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Eleva ted   l eve l s  o f  t h e   n u t r i e n t s   n i t r o g e n  and  phosphorus i n   t h e  

aquatic  environment  can  cause  excessive  growth o f   a l g a e  and t o x i c i t y   t o  
aquatic  organisms.  There  are many p o t e n t i a l   s o u r c e s   o f   n u t r i e n t s   b u t  

re1  eases  from  ni  trogen-based  explosives  used i n   t h e   s u r f a c e   m i n i n g   o f   c o a l  

have o n l y   r e c e n t l y  been invest igated.  A study  conducted  by Pommen (1983) a t  
the  Fording  coal   mine i n  sou theas te rn   B r i t i sh  Columbia i n  1979-80  found t h a t  
up t o  6% o f   t h e   n i t r o g e n   c o n t e n t  o f  the  explosives  used a t  the  mine was 

re leased  to   the  receiv ing  env i ronment .  However, subsequent s tud ies   o f   wa te r  

qual i ty near  coal  mines  suggested  the Pommen formula may overest imate 
n i t rogen   re lease  and exaggerate  potent ia l   receiv ing  water  impacts.  

The purpose o f   t h i s  EP study was t o   v e r i f y   t h e  Pommen f i n d i n g s  and 
t o   i n v e s t i g a t e  phosphorus  releases  from  coal  mines.  Historical  nitrogen and 

phosphorus  data were reviewed  from 1980 t o  1985 f o r   t h e   f i v e   s u r f a c e   c o a l  

mines i n  sou theas te rn   B r i t i sh  Columbia. Spec i f i c   da ta  were co l l ec ted   f rom 

A p r i l  1985 t o  March 1986 f o r  two o f   t hese  mines. 
In genera l ,   the   quant i t y   o f   exp los ives-der ived   n i t rogen  re1  eased t o  

the   rece iv ing   env i ronment   inc reased  w i th   the  amount o f   s l u r r y   e x p l o s i v e s  used 

under   wet   b last ing  condi t ions  as  found by Pomnen. Mines  using  only ammonium 

n i t r a t e / f u e l   o i l  (ANFO) e x p l o s i v e   i n   d r y   c o n d i t i o n s  were found t o   r e l e a s e  
0.2% o f   t h e   n i t r o g e n  compared t o  1% pred ic ted  by the Pomnen formula. The 

quant i t y   o f   n i t rogen  re leased by mines   us ing   s ign i f i can t  (>20%) q u a n t i   t i e s   o f  
s lu r r y   exp los i ves  was p r e d i c t e d   t o  be 0.94% ANFO +5.1% sl u r r y  , c l o s e   t o   t h e  

1% ANFO +6% s l u r r y  as  suggested  by Pommen 
Methods  which  can  be  used to   spec ia te   t he   i no rgan ic   n i t rogen   l oad  

accord ing  to  ammonia, n i t r i t e ,  and n i t r a t e   f o r m s  and to   appor t i on   l oad ings  
accord ing   to  season are  a lso  presented. 

A1 though  elevated  phosphorus  concentrations  were  found i n  small 
drainages a t  t h e  two  mines s t u d i e d   i n   d e t a i l ,   e f f l u e n t   l e v e l s  were n o t  

s i g n i f i c a n t  when compared t o  background l e v e l s   i n   t h e   r e c e i v i n g   w a t e r s .  

Conclusions  regarding  phosphorus  are  considered  speculat ive  given  the 1 i m i t e d  

data base. 



RESUME 

La pr6sence de n i  veaux 6lev6s des  616ments nutri t i  f s ,  azote e t  
phosphore,  dans 1 e mil ieu aquatique peut causer 1 a croissance excesi ve 
k ' a l  gues e t  1 a t ox ic i  tee des  organixmes aquat i  ques. I1 y a pl usieurs sources 
potentielles de ces nutritifs, mais seuls  les  rejets provenant  des explosifs 
2 base d'azote,  utilis6s dans les mines 2 ciel  ouvert, on t  6 t6  recemment 
examink. L'6tude entreprise par  Pomen (1983) 5 l a  mine  de charbon Fording 
au sud-est de 1 a Colombie Bri tanni  que  en 1979-80 a concl u que 6% de 1 'azote 
contenu  dans les explosi fs,  u t i l  is6s 2 l a  mine, a 6 t6  1 ibir6 dans le  mil ieu 
environnant. D,autres 6tudes de l a  q u a l i t 6  de 1 'eau adjacente 2 des  mines  de 
charbon suggerent que 1 a formule adopt6e par Pommen surestime les quant i  t6s 
d ' azo te  lib6r6es e t  exagGre 
adjacents. 

L'objectif de cette 
1 'environnement est de vgrifier 
rejets phosphoreux  provenant  des 
phosphore,  provenant de 5 mines 

l'impacte  possible  sur  les cours d'eau 

6tude entreprise par l a  Protection de 
1 es rgsul tats de Pommen e t  d'examiner les 
mines  de charbon. Les rejets  d'azote  et de 
de charbon 5 ciel ouvert du sud-est de l a  

Colombie Bri tanni  que, on t  6t6 examines pour les ann6es 1980 i 1985. On a 
aussi examin6 1 es donn6es  de  deux  de ces mines entre avri 1 85 e t  mars 86. 

Ggngralement, l a  quant i t6  d'azote (les  explosifs  rejet6 dans le  
milieu environnant augmente  avec l a  quantit6 d'explosifs en suspension 
u t i l  is6e dans  des conditions humides, ceci correspond aux conclusions de 
Pomen. La quant i t6  d'azote  rejetge des  mines, q u i  utilisent u n  m6lange  de 
n i t ra te  d'ammoni um/fuel o i l  (NAFO) come explosi f s  sous  des  sous  des 
conditions non-humi des, 6qui vaut  5 0.2% de 1 'azote compar6 2 1% pr6di t par 1 a 
formul e de Pommen.  Aussi , les q u a n t i  t6s  d'azote  rejet6es par les mines 
utilisant d'importantes  proportions ( 20%) d'explosifs en suspension o n t  6t6 
pr6di tes  6tre 6gal es 2 0.94% du NAFO + 5.1% de 1 a suspension, ceci se compare 
bien aux r6sul tats sugg6r6s  par  Pomen de 1% du NAFO + 6% de l a  suspension. 

Ce document pr6sente aussi des  m6thodes q u i  peuvent 6tre u t i  1 is6es 
pour identifier 1 es concentrations  d'azotre inorganique bas6es sur 1 es 
quanti  t6s d'ammoniac, de ni t r i te   e t  de nitrate prcsentes dans u n  6chantil lon 
e t  1 eur r6parti t i o n  selon les sai sons. 

Malgr6 que l a  concentration de  phosphore observge, dans  des petits 
6gouts  des  deux  mines  examin6es en d6 ta i1 ,  6 t a i  t 61 ev6e  n6anmoins el 1 e 
n ' ava i t  pas d'importance compar6e aux concentrations  naturelles des cours 
d'eau r6cepteurs. Les conclusions q u i  on t  t r a i t  au phosphore  ne sont pas 
fond6es 2 cause du nombre 1 imi t 6  des  donn6es. 
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The nutrients nitrogen and phosphorus are required by a l l  1 i v i n g  
things, b u t  excessive levels of these elements i n  receiving waters can lead 
t o  severe environmental degradation. Man's activities can result i n  
increased loadings of inorganic and organic nitrogen and phosphorus  compounds 
t o  the environment which can cause excessive growth of algae and toxicity t o  
aquatic organisms. 

Potential sources of these nutrients include precipitation, l a n d  
drainage, and municipal and industrial discharges.  Potential releases from 
m i n i n g  operations have only recently been  documented. 

Studies conducted i n  1978, 1979, and 1983 i n  the Kootenay coal 
fields of southeastern British Columbia found s ignif icant  releases of 
nitrogen from coal mines.  These releases  originated from nitrogen-based 
explosives,  either ammonium nitrate/fuel o i l  (ANFO)  or slurry ( a  mixture of 
oxidizers, aqueous  medium,  guar gum thickener, and cross-linking gel ),  used 
i n  the mining process. A study  'conducted by Pommen found up t o  6% of 
explosives-derived nitrogen used a t  the Fording Coal mine i n  1979-80 was 
re1  eased t o  the receiving environment. Further analysis of data  from the 
Fording  mine and other mines in British Col umbia by Pomnen suggested t h a t  
about  1% of the ANFO and 6% of the slurry nitrogen would be released from 
these mines. This  formula has been used t o  predict the nitrogen  released 
from explosives use a t  other proposed .mines. 

Subsequent cursory studies of water qua l i ty  near coal mines i n  the 
Kootenay coal fields suggested t h a t  the Pomnen formula may overestimate 
nitrogen release. Overestimating the nitrogen loss may exaggerate potential 
receiving water  impacts and delay approvals for new mines. An extensive 
study was, therefore, required t o  obta in  nitrogen species  concentration and 
flow data from the Kootenay coal fields t o  determine the actual nitrogen loss 
and, thereby, test  the Pommen formula.  This study was conducted i n  1985-86 
by Environment Canada and the results  are contained i n  this  report. 



H i s t o r i c a l   d a t a   c o l l e c t e d  by  the  companies  and  provincial Waste 

Management Branch  were  obtained  for a l l   t h e  mines i n   t h e  Kootenay  coal 
f i e l d s ;   F o r d i n g  Coal,  Westar-Greenhills, Crows Nest  Resources-Line Creek, 

Westar-Bal mer , and  Byron  Creek  Col 1 i e r i es .   I n   add i t i on ,   samp l ing  was 
conducted  f rom  Apr i l  1985 t o  March 1986 t o   o b t a i n   d a t a   s p e c i f i c a l l y   f o r   t h i s  

study  from  the Crows Nest  Resources-Line  Creek and  Westar-Balmer  mines. 

Analyses were also  performed  for  phosphorus  species i n   e f f l u e n t s  and r e c e i v i n g  

waters  associated  with  Westar-Balmar  and Crows Nest  Resources-Line  Creek 
to   determine i f  the  mines  were a1 so a source o f  phosphorus t o   t h e  

environment. 
I n  1985 (Fording,  Westar-Greenhil l  s, Byron  Creek) and  1985-86 

(Westar-Balmer, Crows Nest  Resources-Line  Creek),  approximately  13 700 tonnes 

of   exp los ives  expressed as N were  used i n   t h e  Kootenay  coal   f ie1 ds.  Based  on 
the  Pomen  formula, up t o  211 tonnes  o f   n i t rogen  could be re leased  to   the  
receiv ing  waters .   Actual   water   qual i ty   data,  however, ind ica ted   about  
238 tonnes o f   n i t r o g e n  were  released  from  the  mines. More n i t r o g e n  was 

re leased  than  predic ted  f rom  the  Ford ing and  Westar-Balmer  mines  and less  f rom 

the  Westar-Greenhil ls, Crows Nest  Resources-Line  Creek, and Byron  Creek  mines. 

These c a l c u l a t i o n s  assumed t h a t   t h e   q u a n t i t y   o f   n i t r o g e n  measured i n  a given 

year was re1  eased  from  explosive  nitrogen  used i n   t h a t   y e a r .   W h i l e   t h i s  may 

n o t  be s t r i c t l y   t r u e ,   f o r   f i r s t   o r d e r   e s t i m a t e s   o f   n i t r o g e n   r e l e a s e  it i s  

probably a v a l i d  assumption. 
I n   t o t a l  , 15 sets  o f  annual   explosives  n i t rogen  loss  data  were 

examined  from  1980 t o  1986 f o r   t h e   f i v e  mines i n   t h e  Kootenay  coal f i e l  ds 

(Byron  Creek - 2 sets,  Westar-Greenhil l s - 2 sets,   Fording - 5 sets, Crows 
Nest  Resources-Line  Creek - 3 sets;  Westar-Balmar - 3 s e t s )   t o   t e s t   t h e  Pomnen 

fo rmula .  The p e r c e n t a g e   n i t r o g e n  loss ranged   f rom 0.1% f o r   t h e  
Westar-Greenhil ls  operation i n  1985 t o  4.3% f o r   t h e  Westar-Balmer o p e r a t i o n   i n  

1984. Genera l ly ,   three  mines  exhib i ted  n i t rogen  losses  less  than 0.3% (Byron 

Creek  Col1 i e r i e s  , Westar-Greenhi 11 s ,  and Crows Nest  Resources-Line  Creek)  and 

two exh ib i ted   l osses   g rea te r   t han  1% (Ford ing Coal  and  Westar-Balmer) . The 

former  mines  used  less  than 1% s l u r r y   i n   d r y   b l a s t i n g   c o n d i t i o n s ,   w h i l e   t h e  

l a t t e r  used  from 18% t o  70% s l u r r y   i n   w e t t e r   b l a s t i n g   c o n d i t i o n s .  

I 

L 

m 

(I 



- i v  - 

Mines t h a t  used 1 i t t l e  slurry ((1% - of total explosive as N )  re1 eased 
a mean of 0.2% of the ANFO (expressed as nitrogen) , while mines t h a t  used 
significant  quantities of slurry (>20% - o f  t o t a l  explosive as N )  released 0.94% 
of the ANFO and 5.1% of the slurry ( r  = 0.87). A transitional formula of 0.1% 
of the ANFO and 8.5% of the slurry may be appropriate  for mines t h a t  use 
between 1% and 20% slurry explosive, These  re1 ationships  are recommended t o  
predict nitrogen release from coal  mines i n  other  areas. The  new relationship 
developed for mines w i t h  significant  slurry use i s  only about 15% lower t h a n  
the Pommen formula,  while the mean value for low slurry use  mines  was 80% 
lower. As such, the Pommen formula  provided a reasonable prediction of 
nitrogen release from  mines w i t h  h i g h  slurry use b u t  s ignif icant ly  
overpredicted release from  mines w i t h  low slurry use.  Findings  confirmed . 
Pommen's conclusion t h a t  the proportion o f  slurry explosive used (determined 
by wet or dry blasting  conditions) i s  the key factor i n  predicting nitrogen 
release from coal mines. 

? 

Most of the nitrogen i n  effluents was present in the nitrate form 
(average 87%) w i t h  lesser amounts as amnonia (11%) and nitr i te (2%).  A t  the 
receiving water sites upstream of the mines, about 47% of  the inorganic 
nitrogen was present as nitrate and 43% and 9% was present as ammonia and 
nitr i te,  respectively. Downstream of the mines, 87% of the inorganic 
nitrogen was present as nitrate, 10% was present as ammonia, and 3% was 
present as nitrite. The increase i n  the proportion of nitrate downstream of 
the mines  compared t o  upstream reflects the large  nitrate loadings from  mine 
effluents. Since explosives contain large amounts of bo th  nitrate and 
ammonia, the relatively h i g h  proportion of nitrate i n  effluents  indicates 
significant conversion of amnonia to  nitrate  (nitrification) occurs between 
the source of nitrogen (pits and waste  dumping) and the effluent discharge to  
receiving waters. Predictions  for  other mines  should  assume t h a t  the 
majority of inorganic nitrogen released will be present as nitrate. 

Loadings of nitrogen generally followed flow patterns as suggested 
by Pommen. Larger loadings were  noted during the freshet (April t o  June) 
compared t o  other times of the year. 



- v -  

The analysis of phosphorus da ta  was  more d i f f i c u l t  t h a n  t h a t  for 
nitrogen as impacts on receiving water qual i ty  were n o t  as apparent and the 
phosphorus 1 evel s were near detection 1 imi ts. However, t o t a l  dissolved 
phosphorus ( T D P )  and soluble  reactive phosphorus (SRP) concentrations i n  the 
two receiving water  streams examined,  Michel  Creek  near  Westar-Balmer and 
Line  Creek near Crows  Nest  Resources-Line  Creek,  showed 1 i t t l e  change 
downstream of the mine as compared t o  upstream. Therefore, these two mines 
d i d  not appear t o  be  major sources of phosphorus t o  the  receiving waters. 

Elevated phosphorus 1 evel s were found i n  drainages and pool s on the 
mine properties b u t  these d i d  no t  affect the t o t a l  dissolved phosphorus and 
soluble reactive phosphorus levels i n  the major effluent discharges. Five of 
six major effluent streams from the two mines contained t o t a l  dissolved 
phosphorus, on average, a t  concentrations lower than upstream receiving water 
levels. For other mines,  average t o t a l  dissolved phosphorus concentrations 
i n  effluents may be  assumed t o  equal  upstream receiving water level s and, in 
the worst case scenario, t o  be 0.002 mg/L above  background levels. Similar 
findings and conclusions were  reached for  soluble  reactive phosphorus. 

The  mines d i d  appear t o  be a source of t o t a l  phosphorus. The 
average t o t a l  phosphorus concentration for the six  effluent streams studied 
was 0.044 mg/L greater than upstream receiving water levels. Based on this 
result, other mines  should also be considered as potential sources of t o t a l  
phosphorus. 

Because of the limited d a t a  base, conclusions regarding phosphorus 
re1 ease a t  other coal mines are considered t o  be speculative. Data from 
natural drainages, groundwater, and discharges from areas  disturbed by 
exploration may provide better  estimates of phosphorus release from  proposed 
coal mines . 

Further studies  are recommended t o  determine the actual loss of 
explosives nitrogen from  mines using between 1% and 20% slurry  explosive, t o  
quan t i fy  the nitrogen released from coal mines i n  cl imatic zones other than 
t h a t  encountered i n  the Kootenay coal fields (such as the coastal region of 
British Columbia ) ,  and t o  improve the da ta  base on phosphorus levels i n  
effluents and receiving waters from coal mines. 
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Nutrients  are environmental substances (elements or compounds) 
necessary for the growth and development of plants and animal s. Nitrogen, 
phosphorus, and sulphur are found i n  varying proportions t o  carbon  depending 
on the chemical nature of the compounds i n   w h i c h  they occur. A pattern for 
the  circulation o f  these  elements .was established i n  nature when 
micro-organisms, plants, and animals  appeared on earth. The pattern was set 
by the physical and chemical  environment, the chemical nature of these 
elements, and by the geographic distribution of the plants and animals. 
However,  man's activities have great  effect on these patterns and cycles. 

In particular, the nitrogen and phosphorus cycles i n  the aquatic 
environment  have  been altered by increased loading  of inorganic and organic 
nitrogen and phosphorus  compounds. T h i s  may resul t i n  excessive growth of 
algae and tox ic i ty  t o  other aquatic organisms causing deterioration of the 
aquatic environment. The extent of this  deterioration  is dependent on the 
concentration and loading  of these nutrient  releases and the sensitivity of 
the receiving environment. 

There are several potential p o i n t  and non-poin t  sources o f  
nutrients t o  the environment. Non-point sources include precipitation, 
drainage from agricul tura l  , pastural and  reclaimed 1 ands, urban 1 and 
drainage, decaying vegetation, and wildlife wastes. Po in t  sources consist of 
municipal and industrial  effluents. Of these, the po ten t i a l  impacts from 
agricultural drainage, municipal discharges, and some industrial  effluents 
are well known. However, the potential  for  nutrient  release from m i n i n g  has 
only recently been investigated. Knowledge of the nutrient  releases from 
mines originates from a series of studies conducted i n  the Kootenay coal 
fields of southeastern British Columbia (Figure 1). Levels of  nutrients i n  
effluents from the coal mines and their impacts on the E l k  River  Basin  have 
been  documented (B.C.  Ministry of Environment, 1976, 1978; MacDonald, 1985; 

Pommen, 1983 ) . 
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1.1 Previous  Studies 
The M i n i s t r y   o f  Environment,  Water I n v e s t i g a t i o n s  Branch,  has 

conducted  two  major  water  qual i ty  studies i n   t h e   E l k   R i v e r   B a s i n .  The 

Kootenay Air and  Water Qual i t y  Study, Phase I ,  evaluated  water  qual i ty data 
c o l l e c t e d  from 1972 t o  1974. The s tudy   i den t i f i ed   m in ing   exp lo ra t i on  and 
coal   mining and i t s   r e l a t e d   o p e r a t i o n s  as ma jo r   con t r i bu to rs   t o   wa te r   qua l i t y  

degradation i n   t h e   E l k   R i v e r  Basin. The study was pr imar i l y   concerned  w i th  

suspended so l   i ds  and t u r b i d i t y .  A1 though a 1 arge amount of   water  qual  i t y  

data was co l l ec ted   du r ing   t he   s tudy ,   t he  samples  were no t   necessar i l y   taken 
du r ing   spec i f i c   f l ow   reg imes   o r   a t   s i t es   o f   ongo ing   exp lo ra t i on   ac t i v i t i es .  

Also, no d i f f e r e n t i a t i o n  was  made between t h e   e f f e c t s   o f   n a t u r a l   o r  man-made 

sources o f  sediment.  Therefore,  the  study  results  could  not be  used t o  

r e l a t e   e f f l u e n t   q u a l i t y   t o   r e c e i v i n g   w a t e r   q u a l i t y  and t h e   b i o l o g i c a l  
e f f e c t .  

The Kootenay Air and  Water Qual i t y  Study, Phase I I ,  examined  water 
qual i t y  data  from samples taken i n  1973  and  1976. It confirmed  the  main 

concl   us ions  o f   the Phase I study ;   tha t  mine e x p l o r a t i o n  and coal  mining  and 
i t s   r e l a t e d   o p e r a t i o n s  were the  cause o f   h i g h  suspended  sol i d s  and t u r b i d i t y  

i n   t h e   a q u a t i c   e n v i r o n s   o f   t h e   E l k  and Flathead  River  Basins.  Logging was 

i d e n t i f i e d  as  another,   a lbei t   lesser,   source. The s tudy  a lso examined 

n u t r i e n t   c o n t r i b u t i o n s   t o   t h e   a q u a t i c  system, p r i m a r i l y   w i t h   r e s p e c t   t o  
a g r i c u l t u r e  and f e r t i l i z e d   i r r i g a t e d   c r o p l a n d .  A few loca l i zed   impacts  were 

i d e n t i f i e d  and  recommendations  were made f o r  improved p o l l u t i o n   c o n t r o l .  It 

conc luded  tha t   po l lu t ion  from the  various  sources had n o t  reached c r i t i c a l  

p r o p o r t i o n s   p r i m a r i l y  because  contaminant  concentrations were d i l u t e d   i n   t h e  
E lk   R iver .   A lmost   inc identa l l y ,   inc reased  n i t rogen  leve ls  were found i n   t h e  

Fording  River  below  the  Fording Mine. As a r e s u l t ,   f u r t h e r   m o n i t o r i n g  was 
conducted  by  the  Min is t ry   o f   Env i ronment  and Ford ing Coal Ltd.  from 
1976-1978. 

Data c o l l e c t e d   t o   t h a t   d a t e  suggested t h a t   t h e  use i n   s u r f a c e  
m i n i n g   o f   l a r g e  amounts o f   h igh-n i t rogen  conten t   exp los ives  may r e s u l t   i n  

s i g n i f i c a n t   r e l e a s e s   o f   n i t r o g e n   t o   t h e   e n v i r o n m e n t .  These explos ives 

inc luded ammonium n i t r a t e / f u e l  o i l  (ANFO) used i n   d r y   b l a s t i n g   c o n d i t i o n s  and 

var ious   types   o f   s lu r ry   exp los ives  used i n  wet  condit ions. These explos ives 
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contain  about 33% and 25% ni t rogen,  by  weight,   for  ANFO and s l u r r y ,  

respec t ive ly .  
I n  1979, t h e   M i n i s t r y   o f   t h e  Environment, i n  cooperat ion  wi th  

Fording  Coal, i n i t i a t e d  an i n t e n s i v e  one year  study  of   explosives  use and i t s  
e f f e c t  on wa te r   qua l i t y   a t   t he   Fo rd ing  Coal  mine. The o b j e c t i v e s   o f   t h e  

study were : 

1. t o  d e t e r m i n e   q u a n t i t a t i v e l y   t h e   r e l a t i o n s h i p  between  explosives  use a t  
the  mine  and i t s   e f f e c t  on the   water   qua l i t y   o f   the   Ford ing   R iver ;  and 

2. t o  use t h i s   r e l a t i o n s h i p   t o   a i d   i n   t h e  management o f   impacts  on water 

q u a l i t y   a t   F o r d i n g  Coal,  and t o   a i d   i n   t h e   p r e d i c t i o n  and management o f  

impacts a t  proposed  mines i n   t h e   p r o v i n c e .  

Informat ion was c o l l e c t e d  on explos ives use, n i t rogen  concent ra t ions  and 
l o a d i n g s   i n  mine  drainages  and  the  Fording  River,  algal  growth i n   t h e   r i v e r ,  

and the   leach ing   o f   n i t rogen  f rom  coa l  and s p o i l .  The r e s u l t s   o f   t h e s e  

s tud ies were descr ibed i n   t h r e e   r e p o r t s  (Pommen, 1983; Nordin, 1982; Nagpal, 

1983). 
The Pommen study  examined  the  nitrogen  concentrat ions and loadings 

i n  mine drainage and the  Ford ing  River  and  determined  the  to ta l   inorganic  

n i t rogen  expor t   f rom  the mine. The minimal  data  avai lable  f rom  other  metal  

and coal  mines i n  Canada were a l s o  examined i n   t h e   s t u d y   t o   s u p p o r t   t h e  
f i n d i n g s   a t   F o r d i n g .  

The k e y   f i n d i n g   o f  Pommen's s t u d y  was t h a t   t h e   u s e   o f  
n i   t rogen-based  exp los ives   a t   the   Ford ing   mine   s i te  had t h e   p o t e n t i a l   t o  

i m p a i r   w a t e r   q u a l i t y   f o r   d r i n k i n g ,   a q u a t i c   l i f e  and r e c r e a t i o n  due t o   t h e  
t o x i c i t y   o f   n i t r a t e ,   n i t r i t e  and ammonia and t h e i r   r o l e   i n   p r o m o t i n g   a l g a l  

growth.  Generally, Pommen found  tha t   the   n i t rogen  d ischarged  f rom  the  mine 
was p r i m a r i l y   n i t r a t e   w i t h   r e 1   a t i v e l y   s m a l l  amounts o f  ammonia and n i t r i t e ,  

and, a1 though amp1 e n i t r o g e n  was avai 1 ab1 e i n   r e c e i v i n g   w a t e r s   f o r  a1 gal  

growth,  the  growth was 1 imi t e d  by 1 ow phosphorus l e v e l  s. 
Pommen conc luded  tha t   n i t rogen  losses   to   rece iv ing   waters   f rom 

explos ive use a t  mines  would  vary  substantial ly  depending on such s i t e  
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specific  factors as climate, mine hydrology,  groundwater conditions i n  the 
pits, and the degree t o  w h i c h  recycling of water i s  practiced. Data from 
Fording Coal and the Brenda  Mine  near Peachland, B.C. suggested t h a t  the 
range of nitrogen losses t o  either surface or  groundwater would be i n  the 
order of 1% t o  6%. The conditions a t  Fording Coal (e.g. wet pits and almost 
exclusive use of slurries for  blasting, moisture surplus, and mine drainages 
discharging t o  receiving  waters) probably  caused a relatively h i g h  percentage 
of nitrogen loss from explosives. However, a t  the Brenda  Mine,  where 
climatic conditions were relatively dry and the use of ANFO explosives 
predominated, only about  1% of the nitrogen content of the explosives was 
lost t o  surface and groundwater. 

Pommen suggested t h a t  nitrogen release from explosives use a t  
mines could be predicted prior t o  min ing  and recommended an i n i t i a l  nitrogen 
loss factor of 1% nitrogen from ANFO and 6% from slurry. The nitrogen loss 
factor would then be multiplied by the annual quantities of ANFO and slurry 
explosives expected t o  be used t o  calculate an annual nitrogen l o a d i n g  t o  the 
receiving waters. The nitrogen loading  would then be distributed over the 
year w i t h  the 1 argest loadings occurring during spring snowmelt i n  the 
interior or d u r i n g  winter rains on the coast. These seasonal nitrogen 
loadings and receiving water  flows could then be used t o  calculate receiving 
water nitrogen concentrations. 

In  1981, a study was initiated by the Ministry of Environment t o  
examine the relationship between nutrient levels and  periphytic algal growth 
i n  the E l k  River Basin. The study was initiated because excessive a1 gal  
growths  were possible i n  E l k  River as a result of the combined effect of 
increased nitrogen concentrations originating from the explosives used a t  the 
coal  mines and dissolved phosphorus loadings from  municipal  sewage 
discharges. An interim  report (MacDonald, 1985) based on da ta  collected from 
1979 t o  1982, served t o  identify the various nutrient regimes  in the river 
system and t o  quant i fy ,  i n  a preliminary way, the relationship t o  algal 
growth. That study is cont inuing.  

