element  based  on i t s  own chemica'l  and phys i ca l  

p r o p e r t i e s  and  has  been est imated i n  Table 1-7. I n   t h i s  way emission 

)rates f o r  each o f  the  t race  elements have  been calculate'd  and compared 

t o  the  emission  rates.  used i n   t h e   o r i g i n a l  ERT a n a l y s i s   i n   T a b l e  3-1. 
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TABLE 3-1 

TRACE ELEMENT EMISSION RATES FROM  THE  POWERPLANT 
AS USED I N  THE ORIGINAL ERT WORK AND AS CURRENTLY  ESTIMATED 

1 
I 

3 
I 

I 
.- 

Emission  Rate  (kg/d) 
___ Element Symbol Previous Work - Current  Estimate' 

Antimony 
Arsen-ic 
Bery l  ;I ium 
Boron 
Cadmi tun 

Chromi um 
Cobalt. 
Copper 
F I u o r i  ne 
Lead 

,Aercury 
Ydnganese 

lvlolybclenum 
Iqickel 

: ; i lver 
+lenium 

lha l l i u rn  
Tlrorium 
.' i n  
-~ l lngsten 
(I1,anium 
\',rnadium 
i ' i nc  

Sb 
As 
Be 
B 
Cd 
Cr 
co 
cu 
F 
Pb 
Mn 

Mo 
N i  
Se 

Hg 

A!3 

Th 
T1 

Sn 
W 
U 
V 
Zn 

Not  analysed 
17.2 

Not  analysed 
Not  analysed 

0.35 
5.2 

Not  analysed 
5.93 
281 
4.36 

Not  analysed 
7.07 

Not  analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not  analvsed 

16. i 
12.9 

0.15 
1 7  
0.29 
28 
0.21 
3.2 
0.53 

2300 
26 

5.1  
70.0 
4.0 
3.5 
7.3 

0.02 
5.9 

0.02 
0.19 
0.13 
0.03 
0.67 
9.9 
16 

I Ca lcu la ted   by   mu l t i p l y ing   coa l   consumpt ion   ra te  (40 000 t /d)   by  the 
d ry   f rac t i on   o f   t he   coa l   (0 .76 ) ,  and  by  the  t race  e lement   f ract ions 

a r e  emi t ted  (Table 1-7).  
('Table 1-5) and  f ina l1 .y   by   the   f rac t ion   o f   the   t race   e lements   wh ich  

S t  1931 3 - 2  
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3 . 1  POWERPLANT - (Cont'd:i 

(a)   Concentrat ions 

The es t imate  of ground- level   t race  element  concentrat ions i n   t h e  

t race  e lement  al9pendix t o   t h e   o r i g i n a l  ERT work Wa6 done on ly   f o r  

t h e   l o c a l - s c a l e   m o d e l l i n g  and o n l y   f o r   t h e  case of a  366 m s tack 

h e i g h t .   I n   t h i s  reassessment,  trace  element  concentrat ions have 

a l s o  been r e s t r i c t e d   t o   t h e   l o c a l - s c a l e ,  because h ighes t  concen- 

t r a t i o n s   a r e   e x p e c t e d   w i t h i n   t h i s   r a d i u s .  The case  t reated, 

however, i s  f o r  a  244 m s t a c k   w i t h  an MCS. I n  add. i t ion  the  t race 

element  appendix d id   not   address  3-hour  and 24-hour maximum 

concentrat ions,   which  have been addressed  here. 

The use o f  model p r e d i c t i o n s   f o r  an MCS t o   c a l c u l a t e  

t race   e lemen t   concen t ra t i ons ,   pa r t i cu la r l y   f o r   sho r t   ave rag ing  

t imes,   could be viewed as questionable  because  the MCS i s  intended 

o n l y   t o   c o n t r o l  SO2 concentrat ions.  The methods  used t o   e f f e c t  

t h i s   c o n t r o l   a r e   s w i t c h i n g   t o   l o w   s u l p h u r   c o a l  and r e d u c t i o n   o f  

load .   Whi le   the   load   reduc t ion   ac t ions  will c l e a r l y   r e s u l t   i n  

reduced  t race  e lement   emiss ions,   the  e f fect   o f  fue.1 swi tch ing  on 

trace  element  emissions  varies  from  element  to  element. A compar- 

i s o n  o f  the  change i n  emiss ion   ra te   du r ing  a fue l   sw i t ch ing   ac t i on  

f o r  SO2 and var ious  t race  elements i s  shown i n  Table 3-2. While 

the re  i s  c o n s i d e r a b l e   v a r i a b i l i t y ,   t h e   g e n e r a l   n a t u r e  i s  a 

r e d u c t i o n   f o r  mcsst elements. 

Trace  element  concentrations have thus been ca l cu la ted  

u s i n g   t h e   r a t i o   o f   e m i s s i o n   r a t e s  and maximum impacts  are 

presented i n  Table  3-3.  Annual-average  concentrations  are 

c a l c u l a t e d   f o r   t h e   i s o p l e t h s  shown i n   F i g .   2 - 1  and  presented i n  

Table  3-4. 

(b )   Depos i t ion  

SF 75131 

I n   t h e   p r e v i o u s  work depos i t i on  o f  trace  elements was 

c a l c u l a t e d  f o r  t he   l oca l - sca le   on l y  and was based  on  ground-level 

concent ra t ions  and an assumed d e p o s i t i o n   v e l o c i t y .  However, when 
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TABLE 3-2 

CHANGE I N  EMISSION RATE FOR VARIOUS CONTAMINANTS 
DURING FUEL SWITCHING 

I 
I 

(I 

I 

Contaminant 

Antimony 
:Sulphur  dioxide 

Arsenic  
Bery l   1  i urn 
Boron 
Cadmi urn 
Chromium 
Cobal t  
Copper 
F l u o r i n e  

Manganese 
Lead 

Mercury 
Molybdenum 
N icke l  
Selenium 
S i l v e r  
Tha l l ium 

T i n  
1-hori um 

lungs ten  
Uranium 
Vanadi um 
2:i nc 

Symbol 

s o 2  
Sb 
A S  
Be 
B 
Cd 
C r  
co 
cu 
F 
Pb 
Mn 
Hg 
Mo 
N i  
Se 
Ag 
T1 
Th 
Sn 
W 
U 
V 
Zn 

Emissions  During Fuel   Swi tch ing 
Percent of Normal 

53 
NQ 
46 
92 

137 
75 
65 
65 
58 

67 
60 

74 

83 
77 

65 
38 

NQ 
NQ 
110 

85 
NQ 

6 1  
75 

69 

NQ - n o t   q u a n t i f i a b l e  due t o  inadequate  data 
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TABLE 3-3 

MAXIMUM TRACE  ELEMENT  CONCENTRATIONS I N  pg/m3 
RESULrING FROM  POWERPLANT EMISSIONS' 

I 
.- 

II 
i.. 