The studies mentioned previously identified  elevated nitrogen 
releases from the southeast coal mines, and particularly Fording Coal, as 
posing a potential  threat t o  water qual i ty  of the Fording  River. The study 
conducted by Pommen proposed a method t o  predict nitrogen release from coal 
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mines. This method  has  been  used t o  predict re1 eases from several proposed 
mines i n  British Columbia outside of the Kootenay coal fields. In  a few 
cases, the predicted  elevated nitrogen concentrations i n  receiving waters 
downstream of the mines  were considered a threat t o  water qual i ty .  

A study  conducted a t  the Byron  Creek Collieries mine i n  the 
Kootenay coal fields indicated t h a t  the Pommen formula overestimated the 
release of nitrogen from t h a t  mine. I f  the Pommen formula overestimated 
releases  for other mines, potential impacts on receiving environments may be 
exaggerated and unnecessary delays i n  approval and costs would accrue t o  
proponents of new coal mines. A study was required t o  verify or modify the 
Pommen formul a. 

1.2 Study Objectives 
In 1984, Environmental Protection ( E P )  o f  Conservation and 

Protection, Environment Canada proposed t o  conduct a study i n  1985-86 t o  
quant i fy  the amount of nitrogen re1 eased from the various coal mines in the 
Kootenay coal fields. The rationale was t h a t :  

1. the information gathered would he1 p resolve the regulatory agency delays 
i n  project approval arising from concerns about  explosives-derived 
nitrogen impacts; 

2. da ta  gathered could be  used t o  verify or modify the predictive model 
devel  oped by Pommen; and, 

3. phosphorus loading da ta  would a1 so be collected. Since the E l k  River 
system is  phosphorus limited (Nordin, 19821, and increases i n  nitrogen 
alone may n o t  cause degradation of the aquatic environment, this study 
would a i d  the industry and regulatory agencies i n  assessing the 
significance of increased nitrogen loading  t o  the aquatic environment i n  
the region. 

Refer directly t o  Sections 4 and 5 for the application of the study 
results t o  prediction of nutrient  releases from other mines. Sections 1.3 
through 3.5.4 cover  study  methods and results. 
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1.3 Study  Methods 
The s tudy   inc luded  bo th   h is to r ica l  (1980 t o  1985)  water  qual i ty 

data  gathered  by  the  Min is t ry   o f   Env i ronment  and mining companies,  and 
1985-86 d a t a   c o l l e c t e d   s p e c i f i c a l l y   f o r   t h i s   s t u d y  by Environmental 

P r o t e c t i o n  and the  min ing companies. H i s t o r i c a l  samples  were c o l l e c t e d  and 
analyzed  according  to  procedures  approved by t h e   M i n i s t r y   o f  Environment. 

Samples c o l l   e c t e d   i n  1985-86  were  hand1  ed d i f f e r e n t l y  depending on 
whether  they  were  col 1 ected  by  the  mining companies throughout  the  year 

(extens ive  survey) ,   or  by Environmental  Protection i n  one o f   f o u r   i n t e n s i v e  

surveys   (Apr i l  , May, June  and  September,  1985). Samples c o l l   e c t e d  by the  

mining companies f o r  EP were  immediately  frozen  and  submitted t o   t h e  EP 
Laboratory i n  West Vancouver i n  batches,  general ly  every month.  Samples  were 

thawed  and  then f i l t e r e d  as requ i red  by lab  analyses.  Analyses were  begun  as 

soon  as samples  were  prepared. Samples c o l l e c t e d  by EP f o r   t h e   i n t e n s i v e  

surveys  were f i 1 t e r e d   i n   t h e   f i e l  d where  necessary and submi t ted   to   the  West 
Vancouver Labora to ry   i n   coo le rs   w i th   i ce  packs w i t h i n  24 hours  o f   complet ion 

o f   t h e   f i e l  d survey. 
Flow  data were obta ined by the  mine,  Water  Survey o f  Canada (WSC) , 

or   Env i ronmenta l   Pro tec t ion   s ta f f .  EP s ta f f   de termined  f low by measuring 
s t ream  ve loc i t y   w i th  a Mead Instruments  Corporat ion,  HP-302  Open Stream 
V e l o c i t y  Probe,  and cross-sect ional   area  wi th  a me t re   s t i ck  and f a b r i c  

measuring  tape.  Velocity measurements  were taken a t  0.6 depth  from  the 

sur face   a t   severa l   loca t ions   across   the  stream.  Flow was obtained  by 
m u l t i p l y i n g   w a t e r   v e l o c i t y  by  cross-sect ional   area  for  each sec t ion  and 
summing a l l  sect ions.  The companies a lso  prov ided  in format ion on t h e i r  

min ing  operat ions  inc lud ing  waste  rock and c o a l   p r o d u c t i o n ,   f e r t i l i z e r  and 
explos ive use,  and b las t i ng   p rac t i ces .  

These data were then  used  to   assess  the  expor t   o f   n i t rogen and 
phosphorus  from  each  mine. The r e s u l t s  were  compared to   re leases   p red ic ted  

by the Pommen formula. The r e s u l t s   o f   t h i s   a n a l y s i s   a r e  summarized i n   t h i s  
r e p o r t .   D e t a i l e d   r e s u l t s  may be  found i n  a separate  appendix  report .  

N i t rogen  re1 eased from  explosives  would be i n   t h e   i n o r g a n i c  form 
( n i t r a t e  -NO3, amonia -NH3/NH4, o r   n i t r i t e  -NO2). However, some of 
t h i s   i n o r g a n i c   n i t r o g e n   c o u l d  be quickly  converted  to  organic  forms  by 

b io log ica l   p rocesses   be fore   the   n i t rogen  reached  the   e f f luen t  and r e c e i v i n g  



- 8 -  

water  sampling sites. Consideration of only the inorganic nitrogen load may 
under- estimate the explosives loss. However, organic nitrogen from other 
sources cannot be separated from organic nitrogen o r i g i n a t i n g  from 
explosives. As a result, only inorganic nitrogen loadings were used,  in both 
the Pomnen study and i n  this study, t o  calculate  the nitrogen export. 

A1 1 nitrogen data  presented i n  this  report  are expressed as N while 
phosphorus results  are expressed as P. Phosphorus analyses included t o t a l  
phosphorus ( T P )  , t o t a l  dissolved phosphorus (TDP)  , and soluble  reactive 
phosphorus (SRP). Analyses for a l l  nutrient  species used  automated 
colourimetric methods as described i n  the Environment Canada, Environmental 
Protection, Laboratory Services Manual (1988). U 

Sampling for nitrogen species was conducted more frequently during 
freshet a t  a l l  mines since t h a t  i s  the time of maximum flow and nitrogen 
release. Mean annual concentrations reported here were  skewed by the greater 
number of samples during freshet and as such  could not  be  used to  calculate 
the nitrogen export. For a1 1 mines, the inorganic nitrogen 1 oading for each 
sampling day was calculated and plotted. The annual load was then  determined 
by the area under the curve (planimeter). 
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2 KOOTENAY  COAL FIELDS AND POTENTIAL NUTRIENT RELEASES 

The Koo tenay   coa l   f i e lds   a re   l oca ted   i n   sou theas te rn   B r i t i sh  

Columbia. The area i s  mountainous l y i n g   w i t h i n   t h e   F r o n t  Ranges o f   t h e  Rocky 

Mountains a t  an e levat ion  range  o f  1000 m t o  2500 m above sea 1 eve1 
The c l ima te  i s  best   descr ibed as dry, sub-humid,  and microthermal 

(snow) c o n t i n e n t a l   w i t h   h o t   t o  warm  summers vary ing   w i th   e leva t ion .   Co ld  

w in te rs   a re   domina ted   by   d ry   con t i nen ta l   A rc t i c   a i r  masses f rom  nor thern 
r e g i o n s .   P r e c i p i t a t i o n   i s   h e a v i e s t  from l a t e   f a l l   t h r o u g h   t h e   w i n t e r   t o  
ear ly   spr ing .  Annual p r e c i p i t a t i o n   i s   a b o u t  700 mm. Mean monthly a i r  

temperature  ranges  from  about -10°C i n   w i n t e r   t o   a b o u t  16°C i n  summer. Air 

temperatures  below 0°C are  normal ly   exper ienced  dur ing November through 

A p r i l .  About 40% o f   t h e  annual p r e c i p i t a t i o n   i n  Val ley  areas  fa1 1 s as snow 

d u r i n g   t h i s  same t ime  period. 
The Kootenay   coa l   f ie lds   a re   d ra ined  p r imar i l y  by three 1 arge  water 

systems - the   E lk   R iver ,   the   Ford ing   R iver  and Michel Creek. Numerous small 

systems drain  the  mountainous  areas  (Figure 2) .  
Maximum stream  flows  occur i n  May and  June due t o   s p r i n g  snowmelt. 

F lows  dec l ine  s teadi ly   dur ing  the summer and f a l l   r e a c h i n g  a minimum i n  
w i  n t e r  . 

Large-scale  surface  and  underground  coal  mining began i n   t h e  

Koo tenay   coa l   f i e lds   i n  1967 w i th   Ka ise r  Resources  Ltd. (now Westar  Mining 

Ltd.-Balmer)  followed by Ford ing Coal Ltd.  i n  1971,  Byron  Creek C o l l i e r i e s  
Ltd. i n  1976, Crows Nest  Resources  Ltd.-Line Creek  Mine i n  1981  and  Westar 

M in ing   L td . -Greenh i l l s   i n  1982. H i s t o r i c a l   c o a l  and waste  rock  product ion 

s ince 1980 f o r   t h e   f i v e  mines  are shown i n   F i g u r e  3. The Westar-Bal mer mine 

produces  the  most  coal  fol lowed  by  Fording,  Westar-Greenhil ls, Crows Nest 

Resources-Li ne  Creek, and Byron  Creek  Coll   ier ies. Annual coa l   p roduc t i on   a t  

each  mine  has f l u c t u a t e d   o v e r   t h e   l a s t   f i v e   y e a r s   b u t   c u m u l a t i v e   p r o d u c t i o n  
has increased. I n  1985, raw  coal  production  reached  about 23 m i l l i o n  tonnes. 

S im i la r l y ,   t he   t o ta l   quan t i t y   o f   rock   m ined  has increased and i n  1985 reached 
almost 100 mill i o n  bank cubic  metres. 

There  are  several  potential  sources o f   nu t r ien ts   f rom  the   mines  

i n   t h e  Kootenay  coal   f ie lds.  These i n c l u d e   f e r t i l i z e r s  used i n  mine and 
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FIGURE 2 DRAINAGE  BASINS  IN  SOUTHEASTERN 
BRITISH  COLUMBIA 
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exp lora t ion   s i te   rec lamat ion ,   domest ic  sewage d ischarged  to   sur face   waters   o r  

t o   t h e  ground,  leachates  from  coal and  waste  rock  weathering, and res idua l  

explosives.   Residual   explosives  are  expected  to be the 1 argest   source  o f  

n i t rogen based on previous work i n   t h e   r e g i o n .  
The p r i n c i p l e   n i t r o g e n  compound i n   e x p l o s i v e s  used a t   t h e   c o a l  

mines i s  ammonium n i t r a t e .   T h i s  compound i s  ex t reme ly   so lub le   i n   wa te r  and 
d i sassoc ia tes   i n to  ammonium and n i t r a t e   i o n s .  The n i t rogen   con ten t   va r ies  

from  mine t o  mine, b u t   i s  about 33% N by we igh t   f o r  ANFO and about 25% N f o r  
s lu r ry .   N i t rogen  losses   to   water   f rom  exp los ives  may occur  through  contact  

between water and exp los i ve   p r i o r   t o   de tona t ion   o r   wa te r  and exp los ive  

res iduals   produced  dur ing  detonat ion.  
H i s t o r i c a l  annual exp los ive  use from 1980 t o  1985 f o r  each  mine i n  

the  Kootenay  coal f i e l d s   i s  shown i n   F i g u r e s  4 and 5. I n  general, ANFO use 

has  been predominant a t   b o t h  Westar operat ions,  Crows Nest  Resources-Line 
Creek  mine  and  Byron  Creek C o l l i e r i e s .  ANFO i s   p r e f e r r e d   s i n c e  i t  i s  
cheaper;  the u n i t   c o s t s   f o r  ANFO and s lu r ry   a re   about   equa l   bu t  more s l u r r y  

e x p l o s i v e   i s   r e q u i r e d   p e r   b l a s t h o l e .   S l u r r y   e x p l o s i v e   i s   n o t  as so lub le  as 

ANFO, and, t h e r e f o r e ,   i s   p r e f e r r e d   i n   w e t   b l   a s t i n g   c o n d i t i o n s .  The Ford ing 

coal  mine  used more s lu r r y   exp los i ve   t han  ANFO from 1980 t o  1982, b u t  more 

ANFO than  s lu r ry   f rom 1983 t o  1985. Th is   re f lec ts   the   deve lopment   o f   the  

Eag le   Mounta in   m in ing   p ro jec t   a t   the   Ford ing   Mine   in  1983  and the  gradual 

phasing  out   o f   the  Clode Creek  and  Greenhi 11 s p i t s .  The former i s  a r i d g e  

top  sur face  mine  wi th   dry   b last ing  condi t ions  whi le   the  Clode and Greenh i l l s  

p i t s  were  Val ley  bot tom  mines  wi th  wet  condi t ions.  

I n  1985, approximately  31 300 tonnes o f  ANFO exp los ive  and 

5 410 tonnes o f   s l u r r y   e x p l o s i v e  were  used i n   t h e  Kootenay  coal  f ields. 

Us ing   the   p red ic t i ve   fo rmul  a devel  oped  by Pomnen, and  assuming a 33% N 

c o n t e n t   i n  ANFO and a 25% N c o n t e n t   i n   s l u r r y ,   a b o u t  180 tonnes  of   n i t rogen 

cou ld  be re1  eased to   rece iv ing   s t reams  in   the   reg ion .   Ac tua l   water   qua l  i ty 

data   fo r  each  mine  must be examined to   determine i f  t h i s   p o t e n t i a l   r e l e a s e  

was real   ized. 

I n   t h i s   r e p o r t ,   t h e   w a t e r   q u a l i t y   d a t a   a r e   r e v i e w e d   b r i e f l y   f o r   t h e  
Byron  Creek C o l l   i e r i e s  and Westar-Greenhil l s mines t o   e s t i m a t e   n i t r o g e n  

export.   Data  for  the  Fording  Coal  mine i s  examined i n  more d e t a i  1 t o  
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Westar  Mining - Balmer  a Fording  Coal a Crows  Nest  Resources - Line Creek 

Westar  Mining-  Greenhills 

Byron  Creek  Col l ier ies 

FIGURE 4 ANNUAL  ANFO  EXPLOSIVE  USE FOR KOOTENAY 
COAL FIELDS  MINES 
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FIGURE 5 ANNUAL  SLURRY EXPLOSIVE  USE FOR KOOTENAY 
COAL FIELDS  MINES 
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determine  n i t rogen  expor t  and  changes i n   n i t r o g e n   r e 1  ease  from  mine  sources 

s ince  the Pommen s tudy .   F ina l l y ,   t he  Crows Nest  Resources-Line Creek  and 

Westar-Balmer  mines  data  are  examined i n  even grea ter   de ta i  1 as more data  are 

a v a i l a b l e  (company data augmented  by i n f o r m a t i o n   c o l l e c t e d   s p e c i f i c a l l y   f o r  
th is  study).   Contr ibut ions  f rom  var ious  sources  and  phosphorus  export   are 

a l so  examined f o r   t h e s e   l a t t e r  two  mines. 
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3 NUTRIENT EXPORT  FROM KOOTENAY  COAL MINES 
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3.1 Byron Creek Col1 ieries (1 983-85) 
The Byron  Creek C o l l i e r i e s  mine i s   l oca ted   app rox ima te l y  25 km 

south   o f  Highway No. 3 o r  10 km e a s t   o f  Sparwood i n   t h e   M i c h e l  Creek Valley. 
The mine i s  a t  t h e   n o r t h  end o f  Coal  Mountain,  bounded  by  Corbin  Creek on t h e  

nor th  and eas t  and Michel Creek on the  west (F igure  6) .  This i s  a surface 

mine  employing a t y p i c a l   t r u c k  and  shovel operation.  Overburden  or  spoi l  

f rom  the  min ing  operat ion i s  dumped over  the  west  s ide  of   the  mountain.  

However, permission has  been ob ta ined  to  dump overburden  in to   the  Corb in 

Creek va l ley ,   fo rming  a f low-through  rock  drain. 

P r i o r   t o  May 1986, raw coal  was simply  screened, washed i n  a j i g ,  

and d r i e d   i n  a centr i   fuga1  dryer .  A new p repara t i on   p lan t  has  been 
const ructed and will u t i l i z e  a f l o ta t i on   p rocess   t o   c lean   t he   coa l .   Th i s  new 

p l a n t  has a c a p a c i t y   o f  two mil 1 ion  tonnes  per   year   o f   c lean  coal .  

The p resen t   p roduc t i on   l eve l   i s   abou t  one mi l l ion  tonnes  per   year .  
The Byron  Creek  Col1 i e r i e s  mine  used t h e   l e a s t  amount o f  explos ives 

o f  any  mine i n   t h e  Kootenay  coal  f ields.  Only 555 000 kg  (as N )  o f  ANFO and 
2 600 kg  (as N )  of sl u r r y  was used i n  1985. The 1 ow s l   u r r y   e x p l o s i v e  use 

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

1 

mi ne. 
Water qual i t y  and f l ow   da ta   co l  1 ected by the  company were  examined 

t o  determine the inorganic  nitrogen  release.  Phosphorus  data were 

unavai 1 ab1  e. 
Data  from  Corbin  and  Michel  Creeks  upstream  and  downstream o f   t h e  

m i  ne were  assessed t o   o b t a i n   t o t a l   i n o r g a n i c   n i t r o g e n  1 oadings  from  the m i  ne 
s i te .   F low  data were c o l  1 ected by the  company a t  the  Corbi  n Creek  upstream 
and  downstream s i t e s   f o r  1983  and  1984.  Water  Survey o f  Canada operated a 
f l o w   s t a t i o n  on Michel Creek  upstream o f   t h e  mine  from l a t e   A p r i l  t o  e a r l y  

October i n  1984  and 1985. Th is   i nc luded   the   f reshe t   pe r iod  when most o f   t h e  
1 nut r ien t   load ings   wou ld  be expected  from  the  minesite. To o b t a i n   f l o w s   f o r  

I )  Corbin Creek  downstream was m u l t i p l i e d  by the  mean r a t i o   o f   r e c o r d e d   f l o w s   i n  

Michel  Creek  upstream o f   t h e  mine a t   o the r   t imes   du r ing  1985, t h e   f l o w   i n  

Michel Creek  upstream t o  Corbin Creek  downstream. The f l o w   a t   t h e   M i c h e l  

Creek  downstream water  qual i t y  s i t e  was estimated  by  adding  the  Michel Creek 
I 
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FIGURE 6 B Y R O N   C R E E K   C O L L I E R I E S   D R A I N A G E   S Y S T E M  
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upstream  and  Corbin  Creek  downstream  results.  Since  the  Michel  Creek 

downstream s i t e   i s  below  the  confluence  with  Corbin Creek,  and v i r t u a l l y   a l l  
mine  drainage i s  re leased  to   Corb in  Creek, t h e   l a t t e r   s t r e a m  was used t o  

c a l c u l a t e   t h e   e x p o r t   o f   n u r t i e n t s   f r o m   t h e  mine. Nut r ien t   expor t   us ing  

Michel Creek data was c a l c u l a t e d  as  a  check o f   the   Corb in  Creek r e s u l t s .  
Water q u a l i t y   d a t a  were a v a i l a b l e  on  a monthly  basis  from 1983 t o  

1985. The sum o f   n i t r a t e ,   n i t r i t e ,  and ammonia n i t r o g e n  was m u l t i p l i e d  by 
the   f l ow   to   ob ta in   t he   t o ta l   i no rgan ic   n i t rogen   l oad ing .  As f low  da ta  for 

the  Corb in Creek s i t e s  were n o t   c o l l e c t e d  on the same day  as the  water 
qual i ty samples, f l o w s   f o r  days c l o s e s t   t o   t h e  sampl i n g  days  were  used t o  

ca lcu la te   load ings .  A summary o f   t h e   d a t a   i s   p r e s e n t e d   i n   T a b l e  1. All 

concentrat ion,   f low, and inorganic  loading  data may be found in   t he   separa te  

Appendix repor t .  
I n  general ,   n i t rogen  concentrat ions downstream o f   t h e  Byron  Creek 

mine  were  low, t h e  maximum n i t r a t e   c o n c e n t r a t i o n   f o u n d   i n   r e c e i v i n g   w a t e r s  

downstream was  0.504  mg/L.  Maximum loadings  occurred i n   t h e   s p r i n g  
c o i n c i d e n t   w i t h  maximum flows.  Loadings  downstream  were  higher  than  those 

upstream  which  suggests  the  mine was a source o f   i n o r g a n i c   n i t r o g e n  

(Table 2). The t o t a l  amount of   inorganic  n i t rogen  exported  f rom  the  mine 
amounted to   approx imate ly  1170 k g   i n  1984  and  1400 kg i n  1985 o r   o n l y  0.3% 
and 0.2% o f   t h e   e x p l o s i v e  used; t h a t   i s ,   l e s s   t h a n   h a l f   t h a t   p r e d i c t e d  by the  

Pommen formula. The ca lcu la ted   nu t r ien t   expor t   us ing   Miche l  Creek  data was 

even less  than  that   determined  us ing  Corb in Creek r e s u l t s .  

3.2 Westar M i n i  ng-Greenhi 1 1 s Operati on ( 1984-85 ) 
Westar Mining  Ltd.-Greenhi l l  s Operat ion  straddles a r i c h   c o a l   b e l  t 

known as the   Greenh i l l s  Range loca ted  45 km n o r t h   o f  Sparwood. E levat ions a t  
the   s i te   range  f rom 1 500 meters a t  the  coal   load-out   area  to  2 300 meters 
w i t h i n   t h e   p i t .  Coal deposi ts have been es t ima ted   a t  more than 125 mil 1 i o n  
clean  tonnes  of   coal ,   approximately 50 mil 1 ion  tonnes will be mined dur ing  
the 20 y e a r   l i f e   o f   t h e  mine. 

Coal i s  obtained  from  up  to 26 coal  seams us ing a f u l l y   i n t e g r a t e d  
t r u c k  and  shovel  surface  mining  operation.  Both  thermal and m e t a l l u r g i c a l  

coal  are  produced  from  the 1.8 mil 1 ion  tonnes  per  year heavy  media,  sing1 e 
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circuit preparation plan t .  Clean coal is  transported via rail t o  Roberts 
Bank near Vancouver for shipment overseas. 

The Greenhills mine uses a significant amount of explosives. For 
example, i n  1985, the Greenhills mine used the second greatest amount of ANFO 
of a l l  the mines i n  the Kootenay coal fields. Only small  amounts of slurry 
explosives were  employed  due t o  the dry blasting condi t ions  associated w i t h  
ridge top  mining .  

Numerous  small streams drain the mining  property t o  feed the major 
rivers, the Fording  River on the east and south and the E l k  River on the west 
(Figure 7 ) .  Because their watersheds are  actively mined, the most important 
of these are  Porter,  Cataract,  Greenhills, and Thompson Creeks.  Water 
qual i ty  and flow da ta  co l l  ected by the company were  examined t o  determine the 
inorganic nitrogen released from this mine i n  1984 and 1985. Ten t o  sixteen 
sets of d a t a  were collected each year from these streams. In  general, 
sampling was conducted weekly  from  April t o  Ju ly  and monthly the rest of the 
year. Thus,  sampling  frequency was concentrated during the higher flow 
freshet period. Flow readings were recorded a t  the time of sampling. No 
phosphorus da ta  were available  for these streams. 

A summary o f  inorganic nitrogen concentration, loading ,  and flow 
for the four major discharges from this mine are presented i n  Table 3. In  
general, nitrogen concentrations were low w i t h  the maximum nitrate 
concentration o f  1.34 mg/L found in Greenhills Creek. Maximum loadings 
occurred i n  the spring coincident w i t h  maximum flows. A listing of a l l  
ava i l ab le  da ta  i s  presented i n  the separate Appendix report. 

The inorganic nitrogen export from the Greenhi 11 s mine  was 
calculated by summing the load carried by each of the major creeks (Table 4 ) .  
These values o f  2 079 kg and 3 645 k g  i n  1984 and 1985, respectively, 
represented the maximum loss of explosives nitrogen since background nitrogen 
concentrations o f  the streams are unknown. However, the t o t a l  nitrogen 
export from the mine area represented only 0.2% and 0.1% of the explosive 
used i n  1984 and 1985 compared t o  about  1% predicted using the Pommen 
formula. The ac tua l  nitrogen export from the Greenhill s mine  was only 19% 
and 13% of the predicted values for 1984 and 1985, respectively. 
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FIGURE 7 WESTAR-GREENHILLS D R A I N A G E  S Y S T E M  
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3.3 Ford ing Coal 
The Ford ing Coal L i m i t e d  mine is   located  near   the  headwaters  o f   the 

Fording  River,  a t r i b u t a r y   o f   t h e   E l k   R i v e r .  The c l o s e s t   s e t t l e m e n t   i s  

E l k fo rd   l oca ted  30 km south o f   t h e  mine on the   E lk   R iver .  The mine  straddles 
the  Ford ing  River  between Henretta and Kilmarnock  Creeks. The Ford ing  Val ley 

runs  nor th-south  wi th   Eagle and Turnbull  Mountains t o   t h e   e a s t  and t h e  
Greenh i l l s  Range to   the   wes t   (F igure   8 ) .  

The operat ions employ both  t ruck/shovel  and d rag l i ne   m in ing  

techni  ques i n  mu1 t i p 1  e seam p i t s .  The mine i n i  ti a1 l y  en te red   p roduc t i on   t o  

supply  market demands f o r   l o w   v o l a t i l e   m e t a l l u r g i c a l   c o a l  However, i n   t h e  
e a r l y   1 9 8 0 ' s   F o r d i n g   d i v e r s i f i e d   t o  produce a va r ie t y   o f   p roduc t   coa ls ;  

t h e r m a l   c o a l  , weak c o k i n g   c o a l  , h i   g h - v o l   a t i  1 e meta l  1 u r g i   c a l   c o a l ,  

m i d - v o l a t i l e   m e t a l l u r g i c a l   c o a l   a n d   l o w - v o l a t i l e   ( s t a n d a r d   b l e n d )  

metal 1 u rg ica l   coa l .  
Since 1980, m i n i n g   a c t i v i t i e s  have s h i f t e d  from the  west t o  the 

eas t   s ide   o f   the   Ford ing   R iver .  The Eagle  Mountain  Project  commenced i n  the 

s p r i n g   o f  1983 i n   o r d e r   t o   m a i n t a i n   c o a l   p r o d u c t i o n   l e v e l s .  The p r o j e c t  

invo lves  severa l  new open p i t s  on the peaks  and r idge  tops  o f   Eagle  Mounta in.  
Eagle  Mountain will be the   ma jor   m in ing   a rea   fo r   Ford ing 's   t ruck /shove l   f lee t  

f o r   t h e   n e x t  36 t o  50 years. 
The p r e s e n t   d r a g l i n e   m i n i n g   a c t i v i t i e s   a r e   b e i n g   c a r r i e d   o u t   i n  

P i t  3 which i s  l o c a t e d   i n   t h e   G r e e n h i l l  s mining  area. The overburden 
generated a t   t h e   G r e e n h i l l  s p i t   i s  dumped on the   wes t   s ide   o f   the   Ford ing  
River. The overburden  from  the  Eagle  Mountain P i t  i s  dumped over   the  east  

face o f  Brownie  Ridge, as we1 1 as t h e  upper  port ions o f  t h e  C1 ode, B1 ackstone 

and B lackr i l l   d ra inage  bas ins .  All f i n e   r e f u s e   f r o m   t h e   p l a n t   i s   d e p o s i t e d  

i n t o   t h e  South T a i l i n g s  Pond. 
Coal i s   t r a n s p o r t e d   f r o m   t h e   v a r i o u s   p i t s   b y   t r u c k   t o   t h e   p l a n t  

s i t e .  The coal  then moves through  the  breaker,   the  preparat ion  p lant,   the 
dryer  and f i n a l  l y  t o   t h e  1 oad-out  area. From h e r e   t h e   c o a l   i s   t r a n s p o r t e d   t o  

Roberts Bank i n   u n i t   r a i l   c a r s .   P r o d u c t i o n   r a t e s   a t   F o r d i n g  Coal Ltd. have 

increased  from 3 m i  11 i o n   t o  5 m i  11 i o n  tonnes of   c lean  coal   per   year .  
E x p l o s i v e   u s e  a t  F o r d i n g   b e g a n   i n   1 9 7 1 .  An a v e r a g e   o f  

10 000 tonnes  per  year were  used from 1976 t o  1980. This amounted to   abou t  

2 500 tonnes  per   year   o f   n i t rogen.  The average  powder f a c t o r   o r   b l a s t i n g  
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f a c t o r   f o r   1 9 7 1   t o  1979 was  0.8 kg   o f   exp los ives   per  bank cubic  meter  of 

rock. S1 u r ry   exp los i ves  were  used  almost  exclusively  from 1976 t o  1980 

because o f  w e t   b l a s t i n g   c o n d i t i o n s   i n   t h e   p i t .  
From 1980 t o  1985 powder factors  dropped  annually. I n  1981, the 

powder f a c t o r  was  0.68  kg/BCM and  by 1985 the  powder factor   dropped  fur ther  
t o  0.41 kg/BCM. Dur ing   t h i s   t ime   pe r iod  an average o f  14 000 tonnes o f  

explos ives  per   year  were  used con ta in ing  3 800 tonnes  per   year   o f   n i t rogen.  

I n  1986 the  powder f a c t o r   r o s e   s l i g h t l y   t o  0.44  kg/BCM. From  1987 t o  1991 

powder fac to rs   a re   expec ted   t o   r i se   t o   app rox ima te l y  0.53 kg/BCM. S l u r r y  
e x p l o s i v e   u t i  1 i z a t i o n  has decreased t o  26.5% by  weight i n  1985. The reduced 

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

Eagle  Mountain  pits. 
Since 1979-80 , o the r  changes ' i n   b l a s t i n g   p r a c t i c e s   a t   F o r d i n g  Coal 

have occurred. The implementation o f  a l a r g e r   d r i l l   p a t t e r n ,   s m a l l   e r   b u t  
more f requent   b las ts ,   po lye thy lene  l iners   in   wet   ho les ,  and b e t t e r  
housekeep ing   p rac t i ces   t o   m in im ize   exp los i ve   sp i l l s   a t   t he   exp los i ve   p lan t  

s i t e   a r e   a l l  changes that   would be expected t o  reduce  the  overa l l   n i t rogen 

re1 ease from  the mine. 

3.3.1 H i s t o r i c a l   E x p o r t  o f  Ni t rogen (1979-80).  According t o  Pommen 
(1983)  about  130  tonnes  per  year o f  n i t rogen  were  re1  eased  from  the  mine  to 

t h e   F o r d i n g   R i v e r   i n  1979-80. O f  th is ,   about  80 tonnes  per  year were 

discharged  v ia  surface  streams  draining  the  mine  property and 50 tonnes  per 

year were re1  eased t o  groundwater. Pommen used  water  qual i t y  and f low  da ta  

i n   t he   Fo rd ing   R ive r   ups t ream and  downstream o f   t h e  mine t o   c a l c u l a t e   t h e  

to ta l   n i t rogen   expor t .  He concluded 95% of   the  n i t rogen  d ischarged  f rom  the 
mine was der ived  f rom  the  n i t rogen  used i n  explosives.  The h igh   n i t rogen  

losses   appeared  to   cor re la te  with t h e   i n c r e a s e d   u s e   o f   s l u r r y   e x p l o s i v e   i n  
wet b last ing  condi t ions.   About  1% t o  2% o f   t h e   n i t r o g e n   i n   t h e   e x p l o s i v e s  

was l o s t  when load ing   wet   b las t   ho les   w i th   s lu r ry   exp los ives ;  and t h i s  may 
have accounted  for  15%-30% o f   t he   n i t rogen   expor t   f r om  the  mine.  However, 

n i t rogen  cont inued  to   leach  f rom  f resh  mine s p o i l   f o r   a t   l e a s t  one y e a r   o r  
more. Pommen f o u n d   t h a t   t h e   t o t a l   n i t r o g e n   e x p o r t  from  the  mine was 

equ iva len t  t o  about 6% o f   t h e   n i t r o g e n   i n   t h e   e x p l o s i v e s  used  dur ing  the 

study  period. 
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3.3.2 Pro jec ted   N i t rogen  Expor t  (1 978-91 1 . Fording Coal L i m i  t e d  
est imated  the  annual   expor t   o f   inorganic   n i t rogen  f rom  the  mine  for   the 

per iod  f rom 1978 t o  1991. These est imat ions were  based on t h e   t y p e   o f  

explos ive used, t he   n i t rogen   con ten t   i n   t he   exp los i ves  and  a n i t r o g e n   l o s s  

f a c t o r   o f  6% f o r   s l u r r y  and 1% f o r  ANFO as recommended by Pomnen (1983). The 
annual n i t rogen  losses  f rom  Ford ing as pred ic ted   us ing  Pomnen's formula  are 

shown i n  Table 5. Ford ing   ca lcu la ted   tha t   about  830 tonnes N was re1 eased 
from  the  mine  between 1980 and 1985 or  approximately 140 tonnes N/yr. 

TABLE 5 

YEAR 

1978* 
1979* 
1980* 
1981" 
1982* 
1983* 
1984* 
1985* 
1986** 
1987** 
1988** 
1989** 
1990** 
1991** 

HISTORICAL AND FUTURE 
FORDING COAL, 1978-1991 

VOLUME 
ro BLAST 

( lo6 BCM) 

12.05 
11.97 
17.03 
21.62 
28.34 
24.36 
34.79 
33.79 
37.3 
41.3 
41.03 
40.08 
36 . 76 
36.28 

TOTAL 
EXPLOSIVES 

REQU I RED 
( lo6 kg) 

10.47 
9.24 

13.55 
15.23 
15.49 
10.72 
15.74 
13.75 
16.12 
17.72 
17.48 
16.99 
15.4 
15.2 

POWDER 
FACTOR 

(kg/BCM) 

0.87 
0.77 
0.80 
0.70 
0.55 
0.46 
0.45 
0.41 
0.43 
0.43 
0.43 
0.42 
0.42 
0 -42 

EXPLOSIVES  USE AND NITROGEN  LOSS  AT 

EXPLOSIVES 
TYPE 

ANFO  SLURRY 
% %  

0.1 99.9 
3.6 96.4 
3.3 96.7 

24.7 75.3 
38.7 61.3 
63.5 36.5 
59.3 40.7 
73.5 26.5 
78.0 22.0 
81.4 18.6 
81.0 19.0 
77.8 22.2 
80.0 20.0 
70.0 30.0 

rOTAL NITROGEN 
CONTENT I N  

IXPLOSIVES USED 
( lo6  kg) 

2.62 
2.34 
3.43 
3.34 
4.35 
3.18 
4.62 
4.2 
4.99 
5.55 
5.47 
5  -26 
4.81 
4  -60 

TOTAL 
JITROGEN 

LOSS 
:lo3 kg)  

157 .O 
134.7 
198.1 
176.7 
162.2 
78.8 

123.1 
85 .O 
93.4 
95 .O 
94.5 
98.0 
84.2 

101.2 

* based  on actual  amounts used for   these  years 
** 1985 f o r e c a s t  

Pred ic ted   to ta l   n i t rogen  loss   to   the   env i ronment   f rom  exp los ives  
peaked i n  1980 and  decreased subs tan t i a l l y   t he rea f te r .   Th i s   t rend  was 

expected  despi te an increase i n   p r o d u c t i o n  because o f   t he   i nc reased  use o f  

ANFO a t   t h e   m i n e s i t e  and  more e f f i c i e n t   b l a s t i n g   ( a s  shown by the  decreased 

powder fac to r   f rom 1978 t o  1991). These pro ject ions  suggest  an o v e r a l l  30% 
r e d u c t i o n   o f   t o t a l   n i t r o g e n  loss from  explosives  use  from 1982 t o  1991. 
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3.3.3 Actual   Ni t rogen  Expor t  ( 1981 -85) . A c t u a l   e f f l u e n t  and 
rece iv ing   wa te r   mon i to r i ng   da ta   f o r   t he   Fo rd ing  Coal mi ne from  1981 t o  1985 

are summarized i n  Tab1 e 6. Deta i  1 ed  data  sets  are  found i n   t h e   s e p a r a t e  

Appendix repor t .  
E leva ted   concen t ra t i ons   o f   n i t rogen   i n   t he   Fo rd ing   R ive r  were f i r s t  

no ted   du r ing   l ow   f l ows   i n  1976  and pers is ted   th rough 1980. The appearance o f  

h igh   concen t ra t i ons   o f   n i t rogen   co inc ided   w i th   t he   i nc reased  use o f   s l u r r y  
e x p l o s i v e s   i n   1 9 7 5 - 7 6   d u e   t o   w e t   b l a s t i n g   c o n d i t i o n s .   E l e v a t e d  

concent ra t ions   o f   n i t rogen  spec ies   a re   s t i l l   found downstream o f   t h e  mine. 

Concentrat ions  are much h i g h e r   i n   e f f l u e n t s  and rece iv ing   wa te rs  compared t o  

l e v e l s   p r e v i o u s l y   d i s c u s s e d   f r o m   t h e   B y r o n   C r e e k   C o l 1   i e r i e s   a n d  

Westar-Greenhi 11 s mines. 
Pommen used  actual   f low  data and n i t rogen   concen t ra t i on   da ta   f o r  

stat ions  upstream and  downstream  of the  mine to   de te rm ine   t he   expor t   o f  
n i t rogen  f rom  the  mine  to   receiv ing  waters   for   h is   s tudy.   For   the EP study, 
data were compi led  for   1981  to  1985 from  the same s i t e s  examined  by Pommen. 

To c a l c u l a t e  1 oad ings  i n   t h e   F o r d i n g   R i v e r ,   t h e   n i t r o g e n  
concentrat ions  a t   Ford ing  River   upst ream  (FRl) ,   Ford ing  River  above 

Kilmarnock Creek  (FR2), Ford ing  River  downstream  (FR4),  and f low  data  f rom 
the  WSC gauge below  Clode  Creek  between FR1 and FR2 were used. S ince   f low 

and concentrat ion  data  locat ions  are  not   the same, loadings may be 

overes t imated  a t  FR1 and underes t imated  a t  FR2 and FR4. 

Ni t rogen 1 oadi ngs for   Ford ing  River   upst ream (FR1)  and  downstream 
(FR4)  and the   t o ta l   n i t rogen   expor t   f r om  the  mine s i t e   a r e  shown i n  Table 7. 
Q u a n t i t i e s   o f   e x p l o s i v e  used  were  provided  by  Fording Coal Ltd.  There  are 
some minor   d i f fe rences  between t h e   q u a n t i   t i e s  shown i n  Table 7 compared t o  

Table 5. The more recent  values  used i n  Table 7 were assumed t o  be c o r r e c t  

f o r   t h i s   s t u d y .  
I n  general,   there were h igh   l osses   o f   n i t rogen   f rom  the   Fo rd ing  

Coal  Mine  between  1981  and 1985. I n   t h r e e  cases, t h e   e x p o r t   o f   n i t r o g e n   f r o m  

the   m ine  was o v e r e s t i m a t e d   b y   t h e  Pommen f o r m u l a ,   b u t  it was n o t  

overest imated  to   the same ex ten t  as f o r   t h e  Byron  Creek or  Westar-Greenhil l  s 
mines. I n  one case  (1985) , the   expor t   o f   n i t rogen  was underestimated, and i n  
another  case,  export was exact ly  (1983) as  p red ic ted  by  the Pommen formula. 
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I n  general ,   therefore,   the Pommen formula  provided a reasonable  predic t ion  o f  
n i t rogen  expor t   f rom  the  Ford ing Coal  mine f o r  1981 t o  1985. 

3.3.4 Sources o f  Nitrogen. I n  1979-80, Pommen (1983)   co l lected  f low 
and  water  qual i t y  data  from  Kilmarnock  Creek, Swift Creek,  and  several 
e f f l uen t   d i scha rges  such  as the   sou th   t a i l i ngs  pond supernantant, CIL 
swamp dra inage  (bu lk   explos ives  p lant ) ,   the  nor th   loop pond decant,  the  Eagle 
s e t t l i n g  pond, and the  Clode pond  seepage (F igure   8 ) .  The major  sources o f  
n i t rogen  i n  1979-1980  were: 

1) Clode p i t / spo i l   d ra inage  - 60 tonnes  per  year; 
2 )  m i  s c e l l  aneous sources t o   s o u t h   t a i l   i n g s  pond - 35 tonnes  per  year; 
3)  CIL swamp drainage - 15 tonnes  per   year   to   south  ta i l ings pond  and  15 

4 )  sou th   Greenh i l l s   p i t / spo i l   d ra inage - 5 tonnes  per  year  to Swift Creek  and 
tonnes  per   year   to   Ford ing  River ;  and, 

thence to   the   Ford ing   R iver .  

The Clode p i   t / s p o i  1 drainage  comprised  four  drainages  entering  the 
Clode and E a g l e   s e t t l i n g  ponds. E f f luen t   reached  the   Ford ing   R iver   v ia  
overf low  f rom  the ponds du r ing   f reshe t  and  seepage throughout  the  year. The 
Clode p i t  was developed i n   t h e   1 9 7 0 ' s  and mined  progress ive ly   unt i l   August  
1981. In tercepted  sur face  dra inage and leakage  from  Clode  Creek  entered  the 
p i t  a r e a   d u r i n g   t h e   l a t t e r   p e r i o d   o f   t h e   m i n i n g  sequence (co inc iden t   w i th   t he  
Pommen study) when the p i t   f l o o r  was below  the Val l e y  bottom. A t  t ha t   t ime ,  
e leva ted   l eve l  s o f  n i t rogen were  re1  eased to   the   rece iv ing   env i ronment .  The 
Clode p i   t / s p o i  1 comprised 45% o f   t h e   n i t r o g e n   r e l e a s e d   t o   t h e   F o r d i n g   R i v e r  
i n  1979-80. 

Water quality and f l o w  data  for   the  Clode and Eagle Ponds from 1980 
t o  1985 were  examined to   determine changes i n   n i t r o g e n   l o a d i n g   f r o m   t h e   C l o d e  
p i t / spo i l   a rea   s ince  1979-80. Although  mining  ceased i n   t h e  Clode p i t   i n  
1981, spoi l   from  the  Eagle  Mountain  Taylor p i t  con t i nues   t o  be dumped i n t o  
the  Clode  drainage  area.  Leachates  from  this  spoi l   would  reach  Clode Creek 
or E a g l e   s e t t l i n g  pond  and eventua l l y   the   Ford ing   R iver .  However, t h i s  waste 
rock has  been b l a s t e d   w i t h  ANFO under d r i e r   b l a s t i n g   c o n d i t i o n s  and thus 
should have r e s u l t e d   i n  a 1 ower e x p o r t   o f   n i t r o g e n   t h a n   d u r i n g  Pommen' s 
study. 

Discharges  f rom  th is  source  would  reach  the  Fording  River  v ia  the 
C1 ode and E a g l e   s e t t l   i n g  pond over f lows and  seepages. No data were avai  1 ab1 e 
on t h e   q u a n t i t y   o f  seepage from  the  Clode  and  Eagle  set t l ing ponds fo r  
1980-85. Some data were a v a i l  ab1 e on the  qual i ty o f  seepage i n  1981 and  1982 
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(Table 6) .  Using seepage ra tes   ob ta ined by Pommen i n  1979-80  and  water 

qua l i t y   f rom  1981 and  1982, the   inorgan ic   n i t rogen  expor t   v ia   the   C lode Creek 
seepage was c a l c u l a t e d   t o  be 33 and 13 tonnes  per  year i n  1981  and 1982, 

respec t ive ly ,  compared t o  29 tonnes  per  year i n  1979. Releases  from t h i s  

source may have  decreased. 
Re1 a t ive ly   ex tens ive   water   qua l  i t y  and f low  data were ava i l ab le   f o r  

the  Clode  Creek  decant  for 1984  and 1985.  Samples  were obtained  weekly  from 

March t o   J u l y  and monthly a t   o ther   t imes.  Peak loadings  genera l ly   occurred 
i n   A p r i l   o r  May. Annual l o a d i n g s   o f   i n o r g a n i c   n i t r o g e n  were e s t i m a t e d   t o  be 

8 and  13 tonnes i n  1984  and  1985, respec t ive ly ,  compared t o  about 29 tonnes 

i n  1979. Loadings  from  this  source  appeared  to be 1 ower than  leve l  s found  by 

Pommen. 
The E a g l e   s e t t l   i n g  pond  has not   over f lowed  s ince 1983 a1 though 

s u b s t a n t i a l   l o s s e s   v i a   e x f i l t r a t i o n   t o   g r o u n d w a t e r  and, thence, t o  the  
Ford ing  River   are known t o  occur.   Unfortunately,   there  are no data on 

seepage qual i ty o r   q u a n t i t y  and, therefore,   the  annual   expor t   o f   n i t rogen  v ia  
t h i s  source  cannot be determined. However, the mean inorgan ic   n i t rogen 

concen t ra t i on   o f   t he  pond supernatant  from  1981  to 1985 was very  h igh 
(122 mg/L based on 17 samples)  and was, therefore,  a l i k e l y   s i g n i f i c a n t  

source o f   n i t r o g e n   l o a d i n g   t o   t h e   r i v e r .  Over  99% o f   t h i s   i n o r g a n i c   n i t r o g e n  

was i n   t h e   n i t r a t e  form. 

The s o u t h   t a i l i n g s  pond  seepage was the second la rges t   i no rgan ic  

ni t rogen  source  found  dur ing Pommen's 1979-80 study, and contr ibuted  about  

50 tonnes Nlyr or about 40% o f   t h e .  130 tonnes N/yr es t ima ted   t o  be en te r ing  

t h e   r i v e r  as groundwater. The s o u t h   t a i  1 ings  pond  began r e c e i v i n g   t a i  1 i ngs  

e f f l u e n t   i n   A p r i l  1979. A t  that   t ime,  water was b e i n g   l o s t   v i a  seepage t o  

groundwater a t   t he   sou th  end o f   t h e  pond. Groundwater  well s were i n s t a l  1 ed 
a t   t he   sou th  end  and seepage i s  now  pumped back i n t o   t h e  pond. However, some 
seepage con t inued   to   m ig ra te   t o   t he   Fo rd ing   R ive r .  

The n i t r o g e n   l o s s e s   f o r  1980-85  were ca l cu la ted   us ing   t he   ne t  

seepage r a t e s  as est imated  by  Fording Coal L i m i t e d   i n   t h e   w a t e r   b a l a n c e   f o r  

t he   sou th   t a i l i ngs  pond. An average t o t a l   n i t r o g e n   c o n t e n t  based on mean 

i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n s   i n   t h e   t a i l i n g s  pond  seepage we l ls ,   the  

actual  seepage, and  seepage r e t u r n  pumps  was used i n   t h e   c a l c u l a t i o n  o f  the 

annual  export. The n i t r o g e n   i n   t h e   s o u t h   t a i l i n g s  ponds f l u c t u a t e d   g r e a t l y  

m 
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as i t s  source was from a va r ie t y   o f   a reas  and not  constant  over  t ime. The 

sources were  as fo l lows:  

- p i t  water  from  Greenhil l  s p i t  
- nitrogen  from  Eagle  Mountain  drainage 

- wash p l a n t  and dryer  water 
- Ford ing  River   d iver ted  water  

- p lan t   s i te   d ra inage.  

The above c a l c u l a t i o n s   i n d i c a t e d  an  annual e x p o r t   o f   i n o r g a n i c  

n i t rogen  f rom  the   sou th   ta i l ings  seepage o f  60, 41, 32, 25 and 33 tonnes  per 

year  for  1981  through 1985, respec t ive ly .  As such, l o s s e s   o f   i n o r g a n i c  

ni t rogen  appeared  to be s u b s t a n t i a l l y   l e s s   a f t e r  1981 compared to  those  found 

i n  1979-80. 

Pommen calcu lated  approx imate ly  30 tonnes N/yr was exported  from 

the  CIL swamp du r ing  1979-80. An est imated 15 tonnes N/yr was d ischarged  to  

the  Ford ing  River ,  and about 15 tonnes Nlyr was discharged  to  the  south 

t a i l i n g s  pond v i a   d i v e r s i o n   d i t c h e s  and  pumping. The source o f   t h e   n i t r o g e n  

i n   t h e  CIL swamp  was b e l i e v e d   t o  be from  past  discharges  from  the  CIL  plant. 

All e f f l u e n t   f r o m   t h e   p l a n t  and yard   went   to   the  swamp j u s t   s o u t h   o f   t h e  
plant.   Since 1979, t h e   p l a n t   e f f l u e n t  has  been discharged  to  the  south 
t a i l i n g s  pond which  e l iminated one source o f   n i t r o g e n   t o   t h e   F o r d i n g   R i v e r .  

However, the   yard   d ra inage  cont inued  to   f low t o  the  swamp. 
I n  t h e   f a l l   o f  1981, Fording  Coal  Ltd.  conducted a comprehensive 

s tudy   o f   t he   "ou t   o f   p lan t "  wash water  to  ensure  that  the  clean-up  procedures 

were reduc ing   o r   m in imiz ing   the   loss  o f  b las t   ma te r ia l   f r om  the   ou ts ide   ya rd  

area and e l i m i n a t i n g   t h e  second source of contaminat ion - yard  drainage. 

I n   t o t a l ,   n i n e   l o c a t i o n s  were monitored  during  each washdown o f   t h e  CIL 
explos ives  p lant   yard  dur ing  spr ing  mel t   and/or   per iods  o f   heavy  ra in fa l l .  
Tota l  volume o f   e f f l u e n t  was measured or   es t imated .   Mon i to r ing   resu l ts  

i n d i c a t e d   t h a t   e l e v a t e d   n i t r o g e n  compound concent ra t ions   d id   occur   dur ing  a 

washdown o f   t h e   y a r d  area,  however, the   ac tua l   load ing   to   the   CIL  swamp area 

was small A1 so, t he   mon i to r i ng   i nd i ca ted   t ha t   t he  CIL swamp area has a 
h igh   capac i t y   t o   abso rb   t h i s  smal 1 q u a n t i t y   o f   n i t r o g e n  and  suspended  sol i d s  

as there  was  some enhanced vegetation  growth. The "ou t   o f   p lan t "   c lean-up 
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procedures  were  considered  to be e f f e c t i v e   i n   m i n i m i z i n g   t h e   l o s s   o f   b l a s t  
mater ia l   f rom  outs ide  the  yard  area and, thereby ,   e l im ina ted   th is   source   o f  
contaminat ion  to   yard  dra inage and the  Fording  River.  

A comparison of   Ford ing  River   upst ream and  downstream o f   t he   C IL  

p lan t   opera t ions   dur ing   th is   s tudy   ind ica ted   r i ver   water   qua l i t y   undergoes  
1 i t t l e   d e t e c t a b l e  change. Therefore,   n i t rogen  loading  f rom  the  CIL swamp 

drainage  appeared t o  have  been s u b s t a n t i a l l y  reduced. 
I n  1979-80, only  about 5 tonnes   per   year   o f   inorgan ic   n i t rogen was 

re leased  to   the   Ford ing   R iver   v ia  Swift Creek. The source o f   n i t r o g e n  was 
t h e   s o u t h   G r e e n h i l l s   p i t s  and s p o i l   p i l e s .   I n  1982, a rock  dra in   const ructed 

i n  Swift Creek a l lowed  the  creek  to   f low  through  the  bot tom  of  a waste  rock 

dump.  An increase i n   n i t r o g e n   r e l e a s e  would  be  expected as n i t r o g e n   b l a s t i n g  

r e s i d u a l s  were f l ushed   f rom  the   d ra in   du r ing   i t s   i n i t i a l   yea rs   o f   ope ra t i on .  
S i g n i f i c a n t   w a t e r   q u a l i t y  and f low  da ta  were co l l ec ted   f rom 

S w i f t  Creek  near i t s  mouth  between  1982  and  1985. The  company sampled  on a 
weekly  basis  from March t o   J u l y  and on a month ly   bas is   a t   o ther   t imes  dur ing  

the  year.  High peak loadings and concentrat ions were  found i n  1982 s h o r t l y  

a f t e r   t h e   c o n s t r u c t i o n   o f   t h e   r o c k   d r a i n .  Mean annual   loadings  o f   inorganic  
n i t rogen were 6, 4 ,  6, and 4 tonnes  per   year   for  1982 through 1985, 

respec t ive ly .  Recent   loadings  o f   n i t rogen  f rom Swift Creek  appeared s i m i l a r  

to  those  noted by Pomnen i n  1979-80. 

3.3.5 Sources Sumnary . Pommen i d e n t i f i e d  and quan t i f i ed   t he   va r ious  
n i t rogen  sources   to   the   Ford ing   R iver   dur ing  1979-80. L i m i t e d   o r  no data 

e x i s t e d   f o r  a number o f   t hese  same s i t e s   f o r   t h e   p e r i o d  1980-1985. F o r   t h i s  
reason, a comparison o f  1979-80 da ta   t o  1980-85 data was  made a t   o n l y  a few 

s i tes .  A1 so since 1982, Fording pumped p i t  water   to   the  Ford ing  River   under  

h igh   f l ow   cond i t i ons  as p a r t   o f   t h e i r   w a t e r  management  scheme. This   could be 

a s i g n i f i c a n t   s o u r c e   o f   n i t r o g e n   t o   t h e   F o r d i n g   R i v e r   i n  some years 

(M. Strosher,  personal  communications). In  general ,   loadings  f rom  the  Clode 

Creek  seepage, Clode  Creek  pond  decant,  south t a i  1 i n g s  pond seepage and  CIL 

swamp drainage had  decreased  since  the Pommen study. The loadings  f rom S w i f t  

Creek i n  1980-85  appeared t o  be s imi la r   to   those  de termined by Pommen i n  

1979-80. No l oad ing   da ta   fo r   the  1980-85 p e r i o d  was ava i lab le   fo r   the   Eag le  
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Pond supernatant, a source  determined  to be impor tant  by Pommen. Recently 

Kilmarnock Creek became a p o t e n t i a l  source of   n i t rogen  loading.   A l though 

to ta l   load ing   f rom  the   Eag le  Pond  and Kilmarnock Creek cannot be q u a n t i f i e d  
and  compared f o r   t h e  two t ime  f rames,   overa l l   n i t rogen 1 oadings  were 

suspected t o  have  declined on average  because: a )  numerous sources o f  

n i t r o g e n  have  decreased  over  the  years;  b)  better  housekeeping  (blasting 

techniques) has  been implemented;  and c )   d r i e r   p i t  areas  were  being  mined 

recent ly .   Th is  assessment  agrees w i t h   t h e   o v e r a l l   e s t i m a t e   o f   n i t r o g e n  
export   f rom  the  Fording Coal  mine  presented i n   S e c t i o n  3.3.3. Calcu lated 

expor t   f rom  1981  to  1985 ranged  from  81  tonnes Nlyr i n  1983 t o  133 tonnes 

N/yr i n  1982 w i t h  a mean o f  104 tonnes N/yr compared t o  Pommen' s f i n d i n g   o f  
130 tonnes N/yr i n  1979-80. The export   f rom 1983 t o  1985 was only  91  tonnes 
N/yr which  suggested  the  total  release was decreasing. 

3.4 Crows Nest  Resources-Line  Creek  Mine 
Crows Nest  Resources  Limi  ted-Line Creek  Coal  Mine,  has  been i n  

operat ion  s ince 1981. The L ine  Creek  area i s  approximately  18 km nor theast  
o f  Sparwood, B.C. The c o a l   l e a s e   l i e s   m a i n l y   i n   t h e   L i n e  Creek v a l l e y  

bordered on the   eas t  by  Horseshoe  Ridge  and  the Rocky Mountain Range which 

forms t h e   B r i t i s h  Col umbia-A1 ber ta   border ;  and  on the  west by t h e  Wi t s u k i  t 

Range which  separates  the  Fording  River and L ine  Creek va l l eys   (F igu re  9 ) .  

The surface  mine i s   l o c a t e d  on L ine  Creek  Ridge  between No-Name and 

West L ine  Creeks. The open p i t  mine will progress downslope  from  the i n i t i a l  
excavat ions  using  the  typical   deployment  of  heavy  equipment i n c l u d i n g   d r i  11 s ,  
e l e c t r i c  shovel s ,  t rucks,  1 oaders and graders. 