Element 

Antimony 
Arsenic  
I k r y l l u i m  
f3oron 
Cadmi um 
Chromi um 
Cobal t  
Copper 
F l u o r i n e  
Lead 
Manganese 
Mercury 
Molybdenum 
N icke l  
Selenium 

T h a l l  ium 
S i l v e r  

Thorium 
T i n  
Tungsten 
Uranium 
\/anadium 
i!i nc 

Symbol 

Sb 
AS 
Be 
B 
Cd 
C r  
co 
cu 
F 
Pb 
Mn 
Hg 
Mo 
N i  

Ag 
Se 

T1 
Th 

W 
Sn 

U 
v 
Zn 

3- hour 

0.00029 
0.033 
0.00056 
0.052 
0.0004 
0.0061 
0.001 
0.050 
4 .4  
0.0098 

0.0077 
0.13 

0.0067 
0.014 
0.011 
0.000038 
0.000038 

0.00025 
0.00036 

0.000057 
0.0013 

0.031 
0.019 

24-hour 

0.00012 
0.014 

0.022 
0.00023 

0.0026 
0.00017 

0.00042 
0.021 
1.8 
0.0041 
0.056 
0.0032 
0.0028 
0.0058 
0.0047 
0.000016 
0.000016 
0.00015 
0.0001 
0.000024 
0.00054 
0.008 
0.013 

Annual 

0.0000043 
0.00049 

0.00077 
0.000008 

0.000092 
0.000006 

0.000015 
0.00075 
0.066 
0.00015 
0.002 
0.00012 
0.0001 
0.00021 
0.00017 
0.00000057 
0.00000057 
0.000005 

0.00000086 
0.0000037 

0.000019 
0.00028 
0.00046 

I No comparison i s  given here  between  previous  work and these 
est imates  are f o r  t h e   c u r r e n t  work  because t h e   o r i g i n a l  ERT 
s tud ies  d id   not   address  these  impacts .  
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TABLE 3-4 

ANNUAL-AVERAGE TRACE ELEMENT  CONCENTRATIONS I N  yg/m3 x 103 
:ORRES,PONOING TO  CODE0 ISOPLETHS1  RESULTING FROM POWERPLANT EMISSIONS2 

P 
I 

I s o p l e t h  Code 

n 
II 

m 

"- Element 

Antimony 
Arsenic  
Bery I 'I i urn 
Boron 
Cadmi urn 
Chrom.ium 
Coba l t  
Coppet. 
F l u o r i n e  
Lead 
Manganese 
Mercury 
Molybdenum 
Nicke l  
Seleni  um 

Tha l l ium 
S i  1 ver, 

~Thor i  tlm 

Tunqsten 
T i n  

Urani  urn 
Vanadi um 
Zinc: 

Symbol 

Sb 
As 
Be 
B 
Cd 
Cr 
co 
cu 
F 
Pb 
Mn 
Hg 
No 
N i  

Ag 
Se 

T1 
Th 

W 
Sn 

U 
V 
Zn 

- A B - - C 0 - 
0.0042  0.0032  0.0022  0.0014 
0.47  0.37  0.26 
0.008 

0.16 
0.0063  0.0045  0.0027 

0.0058 0.0045 
0.75 0.58 

0.089 0.069 
0.015 0.011 
0.72 0.56 
64  50 
0.14  0.11 
1.9  1.5 
0.11 
0.10 

0.086 
0.075 

0.2  0.16 
0.16 
0.00035  0.00043 

0.13 

0.00055  0.00043 
0.0053  0.0041 
0.0036  0.0028 
0.00083  0.00065 
0.019 
0.27 

0.015 

0.44 
0.21 
0.34 

0.42 
0.0032  0.0019 

0.25 

0.049 
0.0082  0.0049 

0.03 

0.4 0.24 
35 21 
0.079 0.047 

0.062 
1.1 

0.037 
0.65 

0.054 0.032 
0.11 0.067 
0.09 0.055 
0.00031 0.00019 
0.00031 0.00019 
0.0029 0.0018 
0.002 0.0012 

0.01 
0.00046  0.00028 

0.0063 
0.15 0. oil- 
0.25  0.15 

" 
E 

0.00046 
0.052 
0.00089 
0.083 
0.00065 
0.01 
0. (1016 
0.08 
7. 1. 
0.0:16 
0.22 

0.011 
0.  Kt2 

0.022 
0.018 

0.00062 
0.00062 

0.004 
0.00059 

0.0021 
0.000092 

0.0,49 
0.03 

- F 

0.000046 
0.0052 
0.000089 
0.0083 
0.000065 
0.001 
0.00016 
0.008 
0.71 
0.0016 
0.022 

0.0011 
0.0012 

0.0022 
0.0018 
0.000062 
0.000062 
0.000059 
0.0004 

0.00021 
0.0000092 

0.003 
0.0049 

For  comparison t o  o r i g i n a l  IIRT work see Table F7-2 in Appendix I: o f  t h e  
o r i g i n a l  ERT study. 
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2 , .  1 IPOWERPLANT - (Cont'd) 

I 
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I )  
II 

II 
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the report on long range transport and the implications of acid 
precipitation was completed it became apparent  that  most signifi- 
cant deposition areas for  the major contaminants were  outside this 
local-scale. Since this later analysis of major component deposi- 
tion was a more theoretical treatment of this process, it was 
decided to use the deposition patterns in the acid precipitation 
report  to  calculate deposition patterns for  trace  elements in this 
reassessment. Within the acid precipitation report deposition 
rates have been presented for  sulphur  oxides, nitro'gen oxides and 
particulates. Despite the  fact  that many of  the trace elements 
are in particulate form, it was decided to use the :SO deposition 
patterns to  calculate all trace element deposition. The reasons 
for this selection are  as follows: 

2 

1. The SO2 deposition patterns were higher and thus represented 
the more conservative approach. 

2. The SO2 deposition patterns accounted for a greater percen- 
tage of the emission rate. The use of the particulate 
deposition patterns would have left a  much greater percentage 
o f  the emitted trace elements completely unaccounted  for. 

Deposit,ion patterns, as in the original stLldy, have  been 
calculated only for annual-average rates. Table 3-!j is coded to 
Fig. 2-2 and presents the annual-average deposition rates for  each 
trace element. 