The p r e p a r a t i o n   p l a n t   a t   f u l l   c a p a c i t y   i s   r a t e d   t o  produce 

1.7 mill i o n   m e t r i c  tonnes o f  thermal  coal and 1.3 mill ion  met r ic   tonnes   o f  

metal 1 u rg ica l   coa l   per  annum. 
Crows Nest  Resources i s  p ropos ing   to  expand operat ions a t  the   L ine  

Creek  Mine n o r t h   o f   t h e   e x i s t i n g  mine  area  along  Line  Creek  Ridge.  This 

expansion has  been temporar i ly  ha1 t e d  due to   the   recent   downturn   in   the   coa l  

markets. 
The ac t ive   min ing   a rea   fo r   the   L ine  Creek  mine i s  d ra ined   t o   t he  

east  and south by L ine  Creek  and t o   t h e   f a r   w e s t  by the  Fording  River.  The 

open p i t  mine  and the  overburden dumps d i r e c t l y   i m p a c t  upon No  Name Creek  and 
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West L ine  Creek  which  are t o   t h e   n o r t h e a s t  and immediately t o   t h e  west, 

respec t ive ly ,   o f   the   min ing   opera t ion .  West L ine  Creek  and No  Name Creek 
both pass th rough  sed iment   se t t l ing  ponds p r i o r   t o   d i s c h a r g i n g   i n t o   L i n e  

Creek. L ine  Creek even tua l l y   f l ows   i n to   t he   Fo rd ing   R ive r .  The p l a n t   s i t e  
and l o a d o u t   f a c i l i t i e s   a r e   l o c a t e d   j u s t   s o u t h   o f   L i n e  Creek near  the 

conf luence  w i th   the   Ford ing   R iver .  
Water qual i t y  and f low  data were c o l l e c t e d  by  the company and 

var ious  government  agencies  from  1981 t o  1986  and  were used i n   t h i s   s e c t i o n  

o f   t h e   r e p o r t   t o   q u a n t i f y   t h e   i n o r g a n i c   n i t r o g e n   r e l e a s e d   f r o m   t h e   L i n e  Creek 

mine.  Water q u a l i t y   d a t a  were genera l l y  1 i m i t e d   t o   i n o r g a n i c   n i t r o g e n  
concentrat ions,  however, some data  ex is ted on total   d issolved  phosphorus, 

so lub le   reac t i ve  phosphorus,  and t o t a l  phosphorus  (1985-86).  Flow  data f o r  

other  than  Line  Creek downstream o f   t h e   o p e r a t i o n s  were l imi ted.   F low  data 

a t   t h e   L i n e  Creek  downstream s i t e  were provided by  Water Survey o f  Canada 
(WSC) . F1  ow data  co l  1 ected  by EP were avai  1 ab1 e f o r  No  Name Creek f o r  

1985-86. Flows on West L ine  Creek  measured a t   t h e   s i t e  known as Pond #4 

discharge  from 1982 t o  1985 and the  data were compiled  by  the company. No 

f l ow   da ta   ex i s ted   f o r   L ine  Creek upstream o f   t h e   o p e r a t i o n s   w i t h   t h e  

e x c e p t i o n   o f   f o u r   o c c a s i o n s   i n  1985 when f l ow  was measured  by EP s t a f f .  

Loadings a t  each s i t e  were ca lcu la ted   w i th   the   ava i lab le   da ta .   Inorgan ic  

n i t rogen  load ings   a t   the   ups t ream  L ine  Creek s i t e  were assumed t o  be 36% o f  

the  downstream s i t e  based on the   four  EP surveys i n  1985. Moreover,  the 
drainage  area  of   the  upstream  Line  Creek  s i te was about 35% of the  downstream 
s i t e  - i n  agreement w i th   t he   p ropor t i ona l   l oad ings   o f   t he  two s i t e s   f o u n d   i n  

the   f ou r  EP surveys. 

3.4.1 H is to r ica l   N i t rogen  Expor t .  From 1981 t o  1984, water  qual i ty 
data was co l l ec ted   by   t he  company p r i m a r i l y  at: f o u r   s i t e s  - L i n e  Creek 

upstream and  downstream o f   the   opera t ions ,  No Name Creek  and the  Pond #4 
decant. Pond #4  decant i s   t h e   t r e a t e d   e f f l u e n t   f r o m  West L i n e  Creek. The 

samples  were co l lected  month ly   throughout   the  year  and analyzed  for   inorganic  
nitrogen.  Flows  were  determined a t   t h e   t i m e   o f   s a m p l i n g   a t  No  Name Creek  and 

Pond #4 decant. WSC operates a f l o w  meter ing   s ta t ion   near   the  mouth of   L ine 

Creek a t   t h e  downstream L ine  Creek  sampling  site. Thus, da i l y   f l ows  were 

a v a i l a b l e   y e a r   r o u n d   a t   t h i s   s i t e .  No f lows were a v a i l a b l e   f o r   L i n e  Creek 
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upstream o f   t h e   o p e r a t i o n s   f o r   1 9 8 1   t o  1984 and, therefore,  no load ing   da ta  
were  avai 1 ab1 e. 

The p r o v i n c i a l  Waste Management Branch c o l l e c t e d  samples monthly 
from  Line  Creek a t   t h e  downstream s t a t i o n  between  1982  and 1984 and  analyzed 
them f o r   i n o r g a n i c   n i t r o g e n  and t o t a l   d i s s o l v e d   n i t r o g e n .  A complete  data 
s e t   i s  found in   the  separate  Appendix   repor t .  A summary of   inorganic  
n i t rogen  concent ra t ion ,   load ing  and f l o w   f o r   t h e  two e f f l u e n t s  from thi.s  mine 
i s  presented i n  Table 8. 

The mean ammonia, n i t r a t e  and n i t r i t e   c o n c e n t r a t i o n s   f o r   t h e   p e r i o d  
1982 t o  1984 a t  Pond #4 discharge were 0.06  mg/L,  0.14  mg/L, and 0.035  mg/L, 
respec t ive ly .  The mean ammonia, n i t r a t e  and n i t r i t e   c o n c e n t r a t i o n s   f o r   t h e  
same p e r i o d   f o r  No Name Creek  were 0.06  mg/L, 0.11 mg/L and 0.035 mg/L, 
respect ive ly .   Therefore,   the mean ino rgan ic   n i t rogen   concen t ra t i on   f o r  1982 
t o  1984 f o r   t h e  Pond #4 discharge was  0.24 mg/L, w h i l e   f o r  No Name Creek it 
was 0.21 mg/L.  The two major  streams  draining  the p i t  and waste  rock dump 
area  had  s imi lar   inorganic   n i t rogen  concentrat ions '  and d id  n o t  vary 
s i g n i f i c a n t l y   f r o m   y e a r   t o   y e a r .  

I n  genera l ,   t he   i no rgan ic   n i t rogen   concen t ra t i ons   i n   e f f l uen ts   f rom 
t h e   L i n e   C r e e k   M i n e   w e r e   l o w ,   e s p e c i a l l y  i n  compar ison w i t h  t h e  
concen t ra t i ons   i n   e f f l uen ts   f rom  the   Fo rd ing  Coal  mine (3.5 mg/L-40.1 mg/L) 
w i th   the   except ion   o f   K i lmarnock  Creek. Concen t ra t i ons   i n   t he   e f f l uen ts   f rom 
the  Westar-Greenhil ls  mine (0.44 mg/L-0.85 mg/L)  were s l i g h t l y   h i g h e r   t h a n  
the   L ine  Creek  values. 

Loading  data were avai  1 ab1 e o n l y   f o r  Pond #4 discharge. The mean 
ino rgan ic   n i t rogen   l oad ing   f o r   t he   pe r iod  1982 t o  1984 was  2.96 kg N/d. This  
inorgan ic   n i t rogen  load ing  was s u b s t a n t i a l l y   l e s s   t h a n  any o f   t h e   e f f l u e n t  
l oad ings   a t   Fo rd ing  (5.9 kg/d-64.5 kg/d)  and s l i g h t l y   l e s s   t h a n   t h a t   f r o m   t h e  
Westar-Greenhi l ls  (2.9  kg/d-6.3 kg/d) mine. 

I n  general,   the maximum inorganic   n i t rogen  loading  f rom Pond #4 
discharge  occurred i n  May/June c o i n c i d e n t   w i t h   t h e  maximum flows. A l i s t i n g  
o f   a l l   ava i l   ab le   da ta   a re   p resen ted   i n   t he   separa te   Append ix   repo r t .  

A summary o f   i n o r g a n i c   n i t r o g e n  and I t o t a l   d i s s o l v e d   n i t r o g e n  
concent ra t ion ,   load ing  and f l ows   f o r   t he  two rece iv ing   waters   (L ine  Creek 
upstream and  downstream o f   the   opera t ions)   a re   a lso   p resented   in   Tab le  8. A 
complete  data  set   o f   the  receiv ing  waters   is   found  in   the  separate  Appendix  
repor t .  
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The  mean annua l   inorgan ic   n i t rogen  concent ra t ion   fo r   the   s i te  on 

L ine  Creek  upstream o f   the   opera t ion   f rom  1981  to  1984 was  0.84  mg/L, 

0.35 mg/L,  0.03 mg/L,  and 0.10  mg/L, respec t ive ly .  The  mean inorganic  

n i t rogen   concen t ra t i on   f o r   t he   s i t e  on L ine  Creek  downstream o f   t he   ope ra t i on  

from  1981 t o  1984 was  0.28  mg/L,  0.20  mg/L, 0.11 mg/L and 0.15  mg/L, 
respec t ive ly .  The concentration  decreased  from  the  upstream t o  downstream 

s i t e   i n  1981  and 1982 but   increased i n  1983  and  1984. The reason  for   the 

decrease i n  1981  and 1982 i s   n o t  known bu t   t he   i nc rease   i n  1983  and  1984 may 

be  due t o   i n c r e a s e d   m i n i n g   a c t i v i t y   a f t e r  1982. 
The inorgan ic   n i t rogen  concent ra t ion  was h i g h e r   a t   t h e   L i n e  Creek 

upstream  sample s i t e   t h a n   a t  upstream s i t e s  on the  Ford ing  River   (Ford ing 

Coal) , Michel  Creek  or  Corbin  Creek  (Byron  Creek  Coll ieries) The reason  for  

t h i s   v a r i a t i o n   i s   n o t  known as there  are no  known sources o f   n i t r o g e n   t o   L i n e  
Creek  above the  mine. The ino rgan ic   n i t rogen   concen t ra t i ons   i n   L ine  Creek 
downstream o f  the  mine,  however,  were much lower  than  those  found i n   t h e  

Fording  River  below  Fording Coal bu t   s l i gh t l y   h ighe r   t han   t hose   f ound   i n  

Corbin Creek or  Michel  Creek  downstream o f  Byron C o l l i e r i e s .  A comparison o f  
the  inorganic   n i t rogen 1 oading  data  for   the downstream s i t e  showed the same 

trends. 
The  mean inorgan ic   n i t rogen  load ing   a t   the   L ine  Creek  downstream 

s i t e   f r o m  1981 t o  1984 was  21.7 kg/d, 43.7 kg/d, 14.8 kg/d and 18.8 kg/d, 

respect ive ly .  The mean inorganic   n i t rogen  loading was s u b s t a n t i a l l y   h i g h e r   i n  
t h e  downstream s i t e   i n  1982, b u t  mean loadings were s im i la r   f o r   t he   rema in ing  
years.   Di f ferences were due t o   v a r i a t i o n s   i n   c o n c e n t r a t i o n s  as f lows were 
r e l a t i v e l y   c o n s t a n t .  

To est imate  the  inorganic   n i t rogen  expor t   f rom  the  L ine Creek  Mine 
f o r  1983 and 1984, the   l oad ing   a t   t he   ups t ream  s i t e  was subtracted from the 

load ing  a t  the  downstream s i t e   ( T a b l e   9 ) .  No f low  da ta  were a v a i l a b l e   f o r  
t h e   u p s t r e a m   s i t e   i n  1983 o r  1984 so the   l oad ings   a t   t he   ups t ream  s i t e  were 

assumed t o  be  36% o f   t h e  downstream loadings.  This  assumption was based on 
r e s u l t s   f r o m   f o u r  1985-1986 surveys  conducted  by EP (Sect ion 3.4.2). The 

to ta l   i no rgan ic   n i t rogen   expor t   f r om  the  mine  area was 3 070 kg/N  and 

4 220 kg/N i n  1983  and  1984, respec t ive ly ,  and represented 0.2% of   the 

explosive  used i n  both 1983 and 1984. This was  much lower  than  the 1% 
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predic ted  by  the Pommen formula. The actual   n i t rogen  expor t   f rom  the  L ine 

Creek  Mine was on ly  20% and 18% o f   t he   p red ic ted   va lues   f o r  1983  and  1984, 

respec t ive ly .  The net   expor t   f rom  the  L ine Creek  mine i n  1984 was s l i g h t l y  

higher  than  re1  eases  from  the  Byron Creek C o l l   i e r i e s  and  Westar-Greenhi  11 s 
mines  but   substant ia l ly   lower   than  re leases  f rom  the  Ford ing Coal  mine. 

3.4.2 1985-86 Nitrogen Export. Samples were co l  1 ected  by  L ine Creek 
Mine, EP, and p r o v i n c i a l  Waste Management Branch (WMB) s t a f f  i n  1985-86. The 

EP samples  were c o l l e c t e d   s p e c i f i c a l l y   f o r   t h i s   s t u d y .   M o n t h l y  samples  were 
c o l l   e c t e d   a t  No  Name Creek,  Pond  #4 discharge, and the  upstream  Line Creek 

s i t e   f rom  Apr i  1 1985 t o  March 1986. A t  t he   L ine  Creek  downstream s i t e ,  

samples  were c o l l   e c t e d   w e e k l y   i n   A p r i l  and August 1985 t o  March 1986. I n  

May, June  and J u l y  1985,  samples  were c o l l e c t e d   d a i l y ,  Monday through  Fr iday.  

A few  data gaps do e x i s t  (e.g. no December samples, a few d a i l y  samples are 
miss ing) .  The EP samples  were ana lyzed  fo r   to ta l   inorgan ic   n i t rogen  spec ies  

and to ta l   d i sso l ved   n i t rogen .  Some f low  da ta   were   co l   lec ted   a t   the   t ime  o f  

sampling a t  No  Name Creek, Pond #4  discharge and the  upstream  Line  Creek 

si te.   Flow  data  f rom  the WSC s t a t i o n   ( a t   t h e   L i n e  Creek  downstream s i t e )  

were a v a i l a b l e  on a1 1 sampling  days f o r   t h e  1985-86 s tudy  per iod  (F igure  10) .  

The WMB sampled the   L ine  Creek  downstream s i t e  on a monthly  basis 

March through November 1985. Samples were ana lyzed   f o r   bo th   t o ta l   i no rgan ic  

ni t rogen  species and to ta l   d i sso l ved   n i t rogen .  

L i n e  Creek  Mine s t a f f   c o l l e c t e d  samples monthly i n  1985-86 from  the 
L ine  Creek  upstream  and  downstream  sample s i t e s  and a t   t h e  Pond #4 discharge. 
Occassional l y  samples  were co l l ec ted   f rom No Name Creek. Samples were 
ana lyzed  fo r   to ta l   inorgan ic   n i t rogen  spec ies   on ly .  Some f low  data were 
a v a i l a b l e   f o r   t h e  Pond #4 discharge and No Name Creek. 

A summary o f   i n o r g a n i c   n i t r o g e n  and t o t a l   d i s s o l v e d   n i t r o g e n  
concentrat ions,   loadings,  and f l o w s   f o r  two e f f l u e n t s  and  two r e c e i v i n g  

waters   fo r  1985-86 are a1 so presented i n  Table 8. Inorgan ic   n i t rogen 

concen t ra t i ons   f o r   L ine  Creek  upstream  and  downstream  of  the  mine  and Pond #4 
are shown i n   F i g u r e  11. A complete  data  set i s  found i n  a separate  Appendix 

r e p o r t  . 
The inorgan ic   n i t rogen  concent ra t ions   fo r   the  Pond #4  decant as 

determined by L ine  Creek  Mine  were general ly  h igher  than  those  concentrat ions 
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R E S O U R C E S  - LINE CREEK - APRIL 1985 TO MARCH 1986 
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determined by EP. All three  data  sources  corre la ted we1 1 f o r   L i n e  Creek 

upstream s i te   i no rgan ic   n i t rogen   concen t ra t i ons .  A t  t he   L ine  Creek 

downstream s i t e ,   t h e  EP extensive,  EP in tens ive ,  WMB and L ine  Creek  Mine  data 
fo r   inorgan ic   n i t rogen  concent ra t ions   cor re la ted   ex t remely   we l l   fo r   the  

p e r i o d   A p r i l  1985 t o  September  1985. A f t e r  September  1985, genera l ly ,   the 

L ine  Creek  Mine samples f o r   t h a t   s i t e  had s l i g h t l y   l o w e r   i n o r g a n i c   n i t r o g e n  

concentrat ions  than  the EP samples. 
The inorganic   n i t rogen  expor t   f rom Crows Nest  Resources-Line  Creek 

Mine was c a l c u l a t e d   f o r  1985-86 by  subt ract ing  the  loading  a t   the  upst ream 

s i te   f rom  the   l oad ing   a t   t he  downstream s i te   (Table  10) .   Wi th   the  except ion 

of   f lows  taken  a t   the  upst ream  s i te   dur ing  the  four   in tens ive  surveys,  no 

flow  data were avai  1 ab1 e f o r   t h i s   s i t e .  Based on the   resu l   t s   f rom  these  four  

EP s u r v e y s ,   t h e   l o a d i n g s   a t   t h e   u p s t r e a m   s i t e   w e r e  assumed t o  be 

approximately 36% of the  downstream  loadings. The to ta l   n i t rogen   expor t   f r om 
the  mine  area i n  1985-86 was 2 710  kg/N represent ing  0.15% o f   t h e   e x p l o s i v e  
used i n  1985-86. This  compared t o  1% pred ic ted   us ing   t he  Pommen formula. 

The actual   n i t rogen  export   f rom  the  L ine  Creek  mine was on ly  15% o f   t h e  

p r e d i c t e d   v a l u e   f o r  1985-86. 

TABLE 10 1985-86 INORGANIC NITROGEN EXPORT FROM CROWS NEST RESOURCES 
-LINE CREEK 

~~~~~ 

YEAR'S INORGANIC N LOADING (kg*N) 
L ine  Creek  upstream 
L ine  Creek  downstream 
Net  Export  from  Mine 

EXPLOSIVE USE K G * N  ANFO 
S1 u r r y  
To ta l  

ACTUAL N EXPORT AS % EXPLOSIVE 
PREDICTED N EXPORT FROM MINE K G o N  ANFO 

S1 u r r y  
Tota l  

PREDICTED N EXPORT AS % EXPLOSIVE 
% ACTUAL N EXPORT OF PREDICTED 

1,520* 
4,230 
2,710 

1 , 780,000 
N.S. 

1,780,000 
0.15% 

17,800 
N.S. 

17,800 
1 .O% 
15% 

N.S. - n o t   s i g n i f i c a n t  
* assumed t o  be 36% o f  downstream load ings  based on r e s u l t s   f r o m   f o u r  

1985-86 intensive  surveys  conducted by EP {Sec t ion  3.4.2) 
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The actual  1985-86 n i t r o g e n   e x p o r t   o f  2 710 kg/N  from  the  mine was 

s l i g h t l y   l o w e r   t h a n   i n  1983  and  1984 ( 3  070 kg/N  and 4 220 kg/N, 

respect ively) .   This  decrease  noted i n   i no rgan ic   n i t rogen   expor t   f r om  L ine  

Creek  Mine i n  1985-86 as compared to   p rev ious   years  may be due t o  a more 
ex tens i ve   da ta   base   f o r   t h i s   pe r iod  and n o t   r e a l   d i f f e r e n c e s   i n   w a t e r  

qual i ty. 

3.4.3 1985-86 Sources o f  Nitrogen. EP conducted  four   in tens ive 
surveys t o  determine  the  sources  of  nitrogen  from  the  Line  Creek  mine i n  

1985-86. The surveys  were  conducted on Apr i  1 26 , May 29, June 19,  and 
September  18,  1985.  Samples  were taken a t  14 l o c a t i o n s  on the   L ine  Creek 

mines i te  and  analysed  for   inorganic  n i t rogen  species and t o t a l   d i s s o l v e d  

nitrogen.  Flows were taken where  and when poss ib le .  A sumnary o f   n i t r o g e n  

resul ts  for   these  surveys  are  tabu1  ated i n  Table 11. The range and mean 

shown represent   four  samples a t  each s i t e   e x c e p t   L i n e  Creek Pond #4 ( 3  
samples),  and  Mine  Services  Diversion, Wash Bay, and South  Line  Creek  (2 

sampl es  each . 
The inorgan ic   n i t rogen  load ings ,   o r   in  some cases  concentrat ions, 

a t  each o f  t hese   s i t es   a re   g raph ica l l y   p resen ted   f o r  each survey  conducted 

(F igures 12 t o  15). 

O f  the  14  sample s i tes   in tens ive ly   mon i to red ,  4 were a1 so monitored 

in   the   ex tens ive   survey .  The s i t e s  were as fo l lows;   L ine  Creek upstream and 
downstream o f   t he   ope ra t i ons ,  Pond #4 discharge  and No Name Creek. The t o t a l  
inorgan ic   n i t rogen  concent ra t ions   de termined  in   the   in tens ive   versus   the  

extens ive  survey  corre la ted  very   wel l   a t   the  upst ream and  downstream s i t e s  on 
L ine  Creek and No  Name Creek. The c o r r e l a t i o n  was f a i r l y  good f o r   t h e  Pond 
#4   d i scha rge   resu l t s   excep t   i n  September when the  EP i n tens i ve   su rvey   resu l t  

was  much higher  than  the EP extens ive  survey  resul t .   In   genera l ,   there was 

good agreement  between EP resu l t s   (F igu re  11 1. 
I no rgan ic   n i t rogen   concen t ra t i ons   a t   t he  Pond #4 discharge, as 

determined by  mine s t a f f ,  were much higher  than  those  determined  by EP 

(F igure  11 1. Concentrat ions  determined by  mine s t a f f   a t   L i n e  Creek upstream 

and  downstream cor re la ted   ex t remely   we l l  with those  determined by EP wi th  one 
e x c e p t i o n   a t   t h e   L i n e  Creek  downstream s i t e   i n  January 1986. The 
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L E G E N D  
I Lma Craak Upatraon 
Z Ylna Sanica A n o  Dlvarrlon Dltch 

4 l o  Noma Cramk 
3 Wnsh Boy Dlacharpa 

5 Ponds No. S ord 6 Dacont 
6 Influan9 Io Pond  No. 2 
7 Pond  No.1 Daconl 

9 Wall Llna Creak 
8 Llnl Cnak Dab. Pond No. I 

IO Pond No.4 Damn1 
I I Exploatvas Plont Dllcl) 
12 L h a  C N a k  bob8 Pond N D 4  
IS South LIna Creak 
I4 LIne Creak Downair*om 

FIGURE 12 INORGANIC  NITROGEN  LOADINGS AND CONCENTRATIONS 
FOR EP  INTENSIVE  SURVEY - APRIL  26, 1986 
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I LOCATION  MAP 

L E G E N D  
I Lane Creek Upstreom 
2 Mlne Sewlee A n a  Dlrerrton Ditch 

4 l o  Name Creek 
3 W n h  Boy Dlrchorge 

5 Ponds No. 5 and 6 D.cont 
6 Influent m Pond No. 2 
7 Pond No.1 Decant 

9 Wmst Llne  Creek 
0 Line Cnek bebw Pond I l 0 . l  

ID Pond N0.4 Decant 

I2 Llne Cnek b . b w  Po114 N O  4 
II Explosives Plant  Ditch 

IS South LIne Creek 
14 LIM Creek Downstream 

L 

5.7 Loadings  (kg/d)  
Width of Arrov3 proportional 
to Inorganic  Nitrogen  Loading 

I 

L 0 . J  !norganic Ni t ro   en 
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FIGURE 13 INORGANIC  NITROGEN  LOADINGS AND CONCENTRATIONS 
FOR EP INTENSIVE  SURVEY - M A Y  29 ,1985  

I 



-53- 

I Lima Creak UpsIraam 
2 Y i M  Sanioa A n a  Dlvar.lon Ditch 
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FIGURE 14 INORGANIC  NITROGEN  LOADINGS AND CONCENTRATIONS 
F O R  E P  INTENSIVE  SURVEY - JUNE 19, 1985 
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FIGURE 15 INORGANIC  NITROGEN  LOADINGS  AND  CONCENTRATIONS 
FOR EP  INTENSIVE  SURVEY - SEPTEMBER 18, 1985 
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concentrat ions as determined  by WMB a t  t he   L ine  Creek  downstream s i t e  

corre la ted  very   wel l   w i th   the  concentrat ions  determined by both  mine  s ta f f  
and EP. 

The po in t   sou rce   e f f l uen ts  examined i n   t h e   i n t e n s i v e   s u r v e y s  were 
as f o l  1 ows; No Name Creek, I n f l o w   t o  Pond #1, West L i n e  Creek, Pond #4 

decant, BEP Di tch,  Mine Serv ices  area  d ivers ion  d i tch,   the Wash Bay discharge 
and  South L ine  Creek. The h ighes t  mean inorgan ic   n i t rogen  concent ra t ions  
were found i n   t h e   I n f l o w   t o  Pond #1 (1.91 mg/L) and the  BEP D i t c h  (0.7 mg/L) 

wh i le   the   lowest   concent ra t ions  were  found i n   t h e  Mines  Services  area 

d i v e r s i o n   d i t c h  (0.3 mg/L) (Table  11).  

A t  most o f   t he   e f f l uen t   s i t es ,   f l ow   da ta   d id   no t   ex i s t .   The re fo re ,  

loadings  f rom  these  s i tes  could  not  be determined and  compared. The grea tes t  

l o a d i n g s   t o   t h e   L i n e  Creek  system  were  suspected t o  be from No Name Creek, 

I n f l o w   t o  Pond #1 and Pond #4 Discharge. A1 though  the  inorganic  n i t rogen 

c o n c e n t r a t i o n   i n   t h e  Pond #4 Discharge was moderate when compared t o  other  

sources,  the  f low  f rom a b a s i n   o f   t h i s   s i z e  would  cause the   load ings   to  be 

grea ter  . 
Severa l   s i tes were  examined a long  L ine Creek.  These are;  Line 

Creek  above the  operat ions,   L ine Creek a t  Pond #5  and #6 decant,  Line Creek 

below Pond #4 decant, and L ine  Creek  downstream o f   the   opera t ions .  The  mean 
ino rgan ic   n i t rogen   concen t ra t i on   va r ied   a long   t he   l eng th   o f   L ine  Creek.  From 

L ine Creek  above the   opera t ion   to   L ine  Creek a t  Pond #5 and #6 decant,  the 
mean inorganic  nitrogen  concentration  decreased;  between Line Creek a t  Pond 

#5 and #6 decant and L ine  Creek  below Pond #4 decant,   the  concentrat ion 
increased;  and  between  Line  Creek  below Pond #4 decant and the  downstream 

sample s i t e  on L i n e  Creek, the  concentrat ion  decreased  again.  General ly, 

t h i s   t r e n d  was due t o  inputs  and d i l u t i o n   e f f e c t s .   F o r  example, the 
increases between Ponds #5 and #6 and L ine  Creek  below Pond #4 discharge were 
p r o b a b l y   t h e   r e s u l t   o f   i n p u t s   t o   t h e  system  from  several  point  sources (eg. 
I n f l u e n t   t o  Pond #1, Pond #4 discharge).  The decrease  between L i n e  Creek 

below Pond #4 and the  downstream s i t e  was probably due t o   d i l u t i o n  as  no 
la rge   po in t   source   e f f luen ts   d ischarged  in to   the   sys tem between  these s i t e s  

(eg. t h e  load ing   f rom the e x p l o s i v e s   p l a n t   d i t c h  and the  concentrat ion  f rom 
South L ine  Creek  were both  low and, therefore,  were not   cons idered 

s i g n i f i c a n t ) .  
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I n  general , t h e   l o a d i n g   i n   L i n e  Creek increased from the  upstream 
t o   t h e  downstream s i te   th roughout   the   four   in tens ive   surveys .  The May 28 

survey  ind icated a f i v e - f o l d  change i n   i n o r g a n i c   n i t r o g e n   l o a d i n g  from the  
upstream t o  downstream s i te .   Th is   corresponded  to  peak f l o w s   i n   L i n e  Creek 

and re f l ec ted   n i t rogen   i npu ts   f rom  the  mine. 

3.4.4 1985-86 Phosphorus Export. Phosphorus  data were a v a i l   a b l e   f o r  

L ine  Creek  downstream o f   t h e  mine  from  1981 t o  1986  and f o r   o t h e r   s i t e s   f o r  
1985  and  1986 only. The range and mean o f   t o t a l   d i s s o l v e d  phosphorus  (TDP), 

so lub le   reac t i ve  phosphorus (SRP) and t o t a l  phosphorus  (TP) f o r   t h e   e n t i r e  

data  base  are shown i n  Table 12. TDP, SRP and TP concentrat ions may have 

been s l i g h t l y   l o w e r   i n  1985  and  1986 than  fo r   p rev ious   years   bu t   the  

d i f f e r e n c e   i s  smal l   and  possibly  inf luenced  by  the  var iat ion i n  data base 

s izes  between  each  year. 
TDP concent ra t ions   fo r   L ine  Creek  upstream  and  downstream o f  

operat ions and Pond 4 discharge  are 

were a t  o r   c lose   t o   t he   de tec t i on  ' 

t he   f reshe t   pe r iod  (May t o   J u l y ) .  
reasonable  agreement,  but  resul t s  

obtained  by  the WMB tended t o  be h i  
increase i n  TDP i n   t h e  Pond #4 

shown i n   F i g u r e  16. I n  general , r e s u l t s  

1 imit (0.002  mg/L) w i th   the   except ion   o f  

Data  from  the two EP surveys were i n  
f o r   L i n e  Creek  downstream o f   o p e r a t i o n s  

gher. The p l o t s  do n o t  show any obvious 
d ischarge  o r   L ine  Creek  downstream o f  

operat ions compared t o   L i n e  Creek  upstream. 

The EP ex tens i ve   su rvey   resu l t s   f o r  1985-86 i n d i c a t e d   t h a t  TDP and 

SRP were rough ly   equ iva len t   a t   t he  two L ine  Creek s i t e s  and i n  Pond #4. The 

mean TDP concen t ra t i on   f o r  No  Name Creek was skewed by one value o f  
0.14 mg/l. The accuracy o f   t h i s  measurement i s  suspect .   Exc lud ing  th is  one 
value  f rom  the EP resu l t s ,   t he  1985-86 mean TDP concen t ra t i on   o f  0.003 mg/L 

(based on  8 values) was comparable t o  means f o r  the   o ther   th ree   s i tes .  

De ta i l ed   resu l t s   a re   i nc luded   i n  a separate  Appendix  report. 
These mean annual  concentrations,  however, were biased  by  the more 

extensive  data  gathered  dur ing May, June  and Ju ly .  To overcome t h i s   b i a s ,  

the mean phosphorus  species'  concentrations were c a l c u l a t e d   f o r  each quar te r  
(Table  13).   With  the  except ion  of  TP f o r  No Name Creek,  there was a tendency 

towards  higher  phosphorus  concentrations i n  Apr i l -June and  January-March 
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TABLE 13 MEAN TDP,  SRP,  TP  CONCENTRATIONS BY QUARTER 1985-86 EP  DATA* 
CROWS NEST  RESOURCES-LINE CREEK 

LOCATION 

TDP 

Line Ck u/s 
Line Ck d/s 
Pond #4 
No  Name  Ck 

SRP 

L ine Ck u/s 
L ine Ck d/s 
Pond #4 
No  Name Ck 

TP 

L ine Ck u/s 
L ine Ck d/s 
Pond #4 
No  Name  Ck 

- 

- 

- 

T M E A N  C O N C E N T R A T I O N  
~ ___ 

APR - JUN 

0.006 
0.003 
0.005 
0 -004 

0.003 
0.002 
0.002 
0.002 

0.023 
0.007 
0.013 
0 0009 

EP extensive  survey  data 

0.002 
0.002 
0.002 
0.002 

0.002 
0.002 
0.002 
0.002 

0.002 
0.007 
0.002 
0.138 

0.002 
0.002 
0.002 
0.002 

0.002 
0.002 
0.002 
0.002 

0.002 
0.002 
0.002 
0.002 

JAN - MAR 

0.002 
0.004 
0.003 
0.002 

0 -005 
0.005 
0 -005 
0.004 

0.005 
0.008 
0.066 
0.026 

m l y  

MEAN 
FOR 

YEAR 

0.003 
0 -003 
0.003 
0.002 

0.003 
0.003 
0.003 
0.002 

0.008 
0.006 
0.021 
0.044 
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compared t o   J u l y  - December. These elevated  concentrat ions  appeared  at   t imes 

o f   h igher   f lows.  The  mean TP concen t ra t i on   f o r  No Name Creek i n   t h e  

July-September  period was skewed by one h igh   va lue   ou t   o f   th ree .  The o ther  

two  values were a t   o r   j u s t  above detect ion.  
I n  general ,   there was l i t t l e   d i f f e r e n c e  between  the TDP and SRP 

c o n c e n t r a t i o n s   i n   L i n e  Creek  upstream  and  downstream o f   t h e  mine; t he  means 

o f   t h e   f o u r   q u a r t e r s  were i d e n t i c a l .  The two e f f l u e n t  streams  contained 

about  the same TDP and SRP concentrat ions as the   L ine  Creek s ta t ions .  The TP 

r e s u l t s  were more va r iab le   w i th   poss ib le   i nc reases   i n   t he  downstream s i t e  i n  
July-September  and  January-March compared t o  upstream  Line Creek. The 

e f f l u e n t  TP concentrat ions were lower  than  the  upstream  Line Creek s i t e   f o r  

a1 1 quarters  except  January - March. 
Concentrat ions above the   de tec t ion  1 imit may have skewed the mean 

concentrat ions shown i n  Table 13. As a f u r t h e r   a i d   t o  assess  the  potent ia l  

o f   t h e  mine  as a phosphorus  source,  the  percent Val ues greater  than  the 

phosphorus  detection limit (0.002 mg/L)  were c a l c u l a t e d   f o r  each quar te r  
(Table 14). These da ta   a lso   ind ica ted  a tendency to  h igher  phosphorus 
readings i n   A p r i l  - June  and  January - March  compared t o   J u l y  - December. I n  

general ,   there were  more de tec tab le  TDP values  downstream o f   t h e   m i n e   i n   L i n e  

Creek  compared t o  upstream i n   J u l y  - September  and January - March  and l e s s  

i n   A p r i l  - June re f l ec t i ng   i nc reased   f l ows  and assoc ia ted   d i l u t i on   du r ing  

freshet.  Percentages i n   e f f l u e n t s  were var iab le  throughout   the  year .  

Overa l l ,   there  may have  been a s l i gh t l y   g rea te r   t endency   f o r   de tec tab le  TOP 

downstream i n   t h e   e f f l u e n t s  compared t o  upstream. SRP percentages showed 
1 i t t l e   o v e r a l l   d i f f e r e n c e s .   F o r  TP, the  downstream s i t e  had  more values 
above de tec t i on  1 imit than  the  upst ream  s i te   f rom  Apr i l   to   June  but   fewer ,   or  

j u s t  as  many, d u r i n g   t h e   r e s t   o f   t h e   y e a r .   E f f l u e n t   r e s u l t s  were  again 
v a r i a b l e   b u t   d i f f e r e n c e s  were s l i g h t  compared to   the  upst ream  L ine Creek 
s i t e .  
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TABLE 14 MEAN TDP, SRP, TP CONCENTRATIONS  GREATER THAN  DETECTION LIMIT 
1985-86 EP DATA* CROWS NEST RESOURCES-LINE  CREEK 

LOCATION 

~~ 

TDP 

Line Ck u/s 
Line Ck d/s 
Pond #4 
No Name  Ck 

SRP 

Line Ck u/s 
Line Ck d/s 
Pond #4 
No Name  Ck 

TP 

Line Ck u/s 
Line  Ck d/s 
Pond #4 
No Name  Ck 

- 

- 

- 

% V A L U E S   G R E A T E R   T H A N  
D E T E C T I O N   L I M I T  

APR - JUN 

33 
18 
33 
33 

33 
2 
0 
0 

67 
98 
67 
67 

JUL - SEP 

0 
11 
0 
33 

0 
0 
0 
0 

33 
26 
0 
67 

* EP extensive  survey  data  only 

OCT - DEC 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

JAN - MAR 

0 
57 
66 
0 

100 
100 
100 
100 

100 
100 
100 
100 1 

MEAN 
FOR 

YEAR 

8 
22 
25 
16 

33 
26 
25 
25 

50 
56 
42 
58 
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Resul ts   f rom  the  four   in tens ive EP surveys were a lso  examined t o  

determine any d i f f e r e n c e s   i n  phosphorus 1 eve1 s around  the  mine (Tab1  e 15). 

On two occasions (May  29 and  June 191, the  upstream  Line Creek TDP 

concen t ra t i on   d i f f e red   s ign i f i can t l y   f rom  the  downstream s i t e .  On  May 29, 
the  upstream TDP concentrat ion was higher  than  the downstream (0.017 mg/L and 

0.009 m g / l ,   r e s p e c t i v e l y )   b u t  on  June  19  the  upstream was l o w e r  
(0.004 mg/L and 0.013  mg/L, r e s p e c t i v e l y ) .  However, the mean TDP 

concent ra t ions   fo r   the   four   surveys  were i den t i ca l   f o r   t he   ups t ream and 
downstream s i tes .  TDP l o a d i n g   a t   t h e  downstream s i t e  was g rea te r   t han   a t   t he  

upstream s i t e  on a1 1 days b u t   t h i s  was l a r g e l y  due t o   h i g h e r   f l o w s   a t   t h e  

downstream s i   t e .  

Some e f f l uen ts   con ta ined   e leva ted   concen t ra t i ons   o f  TOP dur ing  

the  in tens ive  surveys.  The Wash Bay, Mine Serv ices   d ivers ion   d i tch ,  Pond #1 

and No Name Creek contained  higher TDP concentrat ions  than  receiv ing  waters.  

Wi th   the   except ion   o f  No Name Creek,  these a1 1 contr ibuted  smal l   f lows and 
phosphorus  loadings to   the   c reek .  No Name Creek contained a mean TDP 
concen t ra t i on   o f  0.013  mg/L (range 0.003-0.021 mg/L). The  mean load ing  was 

c lose  to   the  upst ream  L ine Creek value and about 34% o f   t h e  downstream. 

SRP resu l ts   f rom  the   in tens ive   surveys   ind ica ted  most e f f l u e n t s  

conta ined  h igher   concentrat ions  than  receiv ing  waters .  No Name Creek, I n f l o w  
t o  Pond #1, West L ine  Creek, Pond #4 decant,  Mine  Service  area  diversion 

d i t c h ,  Wash Bay discharge, and  South L ine  Creek a l l  had s l i g h t l y   h i g h e r  mean 

SRP concentrat ions  than  receiv ing  waters.  The I n f l o w   i n t o  Pond #1  and  the 
Wash Bay discharge, i n   p a r t i c u l a r ,   c o n t a i n e d  high SRP concentrat ions (mean 
0.033 mg/L and 0.155  mg/L, respec t ive ly ) .   L ine  Creek  downstream o f   t h e  mine 

con ta ined   s l i gh t l y   h ighe r  SRP than  the  upst ream  s i te  (0.004 mg/L compared t o  

0.003 mg/L) . 
Most o f   t he   e f f l uen ts   con ta ined   h ighe r   concen t ra t i ons   o f  TP dur ing  

the  intensive  surveys  than  the  receiv ing  waters;   examples  included  Inf low  to 
Pond #1, BEP d i t c h ,  Mine  Service  area  di tch,  Wash Bay discharge,  South  Line 

Creek, and  Pond #4 decant. The I n f l o w   t o  Pond #1 and the Wash Bay discharge 
(mean  0.616  mg/L and 1.32  mg/L, r e s p e c t i v e l y ) ,   i n   p a r t i c u l a r ,  appeared t o  

have cons is ten t l y   h ighe r   concen t ra t i ons   o f  TP compared to   rece iv ing   waters .  
The  mean TP concentrat ion downstream  of  the  mine was s l i gh t l y   h ighe r   t han   t he  

upstream (0.010 mg/L versus t o  0.007 mg/L) a l t h o u g h   r e l a t i v e   d i f f e r e n c e s  
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T A B L E  1 5  SUMMARY OF CROWS NEST  RESOURCES - L I N E  CREEK 1985 
E P   I N T E N S I V E   S U R V E Y   P H O S P H O R U S   R E S U L T S  

LOCATION nlP 
(KIA) 

R a n g e  (Wan) 

Line Creek* u / s  

Line C w e k  Q 

0.012-0.041 (0.025) Inflw Pond #1 

O.OQ3-0.021(0.013) No Nane C r e e k  

0.0@-0.017(0.(N7) 

Pond #5 & #6* 0.002-0.005(0.oa3) 

West Line C w e k  0.002-0.019(0.007) 

Pond #4 Decant o.ocn-0.m(o.m) 
BEP Ditch 

0.002-0.Ow(O.oa3) Pond #4* 
Line Creek  d/s  

0.002-0.006(0.003) 

Line Creek* d/s 

Mine Services 

0.003-0.013(0.007) 

Di version 0.015-0.027(0.021) 

Wash Bay O.M(O.48) 

south Line Creek 

*receiving water sites 

0.OO2-0.008(0.005) 

TP w 
(qA)  (KIA) 

R a n g e  (Mean) (Mean) 

0.003-0.017(0.007) 

O.OO2-0.016(0.008) 0.0054.55(0.155) 

0.0024.0036(0.003) 

0.061-1.3(0.61) 0~0244.046(0.033) 

o.OO2-o.m(o.al4) 
0.002-0.007(0.004) 0.003-0.01 (0.006) 

o.m-o.oo4(o.OO2) 

o.m4.m(o.al4) 0.oo4-o.011(0.006) 

0.~-1.1(0.278) 0.~-0.02(0.002) 

0.002-0.amO.W) O.OO2-0.rn(O.al2) 

0.003-0.013(0.010) O.al2-0.007(0.Ow) 

0.015-5.1 (2.56) 0.011-0.M8(0.020) 

1.23-1.41  (1.32) 0.267-0A42(0.155) 

0.013-0.02(0.017) 0.002-0.018(0.01) 

0.116-2.2(0.72) 

0.018-2.2(0.79) 

0.015-0.038(0.035) 

0.m-0.001(0.001) 

0.01 1 (0.01 1 ) 

- 
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between r e s u l t s  on the same sampling  dates were var iab le .  
Each o f   t he   t h ree   da ta   se ts  examined i n   t h i s   s e c t i o n  had  strengths 

and  weaknesses. All the  data  combined  produced  the  largest work  base b u t  

annual means were skewed by t h e   l a r g e r  number o f   r e s u l t s   d u r i n g   t h e   f r e s h e t .  

V a r i a t i o n s   i n   t h e   s i z e   o f   d a t a   s e t s   f o r  each s t a t i o n   a l s o  made comparisons 
d i f f i c u l t .  The c a l c u l a t i o n   o f   q u a r t e r l y  means f o r   t h e  EP extensive  survey 

maintained a r e l a t i v e l y   l a r g e   d a t a  base  and reduced  the   in f luence  o f  
d i f f e r e n t  sample s izes   fo r   the   var ious   quar te rs .  As w i th   the   "a l l   da ta"   se t ,  

the  EP ex tens ive   da ta   ana lys is   su f fe red   f rom  d i f fe rences   in   da ta   s izes   fo r  
the  var ious  sampl ing  locat ions.  The EP in tens ive   survey   resu l ts  had  equal 

da ta   s i zes   f o r  each l o c a t i o n   b u t  each se t  was  made up o f   o n l y   f o u r  samples. 
Samples co l l ec ted   du r ing   t he  EP in tens ive  survey were preserved  accord ing  to  

standard  procedures  for  phosphorus  while samples c o l l   e c t e d   a t   o t h e r   t i m e s  

were not. The e f f e c t   o f   d i f f e r e n t   p r e s e n t a t i o n   t e c h n i q u e s   i s   n o t  known. 

However, r e s u l t s   o f  TDP ana lyses   fo r   the   four  EP intensive  surveys  agree 
reasonably we1 1 w i t h   t r e n d s   i d e n t i f i e d  by the  EP extensive  survey samples 

(F igure 16 1. 
A comparison o f   t h e  mean phosphorus  species  concentrat ions  for  the 

three  data  sets  i s  shown i n  Table 16. The change i n  mean phosphorus 
c o n c e n t r a t i o n   i n   L i n e  Creek  downstream, Pond #4 decant, and No  Name Creek 
compared t o   L i n e  Creek upstream  are  also  presented. The mean change i n  

concen t ra t i on   f o r   t he   t h ree   da ta   se ts  was ca l cu la ted   f o r   t he  one r e c e i v i n g  

water and  two  major e f f luen t   d ischarges .   In   genera l ,   the  Pond #4 discharge 
d i d   n o t  appear t o   c o n t r i b u t e  any TDP o r  SRP t o   L i n e  Creek  compared t o   t h e  
upst ream  receiv ing  water   s i te .  The TP concen t ra t i on   a t   t he  Pond #4 discharge 

was, on average, 0.003 mg/L above the   concen t ra t i on   a t   t he   ups t ream  s i t e   bu t  

r e s u l t s  were v a r i a b l e  between  data  sets. The No Name Creek  discharge may 
have con t r i bu ted  an average o f  0.002 mg/L TDP, 0.001 mg/L SRP, and 0.090 mg/L 
TP above background. O f  the  three  phosphorus  species, TP was the  major 

con t r i bu t i on   f rom  the   e f f l uen ts .  

The d o w n s t r e a m   L i n e   C r e e k   s i t e   c o n t a i n e d   l o w e r   a v e r a g e  
concen t ra t i ons   o f  TDP and TP than  the  upstream  site. If ef f l uen ts  were a 
source o f  phosphorus t o   L i n e  Creek, t h e i r   c o n t r i b u t i o n s  must  have  been  small 

and the  impacts 1 oca1 i zed. 
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TABLE 16 SUMMARY OF MEAN PHOSPHORUS SPECIES  CONCENTRATIONS  ACCORDING  TO 
VARIOUS  DATA  SETS - CROWS NEST  RESOURCES-LINE CREEK 

I I 1985-86 EP 
INTENSIVE 

MEAN 
CHANGE 

FROM 
u/s  

(mg/L 1 

1985-86 EP 
EXTENSIVE 

I 

Change 
From u/: 
(mg/L 1 

~ 

Mean 
(mg/L 

0.003 
0.003 
0.003 
0.002 

0.003 
0.003 
0.003 
0.002 

0.008 
0.006 
0.021 
0.044 

Change 
From u/s 

(mg/L 1 

Change 
From u/s 

(mg/L 

Mean 
(mg/L 1 

0.005 
0.003 
0.003 
0.006 

0.002 
0.002 
0.002 
0.002 

0.010 
0.007 
0.007 
0.097 

TDP - 
,ine Ck u/s 
- i n e  Ck d/s 
’ond #4 
do Name  Ck 

SRP - 
.ine Ck u/s 
. ine Ck d/s 
’ond #4 
io Name  Ck 

TP - 
.ine Ck u/s 
. ine Ck d/s 
pond #4 
lo Name  Ck 

0.007 
0.007 
0.004 
0.013 

0.003 
0.004 
0.004 
0.008 

0 -007 
0.010 
0.006 
0.155 

- 0.002 
- 0.002 
+ 0.001 

0 
0 
0 

- 0.003 
- 0.003 
+ 0.087 

0 
0 - 0.001 

0 
0 - 0.001 

- 0.002 
+ 0.013 
+ 0.036 

0 - 0.003 
+ 0.006 

+ 0.001 
+ 0.001 
+ 0.004 

+ 0.003 
- 0.001 
+ 0.148 

- 0.002 
- 0.002 
+ 0.002 

0 
0 

+ 0.001 

- 0.001 
+ 0.003 
+ 0.090 

I 

3.5 Westar M i n i n g  - B a l m e r   O p e r a t i o n  
Westar M in ing   L td .   ope ra tes   two   ma jo r   m in ing   f ac i l i t i es  

southeast. The Balmer  mine  has been i n   o p e r a t i o n   s i n c e  1969 and i s  

near Sparwood (F igure  17). The Greenh i l l  s Operat ion i s   t h e  company 

constructed  surface  mine 35 km n o r t h   o f   t h e   e x i s t i n g  Balmer  Operat 

the town o f   E l k fo rd   ( see   d i scuss ion   Sec t i on  3.2). 

i n   t h e  

1 ocated 

I s  newly 

ion  near  

Westar  Mining  Ltd. ’s  Balmer  Operation  straddles a r i c h   c o a l   b e l t  

known as Harmer Ridge  that   contains  proven  recoverable  reserves o f  more than 

225 m i l l i o n  tonnes o f   c lean   coa l  The mine i s  dra ined by four  major  streams: 
the  E lk   River  on the  west;  Michel Creek on the  southwest; Harmer Creek on the 

north  which  f lows  north  through a U-shaped v a l l e y  between the  s teep  s lopes  o f  
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Harmer Ridge t o   t h e   e a s t  and N a t a l  R idge  to   the west; and Er ickson Creek on 

the  east  which  f lows  south  through  another U-shaped v a l l e y  between the  steep 

s lopes  o f   Er ickson  Ridge  to   the  east  and Natal  Ridge  to  the  west.  Erickson 

Creek i s  a t r i b u t a r y   o f   M i c h e l  Creek. Harmer Creek d r a i n s   t o  Grave  Creek  and 
then  the  Elk  River.   Michel  Creek i s  a t r i b u t a r y   o f   t h e   E l k   R i v e r .  The 

Balmer Operation i s  a1 so drained  by many smal ler   streams  which  f low  into 

these  main  drainages 