3 . 2  " MINE 

In the previous ERT work no estimate was made of  trace 
element concentrations or deposition rates resulting from trace 
elements in the mine dust. However, close to the mine it i s  clear  that 
these effects will dominate over the effects o f  the powerplant. The 

SE 7931 3 - 7  



TABLE 3-5 

ANNUAL-AVERAGE TRACE ELEMENT DEPOSITION RATES I N  vg/m2:/a FOR 
CODE0 ISOPLETHS1  RESULTING FROM POWERPLANT EMISSIONS 

I, 
II 

d 
.I, 

0 
I 

E 1  ement 

Antimony 
Arsenic  
ISeryll  ium 
I3oron 
(Cadmi urn 
Chromium 
ICobal t 
(Copper 
IFluor ine 

Manganese 
ILead 

Molybdenum 
Mercury 

N icke l  
i ie lenium 
!;i l v e r  
Tha l l ium 

'Tin 
Thorium 

Tungsten 
Uranium 
\fanadi um 
Zinc 

Symbol 

Sb 
A S  
Be 
B 
Cd 
C r  
co 
cu 
F 
Pb 
Mn 
Hg 
Mo 
N i  

Ag 
Se 

T1 
Th 

w 
Sn 

V 
U 

Zn 

Coded I s o p l e t h  

A 

0.58 
66 
1.1 
105 
0.82 

2 1  
12 

8900 
101 

20 
270 

14 
16 

28 
23 
0.078 
0.078 

0.5 
0.74 

0.12 
2.6 
38 
62 

- 

1 See F ig .  2-2. 
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0.44 
50 
0.84 
79 
0 . 6 1  
9.3 
1 .5  
76 
6700 
15 
200 
12 
10 
2 1  
17 
0.058 
0.058 
0.55 
0.38 
0.087 
2.0 

47 
29 

- C 

0.29 
33 
0.56 
52 
0.41 
6.2 
1.0 

4500 
50 

9.9 
140 

6.8  
7.8 

14 
11 
0.039 
0.039 
0.37 
0.25 
0.058 
1 .3  
19 
3 1  

- 0 

0.15 
17 
0.28 
26 
0.20 

0 .51  
3 . 1  

25 
2200 
5.0 
68 

3.4 
3.9 

5.7 
7 . 1  

0.019 
0.019 
0.18 
0.13 
0.029 
0.65 
9 .6  
1 6  

- 



L 3.2 MINE - (Cont 'd)  

. ana lys i s   o f   m ine   dus t  has  been i d e n t i f i e d  as an  area  where  major 

r e v i s i o n   t o   t h e   o r i g i n a l  work has  been attempted.  Only  rough  approxi- 

mations to   t he   ac tua l   concen t ra t i ons  and depos i t i on   ra tes  have  been 

pro jec ted .  These welre n o t   t h e   r e s u l t   o f  computer  model l ing  analysis,  

but   rather  approximat ions  based on  judgements o f  consul tant   engineers 

,and s c i e n t i s t s .   I n  Border to   develop  t race  e lement   concentrat ions and 

deposi t ion  ra tes  f rom  these  est imates i t  i s  necessary 'to assume t h a t  

t race  element  concentrat ions i n   t h e   p a r t i c u l a t e   e m i s s i o n s   a r e   t h e  same 

.as those i n   t h e   c o a l .   T h i s  may n o t  be the  case  s ince much o f   t h e   d u s t  

i s  generated  by  exposed  rock  and  soi l   areas as  w e l l  as t h e   h a n d l i n g   o f  

mater ia ls   o ther   than  #coal .  However,  a considerable amount, will be coal  

dust,  and  thus  the  assumption has  been adopted. 

r 
I 

a 
I 

I 
I 

(a)  Concentrat ions 

Concentrat ions o f  trace  elements i n   t h e  ambient a i r   a t  

ground  leve l   around  the  mine  are  ca lcu lated  by  mbl l t ip ly ing  the 

ambient a i r   pa r t - i cu la te   concen t ra t i ons   by   t he   va r ious   e lemen ts .  

Table 3-6 shows annual-average  concentrat ions and maximum 24-hour 

concentrat ions.  

(b )   Depos i t ion  
&' 
.II 

I 

c 

SE 7931 

Depos i t ion   o f   m ine   dus t  has been  presented  for   annual  
average  rates i n  Sect ion 2.0. These r e s u l t s   a r e  usecl t o   c a l c u l a t e  

t race  e lement   deposi t ion ra tes  resu l t ing   f rom  mine  diust b y   m u l t i -  

p l y i n g   t h e  mine  dust  deposi t ion  rates  by  the  t race  element  content 

o f   t he   coa l .  Tble r e s u l t s  o f  t h i s   c a l c u l a t i o n   a r e   p r e s e n t e d   i n  

Table 3-7. 

It i s  i m p o r t a n t   t o   r e a l i z e   t h a t   t r a c e   e l e m e n t s   i n  mine 

dust   are still bonded i n   t h e i r   o r i g i n a l   s t a t e .   U n l i k e   t h e   t r a c e  

elements  from  the  powerplant,  they  have  not  undergone  the 

processes o f  combustion. It i s  necessary f o r  the  mine  dust 

re la ted   t race   e lemen ts   t o  be  leached  from  the  material  they  are 

bonded t o   i n   o r d e r  be re leased  to   the  env i ronment .  

3 - 9  



TABLE 3-6 

AMBIENT TRACE ELEMENT  CONCENTRATIONS  RESULTING 
FROM MIN'E DUST EMISSIONS I N  vg/m3 

u 
I 

.- 
e 

E 1 ement 

Antimony 
Arsenic  
Bery l  1 i um 
Boron 
Cadmium 
Chromium 
Cobal t  
Copper 
F1 u o r i  ne 
LNead 

Mtercury 
M,snganese 

Molybdenum 
Nicke l  
Selenium 
S i l v e r  
Tllal 1 i um 
Thor i  um 
T i n  
TlJngSten 
Uranium 
Vanadi um 
Z-inc 

Symbol 

Sb 
As 
Be 
B 
Cd 
C r  
co 
cu 
F 
Pb 
Mn 
Hg 
Mo 
N i  
Se 

T1 
Th 

w 
Sn 

U 
v 
Zn 

Ag 

Maximum 24-hour 

0.000057 
0.00097 
0.000073 
0.0021 
0.000038 
0.0081 
0.00066 
0.0048 
0.013 
0.00064 

0.000015 
0.024 

0.00026 
0.0027 
0.000088 
0.000046 
0.000057 
0.00065 

0.00011 
0.000095 

0.00025 
0.012 
0.004 

- 

Annual  averages a x  ar i thmet ic   averages 

Highest  Annual  Average' 

0.000023~ 
0.00039 
0.000029, 
0.00082 
0.000015 
0.0032 
0.00026 

0.0054 
0.0019 

0.00026 
0.0097 
0.0000059 
0.000010 
0.0011 
0.000035 
0.000018 
0.000023 
0.00026 
0.000038 
0.000046 
0.0001 