P r i o r   t o  1985, approximately 90% o f   t h e  company's  annual  Balmer 

coal   product ion came from  the  surface mine.  There a r e   t h r e e   d i s t i n c t   s u r f a c e  

mining  areas a t  the Balmer Operat ion  wi th  many subpi t s  wi th in  these  areas; 

Harmer area i n   t h e   n o r t h ,  a middl e area known  as A d i t  29S, and  a southern 

area known as A d i t  40. A new mine  expansion i s  deve lop ing   to   the   sou th   o f  

A d i t  29s  and i s  known l o c a l l y  as the  A-Seam area. 

The Balmer  surface  mine i s  a t y p i c a l   t r u c k  and shovel  operation 
dep loy ing   e lec t r i c   shove ls ,   t r ucks ,   f ron t -end   l oaders ,   d r i l l s  and a 

suppor t ing   f lee t   o f   c rawlers ,   rubber - t i   red   bu l l   dozers ,   g raders  and other  

vehic les.  
The average d a i l y   p r o d u c t i o n   i n  1985 from  the  surface  mine was 

16 000 tonnes, bu t   p roduc t ion  has  reached 20 000 tonnes o f  raw  coal  (1981). 

The p o t e n t i a l  annual o u t p u t   i s   a b o u t  8 m i l l i o n  tonnes. 

U n t i l   A p r i l  1985, the  surface  operat ion was augmented  by  an 

underground  hydraul i c  mine  (Panel 6 1 which was capable o f   p roduc ing  

approximately 1 mill ion  tonnes  of   raw  coal   annual ly.  

The  company  a1 so operated a smal ler   convent ional  room  and p i 1   l a r  

underground  mine  which  used  continuous  miners  to  extract  coal  from  the seam 
(Balmer  North).  This  underground  mine was c losed   i n   Feb rua ry  1986. 

Water q u a l i t y  and f low  da ta  have been c o l l e c t e d  by  various  agencies 

from  1981 t o  1986 and  were  examined i n   t h e   f o l l o w i n g   s e c t i o n s   o f   t h i s   r e p o r t  

to   de termine   the   inorgan ic   n i t rogen  re leased  f rom  the  Westar-Balmer 
Operat ion.   His tor ica l   water   qual i ty   data were genera l l y  1 i m i t e d   t o   i n o r g a n i c  

n i t rogen  concentrat ions,  however, some data   ex is ted  on t o t a l   d i s s o l v e d  

phosphorous , sol   ubl  e r e a c t i v e  phosphorus and t o t a l  phosphorous ( 1985-86 
pr imar i l y ) .   F low  da ta  were c o l l e c t e d  a t  most  site's a t  the  t ime  of  sampling 

wi th   the  except ion  o f   Er ickson Creek  mouth  and Michel Creek  downstream  of  the 

operat ion.   Only  four  f lows were taken  a t   Er ickson Creek  mouth i n  1985-86 ( a t  
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t he   t ime   o f   t he  EP intensive  surveys).  Flow  data a t  Michel Creek  downstream 

were compiled  by WSC. Ni t rogen  loadings a t  each s i t e  were ca lcu lated  f rom 

the  avai lab le  data.  

Flow and water   qual i ty   data were  examined a t  Harmer, S ix   Mi le ,  
Bodie and Er ickson  Creeks  to   quant i fy   poss ib le   po int   sources  o f   n i t rogen and 

phosphorus  contamination.  Data  from  Michel Creek upstream and  downstream o f  

the  operat ions were  examined t o  determine  the  e f fect  o f  various  sources o f  
n i t rogen  contaminat ion on the  receiv ing  water  and to   quant i fy   non-point  
cont r ibut ions  f rom  the mine. The net  n i t rogen  export   f rom  the  mine was 
determined  by summing the  n i t rogen  expor t   f rom Harmer  Creek, S ix  Mil e  Creek 

and the   d i f fe rence between the  upstream and downstream s i t e s  on Michel Creek. 
Bodie Creek  and Erickson Creek data were no t  used i n   t h i s   c a l c u l a t i o n  as they 

discharge  to  Michel  Creek  between the  upstream and  downstream s i tes .  The 

Harmer Creek  and S i x   M i l e  Creek loadings may have been overestimated  since 

there were no background  concentrations. Any ni t rogen  found  in  those  streams 

was assumed to   o r i g ina te   f rom  exp los i ves  used a t   t h e  mine. 

3.5.1 Histor ica l   N i t rogen  Expor t .  Between 1981  and 1984 water 

qua l i t y   da ta  were c o l l e c t e d  by the  company p r i m a r i l y   a t   s i x   s i t e s  - Michel 

Creek upstream and downstream o f  the  operat ions,  Harmer Creek, S i x   M i l e  
Creek, Bodie  Creek, and Erickson Creek. Generally, samples  were c o l l e c t e d  

monthly i n  January,  February and J u l y   t o  December and weekly  from March t o  

June. Samples were analysed for  inorganic  n i t rogen  species.   Flows were 
determined on Harmer Creek, S i x   M i l e  Creek, Bodie  Creek, and Michel Creek 

downstream a t  the  t ime o f  sampling. 
F1 ows a t  the  Michel Creek  downstream s i t e  were a1 so determined by 

WSC. No f low  da ta   ex is ts   fo r   Er ickson Creek o r   f o r   M iche l  Creek a t   t h e  

upstream  site.  Loadings a t  Michel Creek upstream were ca lcu la ted   us ing   the  
flows  from  the  Michel Creek  downstream s i t e  which may have overestimated  the 
loadings  upstream o f   t h e  mine.  Measurement of   the  drainage  areas of the two 

s i tes   ind ica ted   the   Miche l  Creek upstream s i te   d ra inage  a rea   to  be 90% of  the 

downstream s i t e  area.  Therefore,   the  error  introduced i n   t h e   l o a d i n g  

c a l c u l a t i o n  by  using  the same f lows  fo r   bo th   s i tes   shou ld  be small. 

WMB c o l l e c t e d  samples from  the  Michel Creek  downstream s i t e  once  a 

month  between March  and November, and analysed  the samples f o r   t o t a l  
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inorganic  n i t rogen  species.  
General ly,  from 1982 t o  1984, the   inorgan ic   n i t rogen  concent ra t ions  

and load ings   a t   the   Miche l  Creek  downstream s i t e ,  as determined  by WMB, were 

lower  than  those  determined  by  Westar  Mining  Ltd.  (refer  to  Appendix  VI).  

A summary o f   i n o r g a n i c   n i t r o g e n  and t o t a l   d i s s o l v e d   n i t r o g e n  

concentrat ions and loadings and f l o w s   f o r   t h e   f o u r   e f f l u e n t s  and  two 

rece iv ing   waters   a re   p resented   in   Tab le  17. A complete  data  set i s  found i n  
the  separate  Appendix  report. 

Examination o f   t h e   h i s t o r i c a l   d a t a  (1982 t o  1984) f o r   e f f l u e n t s  

from  the  Westar-Balmer mine ind icated  that   Bodie  Creek had the   h ighes t  mean 

inorganic   n i t rogen  concentrat ion  (9 .1 mg/L) fo l lowed by Erickson  Creek 

(5.7 mg/L)  and  Harmer  Creek  (3.2  mg/L).  Values i n   S i x   M i l e  Creek (0.40 mg/L) 

were f a r   l o w e r   t h a n   i n  any of   the  o ther   creeks.  Compared t o   o t h e r   e f f l u e n t s  

i n  the  Kootenay  coal  f ields,  the  Bodie,  Erickson, and Harmer Creek inorgan ic  
n i t rogen  concent ra t ions  were s i m i l a r   t o   t h o s e   f o u n d   a t   F o r d i n g  Coal b u t  much 

h igher   than  leve ls   found  a t  Crows Nest  Resources-Line Creek, Byron  Creek 
C o l l i e r i e s ,  and Westar-Greenhil ls  mines.  Concentrat ions i n   S i x   M i l e  Creek a t  

Westar-Balmer were  more t y p i c a l   o f   l e v e l s   f o u n d   a t   t h e   l a t t e r   t h r e e  mines. 
I n o r g a n i c   n i t r o g e n   l o a d i n g s   i n   t h e  Westar-Balmer e f f l u e n t s  were 

h igher   than  those  found  a t   the  o ther  mines. 
H i s t o r i c a l l y   t h e  Harmer  Creek e f f l u e n t   c o n s i s t e n t l y  had  the  highest 

mean i n o r g a n i c   n i t r o g e n   l o a d i n g s   a t   t h e  Balmer  minesite. The maximum 
loadings  occurred i n  May and June  and  were c o i n c i d e n t   w i t h  peak f l o w s   ( r e f e r  

t o  Appendix V I  1. 
The mean i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n s   i n   t h e   r e c e i v i n g   w a t e r s  

(Michel Creek upstream and  downstream o f   t h e  Balmer  minesi te)  were f a i r l y  
cons i s ten t   f rom  yea r   t o   yea r   a t  each o f   t h e   s i t e s .  The mean inorgan ic  

n i t rogen  concentrat ion  a t   the  upst ream  Michel   Creek  s i te   for  1982 t o  1984 was 

0.26 mg/L wh i l e   t he  downstream Michel Creek s i t e  was  0.49  mg/L. 

Genera l ly ,   the mean ino rgan ic   n i t rogen   concen t ra t i ons   i n   M iche l  

Creek  were considerably  higher  than  those i n   t h e  Byron Creek C o l l i e r i e s '  

receiv ing  waters,  sl i g h t l y   h i g h e r   t h a n   i n   L i n e  Creek,  and considerably   lower  

than i n   F o r d i n g  Coal ' s receiv ing  waters .  
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The inorganic  nitrogen  export  from  the  Westar-Balmer  minesite was 
ca l cu la ted   f o r   bo th  1983 and  1984  by f i r s t   s u b t r a c t i n g   t h e   l o a d i n g   a t   t h e  

upstream  Michel Creek s i t e   f r o m   t h a t  a t  the downstream  Michel  Creek s i t e  and 
then  adding  the  loading  f rom Harmer  Creek  and S i x   M i l e  Creek (Table  18). 

Bodie Creek  and Er ickson Creek loading  data were  examined  as ma jo r   po in t  

sources to   M iche l  Creek bu t   they  were n o t  used i n   t h e   c a l c u l a t i o n   o f   t h e  
o v e r a l l  1 oadi  ng . 

The to ta l   inorgan ic   n i t rogen  expor t   f rom  the  mine was 125 tonnes N 

i n  1983  and  140 tonnes N i n  1984 which  represented 3.7% and 4.3% o f   t h e  

explosive  used i n  those  years,   respect ively.  These expor ts  were almost  twice 

the  re leases  predic ted by the Pommen formula. The s i g n i f i c a n c e   o f   t h i s  
apparent  underpredict ion i s  discussed i n   s e c t i o n  4.1. This mine apparent ly 

exported  about 1.5 t imes  the amount o f   n i t rogen   re leased   f rom  the   Fo rd ing  
Coal  mine  and  37, 65,  and 67 t imes  that   f rom  the Crows Nest  Resources-Line 
Creek,  Byron  Creek C o l l   i e r i e s ,  and Westar-Greenhil l  s mines, respec t ive ly .  

3.5.2 1985-86 N i  trogen Export. Samples were  analyzed a t   b o t h  Westar 
and EP l a b o r a t o r i e s   i n  1985-86  and a t   t h e  WMB l a b o r a t o r y   i n  1985. The EP 

samples  were t h o s e   c o l l e c t e d   s p e c i f i c a l l y   f o r   t h i s   s t u d y   w h i l e   t h e  Westar 
samples  were c o l l e c t e d   i n   c o m p l i a n c e   w i t h   p r o v i n c i a l  Waste Management Branch 

permits. The WMB samples  were c o l l e c t e d   p r i m a r i l y   t o   d e t e r m i n e   n u t r i e n t  and 

a1 gal  growth  trends i n   t h e   E l k   R i v e r  Basin. One o f   t he   bas ins   s tud ied  was 

Michel  Creek and data were c o l l e c t e d   a t   t h e  downstream s i t e  on th i s   c reek .  

Sampling, as requ i red  by pe rm i t s   o r   f o r   t he  WMB study, was n o t  as f requent  as 

sampl ing  for   the EP study.  Permit  samples were co l lec ted   month ly  in January, 

February, and J u l y  - December, and weekly  dur ing March - June. WMB samples 
were co l lec ted   month ly  March through November.  The EP sample  frequency 

va r ied   w i th   s i t e .   Genera l l y ,   t he   e f f l uen ts  were  sampled  weekly i n   A p r i l ,  May 
and June, and month ly   therea f te r   w i th   the   except ion   o f   Bod ie  Creek  and Michel 

Creek  upstream  and  downstream. These l a t t e r   s i t e s  were  sampled d a i l y  (Monday 

th rough  Fr iday)   f rom  Apr i l   to  June  1985  and  weekly t h e r e a f t e r .  

Samples  were ana lysed  fo r   to ta l   inorgan ic   n i t rogen  spec ies  and 
to ta l   d isso lved  n i t rogen.  F1  ows were taken   a t   t he   t ime   o f  sampl i n g  and 

loadings  ca lcu lated.  The resu l   t s   o f   t hese   mon i to r i ng  programs  from a1 1 data 

sources  are summarized i n  Table 17 and shown g r a p h i c a l l y   i n   F i g u r e s  18 t o  23. 
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Complete  data  sets  are  found in  the  separate  Appendix  report .  

The concent ra t ion   o f   inorgan ic   n i t rogen  spec ies  was s i g n i f i c a n t l y  

e leva ted   in   th ree   o f   the   four   ma jor   s t reams  d ra in ing   the   p roper ty   (Bod ie ,  
Er ickson and  Harmer Creeks).  There were discrepancies i n   i n o r g a n i c   n i t r o g e n  

concentrat ions as  measured  by  Westar Mining and EP. Inorgan ic   n i t rogen 
concentrat ions  recorded by the company were considerably  h igher  than  those 

determined by EP i n  Erickson  Creek mouth d u r i n g   l a t e  May and i n   e a r l y  June; 
i n  Michel  Creek  upstream f o r  most of   the  year;   and i n  Michel Creek  downstream 

i n  May and  June. N o n e t h e l e s s ,   l e v e l s   f e l l   w i t h i n   t r e n d s   i l l u s t r a t e d   b y  EP 
data. The reason  for   the  d iscrepancy i s   n o t  known.  The EP data base was 

p r i m a r i l y  used i n   t h i s   a n a l y s i s   s i n c e  i t  was more extensive  than  the 

company ' s 
Using  the EP data base, Bodie  Creek  contained  the  highest 

concentrat ion  o f   inorganic   n i t rogen  reaching  about  53 mg/L.  The maximum 
i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n   a t  Harmer Creek, Six  Mile  Creek,  and 
Erickson  Creek was  7.9 mg/L, 0.57 mg/L and 10.5  mg/L, r e s p e c t i v e l y .   I n  

1985-86, concentrat ions  appeared  to be s l   i g h t l y   h i g h e r   d u r i n g   t h e   s p r i n g  
f reshe t  compared t o   o t h e r   t i m e s   o f   t h e   y e a r   i n  Harmer  and S i x  Mil e Creek. 

E leva ted   l eve l s  were found i n  Bodie Creek d u r i n g   l a t e  summer-early f a l l .  

Levels i n   E r i c k s o n  Creek  were f a i r l y   c o n s i s t e n t   t h r o u g h o u t   t h e   y e a r   e x c e p t   i n  

l a t e  May - e a r l y  June when the  concentrat ions  decreased  substant ia l ly  due t o  

d i l u t i o n .  

Concent ra t ions   o f   inorgan ic   n i t rogen  in   M iche l  Creek upstream o f  
the  mine were s i g n i f i c a n t l y   l o w e r   f o r  EP compared t o  company r e s u l t s .  The 

reason fo r   t h i s   d i sc repancy  was n o t   c l e a r .   I n   c o n t r a s t ,   r e s u l t s   f o r   M i c h e l  
Creek  downstream o f   t h e  mine  agreed f a i r l y   w e l l   e x c e p t   i n  May - June 1985. 

The WMB ino rgan ic   n i t rogen   da ta   co l l ec ted   a t   t he   M iche l  Creek  downstream s i t e  
corre la ted  reasonably  we1 1 wi th  the   i no rgan ic   n i t rogen   da ta   co l l ec ted  by EP 

w i t h  one exception. On J u l y  24,  1985, the  WMB inorgan ic   n i t rogen was 
s ign i f i can t l y   l ower   t han   t ha t   de te rm ined  by EP. 

The maximum ino rgan ic   n i t rogen   reached   i n   t he   ups t ream  s i t e  on 

Michel Creek was  0.244  mg/L; it was 1.24  mg/L a t   t h e  downstream s i t e  (EP data 
base). The ino rgan ic   n i t rogen   concen t ra t i ons   i n   M iche l  Creek at   the  upst ream 

s i t e  were v a r i a b l e  and  peaked sporadica l ly   throughout   the  year .  The 

inorgan ic   n i t rogen  concent ra t ion   a t   M iche l  Creek a t   t h e  downstream s i t e  was 
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low during May and June w i t h  peaks i n  April and August 1985 and January and 

February of 1986. 
The concentration of t o t a l  dissolved nitrogen was significantly 

elevated i n  a l l  four creeks draining the property (effluent) w i t h  the 
exception of the S i x  Mile  Creek. As w i t h  inorganic nitrogen concentrations, 
the maximum effluent t o t a l  dissolved nitrogen concentration was found i n  
Bodie  Creek (78 mg/L). During 1985-86, maximum t o t a l  dissolved nitrogen i n  
Harmer Creek, S i x  Mile  Creek and Erickson  Creek was 5.7 mg/L, 3.4  mg/L, and 
12 mg/L, respectively. In  contrast t o  inorganic nitrogen concentrations, 
to t a l  dissolved nitrogen levels i n  Bodie  Creek and Michel  Creek  downstream of 
the mine reached a maximum during the summer of 1985 and a near minimum 
during the spring freshet. Peak concentrations were also recorded i n  Michel 
Creek  downstream i n  January-February 1986. The elevated  concentrations 
during the summer  months  were l ike ly  associated w i t h  increased organic 
nitrogen from alga l  growth.  Michel  Creek  upstream of the mine and Harmer 
Creek and Erickson  Creek  showed l i t t l e  variation i n  t o t a l  dissolved nitrogen 
w i t h  the exception of a peak i n  January 1986 for Michel  Creek  upstream. S i x  
Mile Creek exhibited  slightly  elevated t o t a l  dissolved  nitrogen 
concentrations during the spring freshet. 

The proportion of inorganic nitrogen measured i n  the t o t a l  
dissolved nitrogen concentrations varied from a low of 44% for S i x  Mile  Creek 
t o  91% for Harmer  Creek (Table 19) .  I f  inorganic nitrogen released from 
explosives was converted quickly t o  organic forms prior t o  arrival a t  
downstream  sampling si tes ,  then estimates o f  explosives loss based on 
inorganic nitrogen would underestimate the true value. However, since the 
Harmer  Creek and Michel  Creek  downstream sites recorded the two largest 
nitrogen exports and these sites had re1 atively h i g h  proportions of inorganic 
nitrogen i n  relation t o  the t o t a l  dissolved nitrogen measured, t h a t  error was 
not  expected t o  be  more than 10-15%. 

Of the four main streams draining the Westar-Balmer  Mine  (Harmer, 
Bodie, S i x  Mile and Erickson Creeks), Harmer  Creek had, by far, the greatest 
flow; i t  reached about  3 100 L/s i n  late May 1985 (Figures 18-21 ). Flows 
from  Six  Mile  Creek also peaked in l a t e  May. Maximum flows were reached i n  
Bodie and Erickson  Creeks i n  April and early May, respectively, while minimum 
flows were recorded i n  January 1986. 
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TABLE 19 PROPORTION OF INORGANIC NITROGEN OF TOTAL  DISSOLVED NITROGEN 
CONCENTRATION - APRIL 1985 TO MARCH 1986* 

LOCATION 

Michel Creek upstream 
Michel  Creek  downstream 
Bodie Creek 
Er ickson Creek 
Harmer  Creek 
S i x   M i l e  Creek 

* EP data base  used on ly  

MEAN I NORGAN I C 
N CONCENTRATION 

(mg/L 1 

0.191 
0.357 

12.5 
7.1 
3.1 
0.223 

1 MEAN TDN I INORGANIC N 
CONCENTRATION TDN 

0.281 
0.478 

16.1 
9.6 
3.4 
0.511 

68% 
7 5% 
78% 
74% 
91% 
44% 

Flows i n  Michel Creek i n  1985-86 fo l lowed  the  same t rend as those 
f o r   t h e   i n p u t  streams  (Figures 22 and  23) However, s ince  the  data base was 

more e x t e n s i v e   f o r   t h e s e   s i t e s ,   m i n o r   v a r i a t i o n s   i n   f l o w s  were apparent. The 

f reshe t   i nvo l ved  a t  l e a s t   f o u r   p u l s e s  superimposed on a general  increase i n  

f l o w  as exempl i f ied  by the  input   s t ream  data.   Increases  in   f low  (probably  
assoc ia ted   w i th   p rec ip i t a t i on   even ts )  were noted i n  August,  September, 

October  and November 1985 and  February and March 1986. 

Us ing   the   ava i lab le   f low  da ta ,   inorgan ic   n i t rogen  load ings   a t   the  

f o u r   e f f l u e n t  and  two rece iv ing   wa te r   s i t es  were ca l cu la ted   us ing   t he  company 

and EP data bases. I n o r g a n i c   n i t r o g e n   l o a d i n g s   f o r   t h e   A p r i l  1985 t o  March 

1986 pe r iod   a re   g raph ica l l y   p resen ted   i n   F igu res  18 t o  23. A comparison o f  

ca l cu la ted   i no rgan ic   n i t rogen   l oad ings   f o r   t he   Ap r i l  1985 t o  March  1986 

p e r i o d   i s  shown i n  Tab1 e 20. Resul t s  agreed  qui t e  we1 1 for   the  Bodie,  Harmer 

and S i x   M i l e  Creek s i t e s   b u t   t h e r e  was a poor  comparison  between r e s u l t s   f o r  
the  two Michel  Creek  si tes. Westar s t a f f   r e p o r t e d   a n a l y t i c a l   d i f f i c u l t i e s   i n  

t h e i r  ammonia  measurements p r i o r   t o  1986 (G. M i c k e l s o n ,   p e r s o n a l  

communications).  Regardless,  the  inorganic  nitrogen  loading  (net  export  from 
mine) was roughly  the same us ing each  data  set. The ne t   i no rgan ic   n i t rogen  
expor t   f r om  the   m ines i   t e   f o r  1985-86  based on EP data was 101.3 tonnes/yr 

(Table 21 1. 

m 

I 
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TABLE 20 COMPARISON OF 1985-86 INORGANIC  NITROGEN  LOADINGS  USING WESTAR 
AND EP DATA 

TABLE 21 1985-86 INORGANIC  NITROGEN  EXPORT FROM  WESTAR-BALMER M I N E  

YEAR INORGANIC N L O A D I N G   ( k g * N )  

M i c h e l   C r e e k   u p s t r e a m  
M i c h e l   C r e e k   d o w n s t r e a m  
N e t  Increase 

H a r m e r   C r e e k  
S i x  M i l e   C r e e k  

Net  Export  from Mine 

EXPLOSIVE  USE  KG*N ANFO 
S1 urry 
Tota l  

ACTUAL N EXPORT  AS % EXPLOSIVE 

PREDICTED N EXPORT FROM MINE  KG*N ANFO 
S1 urry 
T o t a l  

PREDICTED N EXPORT  AS % EXPLOSIVE 

% ACTUAL N EXPORT  OF  PREDICTED 

10,300 
70,900 
60,600 

40,600 
100 

101,300 

3 , 570,000 
950,000 

4,520,000 

2.2% 

35,700 
57,700 
97,700 

2.2% 

104% 
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The n e t   e x p o r t   i n  1985-86 was less   t han   t ha t   f ound   i n  1983  and  1984 

(125  tonneslyr  and  140 tonneslyr)   though more exp los ive  was used i n  1985-86. 
The actual   n i t rogen  expor ted as a percentage o f   e x p l o s i v e  was  3.7% i n  1983, 
4.3% i n  1984,  and 2.2% i n  1985-86. The ac tua l   percent   n i t rogen loss recorded 

agreed  qui te we1 1 w i th   t he   p red ic ted   va lue   f o r  1985-86 accord ing   to   the  

Pommen formula. The percentage  actua l   n i t rogen  expor t   o f   the  predic ted 
n i t r o g e n   f o r  1985-86 was 104%. 

Loadings o f   inorgan ic   n i t rogen  genera l  l y  f o l  1 owed f low  t rends.  

Maximum l o a d i n g s   f o r   a l l   s i t e s  were achieved  dur ing  the  spr ing  f reshet.  

3.5.3 1985-86 Sources of Nitrogen.  Four EP in tens ive  surveys were 
conduc ted   t o   de te rm ine   t he   sou rce   o f   n i t rogen   to   rece iv ing   wa te rs   i n  1985-86 

a t   t h e  Westar-Balmer  Operations. The surveys were conducted on A p r i l  25, 
May 27-28, June  17-18, and  September  16-17,  1985.  Samples  were taken a t  
approx imate ly   n in teen  loca t ions ,   s ix   o f   these  loca t ions  were a lso  moni tored 
in   the   ex tens ive   survey .  Samples  were ana lyzed  fo r   to ta l   inorgan ic   spec ies  
and to ta l   d i sso l ved   n i t rogen .  F1 ows were taken a t   t h e   t i m e   o f  sampl i n g  when 

and  where possible.  A summary o f   r e s u l t s   f r o m   t h e s e   f o u r   s u r v e y s   i s  

tabu1  ated i n  Table 22.  The range  and mean shown represent   four  samples a t  

each s i t e   e x c e p t  Harmer Oxidat ion (HOD) Ditch,  Bodie  Creek  downstream HOD, 

Pool i n   A d i t  29S, Bodie Creek a t   S i 1   v e r  Mil e,  Harmer Creek  downstream Waste 

Rock, and Er ickson Creek  downstream Waste Rock ( 3  samples) : and  Harmer Creek 
T r ibu ta ry  and Erickson  Creek  Tributary  (2  samples). 

The inorgan ic   n i t rogen  load ings  and i n  some cases,  concentrat ions, 

a t  each o f  t hese   s i t es   a re   g raph ica l l y   p resen ted   i n   F igu res  24 t o  27 f o r  each 

survey.  conducted. 
The to ta l   i no rgan ic   n i t rogen   concen t ra t i ons   de te rm ined   i n   t he  EP 

in tens ive  survey  versus  the  extens ive  survey  corre la ted  wel l   for   the  s ix  
s i tes   dup l i ca ted   (Bod ie  Creek, Harmer Creek, S i x   M i l e  Creek,  Erickson Creek, 

and Michel Creek upstream and downstream of   the  operat ions)   (F igures  18-23) .  



I - 87 - 

a 

I 

I 

I 
I I I 

n 
d 

N 
Y a 
? 
0 

n 

9 
v! 
Y 
N 

7 d 

n 
d 

7 4  
. 

Y 

z v! 

d 

. .  

Y 
1 
Y 
d 

N 
I 

0 



I 

- 88 - 
I 

A A I 

n 

2 
2 
Y 

I 

h 

M 
Y 
d 

f 

Y 



- 89- 

I 

I 

I 

m 

I 

P 

I 

I 

STUDY  AREA 

LOCATION M A P  

ADIT 29N 
nl !UP 

P D l T  29s CAMP 8 \ 
ADIT 40 F/W DUMPS 

L E G E N D  
" 

78 Loadings (kg /d 1 
Width of Arrow 
proportional to Inorganic 
N i t rogen Loading 

Concentration (mg/X)  
jo74) Inorganic  Nitrogen 

0 Sample Station 

FIGURE 24 INORGANIC  NITROGEN  LOADINGS  AND  CONCENTRATIONS 
FOR EP  INTENSIVE  SURVEY - APRIL 25 ,1985  
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FOR EP  INTENSIVE  SURVEY - SEPTEMBER 16-17, 1985 
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I n   t h e   E r i c k s o n  Creek basin,   using  the EP intensive  survey  data,  

the  concentrat ion  o f   inorganic   n i t rogen  ranged  f rom between 12 and 47 mg/L a t  

a s i te   located  immediate ly   be low  the waste rock dumps, t o  between 7.5 and 

24.6  mg/L a t  t he   m id -po in t   s ta t i on ,   t o  between 5.3 and 11.0 mg/L a t   t h e  
mouth. The  mean inorganic   n i t rogen  concentrat ions  f rom  upst ream t o  
downstream  were 24.7  mg/L,  15.8  mg/L and 8.4 mg/L, respec t ive ly .  Thus, 

concentrat ions  decreased  wi th  d istance  f rom  the dumps probably as a r e s u l t   o f  

d i l u t i o n .  
The  mean inorganic  n i t rogen  concentrat ion  immediately  below  the 

waste  rock dump i n  Er ickson Creek was near ly   tw ice  that   found  immediate ly  

bel  ow the  dump i n   t h e  Harmer  Creek basin. The  mean inorgan ic   n i t rogen 
concentrat ion a t  the   d ischarge  po in t   f rom  Ad i t  29s in to   Bod ie  Creek was 

18.25  mg/L. Thus, the   h ighes t  mean i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n s   i n   t h e  
e f f luen ts  were  found i n  Er ickson Creek immediately  below  the  waste  rock 

dumps. 
The ino rgan ic   n i t rogen   l oad ings   i n   E r i ckson  Creek increased  from 

the   s i te   immedia te ly  below t h e  waste  rocks dumps t o   t h e  mouth f o r   t h e  May and 
June  surveys  and  decreased f o r   t h e  September survey.  There was i n s u f f i c i e n t  

data  for   comparison  to  the  Apr i l   survey. The reason  fo r   the   decrease  in  
l o a d i n g   f o r  September i s   n o t   c l e a r   a l t h o u g h  a s i m i l a r  decrease was noted i n  

Harmer Creek 1 oadings. The reduc t ion  may be re1   a ted   t o   t he   up take   o f  
i no rgan ic   n i t rogen  by algae i n   t h e   c r e e k  systems a t   t h a t   t i m e   o f   y e a r .  One 

sample  (September  survey)  taken  from  the  Erickson Creek t r i b u t a r y  suggested 
tha t   t he re  was i n p u t  from a source  other  than  the  waste  rock dump. The 

source was no t   iden t i f ied .   Genera l l y ,   the   h ighes t   concent ra t ions  were  found 
du r ing   t he   pe r iod   o f   l owes t   f l ow  (September  sample) wh i l e   t he   h ighes t  

loadings were recorded  dur ing  per iods  o f   h igh  f low (May-June  samples). 

Tota l   inorganic  and d isso lved  n i t rogen  concent ra t ions  and loadings 
were  examined a t  severa l   s i tes   a long  the   leng th   o f   Bod ie  Creek p r i o r   t o   i t s  
d ischarge  in to   Michel  Creek  and a t   s e v e r a l   p o t e n t i a l   p o i n t   s o u r c e s   o f  
n i t rogen  contaminat ion (Harmer Oxidat ion  Di tch  Discharge,   Adi t  29S, and 

Balmer-North  underground  water). 

A I  t h o u g h   H a r m e r   O x i d a t i o n   D i t c h   d i s c h a r g e  i t s e l  f h a d   h i g h  

concen t ra t i ons   o f   t o ta l   d i sso l ved   n i t rogen  (mean  8.7 mg/L)  and t o t a l  
inorgan ic   n i t rogen (mean  4.6 mg/L),  the  upper  reaches o f   Bod ie  Creek 

genera l l y  were n o t   a f f e c t e d  by t h i s  source.  Both t o t a l   d i s s o l v e d  and 
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and i n o r g a n i c   n i t r o g e n   l e v e l s   i n   t h e  upper  reaches o f   Bod ie  Creek  were low 

(mean 0.85 mg/L and 0.64 mg/L, respec t ive ly ) .  Seepage i n t o   t h e   A d i t  29s p i t  
genera l ly  had low   concen t ra t i ons   o f   t o ta l   d i sso l ved  and t o t a l   i n o r g a n i c  

n i t rogen   w i th   t he   excep t ion   o f  June 17 when t h e   n i t r a t e   l e v e l  was 74 mg/L. 

T h i s   l e v e l   i s   t h o u g h t   t o  be i n   e r r o r  as t h e   t o t a l   d i s s o l v e d   n i t r o g e n   f o r   t h i s  
date was on ly  0.1 mg/L.  The  mean inorgan ic   n i t rogen  (exc lud ing   the  June 17 
r e s u l t )  was 0.41 mg/L and was comparable t o   t h e   t o t a l   d i s s o l v e d   n i t r o g e n .  A 

standing  pool   of   water i n   A d i t  29s and the  discharge  to  Bodie Creek both had 

very  h igh 1 eve1 s o f   t o t a l   i n o r g a n i c  and t o t a l   d i s s o l v e d   n i t r o g e n  (38.7 mg/L 

and 31.6 mg/L, respec t ive ly ) .  The  mean t o t a l   d i s s o l v e d  and mean t o t a l  
inorgan ic   n i t rogen  concent ra t ions   d ischarge  f rom  the   p i t   to   Bod ie  Creek  were 

21.8 mg/L and 20.6 mg/L.  The other  major  source  of   water  to  Bodie Creek was 
the  Balmer-North  mine  water; i t s  mean t o t a l   d i s s o l v e d  and mean t o t a l  

inorgan ic   n i t rogen  concent ra t ions  were o n l y  3.2 mg/L and 2.8 mg/L, 
respec t ive ly .   There fore ,   the   p r imary   source   o f   n i t rogen  contaminat ion   in  
Bodie Creek was t h e   m i n i n g   a c t i v i t i e s   i n   t h e   A d i t  29s p i t .  

The data  from  Bodie  Creek  indicated  that, on average, t h e   t o t a l  

d isso lved  n i t rogen and to ta l   inorganic   n i t rogen  concentrat ions  decreased 

s u b s t a n t i a l l y  downstream. This i s  understandable as no new major  sources 
entered  the  system  between  the p i t  and  mouth  and there was s u b s t a n t i a l  

d i l u t i o n .  However, the  loading  data a t  these same s i t e s  were incons is ten t .  
This may have been due, i n   p a r t ,   t o   f l u c t u a t i o n s   i n   d i s c h a r g e   f r o m   t h e   A d i t  

29s p i t  and/or  the  Bal mer underground  mine  water. F1  ows i n t o  and o u t   o f   t h e  
Bodie Creek treatment pond  were known t o  have v a r i e d   s u b s t a n t i a l l y  due t o  

changing seepage r a t e s   w i t h i n   t h e  pond  system. 
The increase i n   i n o r g a n i c   n i t r o g e n   i n   M i c h e l  Creek  downstream as 

compared t o  upstream  can be explained, i n   p a r t ,  by t h e   n u t r i e n t   i n p u t   f r o m  
Erickson and Bodie Creeks. In   genera l ,   Er ickson and  Bodie  Creeks  could 

account f o r  loo%, 78%, and 70% o f   t he   M iche l  Creek inc rease  in   Apr i l -May,  

June,  and  September, respec t ive ly .  Thus, Er ickson and Bodie  Creeks were the  
major  source o f   n i t r o g e n   t o   M i c h e l  Creek. The sum o f  upstream  Michel  Creek, 

Bodie  Creek,  and  Erickson  Creek  loadings  were  within 7 - 34% o f   t h e  

downstream loadings; two  were h igher  and  two lower.  This  agreement i s  

reasonab le   g iven   the   poss ib le   tempora l   var iab i l i t y   in   concent ra t ion  and the  
qual i t y  o f  the  f low  data.  
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Most of the inorganic nitrogen i n  the Bodie  Creek  system  was i n  the 
nitrate form.  The percentage of n i t ra te  i n  the inorganic nitrogen fraction 
throughout the system did n o t  vary substantially suggesting there was l i t t l e  
conversion of ammonia t o  nitrate by nitrification below  Adit 29s. Overall 
concentrations in the system varied seasonally. High concentrations of 
inorganic nitrogen were found i n  June - October when flows  were  lower. The 
loadings were generally higher i n  the spring  coinciding w i t h  peak flows. 

For S ix  Mile  Creek, concentrations and loadings of bo th  t o t a l  
dissolved and t o t a l  inorganic nitrogen were extremely low. The mean total 
dissolved nitrogen and mean total inorganic nitrogen concentration were only 
0.34 mg/L and 0.17 mg/L, respectively. The  mean dissolved nitrogen l o a d i n g  
was 1.2 kg/d and the mean inorganic nitrogen l o a d i n g  was 0.53 kg/d. 
Therefore, S i x  Mile  Creek contributed only a small proportion of the to t a l  
dissolved and t o t a l  inorganic nitrogen load t o  the overall net export of 
nitrogen from the Westar-Balmer Operation. 

Total  inorganic and dissolved nitrogen concentrations and loadings 
were  examined a t  several sites along Harmer  Creek. Sampl i n g  of  the Harmer 
Creek tributary t h a t  i s  not i n  the vicinity of the waste  rock  dumps indicated 
extremely 1 ow 1 eve1 s of inorganic nitrogen (mean 0.14 mg/L) and total 
dissolved nitrogen (mean 0.063 mg/L). Thus, this  tributary was n o t  
considered a source o f  nitrogen contamination t o  the Harmer  Creek  system. 

The main branch of Harmer Creek,  however,  has i t s  headwaters 
located i n  a waste  rock dump site. Sampling the creek  immediately below 
these waste rock dumps indicated  quite h i g h  level s of t o t a l  dissolved 
nitrogen a n d  t o t a l  inorganic  nitrogen (14.7 mg/L and 13.3 mg/L, 
respecti  vely) The i norgani c ni trogen and t o t a l  d i  ssol ved  ni trogen 1 oadi ngs 
below the Harmer waste  rock dump ranged  between  145 - 285 kg/d and 
149 - 301 kg/d ,  respectively. A t  the Harmer  Creek spi 11 way the inorganic 
nitrogen and t o t a l  dissolved nitrogen loadings ranged  between  125 - 528 kg/d 
and 133 - 553 kg/d,  respectively. These loadings were considerably higher 
than  those calculated a t  the si te immediately  below the Erickson Creek  waste 
rock dump, a t  the mouth of Erickson  Creek,  or a t  the Bodie or S i x  Mile  Creek 
sites. The Harmer waste rock dumps were, therefore, determined t o  be the 
largest sing1 e contributor o f  nitrogen from the Westar-Balmer operation. 
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I f  each  nitrogen  species (NH3, NO3, N02) was expressed as a 
percentage o f   t h e   t o t a l   i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n   a t  Harmer Creek 
below  the  waste  rock dump and  Harmer  Creek s p i l l w a y   f o r  each o f   t h e   f o u r  

surveys,   then  the  spec ies  d is t r ibut ion  changed  on ly   s l ight ly  ( <  1%) from  the 

upstream t o   t h e  downstream si te.   General ly,   the NO3 decreased s l i g h t l y  and 
the  NO2 and NH3 i n c r e a s e d   s l i g h t l y .   L i t t l e   n i t r i f i c a t i o n   o c c u r r e d   i n   t h e  

system. 
The intensive  survey  data  for  Michel  Creek  upstream and  downstream 

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

inorgan ic   n i t rogen  concent ra t ions   inc reased  f rom  ups t ream  to  downstream (mean 

to ta l   d i sso l ved   n i t rogen  was 0.095 mg/L upstream and 0.375  mg/L downstream, 

mean inorgan ic   n i t rogen was 0.054 mg/L upstream and 0.303 mg/L downstream). 

The mean t o t a l   d i s s o l v e d   n i t r o g e n  and inorganic   n i t rogen  loading  increased 

about 2.3 t imes and 3 t imes,  respect ively,  and conf i rmed  observat ions made 
dur ing  the  extensive  survey. 

3.5.4 1985-86 Phosphorus  Export. Phosphorus  species  data  were 
a v a i l a b l e   f o r  1981 t o  1986 fo r   M iche l  Creek  downstream o f   t h e  mine. Michel 
Creek upstream had da ta   f o r  1984 t o  1986, b u t   a l l   o t h e r   s i t e s  had d a t a   f o r  

1985-86 only. The 1985-86 data base was the  most  extensive and will be the 

one considered i n   t h i s   s e c t i o n .  

EP extensive  survey TDP concentrat ions  for   Michel   Creek  drainages 
and S i x  Mil e and  Harmer Creeks  are shown i n   F i g u r e s  28 and 29. Resul ts  

obta ined by  Westar Min ing  L td.   for   Michel  Creek are  genera l ly   h igher   than 

those  obtained  by EP o r  WMB. EP and WMB r e s u l t s  were i n  reasonable 

agreement. TDP concentrat ions  tended  to be h ighe r   du r ing   t he   f reshe t  and 
w in te r  compared t o  summer and fa1 1 . This may have r e f l e c t e d   r a p i d   u p t a k e   o f  

phosphorus  by a1 gae dur ing   the  peak growing season. Concentrat ions o f  TDP 

upstream o f  the  mine were genera l l y   h igher   than  the  downstream s i t e .  

Er ickson Creek d i d   n o t  appear t o   c o n t a i n   e l e v a t e d  TDP concent ra t ions   bu t  

peaks  were observed i n  Bodie  Creek.  With  the  exception o f  peaks i n   e a r l y  

A p r i l ,  June, l a t e   J u l y ,  and l a t e  February,   concentrat ions  o f  TDP i n  Bodie 

Creek  were lower  than  values  found i n  Michel  Creek  upstream o f  mine 
operat ions.   Concentrat ions  o f  TDP i n  Harmer  and S i x   M i l e  Creeks (Figure  29) 
were  lower  than  those  observed i n   t h e   M i c h e l  Creek  system. 
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MICHEL  CREEK  UPSTREAM OF O P E R A T I O N S  

MlCHEL  CREEK OOWNSTREAM OF OPERATION¶ 

FIGURE 28 TOTAL DISSOLVED PHOSPHORUS  CONCENTRATIONS - MICHEL CREEK 
DRAINAGES - APRIL 1985 TO MARCH 1986 
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Mean TDP, SRP, and TP concentrat ions  based on a l l  data  sources  for 

the  four   e f f luent   creeks and Michel  Creek  upstream and  downstream o f   t h e  mine 

are shown i n  Table 23. In   genera l ,   there was 1 i t t l e  change i n   t h e  mean TDP 

concentrat ions  upstream and  downstream o f   t h e  mine i n  Michel  Creek i n  1985 

(0.012 mg/L and 0.011 mg/L, respec t i ve l y )  and i n  1986 (0.006 mg/L f o r   b o t h ) .  
The f o u r   e f f l u e n t  s t reams  conta ined  lower   leve ls   o f  TDP w i th   t he   excep t ion   o f  

Bodie Creek i n  1986  (0.011  mg/L). 
The SRP mean concent ra t ion  was rough ly   the  same a t   t h e  downstream 

compared to  the  upstream  Michel  Creek s i t e .   L e v e l s   o f  SRP i n   a l l   t h r e e  

ef f luent  streams  except  Bodie Creek i n  1985  and 1986 (0.018 mg/L and 

0.008  mg/L, respec t i ve l y )  and i n  Er ickson Creek i n  1986 (0.005 mg/L)  were 

lower  than i n   t h e   r e c e i v i n g   w a t e r .  
The downstream mean TP concentrat ion was lower i n  1985 and  about 

the  same i n  1986  compared to   the   ups t ream  loca t ion .  The  mean concent ra t ion  

o f  TP was s i g n i f i c a n t l y   h i g h e r   i n   B o d i e  Creek  and s l i g h t l y   e l e v a t e d   i n   S i x  
M i l e  Creek  compared to   the   rece iv ing   water   s i tes .   Er ickson and  Harmer Creek 

mean TP concentrat ions were lower  than  receiv ing  waters.  

A comparison o f  the  1 eve1 s o f  phosphorus  species i n   t h e   e f f l   u e n t  

streams  and receiving  waters  suggested  that  Balmer  mine was no t  a s i g n i f i c a n t  

c o n t r i b u t o r   o f  TDP; however, the  SRP and TP re1  eased  from  Bodie  Creek may 

have  had t h e   p o t e n t i a l   t o   a f f e c t   w a t e r   q u a l i t y   i n   M i c h e l  Creek. 

Loadings o f  TDP, SRP, and TP i n   t h e   f o u r   e f f l u e n t  streams  were  very 
small r e l a t i v e  t o  t h e   l o a d i n g s   i n   M i c h e l  Creek  upstream o f  the  mine. 
D i f f e r e n c e s   i n   l o a d i n g s   r e f l e c t e d  changes i n   c o n c e n t r a t i o n  and f l o w  on the  

sampling days. However, r e s u l t s   d i d   i n d i c a t e  a s l i g h t   i n c r e a s e   i n  TDP i n  

1985 and TP i n  1986 a t   t h e  downstream si te.   Total   d issolved  phosphorus 
decreased i n  1986, TP decreased i n  1985,  and SRP decreased  both  years. 

V a r i a t i o n s   i n  seasonal  sampling  frequency may have a f fec ted   t he  
above analys is .  As wi th   t he   L ine  Creek  phosphorus  resul  ts,  data  from  the EP 

extensive  survey  at   the  Westar-Balmer  mine  were  d iv ided  into  quarters 
(Tab1 e 2 4 ) .  With  these  data,  the mean TDP, SRP, and TP concentrat ions were 

genera l l y   l ower   a t   t he  downstream Michel Creek s i t e  compared to   the  upst ream 

loca t ion .   Leve ls  o f  TDP i n  e f f l u e n t  streams  were  generally  lower  than  the 

Michel   Creek  s i tes  wi th   the  except ion  o f   Er ickson  and Harmer Creeks i n  

October - December and Bodie  Creek i n  January - March. O v e r a l l   r e s u l t s   f o r  
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TABLE 24 MEAN TDP, SRP, AND TP  CONCENTRATIONS BY QUARTER 1985-86 EP 

DATA* WESTAR-BALMER 

LOCAT I ON 

TD P - 
Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

SRP - 
Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Er ickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

TP 

Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Er ickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

- 

M E A N  C O N C E N T R A T I O N  

APRIL-JUNE 

0.014 
0.008 
0.009 
0.003 
0.003 
0.004 

0.009 
0.007 
0.007 
0.004 
0.003 
0.007 

0.047 
0.028 
0.31 
0.014 
0.018 
0.048 

* EP extensive  survey  data  only 

JULY-SEPT. 

0.008 
0.003 
0.007 
0.005 
0.004 
0.003 

0.002 
0.002 
0.002 
0.005 
0.003 
0.004 

0.007 
0.006 
0.02 
0.012 
0.010 
0.032 

OCT . -DEC. 

0.003 
0.003 
0.003 
0.008 
0.005 
0.002 

0.004 
0.002 
0.005 
0.008 
0.004 
0.004 

0.008 
0.006 
0.492 
0.019 
0.006 
0.036 

JAN.-MAR. 

0.006 
0.006 
0.011 
0.005 
0.002 
0.006 

0.003 
0.003 
0.008 
0.005 
0.003 
0.002 

0.017 
0.018 
0.012 
0.007 
0.004 
0.031 

MEAN 
FOR 

YEAR 

0.008 
0.005 
0.008 
0.005 
0.004 
0.004 

0.004 
0.004 
0.006 
0.006 
0.003 
0.004 

0.020 
0.014 
0.236 
0.013 
0.010 
0.037 
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the  year  showed 1 i ttl e d i f f e r e n c e   i n  TDP between e f f  1 uent  and r e c e i v i n g  

waters.  Higher 1 eve1 s o f  SRP were  found i n   t h e  two r e c e i v i n g   w a t e r   s i t e s   i n  
Apr i l -June compared t o   t h e   r e s t   o f   t h e   y e a r .   C o n c e n t r a t i o n s   i n   E r i c k s o n  and 

Harmer Creeks a t   t h a t   t i m e  compared t o   t h e   r e s t   o f   t h e   y e a r ,  were lower  than 

concent ra t ions   in   M iche l  Creek  suggesting  they were n o t  a source o f  SRP. 

Concentrat ions o f  SRP a t   o t h e r   t i m e s  were s l i g h t l y   h i g h e r   i n   t h e   e f f l u e n t  
streams  (except,  perhaps, Harmer Creek)  than  the  receiving  waters.  Overal l ,  

Bodie and Erickson  Creeks  contained more SRP than  the   rece iv ing   water   s i tes  

on Michel  Creek.  Elevated  level s o f  TP were found i n   t h e   r e c e i v i n g   w a t e r  

s i t e s   i n   A p r i l  - June  and  January - March. Mean concen t ra t i ons   i n   t he  

e f f l u e n t s  were va r iab le   bu t ,   i n   genera l ,  a1 1 except Harmer Creek conta ined 

h igher  TP concentrat ions  than  the  receiv ing  water   s i tes.  

A comparison o f   t h e   l o a d i n g s   i n   e f f l u e n t  streams  and r e c e i v i n g  

waters  suggested  that  the  mine was n o t  a source o f  TDP b u t  was poss ib l y  
a SRP and d e f i n i t e l y  a TP c o n t r i b u t o r   t o   M i c h e l  Creek. The percentage o f  

values above the   de tec t ion  limit were a f u r t h e r   i n d i c a t i o n   ( T a b l e  25). 

C o n t r i b u t i o n s   o f  SRP and TP, however, d i d   n o t   a f f e c t   o v e r a l l   w a t e r   q u a l i t y   a t  
the  downstream Michel Creek sampling s i t e  compared to   the  upst ream  s i te .  

As w i th   t he  EP extens ive  survey  resul ts ,   the  four  EP i n t e n s i v e  

surveys  found  lower   leve ls   o f  TDP downstream o f   t h e  mine  compared t o  upstream 

(0.008 mg/L and 0.012 mg/L, respec t ive ly )   (Tab le  26). However, e leva ted  

l e v e l s   o f  TDP were found on the   mine   p roper ty   a t   the  Harmer Ox ida t ion   D i tch  

(HOD) discharge (2.6 mg/L), i n   t h e  upper  reaches o f  Bodie  Creek  below  the HOD 

(0.036 mg/L), i n   t h e  seepage i n t o   A d i t  29s P i t  (0.052 mg/L),  Bodie  Creek a t  

S i l v e r   M i l e  (0.018 mg/L),  and p o s s i b l y   i n   E r i c k s o n  Creek a1 though  the mean 

was severe ly   a f fec ted  by one h i g h   r e s u l t .  None o f   t h e   e f f l u e n t   s i t e s   w i t h  

f l ow   da ta   con ta ined   s ign i f i can t   l oad ings   o f  TDP re la t i ve   t o   t he   ups t ream 

Michel  Creek  si te. Whi 1 e e leva ted   concent ra t ions   o f  TDP were  found a t   t h e  

mines i te   they were no t   re f lec ted   in   the   ma jor   d ischarges   f rom  the   mine   nor  

d i d   t h e y   a f f e c t   w a t e r   q u a l i t y   i n   M i c h e l  Creek a t   t h e  downstream s i t e .  
A comparison o f   t h e  mean phosphorus  species  concentrat ions  for  the 

three  data  sets  i s  shown i n  Table 27. The change i n  mean phosphorus 

concent ra t ion   in   M iche l  Creek  downstream, Bodie  Creek,  Erickson  Creek, Harmer 

Creek,  and S ix  Mil e Creek  compared to   M iche l  Creek upstream i s  a1 so 
presented.  Comparisons o f  Harmer  and Six  Mi le  Creeks  to  Michel   Creek were 
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TABLE 25 MEAN TDP, SRP, AND  TP CONCENTRATIONS GREATER THAN DETECTION 
LIMIT FOR 1985-86 EP DATA* WESTAR-BALMER 

LOCAT I ON 

t 
TDP - 

Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

SRP - 
Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

TP 

Michel Ck u/s 
Michel Ck d j s  
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

- 

% OF VALUES GREATER THAN DETECTION LIMIT 

APR - JUN 

89 
76 
50 
15 
36 
64 

87 
76 
52 
77 
36 
64 

100 
100 
95 
100 
86 
100 

JUL - SEP 

43 
29 
43 
100 
33 
33 

21 
7 
0 

100 
33 
33 

78 
57 
100 
100 
100 
100 

OCT - DEC 

64 
38 
14 
67 
100 
0 

36 
15 
100 
100 
100 
100 

93 
85 
100 
100 
100 
100 

JAN - MAR 

82 
50 
86 
100 
0 

100 

27 
17 
29 
33 
50 
0 

64 
58 
71 
33 
50 
100 

MEAN 
FOR 

YEAR 

70 
48 
48 
70 
42 
49 

43 
29 
45 
78 
55 
49 

84 
75 
92 
83 
84 
100 

I * EP extensive  survey data  on ly  
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T A B L E  26 SUMMARY OF WESTAR-BALMER 1985 E P   I N T E N S I V E   S U R V E Y  
PHOSPHORUS  RESULTS 

LOCATION nlp 
(mg/L) 

Range (Mean) 

Harmer Oxid. 
Ditch 

W i e  Ck d / s  

0.94.5(2.6) 

Pool i n  Adit 

0.026-0.117(0.052) Adit 29s 
Seepage into 

0.027-0.045(0.036) HOD 

Harmer Ck 

0.~-o.m(0.003) Waste Rock 
Ham Ck d/s 

0.007-0.021(0.013) Ef f luent  
Bodie  Creek 

0.007-0.031(0.014) Influent 
Bodie  Creek 

0.012-0.029(0.018) Q Silver  Mile 
Bodie Cmk 

0.002-0.014(0.008) Discharge 
Adit 29s 

0.oos-O.013(0.01) 29s 

Tributary o.oos-o.m(o.oos) 
Ham ck 
Ef f luent  

Eridtson Ck d / s  

0.003-0.004(0.003) 

O.CXI9-0.025(0.017) Tributary 
E r i c k s o n  

0.009-0.013(0.011) Mwth 
Erickson Ck Q 

o.oo2-0.m(o.al5) Weir 
Erickson Ck Q 

0.0("0.029(0.013) Waste Rock 

SRP 
(mg/L) 

Range (Mean) 

0.0564.4(2.0) 

0.021-0.041 (0.030) 

0.0144.053(0.027) 

0.002-0.016(0.007) 

0.002-0.076(0.024) 

O.W-0.018(O.C08) 

0.003-0.017(0.010) 

O.W-0.018(0.006) 

0.002(0.ocn) 

0.03-0.009(0.006) 

0.W-0.oos(0.004) 

o.m-0.003(o.ocle) 

0.W-0.013(0.ooS) 

0.011-0.016(0.014) 

TP 
(mg/L) 

Range (Mean) 

0.1566.35(3.4) 

0.037-1.84(0.64) 

0.117-3.8( 1.6) 

O.L)21-0.61(0.29) 

0.108-5(1.4) 

0.012-1.59(1.17) 

0.006-8.35(3.66) 

0.018-0.124(0.080) 

0.om-o.008(0.004) 

0.011-0.021  (0.016) 

0.oO5-0.011(0.008) 

0.002-0.95(0.32) 

3.02-0.013(0.006) 

3.013-0.017(0.015) 

1,009-0.025(0.017) 
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TABLE 26 ( C o n t i n u e d )  
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TABLE 27 SUMMARY OF MEAN PHOSPHORUS SPECIES  CONCENTRATIONS  ACCORDING TO 

VARIOUS  DATA  SETS - WESTAR-BALMER 

I T LOCATION 1985 ALL DATA 1985-86 EP 
EXTENSIVE 

1985-86 EP 
INTENSIVE 

MEAN 
CHANGE 

FROM 
u/s 

(mg/L 1 
Change 

From u/s 
(mg/L 1 

Change 
From U/I 
(mg/L 1 

Change 
From u/s 
(mg/L 1 

Mean 
(mg/L 1 

TDP 

Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

- 

SRP 

Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

- 

TP 

Michel Ck u/s 
Michel Ck d/s 
Bodie Ck 
Erickson Ck 
Harmer Ck 
S i x   M i l e  Ck 

- 

D 

0.012 
0.011 
0.009 
0.006 
0.003 
0.005 

0.007 
0 -006 
0.018 
0.005 
0.003 
0.006 

0.033 
0.027 
0.268 
0.015 
0.015 
0 -043 

0.008 
0.005 
0.008 
0.005 
0.004 
0.004 

0.004 
0.004 
0.006 
0.006 
0.003 
0.004 

0.020 
0.014 
0.236 
0.013 
0.010 
0.037 

0.012 
0.008 
0.013 
0.011 
0.003 
0.010 

0.014 
0.010 
0.006 
0.014 
0 -004 
0.014 

0.014 
0.009 
0 -083 
0.015 
0.008 
0 -042 

- 0.001 
- 0.003 
- 0.006 
- 0.009 
- 0.007 

- 0.001 
+ 0.011 
- 0.002 
- 0.004 
- 0.001 

- 0.005 
+ 0.235 
- 0.018 
- 0.018 
+ 0.010 

- 0.003 
0 

- 0.003 
- 0.004 
- 0.004 

0 
+ 0.002 
+ 0.002 
- 0.001 

0 

- 0.004 
+ 0.001 
- 0.001 
- 0.009 
- 0.002 

- 0.004 
- 0.008 

0 
- 0.010 

0 

- 0.005 
+ 0.069 
+ 0.001 
- 0.006 
+ 0.028 

- 0.003 
- 0.001 
- 0.003 
- 0.007 
- 0.004 

- 0.002 
f 0.002 

0 
- 0.005 

Y 

L 

m 

L 

1 

IL 

m 

IL 

IL 

0 

- 0.01 0.006 05 
+ 0.216 
- 0.007 
- 0.010 
+ 0.017 

b 0.173 
- 0.008 
- 0.011 
b 0.018 
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n o t   s t r i c t l y   v a l i d   s i n c e   t h e   f o r m e r   c r e e k s  do not  d ischarge  to  Michel  Creek. 

Accord ing  to   the mean change i n  phosphorus  concentrat ion  for  the 

three  data  sets,  none o f   t h e   e f f l u e n t s   c o n t r i b u t e d  TDP i n   c o n c e n t r a t i o n s   i n  

excess o f   those  recorded  a t   M iche l  Creek  upstream o f   t h e  mine. For SRP, on ly  
Bodie  Creek  (average 0.002 mg/L above  background) may have c o n t r i b u t e d   t o   t h e  

receiv ing  water   qual i ty .   Both  Bodie and S i x   M i l e  Creek c o n t r i b u t e d  TP t o  
receiv ing  waters  (average 0.173 mg/L and 0.018 mg/L, respec t ive ly ) .  

The downstream  Michel  Creek s i t e   c o n t a i n e d  1 ower average 1 eve1 s o f  
TDP, SRP, and TP compared t o  upstream. I f  e f f l u e n t s  were  a source o f  

phosphorus to   M iche l  Creek t h e i r   c o n t r i b u t i o n s  must  have been small and the 
impacts  local ized. 

a 

I 
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4 PREDICTION OF NUTRIENT EXPORT 

I 

4.1 Ni t rogen  Expor t  
The a c t u a l   t o t a l  amount o f   n i t r o g e n   r e l e a s e d  from explosives  used 

i n   t h e  Kootenay  coal   f ie lds was about 211 tonnes i n  1985 (Fording, 

Westar-Greenhil l s ,  Byron  Creek) and 1985-86 (Westar-Balmer, Crows Nest-Line 

Creek) compared t o   t h e  238 tonnes  predicted  by  the Pommen equat ion 
(Tab1 e 28). Nitrogen  re1 ease was greater  than  predicted  f rom  the  Fording and 

Westar-Balmer  operations  and  less  for  Westar-Greenhil ls, Crows Nest 

Resources-Line Creek  and Byron Creek. The t o t a l   n i t r o g e n  loss amounted t o  

1.5% o f   t h e   e x p l o s i v e s   n i t r o g e n  used a t   t h e   f i v e  mines. 

TABLE 28 SUMMARY OF INORGANIC NITROGEN EXPORT  FROM MINES I N  KOOTENAY 
COAL FIELDS - 1985 

MINE 

Ford ing 
Westar-Balmer* 
Westar-Greenhi  11 s 
Crows Nest-Line  Creek* 
Byron  Creek 

TOTAL 

RAW COAL 
BY POMMEN NITROGEN EXPORT USE PRODUCTION 
PREDICTED INORGANIC EXPLOSIVE 

(tonnes) EQUATION ( tonnes as N) ( tonnes as 
N) ( tonnes as 

N) 

6,107,000 
8,830,000 

88  102 4,246 

18 2.7 1,780 2,780,000 
28 3.6 2,635  3,880,000 
98  101 4,520 

883,000 5.8 1.4  558 

22,480,000 238 21 1 13,739 
~ ~~~ ~~~~ ~ ~ 

* d a t a   f o r   A p r i l  1985 t o  March 1986 
~ ~~ 

Consider ing  the 15 s e t s   o f  annual   explosives-der ived  ni t rogen loss 
data  from 1980 t o  1986 f o r   t h e   f i v e  mines  examined i n   t h i s  study,  the 

percentage  explos ives-der ived  n i t rogen loss ranged  from 0.1% f o r   t h e  

Westar-Greenhills  mine i n  1985 t o  4.3% a t   t h e  Westar-Balmer o p e r a t i o n   i n  

1984. General ly,   the  f ive  mines  could be d i v i d e d   i n t o  two groups;  three 

mines  exhib i ted  less  than 0.3% exp los ives   n i t rogen loss (Byron Creek 
Col 1 i e r i e s ,  Westar-Greenhi  11 s ,  and Crows Nest  Resources-Li ne Creek) and  two 

mines  exhib i ted  greater   than 1% loss (Fording  Coal and Westar-Balmer) . The 
former  group o f  mines  used  very 1 i ttl e s lu r r y   exp los i ve   ( l ess   t han  1% as 

I 

Ir 
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1 

n i t rogen)   wh i l e   t he   l a t te r   g roup  used s i g n i f i c a n t  amounts (18% t o  70%). The 