0.0016 
0.005 
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TABLE 3-7 

ANNAUL-AVERAGE DEPOSITION RATES FOR TRACE 
ELEMENTS  RESULTING FROM MINE OUST I N  pg/m2/a 

* 
I 

m 
m 

*W 
” 

Element 

Antimony 
Arsenic  
Bery l  1 i um 
Boron 
Cadmium 
Chromium 
Cobal t  
Copper 
F l u o r i n e  
Lead 
Manganese 
Mercury 
Molybdenum 
N icke l  
Selenium 
S i l v e r  
Thal  1 i um 
Thorium 

Tungsten 
T i n  

Vanadium 
Uranium 

Z inc  

Sb 
As 
Be 
B 
Cd 
C r  
co 
cu 
F 
Pb 
Mn 

Mo 
N i  
Se 

Hg 

Ag 
T1 
Th 
Sn 
W 
U 
V 
Zn 

Highest   Deposi t ion  Rate 

7. 2; 
120 
9.  I. 
260 
4.7 

82 
101.0 

600 
1700 
82 
3100 

3. ;I 
1. El 

350 
11 
5.7 

82 
7. 3 

12 
15 
32 
1600 
500 

r. 
SE 79:l 3 - 11 



SECTION 4.0 - OTHER AREAS OF ASSESSMENT 

# 

II 

c 
I 

W - 

I ..- 

4 . 1  - Cj3NSTRUCTION ACTIVITIE? 

There  are no a v a i l a b l e   d a t a   t o   i n d i c a t e   t h e  need t o   r e v i s e  

the  conc lus ions o f  t h e   o r i g i n a l  ERT repor t   regard ing   impacts   o f  con- 

s t r u c t i o n   a c t i v i t i e s .  

4 . 2  - 01-FSITE DEVELOPMENTS 

The conc lus ions   o f   t he   o r i g ina l  ERT work  regard ing  the 

impacts   o f   the   access   road  and  the   a i rs t r ip   a re  assumed t o  be v a l i d .  

There  are no ava i lab le   da ta   wh ich   wou ld  change  these  assessments. 

4.3 - CLIMATIC EFFECTS 

D e s p i t e   t h e   l a r g e r   a i r   f l o w   r a t e   i n   t h e   c o o l i n g   t o w e r s   t h e r e  

is l i t t l e  change to   t he   hea t   re leased   to   t he  atmosphere  by  the  cool ing 

tower .   G iven  th is ,   there  i s  no cause t o   r e v i s e   t h e  alssessment o f  

c i i m a t i c   e f f e c t s  on p r e c i p i t a t i o n ,   t h e r m a l   a l t e r a t i o n s ,  snow cover 

pe rs i s tence  and depth,   or   ground- level   fogging and i c i n g .   S i m i l a r l y ,  

t h e r e  i s  no cause t o   r e v i s e   t h e  assessment o f   m a c r o s c a l e   c l i m a t i c  

e f f e c t s .  

4. '1 V I S I B I L I T Y  RESTRICTIONS - 

V i s i b i l i t y  ilnpacts i n   t h e   o r i g i n a l   s t u d y  were d i v i d e d   i n t o  

thlose  caused  by  the  powerplant and those  caused  by  the  mine  dust. The 

s u l p h a t e   i n   t h e  downwind powerplant plume was s a i d   t o   r e d u c e   v i s i b i l i t y  

by 6 percent.  Since  l.here i s  l i t t l e  change i n   t h e  SO2 emiss ion   ra te  

and consequently no changes in   t he   reg iona l   su lpha te   concen t ra t i ons ,  

t h i s  assessment i s  still viewed t o  be v a l i d .  The mine  dust  effect  on 

v i s i b i l i t y  was assessed  using  the change i n  annual-average 

r) 
.- SE 1931 4 -  1 
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4.4 - VISIBILITY RESTRICTIOFG - (Cont 'd )  

c :oncent ra t ions   o f   dus t   a t   the   sou thern   boundary   o f   the  1:ndian  Reserve 

j u s t   n o r t h   o f   t h e  mirle.  This  change was from a p r e - c o n s t r u c t i o n   l e v e l  

c t f  20 pg/m3 t o  a p o s t - c o n s t r u c t i o n   l e v e l  o f  80 pg/m . C u r r e n t   e s t i -  

mates i nd i ca te   t ha t   t , h i s   pos t - cons t ruc t i on   l eve l   shou ld  be no g r e a t e r  

t.han 60 pg/m , t h u s   r e d u c i n g   t h e   v i s i b i l i t y   i m p a c t s .   P r e v i o u s l y ,   t h e  

v isua l   range a t  w h i c h   f i n e   d e t a i l   c o u l d  be  seen was s a i d   t o  be  reduced 

from  14.6 km t o  3.6 knl.  Now the   reduc t ion  i s  expected t o  be t o  4.9 km. 

Similarly, f o r  moderate  .and  coarse  detai l   the  reduct. ions  are now 

expected t o  be from 36 km t o  12 km and  from 54 km t o  1.8 km, respec- 

t i v e l y   ( i n s t e a d  o f  t h e   p r e v i o u s   r e d u c t i o n s   t o  9 km and  13.5 km 

r e s p e c t i v e l y ) .  

3 

3 

An impor tant   po int   about   these  reduct ions i s  t h a t   t h e   i n f l u -  

ence o f   p a r t i c l e   s i z k s  has  been neglected. As previously  ment ioned, 

mine d u s t   p a r t i c l e s  have r e l a t i v e l y   l a r g e  mass  mean diameters  and  as a 

r e s u l t   a r e   l a r g e r   t h a n   t h e  most e f f e c t i v e   s i z e   r a n g e   f o r   v i s i b i l i t y  

r e d u c t i o n   ( 0 . 1   t o  1.0 pm i s  t h e  most e f f e c t i v e   s i z e   r a n g e ) .  l4 AS a 

r e s u l t   t h e   v i s i b i l i t y   r e d u c t i o n s   q u o t e d  above a r e   c o n s e r v a t i v e   e s t i -  

mates  and p robab ly   cons ide rab ly   worse   t han   any   ac tua l   v i s ib i l i t y  

reduct ion  which may be  experienced  as a r e s u l t   o f   t h e  m-ine operat ion.  

4 . 5  GTHER INDUSTRIAL DEVEL.OPMENT 

I n   t h e   o r i g i n a l  ERT w o r k   t h e   a n a l y s i s   o f   o t h e r   i n d u s t r i a l  

clevelopments was based on the  source  inventory  prepared tly B.H. Level- 

t o n  and Associates.   S ince  that   t ime,  B.H. Leve l ton  has r e v i s e d   t h e i r  

document. E x i s t i n g   s o u r c e s   a r e   p r i m a r i l y   l o c a t e d   i n   t h e  Kamloops area 

and SO2 emiss ions  f rom  these  sources  are  est imated  by  Level ton  to   be 

12 600 kg/d. The PCB has prov ided comment t h a t   t h i s   v a l u e   i s   t o o   h i g h  

and tha t   va lues  from 5650 kg/d t o  6770 kg/d  are more (accurate. I n  

a d d i t i o n ,   t h e r e   a r e  two  copper  smelters  being  considered  for  construc- 

t i o n   i n   t h e   s t u d y   a r e a .  Each o f   these may p rov ide   ma jo r   con t r i bu t i on  

t o  the   a rea 's  SO2 emissions. The l a r g e r   o f   t h e  two  smelters, 

(1000 t / d )  near 70 Mi' le House, B.C. has  been est imated by L e v e l t o n   t o  
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4 .5  OTHER INDUSTRIAL OEVEI-OPMENT - (Cont 'd)  

have  an emiss ion  ra te,  when c o n s t r u c t e d ,   o f  137 000 kg/d. S i m i l a r l y ,  

the  o ther   proposed  smel ter  (400 TPD) i s  t o  be l o c a t e d   i n   t h e   H i g h l a n d  

v a l l e y   a r e a  and would  produce SO emissions a t  t h e   r a t e   o f  3660 kg/d. 

Recent   in format ion  by  the U . S .  EPA on t h e   e m i s s i o n   r a t e   o f  SO2 from 

copper s m e l t e r s  ind icates  that   emiss ion  ra tes  f rom  uncontro l led  copper  

smelters  can be as much as fou r   t imes   g rea te r   t han   t he   es t ima tes   f o r  

t h e  70 M i l e  House smelter. 

2 

It. i s  ev ident   tha t   the   add i t ion   o f   these  two  smel te r   opera-  

t ions   to   the   5 tudy   a ' rea   cou ld   g rea t ly   in f luence SO2 c o n c e n t r a t i o n s   i n  

the   a rea .   Cur ren t ly ,   there  i s  l i t t l e  chance f o r  i n t e r a c t i o n   o f   t h e   H a t  

(Creek plume w i t h   t h e   e x i s t i n g   s o u r c e s   l o c a t e d   p r i m a r i l y   i n   t h e  Kamloops 

,area. The annua l -average  p red ic t ions   fo r  SO2 c o n c e n t r a t i o n s   r e s u l t i n g  

from  the  Hat  Creek  Project i n  Kamloops a re   l ess   t han  1.0 pg/m . This  

p r e d i c t i o n  was  made assuming Kamloops t o  be a t   t h e  samle e l e v a t i o n  as 

the  stack  base. I n   a c t u a l i t y ,  Kamloops i s  rough ly  1000 m lower  than 

t h e   p l a n t   s i t e   e l e v a t i o n .  It i s  v e r y   u n l i k e l y   t h a t   t h e   H a t  Creek  plume 

would have  any s i g n i f i c a n t   i m p a c t  on the Kamloops area  which i s  over 

,El0 km d i s tance  from t h e   p l a n t .  

3 

However, i f  e i t h e r   o f   t h e  two  proposed  copper  smelters  were 

t o  be b u i l t   t h e r e  i s  cons iderab le   chance  fo r   in te rac t io ln   w i th   the   Hat  

'Creek  plume.  The Highland  va l ley  area i s  o n l y  45 km f rom  the   p lan t  
s i t e  and the 70 M i l e  House area i s  rough ly  55 km from t h e   p l a n t  s i t e .  

I n  addi t . ion,   both  areas  are much h i g h e r   i n   e l e v a t i o n   t h a n   t h e  Kamloops 

area. The d i f f e r e n c e   i n   e l e v a t i o n  between  each o f   t h e s e   s i t e s  and t h e  

Hat  Creek s i t e   i s   o n l y  a few  hundred  metres.  While  annual-average 

concen t ra t i ons   resu l t i ng   f rom  the   Ha t  Creek P r o j e c t   i n   b o t h   t h e s e   a r e a s  

have o n l y  been p r e d i c t e d   t o  be  around  1.0 pg/m , the  occurence o f  an 

unusual   meteoro log ica l   condi t ion  could cause t h e  combined e f f e c t  of 

e i t h e r  o f  the  sources  with  the  Hat  Creek plume t o  bo s i g n i f i c a n t .  

Further  conclusions  cannot be drawn w i thout   mode l l ing   ana lys is   o f   these 

potent ia l   sources.  

3 
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SECTION 5.0 - CONCLUSIONS 

I 

2 

1: 

5.1 SUMMARY 

The i n i t i a ;  assessment of   the  Hat   Creek  Prc l ject  has  been 

Irevised and severa l   rev is ions   to   the   da ta   bases ,   des ign ,  and ana lys i s  

techniques have  been  used i n  a reassessment o f   t h e   a i r   q u a l i t y  and 

c l i m a t i c   e f f e c t s   o f   t h e   p r o j e c t .   D e s p i t e   t h e  changes, it was n o t  

viewed  necessary t o   r e v i s e   t h e   i m p a c t  assessment fo r   su lphu r   d iox ide  

impacts.   Ni t rogen  oxide and pa r t i cu la te   em iss ions  were  reduced  and  as 

a r e s u l t  a s l i g h t  downward r e v i s i o n  was  made to   t he   impac t  assessment 

,For these  contaminants. No change was  made t o   t h e  assessments o f  

carbon  monoxide o r  h,ydrocarbons. The a c i d   p r e c i p i t a t i o n   s t u d y ,   w h i c h  

has r e c e n t l y  been  completed,  represents a r e v i s i o n   i n   . i t s e l f  o f  t h e  

or ig ina l   su lphur   ox ides ,   n i t rogen  ox ides  and p a r t i c u l a t e   d e p o s i t i o n  

r a t e s .  

l h e  two a rms   wh ich   rece ived   t he  most ex tens i ve   rev i s ion  were 

the  analys is   o f   min i r lg   dust   emiss ions,  and t h e   r e d i s t r i b u t i o n  o f  t r a c e  

elements.  For  mine  dust a l l  impacts  were  extensively  reduced due t o  

new mine p lans  and  a bet ter   understanding  o f   these  emiss ions.   For  

Lrace  elements.  the changes invo lved   t he   add i t i on  o f  new elements, 

r e v i s i o n s   t o   t h e   e m i s s i o n   r a t e s   f o r  many e lements ,   the   ana lys is   o f  
c o n t r i b u t i o n  t o  t r a c e   e l e m e n t   r e d i s t r i b u t i o n  from  mine  dust, and the 

. inc lus ion o f  new averaging  t imes i n  the  analys is .  