h igh   s lu r r y   exp los i ve  use r e f l e c t e d  wet b l a s t i n g   c o n d i t i o n s   a t   t h e   F o r d i n g  

Coal  and  Westar-Balmer  mines. The h igher   percent   exp los ives  n i t rogen  loss 

associated wi th mines  us ing  s l   ur ry   explos ive  conf i rmed  the  genera l  

re la t ionsh ip   found by Pommen. 
The percent   exp los ives  n i t rogen  loss  versus  percent   s lur ry   use was 

p l o t t e d   t o   t e s t  Pomnen's fo rmula   tha t  up t o  6% o f  t h e   s l u r r y  and 1% o f   t h e  

ANFO cou ld  be released  f rom a mine  (Figure  30). The r e l a t i o n s h i p   w i t h   b e s t  

f i t  f o r   t h i s   d a t a  was the  fo l lowing  curve:  

% Exp los ive   loss  = 0.34 x e (0*048 x % 

w i t h  a c o r r e l a t i o n   c o e f f i c i e n t   o f  0.76. However, use o f   t h i s   cu rve   wou ld  

p red ic t   ve ry   h igh   pe rcen t   n i t rogen   l oss   a t   h igh   s lu r r y  use, a p r e d i c t i o n   n o t  
supported  by  Fording  data. The r e l a t i o n s h i p  was skewed by the 1983  and  1984 

Westar-Balmer resu l ts   wh ich  were  based on company data. As discussed i n  

Sect ion 3.5.2, n i t rogen  concentrat ion  data  determined by  Westar s t a f f   f o r  

1985-86  were s ign i f i can t ly   h igher   than  those  ob ta ined  by  EP. A n a l y t i c a l  

d i f f i c u l t i e s  were a lso  repor ted.  The 1983  and  1984 n i t rogen   l oss  based on 

company data may be overestimated. These r e s u l t s   a r e   p a r t i c u l a r l y   s u s p e c t  

s ince   they   were   the   on ly   annua l   n i t rogen  losses   s ign i f i can t ly   underpred ic ted  

by  the Pommen formul a ( see Figure  30) I f  the 1983  and  1984 Westar-Balmer 

data  are  ignored,  the  best f i t  r e l a t i o n s h i p   i s  a l i ne   w i th   t he   f o rmu la :  

% Exp los ive   loss  = (0.045 x % S l u r r y )  + 0.43 

The c o r r e l a t i o n   c o e f f i c i e n t   f o r   t h e  above equat ion was  0.90 This   equat ion 
reasonab ly   p red ic ted   the   n i t rogen  loss   fo r   our   overa l l   da ta   se t ,   bu t  i t  was 

n o t   p a r t i c u l a r l y   a c c u r a t e   f o r  mines   w i th   low  s lu r ry  use. For  those  mines, it 

would be reasonable  to  assume the mean l o s s   t o  be 0.2% o f   t h e  ANFO used 

(s tandard   dev ia t i on   o f  0.06%). This   va lue,   wi th  an appropr iate  conf idence 
1 imi t, cou ld  be used to   p red ic t   t he   pe rcen t   exp los i ves   n i t rogen   l oss   f o r  

mines t h a t  do n o t  use s i g n i f i c a n t   q u a n t i t i e s   ( i e .   l e s s   t h a n  1% o f   t o t a l  

explosive  expressed as N) o f  s l  u r ry   exp los ive .  The p red ic ted   n i t rogen  

re lease  to   receiv ing  waters   for   these  mines  would be 80% less   t han   t ha t  

p red ic ted  by the Pommen equation. 
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I 

To develop a p r e d i c t i v e  model f o r  mines t h a t  use s i g n i f i c a n t   s l u r r y  

explos ive,   the Pommen f i n d i n g   o f  6% l o s s   f o r  100% s l u r r y  use a t   F o r d i n g  was 

added to   t he   rema in ing  Westar-Balmer and F o r d i n g   d a t a   ( t o t a l   o f  7 r e s u l t s )  . 
The bes t  f i t  was a l o g a r i t h m i c   r e l a t i o n s h i p   w i t h  a c o r r e l a t i o n   c o e f f i c i e n t   o f  

0.88, b u t  a l i n e a r   r e l a t i o n s h i p   w i t h  a c o r r e l a t i o n   c o e f f i c i e n t  0.87 was a l so  

c lose  (Figure  31).  The l i n e a r   r e l a t i o n s h i p  i s  recommended f o r   p r e d i c t i o n  
s ince i t  i s  simpler. The bes t  f i t  1 inear   equat ion was as fo l lows:  

% Exp los ive   loss  = (0.042 x % S l u r r y )  + 0.94 

Wr i t t en  as a p r o p o r t i o n   o f  ANFO and s l u r r y  use: 

Explos ive loss = (0.94% o f  ANFO) t (5.1% o f   S lu r ry ) .  

This  equat ion i s   n o t  much d i f f e ren t   f rom  the  Pommen fo rmula   bu t  it 

does reduce  the  predic ted  n i t rogen  re lease by about 15% a t  100% s l u r r y  use 
and 14% a t  50% s l   u r r y  use. 

The equation  should be used f o r  mines w i t h   s i g n i f i c a n t   s l u r r y  use 

( ie .   g rea ter   than 20% to ta l   exp los ive   expressed as N). No data  are 

a v a i l a b l e   t o  assess  the  n i t rogen  release  for   mines  which use  from 1% t o  20% 
s lu r r y   exp los i ve .  A conservative  assumption  would be t o  use t h e   h i g h   s l u r r y  

use  equation  for  these  mines a1 so. However, t h i  s would 1 i k e l y   r e s u l  t i n  
over ly   conserva t ive   es t imates   fo r   m ines   us ing   s l igh t ly  more than 1% s l u r r y  
exp los ive .   A l te rna t ive ly ,  a l i n e a r   r e l a t i o n s h i p   c o u l d  be  assumed between  the 
0.2% N l o s s   p r e d i c t e d   f o r  mines w i th   l ess   t han  1% s l u r r y  use  and the 1.8% N 

l oss   p red ic ted  by t h e   h i g h   s i   u r r y  use equat ion  der ived above for  mines  wi th 

20% s l u r r y  use. The l i n e a r   r e l a t i o n s h i p   i s :  

% Exp los ive   loss  = (0.084 x % S l u r r y )  + 0.1 

Wr i t ten  as a p r o p o r t i o n   o f  ANFO and s l u r r y  use: 

Exp los ive   loss  = (0.1% o f  ANFO) + (8.5% o f   S l u r r y )  

This  1 a t t e r   e q u a t i o n   i s  recommended f o r  mines w i th   g rea ter   than 1% and l e s s  

than 20% s lu r r y   exp los i ve  use  expressed  as N. 
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The above equations  can be used t o   p r e d i c t   t h e  amount o f   n i t r o g e n  

released  from  explosives  used  at  coal  mines,  but  loadings  should be 

appor t ioned  accord ing  to   n i t rogen  spec ies and season . 
Table 29 summarizes the  1985 mean inorganic   n i t rogen  concentrat ions 

and l o a d i n g s   f o r   t h e   e f f l u e n t  and rece iv ing   wa te r   s i t es  examined i n   t h i s  

study  from a l l  f i v e  mines i n   t h e  Kootenay  coal  f ields. The e f f l u e n t  streams 

a t  the  Westar-Balmer  mine s i t e   con ta ined   t he   h ighes t   concen t ra t i ons   o f  

ammonia, n i t r a t e ,  and n i t r i t e .  Clode Creek  and S w i f t  Creek a t  the  Ford ing 

mine   con ta ined  e leva ted   concent ra t ions   o f   n i t ra te .  A s i m i l a r   p a t t e r n  was 
a l so   no ted   f o r   t he  mean ino rgan ic   n i t rogen   l oad ing .   E f f l uen ts   a t   t he   o the r  

two  mines  conta ined  re la t ive ly   low  concentrat ions and load ings   o f   i no rgan ic  
n i t rogen .   Fo r   a l l   e f f l uen ts ,   abou t  87% o f   t h e   i n o r g a n i c   n i t r o g e n  was present  
as n i t r a t e   w i t h   o n l y  11% and 2% as  amnonia  and n i t r i t e ,   r e s p e c t i v e l y  

(Table 30) .  Ef f luents   w i th   h igher   inorgan ic   n i t rogen  concent ra t ions  
( > 3  mg/L) contained an even h igher   percentage  o f   n i t ra te   (95%)   wh i le  

e f f l uen ts   w i th   l ower   i no rgan ic   n i t rogen  (c0.5 mg/L) conta ined  less  (83%). 
These percentages  could be  used to   appor t i on   t he   i no rgan ic   n i t rogen  

load ing   ca l cu la ted   f rom  ou r   p red ic t i ve   f o rmu lae   t o   va r ious   n i t rogen   spec ies  

in   e f f luen ts .   S tandard   dev ia t ions   g iven   cou ld  be used to  develop  conf idence 

1 i m i t s  on predicted  values  wi th  respect  to  species  apport ionment.  

For   receiv ing  waters ,   the  dra inages  ad jacent   to   the  Ford ing 

operat ion  contained by f a r   t h e   h i g h e s t   c o n c e n t r a t i o n   o f   n i t r a t e   n i t r o g e n .  

Concentrat ions  o f  ammonia and n i t r i t e  were a l s o   h i g h e r   i n   r e c e i v i n g   w a t e r s  
associated  wi th   Ford ing compared t o   t h e   o t h e r  mines. Ford ing a1 so e x h i b i t e d  

the  greatest   increase downstream r e 1   a t i v e   t o   u p s t r e a m   f o r  mean n i t r a t e  
concent ra t ion   (290x1  a l though  s ign i f i can t   inc reases  were a l s o   n o t e d   i n  

rece iv ing   waters   ad jacent   to   the  Westar-Balmer  (6X)  and  Byron  Creek (4X and 

37X f o r  two receiv ing  s t reams) mines.  Loadings o f  i norgan ic   n i t rogen were 
h igher  downstream than   ups t ream  fo r   a l l   f ou r  mines. As such, a l l   t h e s e  mines 
were sources o f   i n o r g a n i c   n i t r o g e n   ( s e e   i n d i v i d u a l  mine  sections  for 

d i   scuss ion 1 
For a1 1 receiv ing  waters,   about 69% o f   t h e   i n o r g a n i c   n i t r o g e n  was 

present as n i t r a t e   w i t h  25% and 11% as ammonia and n i t r i t e ,   r e s p e c t i v e l y .  

Upstream s i tes   con ta ined  an a lmost   equa l   p ropor t ion   o f   n i t ra te   (47%)  and 

ammonia (43%). Downstream s i t e s ,  however, conta ined  far  more n i t r a t e  (87%) 
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TABLE 30 SUMMARY  OF  EFFLUENT  AND  RECEIVING  WATER  INORGANIC  NITROGEN 
SPECIATION 

EFFLUENTS 

a1 1 
h igh  

1 ow 
( <  0.5 mg/ l )  

( >  3 mg/ l )  

a1 1 
upstream 

downstream 

T NH3/NH4 

dean Mean s* Range 

11%  87%  8% 0.5%-24% 

4% 95% 4% 0.5%-11% 

15% 83% 7% 3%-24% 

25% 
47% 23%  13%-68% 43% 
69% 23% 1%-68% 

lo%[  1%-27% I lo%[  87% 

Range 

75%-99% 

87%-99% 

75%-96% 

25%-99% 
25%-84% 
67%-99% 

- 
S” - 

9% 

5% 

8% 

!8% 
!5% 
12% - 

- 
lean - 

2% 

1% 

2% 

6% 
9% 
3% - 

Range 

0%-6% 

0.5%-2% 

0%-6% 

0%-25% 
3%-25% 
0%-6% 

S* 

2% 

I 

- 

0.5% 

2% 

7% 
9% 
3% - 

* - standard  dev iat ion 

than ammonia (10%) o r   n i t r i t e   ( 3 % ) .  These f i nd ings   ag reed   w i th   t he   e f f l uen t  
r e s u l t s   t h a t   t h e  mines were a g r e a t e r   s o u r c e   o f   n i t r a t e   t h a n  ammonia o r  

n i t r i t e .  These downstream species’  percentages  could be  used t o   a p p o r t i o n  
the  predic ted  inorganic   load  f rom a mine to   rece iv ing   wa te rs .   Tha t   i s ,   t he  

upstream  and  the  mine e f f l u e n t   i n o r g a n i c  N load  would be summed and  the  load 

a t   t h e  downstream rece iv ing   water   s i te   appor t ioned  accord ing   to   the  87-10-3 
r e l a t i o n s h i p   f o r   n i t r a t e ,  ammonia, and n i t r i t e ,   r e s p e c t i v e l y .   T h i s  

r e l a t i o n s h i p  may underes t ima te   t he   n i t ra te   concen t ra t i on   f o r   h igh   N - re leas ing  

mines and overest imate  the  value  for   low  N-releasi   ng  mines as suggested  by 
t h e   i n o r g a n i c   n i t r o g e n   s p e c i a t i o n   d a t a   f o r   e f f l u e n t s  shown i n  Table 30. 
However, s tandard  dev iat ions  could be used to   deve lop   con f idence   l im i t s .  

Pommen suggested d i s t r i b u t i o n   o f   t h e   p r e d i c t e d   n i t r o g e n   l o a d   o v e r  a 

yea r   w i th   t he   l a rges t   l oad ing   occu r r i ng   du r ing   sp r ing  snowmelt a t   i n t e r i o r  
B.C. mines  and d u r i n g   w i n t e r   r a i n s   a t   c o a s t a l  mines. Pomnen n o t e d   t h a t   a t  
Ford ing   n i t rogen 1 oadi   ngs  dur ing  spr ing snowmel t were 2 - 4 t imes  the  annual 

average  whi le  loadings  dur ing  low f l o w s  were on ly  0.6 - 0.9 t imes  the  annual 

average. 
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Data  from  our  study  also showed grea ter   p ropor t iona l   load ings  
d u r i n g   t h e   f r e s h e t   ( A p r i l  - June, Tab1 e 31 1. For  receiv ing  waters,   the mean 
l o a d i n g   f o r   A p r i l  - June was 1.8 t imes  the mean annual  loading compared t o  
0.5 t imes  for   January - March. E f f l u e n t   r a t i o s  were  even higher  than  the 
r e c e i v i n g   w a t e r   r a t i o s   f o r   t h e   A p r i l  - June f reshe t  (3.1 t imes mean annual 
load ing) .   E f f luen t   s t reams were sma l le r   w i th  more o f   t h e i r  catchments a t  
h igher   e leva t ion  compared to   rece iv ing   waters   in   the   Kootenay   coa l   f ie1  d. As 
a r e s u l t ,   e f f l u e n t  streams  had a h i g h e r   p r o p o r t i o n   o f   f l o w   d u r i n g   f r e s h e t  
per iods and  were f rozen  or   dry   for   longer   per iods  than  receiv ing  waters .  ¶ 

These d i f f e rences   cou ld   exp la in   t he   h ighe r   p ropor t i on   o f   i no rgan ic   n i t rogen  
l o a d i n g   d u r i n g   f r e s h e t   i n   e f f l u e n t s  compared to   rece iv ing   wa te rs .  

The seasonal r a t i o s  suggested by Pomnen, o r   those shown i n  Table 31 
could  be  used  to a1 locate  the  annual   inorganic   n i t rogen  loading  over   the  year  
f o r  mines i n   t h e  Kootenay  coal   f ie ld.  However, a p p l i c a b i l i t y   o f   t h e s e  
r e l a t i o n s h i p s   t o  mines i n   o t h e r   c l i m a t i c   r e g i o n s   i s   n o t   c l e a r .  As a f i r s t  
approximation,  the  annual 1 oading  could be a1 l o c a t e d   a c c o r d i n g   t o   f l o w   i n   t h e  
e f f l u e n t   o r   r e c e i v i n g   w a t e r .  

TABLE 31 RATIO OF MEAN QUARTERLY  TO MEAN  ANNUAL INORGANIC  NITROGEN 

MINE 

EFFLUENTS 

Westar-Balmer 

Westar-Greenhil l s 

RECEIVING WATERS 

Westar-Balmer 
CNR-Li ne Creek 
Byron  Creek 

Ford ing 

LOCAT I ON 

Bodie Ck* 
S i x  Mile Ck* 
Por te r  Ck** 
Catarac t  Ck** 
Greenh i l l  s Ck** 
Thompson  Ck** 

MEAN 

Michel Ck d/s* 
L i n e  Ck d/s* 
Michel Ck d/s** 
Corbin Ck d/s** 
Ford ing R d/s*** 

MEAN 

IAN-MAR 

0.095 
0 -97 
0 
0 
0 
0 

0.2 
- 

0.61 
1.0 
0.10 
0.40 
0.21 

0.5 

- 

~ 

1.6 
2.5 
3.5 
3.9 
3.9 
3.2 

3.1 

1.6 
1.7 
2.9 
0.38 
2.2 

1.8 

0.82 
0.12 
0.35 
0.052 
0.029 
0.26 

0.3 

0.94 
0.49 
0.38 
2 .4 
0.96 

1.0 

3CT-DEC 

1.43 
0.39 
0.28 
0.085 
0 
0.60 

0.4 

0.80 
0.84 
0.59 
0.79 
0.64 

0.7 

- 

* 1985-1986 EP extensive  survey  data 
** 1985 company and WMB data *** 1982 company data 
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Predicting inorganic nitrogen release  prior t o  mining  may be 
d i f f i c u l t  for some operations because the potential use of slurry explosives 
may be unknown. The  need for  slurry explosives reflects wet blasting 
conditions which may depend on a complex interaction of min ing ,  cl imatic,  and 
hydrogeological factors. These factors  are  site-specific and beyond the 
scope of this study. However, i n  general, mountaintop min ing  should 
encounter drier  blasting  conditions and have  lower nitrogen losses  relative 
t o  valley bottom mining. 

In calcul a t i  ng the quant i ty  of nitrogen re1 eased from explosives 
use i n  a given year, we have  assumed t h a t  any re1 eases would occur i n  the 
same year. Nagpal (1983) indicated nitrogen from explosives would not  be 
expected t o  remain i n  the minewaste for more t h a n  one year. Releases  during 
the h i g h  flow months of May and June  should be  more rapid compared t o  the low 
flow winter months.  However,  Fording Coal suggest t h a t  imnediate release of 
nitrogen from explosives does n o t  necessarily occur i n  the same year b u t  
depends on many factors such as the hydrological cycle, form and intensity of 
precipitation, drainage exposure, aspect of waste dump, quant i ty  of water, 
and watershed characteristics ( R .  Berdusco,  personal  communication). 
Releases a t  Fording Coal are no t  immediate  nor do they  occur the same year 
explosives  are used.  Nitrogen release i s  spread  over a 5-year  or longer time 
frame. In  our study,  there was a greater  difference i n  the quantity of 
nitrogen released between  mines t h a n  between years  for the same mine 
suggesting broad factors such as t o t a l  quantity and proportion of explosive 
type are more important i n  determining the annual release of nitrogen t h a n  
minor variations i n  climate or min ing  practices. These site-specific  factors 
would more significantly  affect  releases on a d a i l y  or monthly basis. 
Nitrogen releases from a minesi te would not  cease when blasting does. 
However, the t o t a l  quant i ty  of nitrogen should drop re1 atively quickly 
fol lowing the f i r s t  freshet  after  blasting was completed. 

4.2 Phosphorus Export 
The analysis of phosphorus d a t a  was  more d i f f i c u l t  compared t o  

nitrogen. Impacts on water qua l i ty  were not  as apparent and concentrations 
were generally a t  or near detection  limits. I n  a d d i t i o n ,  d a t a  were  examined 
for only two mines;  Crows  Nest  Resources-Line  Creek and Westar-Balmer. 
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B a c k g r o u n d   l e v e l s   o f   p h o s p h o r u s   d i f f e r e d   f o r   t h e s e   t w o   m i n e s   w i t h  
concentrat ions  about  twice as h i g h   i n   M i c h e l  Creek  compared t o   L i n e  Creek. 
I n  general,  upstream and  downstream w a t e r   q u a l i t y   i n   t h e  two  creeks  d id   not  

appear t o  be s i g n i f i c a n t l y   d i f f e r e n t .   N o t h i n g  can  be sa id   about   b io log ica l  
impac ts   s ince   b io log i ca l   i nd i ca to rs  were n o t  examined i n   t h i s  study. 
However, major  exports  of  phosphorus were not  apparent i n   t h e   r e c e i v i n g   w a t e r  

qual i t y  data, i n   c o n t r a s t   t o   t h e   s i t u a t i o n   f o r   n i t r o g e n .   E l e v a t e d  
concentrat ions o f  phosphorus  were  found on the  mine  property  near  operations. 

However, con t r i bu t i ons   t o   ma jo r   e f f l uen t   s t reams   d i scha rg ing   t o   rece iv ing  

waters  were  variable. 

A ma jo r   ob jec t i ve   o f   t h i s   s tudy  was to  determine i f  coal  mines 

could  be a s ign i f i can t   sou rce  o f  phosphorus.  Results o f   t h e  Crows Nest 

Resources-Line  Creek  and  Westar-Balmer  analyses  indicated t h a t   t h e  mines  were 
n o t  a large  source  of   phosphorus  but  they may have  released  small amounts 
p a r t i c u l a r l y   i n   t h e   t o t a l  phosphorus  form.  For  other  mines,  the  signif icance 

o f  such a re1 ease  would  vary  from  mine t o  mine  and  would depend  on the 

s e n s i t i v i t y   o f   t h e   r e c e i v i n g   w a t e r s .  
The s e n s i t i v i t y  o f  the  receiv ing  waters  depends on background 

c o n c e n t r a t i o n s   i n   e f f l u e n t s  and receiv ing  waters.   Background  levels may 

r e f l e c t   n a t u r a l  phosphorus i n   t h e   s o i l s  and overburden  near  the  mine. These 

1 evel s vary  throughout  the  province.  For exampl e , 1 evel  s i n   t h e  Kootenay 
c o a l   f i e l d s   a r e   r e p o r t e d   t o  be higher  than  those  found  near  the  Quinsam  Coal 

mine on Vancouver I s1  and (Hi1 1 i e r   e t  a1 . , 1983). 
O f  t h e   s i x   m a j o r   e f f l u e n t s   e x a m i n e d   f r o m   t h e   C r o w s   N e s t  

Resources-Line Creek  and  Westar-Bal mer Mines, f ive  conta ined  average TDP 
concentrat ions  lower  than  background.  For  predict ions a t   o t h e r  mines, a 
reasonable  assumption may be t h a t  TDP l e v e l s   i n   m a j o r   e f f l u e n t s   a r e   e q u a l   t o  

background  receiving  water  concentrat ions. A worst  case mean concentrat ion,  

suggested  by No  Name Creek r e s u l t s   a t   t h e   L i n e  Creek  Mine, may be 0.002 mg/L 
TDP above  background. 

Four   o f   the  s ix   e f f luents   conta ined  average SRP concentrat ions 
equal to   o r   lower   than  ups t ream  rece iv ing   water   leve l  s. Again, a reasonable 
p r e d i c t i o n   f o r   o t h e r  mines  might assume mean annual SRP concentrat ions  equal  

t o  background  receiv ing  water  concentrat ions.  As a worst  case,  Bodie and No 
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Name Creek data  suggests mean annual  concentrat ions up t o  0.002 mg/L above 

background. 
As mentioned  previously,  both  mines  appeared t o   c o n t r i b u t e  TP t o  

receiv ing  waters .  On a mean annua l   bas i s ,   f ou r   ou t   o f   f i ve   e f f l uen ts  
contained TP a t  concentrat ions  h igher  than  upstream  levels.  The average f o r  

a l l  s i x   e f f l u e n t s  was 0.044 mg/L   above  ups t ream  rece iv ing   water  

concentrat ions  wi th  a range o f  -0.011 mg/L t o  +0.173 mg/L and a standard 
d e v i a t i o n   o f  0.0073 mg/L. This mean va lue,   wi th  an appropr ia te  conf idence 

limit, may be a reasonable  est imate  of   the mean annual TP concentrat ion 

inc rease  to  be expected i n   e f f l u e n t s  compared t o   r e c e i v i n g   w a t e r s   a t  proposed 

mines. 
Because o f   t h e  1 imi t e d  phosphorus  data  base  avai 1 ab le and the  

d i f f i c u l t y   i n   d r a w i n g  firm conclusions,  the above g u i d e l i n e s   f o r   p r e d i c t i o n s  

should be considered as p r e l i m i n a r y  and  used o n l y  as  a f i r s t   e s t i m a t e  o f  
phosphorus c o n t r i b u t i o n s  from mining.  Data  from  natural  drainages, 

groundwater,  and  discharges from areas  d is turbed  by  explorat ion may prov ide 
more r e a l   i s t i c   e s t i m a t e s   o f   p h o s p h o r u s   r e l e a s e s   f r o m   m i n e s   u n d e r  

considerat ion.  The r e s u l   t s   o f   t h i s   s t u d y   s u g g e s t   t h e  background r e c e i v i n g  

water   phosphorus   concent ra t ions   a re   c r i t i ca l   da ta   in  any e s t i m a t e   o f   e f f l u e n t  

qual i ty . 
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5 RECOMMENDED  PROCEDURE FOR PREDICTING  NUTRIENT EXPORT 

The f o l l o w i n g  summarizes  a  recomnended procedure   fo r   the   p red ic t ion  

o f  annual nu t r ien t   re lease  load ings  and e f f l u e n t  and rece iv ing   water  

concentrat ions 

5.1 Nitrogen  Export 
1. Determine i f  the  proposed  mine i s   l i k e l y   t o  encounter   wet   o r   d ry   b las t ing  

cond i t ions  based on the  hydro1  ogic  regime  (groundwater,  surface  water, 

p rec ip i ta t ion ,   evapora t ion ,   e tc .  and  mine plan  (dewatering  methods). 

2. Obtain  est imated annual s l u r r y  and ANFO use  from  mine  planners f o r   y e a r  

o f   i n t e r e s t .  

3 .  Calcu la te   the  annual  explosive  loss as inorganic   n i t rogen - 

a )  f o r  mines  which will use up t o  1% s lu r ry   exp los i ve :  

Exp los i ve   l oss  as N = 0.2% (pro jec ted  ANFO use as N) 

b )   f o r  mines  which will use  more than 1% but   less   than 20% s l u r r y  
explosive  expressed as N: 

Explos ive  loss as N = 0.1% (pro jec ted  ANFO use  as N )  t 
8.5% ( p r o j e c t e d   s l u r r y  use  as N) 

c )   f o r  mines  which will use more than 20% s lu r r y   exp los i ve :  

I 

Y 

Explosive loss as N = 0.94% ( p r o j e c t e d  ANFO use  as N) t 
5.1% ( p r o j e c t e d   S l u r r y  use  as N )  

4. Appor t ion  the  annual   inorganic   n i t rogen  load among e f f l u e n t  and r e c e i v i n g  

waters  based upon t h e   l o c a t i o n  and  percentage  size  of  act ive  waste dumps 
and p i t s   i n  each  watershed. Ac t ive  dumps o r   p i t s   a r e   d e f i n e d  as those 

which  would  be i n  use i n   t h e   y e a r   p r e v i o u s   t o   t h e   d a t e   o f   i n t e r e s t .  

5. Appor t i on   t he   i no rgan ic   n i t rogen   l oad   f o r   e f f l uen ts   i n to   n i t rogen   spec ies ;  

87% as n i   t ra te -N,  11% as ammonia-N, and  2%  as n i  tri te-N. Fo r   rece iv ing  

waters, add the  upstream and mine e f f l u e n t   i n o r g a n i c   n i t r o g e n   l o a d  and 
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assume the downstream load i s  87% as   n i t ra te -# ,  10% as ammonia-N, and 3% 
as n i  trite-N. (The  upstream  inorganic nitrogen load would be determined 
from the base1 ine receiving water qual i ty  monitoring  data. ) 

6. For  mines i n  similar  cl imatic  conditions  to the Kootenay coal f i e l d s ,  
divide the annual load by four and multiply by the following  ratios  for 
effluents  or  receiving  waters t o  determine the load  for  each  quarter of 
the  year. 

JAN.-MAR. 0CT.-DEC. JULY-SEPT. APR.-JUNE 

Effluents 
0.7 1 .o 1.8 0.5 Receiving  Waters 
0.4 0.3 3.1 0.2 

To calculate  loads  for  individual  days,  multiply the r a t i o  of the daily 
flow t o  total  flow  for the quarter by the load  for  each quarter 
calculated above. 

For mines i n  d i f fe ren t   c l imat ic  zones  than the Kootenay coal fields, 
loads should probably  not be calculated on a dai ly   basis  since no data 
were assessed  to  evaluate the e f f e c t  of  climate on nitrogen  release. 
Seasonal factors  to  apportion the load  are  not  available. Loadings on a 
monthly basis ,  however, are  probably  proportional  to flow. To ca lcu la te  
monthly loads,  apportion  according t o  the r a t i o  of  the  total monthly  flow 
to   to ta l  annual  flow. 

7. Divide daily  load by flow t o  obtain  daily  concentration  (for mines i n  
cl imatic zones similar t o  the Kootenay Coal f i e l d s ) .  

Y 
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5.2 Phosphorus Export 

1. Determine mean annual  upstream  receiving  water TDP SRP and TP 

concentrat ions.  

2. Assume e f f l   u e n t  annual  average TDP and SRP concentrat ions  are  equal   to  
the  upstream  concentrat ions. As a worst  case, assume e f f l u e n t  mean 

annual TDP and SRP concentrat ions  are 0.002 mg/L greater  than  the mean 
annual  upstream  concentration. 

3. C a l c u l a t e   e f f l u e n t  mean annual TP concentrat ions as 0.044 mg/L above 

upstream  receiv ing  water mean annual  concentrations. 

4. Obtain  data  from  natural  drainage  from  the  proposed  mining  si te, 

groundwater, and exp lo ra t i on   d i scha rges   f o r  TDP SRP, and TP. Compare t o  

va lues   ca lcu la ted  above  and a d j u s t  as required. 
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