A summary tab le ,   Tab le  5-1, has  been prepared t o  d e p i c t   a l l  

changes t o   b o t h   t h e   m i s s i o n   r a t e s  and  the  concentrat ion  impacts. The 

changes t o  deposi t ion  impacts   are shown i n  the   t ex t .  
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TABLE 5-1 

A SUMMARY OF C:HANGES TO THE  HAT  CREEK  PROJECT 
AIK: QUALITY ASSESSMENTS 

Conlaminant 

5 u I p h ~ r   d i o x i d e  SO, 

" -~ 

m i s s i o n   r a t e   ( k g / d )  
3 -h r  max. conc. (pg/m3) 
?4-hr max. conc.  (pg/m3) 
*)nnual-average  conc. (pg/m3) 

N i  t l y e n   o x i d e  NO 
m i s s i o n   r a t e   ( k g / d )  
<jnnual-average  conc. (pg/m3) 

N i trollen d i o x i d e  NO, 
om i 5s i o n   r a t e  (kg/d) 

<r~rnual-average  conc. (pg/m3) 
L-hr max. conc. (pg/m3) 

Iota1 p a r t i c u l a t e s  TSP 
w n  i s s i o n  ra te   ( kg /d )  
?4-hr max. conc.  (pg/m3) 
,Irlnual-average  conc. (pg/m3) 

Carbo11 monoxide C O  
wniss. ion  rate  (kg/d) 

I F h r  max. conc. (pg/m3) 
I-hr tnax. conc. ( p g / m 3 )  

;!4-hr  max. conc.  (pg/m3) 
mnual-average  conc. (pg/m3) 

l o t a l  hydrocarbons HC 
m i s s i o n   r a t e   ( k g / d )  
annual-average  conc. (pg/m3) 

Antimony Sb 
omiss ion   ra te   (kg /d)  
3-hr  max. conc.  (pg/m3) 
;!4-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m3) 

Powerplant  Impacts 

Previous 

622 
324 768 

260 
9.3 

82  489 
2.3 

657 
124 759 

3.5 

40 000 
32 
1.1 

18 043 
96 .1  
18.6 
14.4 
0.5 

5413 
0.2 

NA2 

NA 
NA 

NA 

Revised 

622 
312 000 

260 
9.3 

65 000 
1 . 8  

100 000 
526 
2.9 

34  400 
28 
1.0 

NR 
96.1  
18.6 
14.4 
0.5 

NR 
0.2 

0.15 
0.00029 
0.00012 
0.0000043 

" Mine  Impacts 

Previous 

None - - 
- 

None - 

None - 
- 

6 270 
400 
250 

None - 
- 
- - 

None - 

NA 
NA 

NA 
NA 

Revised 

None - 
- 
- 

None - 

None - 
- 

NR1 

60 
150 

None - 
- 
- - 

None - 

NA 
NA 
0.000057 
0.000023 
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TABLE 5 - 1  - (Cont'd) 

Powerplant Impacts 

"" 
Contminant 

Arsenic A s  
emission rate (kg/d) 
3-hr lnax. conc. ().rg/m3) 
24-hr  max. conc. (pg/m3) 
annual-average conc. (pg/m3) 

Beryl 1 i um 13e 
emission rate (kg/d) 
3-hr max.  conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average conc. (pg/m3) 

Boror B 
emission rate (kg/d) 
3-hr max. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average conc. (pg/m3) 

Cadmium Cd 
emission rate (kg/d) 
3-hr  max. conc. (pg/m3) 

annual-average conc. (pg/m'3) 
24-hr max.  conc. (pg/m3) 

Chromium  Cr 
emiss.ion rate (kg/d) 
3-hr max. conc. (pg/m3) 
24-hr max.  conc. (pg/m3) 
annual-average conc. (pg/m:') 

Cohalt Co 
emiss.ion rate (kg/d) 
3-hr niax. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual;-average conc. (pg/m:l) 

Copper Cu 
emission rate (kg/d) 
3-hr max.  conc. (pg/m3) 
24-hr max.  conc. (pg/m3) 
annual-average conc. (pg/m!,) 

SL 7911 

Previous 

17.2 
NA 
NA 
.0003 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

0.35 
NA 
NA 
.000005 

5.2 
NA 
NA 
.00008 

NA 
NA 
NA 
NA 

5.93 
NA 
NA 
.00009 

5 - 3  

Revised 

17 
,033 
,014 
.00049 

0.29 
.00056 
,00023 
,000008 

27 
0.052 
0.022 
0.00077 

0.21 
0.0004 

0.000006 
0.00017 

0.0061 
3 .2  

0.0026 
0.000092 

0.001 
0.53 

0.000015 
0.00042 

26 
0.05 
0.021 
0.00075 

Mine Impacts 

-_- Previous 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

Revised 

NA 
NA 
0.0013 
0.00051 

NA 
NA 
0.000096 
0.000038 

NA 
NA 

0.0011 
0.0027 

NA 
NA 
0.00005 
0.00002 

NA 
NA 

0.011 
0.0043 

NA 
NA 
0.00066 
0.00026 

NA 
NA 

0.0025 
0.0063 



TABLE 5-1 - (Cont 'd)  

Powerplant  Impacts 

Cont3minan.t 

F l u o r i n e  F 
emiss ion   ra te   (kg /d)  
3-hr  max. conc.  (pg/m3) 
24-hr max. conc.  (pg/m3) 
annual-average  conc. (pg/m3) 

I c.ad Pb 
emiss ion  ra te  (kg/d)  
3-hr  max. conc.  (pg/m3) 
24-hr max. conc.  (pg/m3) 
annual-average  conc. (pg/m3) 

Manganese 14n 
emiss ion  ra te  (kg/d)  
3-hr  max. conc.  (pg/m3) 
24-hr max. conc.  (pg/m3) 
annual-average  conc.  (~g/m3) 

MercLry Hy 
emi s s  ion   ra te   (kg /d)  
3 -h r  max. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m') 

Molybdenum Mo 
m i s s i o n   r a t e   ( k g / d )  
3 -h r  max. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (vg/m:3) 

N i c k e l  N i  
emiss-ion r a t e  (kg/d) 
3-hr  nnax. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annuall-average  conc. (IJg/n?) 

S e  I en i um Sf! 
emiss ion  ra te  (kg/d)  
3-hr max. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/nP) 

Previous 

281 
NA 
NA 
,004 

4.36 
NA 
NA 
.00007 

NA 
NA 
NA 
NA 

NA 
7.07 

NA 
.OOOl 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

Revised 

2300 
4.4 

0.066 
1.8 

0.0098 
5 . 1  

0.0041 
0.00015 

0.13 
70.0 

0.056 
0.002 

4.0 
0.0077 
0.0032 
0.00012 

0.0067 
3.5 

0.0001 
0.0028 

0.014 
7.3 

0.0058 
0.00021 

5 .9  

0.0047 
0.011 

0.00017 

Mine  Impacts 

" 
Previous 

NA 
NA 
NA 
NA 

NA 

NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

Revised 

N A 
NA 
0.018 
0.0071 

NA 
NA 
0.00084 
0.00034 

NA 
NA 
0.024 
0.0097 

NA 
NA 

0.0000078 
0.00002 

NA 
NA 

0.00014 
0.00035 

NA 
NA 
0.0027 
0.0011 

NA 
NA 

0.000046 
0.00012 
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TABLE 5 - 1  - (Cont 'd)  

Powerplant  Impacts 

." - _" Contsminant 

S i l v c ' r  Ag 
emiss ion  ra te  (kg/d)  

24-hr max. conc.  (pg/m3) 
3-hr  max. conc.  (pg/m3) 

annual-average conc. (pg/m3) 

Tha l l ium T 1  
emi s s  i on r a t e  (kg/d) 

24-hr max. conc.  (pg/m3) 
3-hr  max. conc.  (pg/m3) 

annual-average conc. (pg/m3) 

Thorium Th 
emiss ion  ra te  (kg/d)  
3 -h r  max. conc.  (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m3) 

Tin 511 
emiss ion   ra te   (kg /d)  
3-hr  max. conc.  (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m3) 

.Tungsten W 
emi s s  i o n   r a t e  ( kg/d) 

24-hr max. conc. ( ~ g / m ~ )  
3-hr  max. conc.  (pg/m3) 

annual-average conc. (pg/n+) 

Uranium U 
emi s s  i on   ra te   (kg /d)  
3-hr  rnax. conc. (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m:%) 

Vanadium V 
emiss ion   ra te   (kg /d)  

24-hr max. conc. (pg/m3) 
3-hr nmx. conc. (pg/m3) 

annua;l-average conc. (pg/m:') 

SE 793s 

Previous 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

16.1 

NA 
NA 

.0002 

5 - 5  

Revised 

0.02 
0.000038 
0.000016 
0.00000057 

0.13 
0.000038 
0.000016 
0.00000057 

0.19 
0.00036 

0.000005 
0.00015 

0.03 
0.00025 
0.0001 
0.0000037 

0.03 
0.000057 
0.000024 
0.00000086 

0.0013 
0.67 

0.00054 
0.000019 

9 .9  
0.019 
0.0079 

Mine  Impacts 

Previous 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 
NA 

0.00038 NA 

Revised 

NA 
NA 
0.000046 
0.000018 

NA 
NA 
0.000057 
0.000023 

NA 
NA 
0.00086 
0.00034 

NA 
NA 
0.000095* 
0.000038 

NA 
NA 

0.000046 
0.00011 

NA 
NA 

0.00013 
0.00033 

NA 
NA 
0.016 
0.0065 



TABLE 5-1 - (Cont'd) 

Contaminant 

Zinc Zn 

" ." - " 

emiss.ion rate (kg/d) 
3-hr  max.  conc.  (pg/m3) 
24-hr max. conc. (pg/m3) 
annual-average  conc. (pg/m:g) 

Powerplant  Impacts Mine Impacts 

Previous  Revised 
" Previous  Revised 

12.9 16 NA NA 
NA 0.031 NA  NA 
NA 0.013 NA 0.0053 
. 0002 0.00046 NA 0.0021 

I NR - n o t  revised. 

2 Nb - n o t  analysed. 
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5.2  COMPARISON WITH PCB 03JECTIVES 

Table 5-2 shows a comparison o f   H a t  Creek Pro ject   emiss ion 

r a t e s   w i t h  PCB emiss ion   ob jec t ives   fo r   m in ing ,   smel t i r lg  and r e l a t e d  

i n d u s t r i e s .  It can be seen f rom  the   tab le   tha t   the   Hat  Creek P r o j e c t  

exceeds  the PCB o b j e c t i v e s   f o r  SO p a r t i c u l a t e s  and f l u o r i n e   a l t h o u g h  2' 
t h e   f l u o r i n e   l e v e l  i s  n o t   s p e c i f i c   t o   p o w e r p l a n t s .  A comparison o f  

major  contaminant  ambient  concentrat ions  wi th PCB o b j e c t i v e s  i s  shown 

.in Table  5-3. It i s  n o t   p o s s i b l e   t o  make such a comparison f o r   t r a c e  

elements.  since  the PCB o b j e c t i v e s  do n o t   s p e c i f y  an  averaging  t ime. 

:It can  be seen  from the   t ab le   t ha t   on l y   1 -hour  SO concent ra t ions   a re  

p r e d i c t e d   t o  be i n  excess o f   t h e   o b j e c t i v e s .  However, it i s  necessary 

t o  add  background  concentrations t o   t h e   H a t   C r e e k   p r e d i c t i o n s   f o r  

comparison  with  these  values.  Background SO2 concent ra t ions   a re  

e s s e n t i a l l y   z e r o ,   b u t  TSP concent ra t ions  have  been  measured t o  be 

between 20 and 40 pg/m3 i n   t h e   H a t  Creek v a l l e y .  Ev,en w i th   t hese  

values  considered  the TSP concent ra t ions   a re  still w e l l   w i t h i n  

compl iance  wi th   the  oh ject ives.  

2 
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TABLE 5-2 

z 

A COMPARISON OF HAT CREEK PROJECT EMISSION RATES 
WITH PCB OBJECTIVESIS 

Contaminant 
"" 

!;ulphur d i o x i d e  

I l i  t rogen  oxides 

Suspended p a r t i c u l a t e s  

~ I race   e lements '  
Antimony 
Arsenic  
Cadmi um 
Copper 
F l u o r i n e  
Lead 
Mercury 
Z inc  

U n i t s  

my/kJ f u e l  

mg/kJ fue l  

mg/kJ f u e l  

- 

mg/mol 
mg/mol 
mg/mol 

my/mol 
mg/mol 

mg/mol 
mcl/mol 
m<l/mol 

PCB O b j e c t i v e  

0 . 0 9   t o  0.34 

0 .15   t o   0 .3  

0 .01  t o  0.04 

0.16 t o  0.27 
0.16 t o  0.27 
0.05 t o  0.27 
0.16 t o  0.27 
0.02 t o  0.2 

~~~~ ~~ ~ ~~ 

0.16 t o  0.27 

0.16 t o  0.27 
0.03 t o  0.27 

- Hal: Creek P r o j e c t  

0.57 

0.3 

0.06 

0.000016 
0.0019 
0.000023 

0.25 
0.0029 

0.00044 
0.00056 

0.0018 

' The t race   e lemen t   em iss ion   ra tes   a re   genera l   va lues   i n tended   to   app ly  
t o  a v a r i e t y   o f   i n d u s t . r i e s ,   n o t   s p e c i f i c   t o   t h e r m a l   p o w e r p l a n t s .  

z 

TABLE 5-3 

A COMPARISON OF PCB AMBIENT CONCENTRATION OBJECTIVES FOR MAJOR 
CONTAMINANTS WITH HAT CREEK PROJECT IMPACT PREDICTIONS 

- Contaminant 

FOR THE POWERPLANT 

Su lphur   d iox ide  (SO,) 

1 -h r  max. conc. 450 t o  900 
3-hr  max. conc. 375 t o  665 
24-hr max. conc. 160 t o  260 
annual-average  conc. 25 t o  75 

Suspended p a r t i c u l a t e s  (TSP) 

24-hr max. conc. 150 t o  200 
annual-average  conc. 60 t o  70 

1730 
622 
260 
9.3 

28 
1 .0  
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APPENDIX A 

EFFECTS OF THE HAT CREEK PROJECT ON THE REGIONAL AIR SHED 

A 1 MAJOR - CONTAMINANTS 

Regional  cc'ncentrations of major contaminants have been 
calculated during the  course o f  the investigation into long range 
transport and the implications of acid precipitation for the proposed 
Hat  Creek Project. U,lfortunately, isopleths of ambient cmcentrations 
were  not presented  in the documentation o f  this work, Appendix I to the 
report Air Quality and  Climatic Effects of the Proposed Hat Creek 
Project, prepared by Environmental  Research  and Technology. It is 
possible,  however,  to  obtain  such isopleths by "back calculation" from 
the annual average dry deposition plots presented  in Appendix I. This 
is done by dividing the deposition isopleths by the deposition veloci- 
ties assumed to characterize dry deposition. This is mlathematically 
shown as follows: 

Where: x = ground-level annual-average concenetration 

D = isopleth of annual average deposition from the 
figs. 15-2,  15-4, 15-6, 15-8 and 15-9 in Appendix I 

Ud = deposition velocity 

The values for deposition velocity  used  in the report are  as 
follows: 

t 793 
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A ,  1 MAJOR - CONTAMINANTS - (Cont 'd )  

Contaminant  Deposi t ion  Veloci ty ,ud(m/s:! 

SO2 0 .01  

NoX 
0.01 

so, 

NO; 

0.001 

0.001 

TSP 0.001 

Us ing   th is   techn ique  g round  leve l   concent ra t ions  have  been 

c a l c u l a t e d   f o r  SO2, SO,, NOx, NO; and TSP. F ig .  1 represents   i sop le ths  

o f  annual  average SO c o n c e n t r a t i o n   i n  pg/m . Figs.  2, 3, 4 and 5 a re  

s i m i l a r   f i g u r e s   f o r  SO4, NOx, NO; and TSP, respec t i ve l y .  

- 

3 
2 =  

From the   f i gu res  it can  be  seen that  annual  average SO2 
concent ra t ions   a re  be,tween 1.0 and 1.5 pg/m i n  Kamloop:;. It i s  n o t  

p o s s i b l e   w i t h o u t   f u r t h e r   m o d e l l i n g   t o   e s t a b l i s h  maximum 3-hour  or 

24-hour   concent ra t ions   a t   th is   d is tance,   bu t  i t  i s  v e r y   u n l i k e l y   t h a t  

t l lere  would be  any s i g n i f i c a n t   ( g r e a t e r   t h a n  5 pg/m f o r  24-hour  con- 

cen t ra t i ons ,   o r   g rea te r   t han  25 pg/m f o r  3-hour  concentrat ions)  impact 

on the  Kamloops area,  from  the  Hat  Creek  plume  due t o   t h e   l a r g e  

d i f f e r e n c e   i n   e l e v a t i o n  between  the  two  areas  (approximately 1000 m) 
and the  long  distance  between  the  two  areas (80 km). 

3 

3 

3 

A . 2  " TRACE ELEMENTS 

Trace  e lement   concentrat ions  are  ca lcu lated  for   each  o f   the 

i s o p l e t h s   i n   F i g .  1 b y   t h e   r a t i o   o f   e m i s s i o n  r a t e  of the  t race  e lement  

t o   t h a t  o f  SO2. Table 1 shows these  concentrat ions.  

.- I SE 7931 A - 2  
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I f  1 ement 

Arsenic  

ITrsryl 1 ium 

Ibrron 

ILldm i urn 

IUrromium 

(Copper 

'I I u o r i  ne 

ead 

Mercury 

Molybdenum 

:;e 1 en i  urn 

.'Strontium 

lhor ium 

J ra r r i Lm 

'Vanadium 

!i nc 

TABLE 1 

TRACE ELEMEN,T CONCENTRATIONS CODED TO FIGURE 1 
()-1g/m3 x 10-3) 

Symbol 

A5 

Be 

B 

Cd 

Cr 

cu 

F 

Pb 

Hg 

Mo 

Se 

Sr 

Th 

U 

v 
z I1 

- 2.0 

0 . 1  

0.0018 

0.17 

0.0013 

0.02 

0.16 

14 

0.031 

0.025 

0.022 

0.036 

0.032 

0.0012 

0.0041 

0.061 

0.099 

Trace  E lement   Concentrat ion  for  SO, I s o p l e t h s  
1.0  0 .5  - - - 1.5 

0.019 

0.0013 

0.12 

0.00097 

0.015 

0.12 

11 

0.023 

0.018 

0.016 

0.027 

0.024 

0.00088 

0.0031 

0.046 

0.074 

0.052 

0.00089 

0.083 

0.00065 

0.0098 

0.08 

7 . 1  

0.016 

0.012 

0.011 

0.018 

0.016 

0.00059 

0.002 

0.03 

0.049 

0.026 

0.00045 

0.042 

0.00032 

0.0049 

0.04 

3 .5  

0.0079 

0.0062 

0.0054 

0.0091 

0.008 

0.00029 

0.001 

0.015 

0.025 

I 
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Figure  I .  I s o p l e t h s  o f  Pr d ic ted  Annual  Average S O 2  Concentrat ions Due t o  Hat Creek  Project  
Emissions (ug/m 3 ) 







Figure  9. Isop le ths  o f  Pr d ic ted  Annual Average NO3 Concentrations Due to   Hat   Creek  Project  
Emissions (ug/m 8 ) 



Figure  5. I s o p l e t h s  O f  Pr d i c t e d  Annaul  Average TSP Concentrations Due t o  Hat Creek  Project  
Emissions (uy/m ! ) 
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