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ASSESSMENT OF WATER QUALITY IMPACTS 
OF A WESTERN COAL MINE* 

Edward H. Dettmann and Richard D. Olsen 

Division of Environmental Impact Studies 
and 

Land Reclamation Program 
Argonne National Laboratory 
Argonne, Illinois 60439 

INTRODUCTION 

Anricfpated expansion of coal mining in many western states implies 

the potential for impact to water resources. The magnitude of the impacts 

will be determined by the mining technology employed, and the associated . . 

hydrologic, meteorologic, and geologic characteristics of the mine locality. 

Information describing historical and/or current aquatic impacts of western 
. 

coal mining is limited. However, it is clear that because of fundamental 

differences in coal chemistry, as well as climatic and hydrologic differ- 

ences, the environmental impacts to aquatic systems will differ significantly 

from those found in eastern coal regions. At western mines, the small amounts 

of acid-forming.substances (i.e., pyrite) along with the generally alkaline 

nature of overburden and soils suggests that acid drainage, with associated 

toxic metals, as is seen in the East, should be minimal. Available 

research results on western mines indicate that leaching of soluble salts 

from mine spoils and transport of these salts to receiving surface or ground- 

water systems is probably one of the principal water quality problems that 

can be expected (Van Voast, 1974; McWhorter et al., 1975; Van Voast and 

Hedges, 1975; McWhorter and Rowe, 1976; Thurston -- et al., 1976). 

Of additional concern in arid and semiarid regions are the potential 

adverse mining impacts to alluvial valley floors. These unconsolidated 

deposits often exist in a state of delicate hydrologic balance, which if 

*Work performed under the auspices of the U.S. Energy Research and Develop- 
ment Administration. The study was undertaken in coordination with Sheridan 
Community College and in cooperation with Peter Kiewit and Sons, Coal Mining 
Division. 
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upse t  could prec lude  f u t u r e  use of t h e  a r e a  f o r  a g r i c u l t u r e  and i n  a d d i t i o n  

could r e s u l t  i n  degrada t ion  of s t ream o r  groundwater q u a l i t y  (ICF, 1976).  

STUDY SITE, METHODS, AND MATERIALS 

Study Area 

This  gepor t  de sc r ibes  i n t e r i m . r e s u l t s  of  a  water  q u a l i t y  i nves t i ga -  

t i o n  c a r r i e d  ou t  dur ing  1975 and 1976 i n  t h e , v i c i n i t y  of  t h e  Big-Horn w n e ,  

an ope ra t i ng  s u r f a c e  c o a l  mine i n  t h e  northwestern p a r t  of  t h e  Powder River 

Bas in ,  Wyoming. The mine. ,:is loca ted . ,near .  Sheridan i n ,  t h e  3 o o t h i l l s  o f  t heL  Bighorn 

Mountains. The mine has  been opera ted  f o r  approximately 20 y e a r s  and is  one 

of  t h e  s e v e r a l  ope ra t i ng  o r  proposed mines i n  t h e  b a s h .  p r e sen t  c o a l  pro- 

duc t ion  i s  about  1,000,000 tons  (-910,000 MT) p e r  year .  

The a r e a  is predominantly g ra s s l and  wi th  Jun ipe r  and Ponderosa P ine  

p re sen t  a t  e l e v a t i o n s  above about 4000 f e e t  (.- 1200 m). The primary l and  use is  

grazing,  but  i r r . i ga t ed  a g r i c u l t u r e  ( .p r inc ipa l ly  hay product ion)  is  p r a c t i c e d  

i n  a l l u v i a l  a r e a s  a long  p e r e n n i a l  s t reams.  P r e c i p i t a t i o n  averages about  14 

inches lyea r  (36 cm/year), w i th  much of t h e  t o t a l  a s  snowfa l l .  The mine s i t e  

i s  t r ave r sed  by two p e r e n n i a l  s t reams,  Goose Creek and t h e  Tongue River ,  w i th  

t h e  confluence on mine proper ty .  Both s t reams have been d i v e r t e d  through t h e  

f i n a l  c u t s  of p a s t  mining ope ra t i ons ,  t hus  forming two sma l l  l a k e s ,  one on 

each  s t ream (-see Fig.  1 ) .  

Two p i t s  a r e  be ing  a c t i v e l y  mined, t h e  Zowada P i t  e a s t  of Goose Creek 

and t h e  Scott-Haymeadow P i t  i n  th.e a l l u v i a l  a r e a  south  of  t h e  Tongue River  

F i g .  1 .  Rate of water  seepage i n t o  t h e  Scott-Haymeadow P i t  ad j acen t  t o  
3  

t h e  Tongue River was approximately 3 c i s  (0.085 m 1 s )  dur ing  t h e  s tudy ,  p r i -  

mar i l y  due t o  groundwater i n f i l t r a t i o n  from t h e  r i v e r  through t h e  al luvium 

i n t o  t h e  p i t .  Seepage r a t e  i n t o  t h e  Zowada Pit was less than  one c f s  (0.028 
3 m / sec)  and was der ived  from f lows through t h e  c o a l  seam a t  t h e  h ighwal l  and 

seepage from surrounding s p o i l  s t o r a g e  a r e a s .  Water from t h e  Zowada P i t  dur- 

i n g  1975 and from t h e  Scott-Haymeadow P i t  dur ing  t h e  e n t i r e  term of t h e  s tudy  

was pumped t o  s e t t l i n g  bas in s  which dra ined  through d i scha rges  1 and 2,  

r e s p e c t i v e l y ,  i n t o  Goose Creek and t h e  Tongue River  (Fig.  1). Zowada P i t  d i s -  

charge dur ing  1976 was pumped t o  a holding bas in  i n  a l luvium ad jacen t  t o  Goose 

Creek (d i scharge  5 ) .  There was an a d d i t i o n a l  d i s cha rge  (number 3) d i r e c t l y  

from t h e  Scott-Haymeadow p i t  t o  t h e  Tongue River  du r ing  p o r t i o n s  of t h i s  s tudy .  
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Figure 1. Map of Big Horn Mine and vicinity showing location of ! 
streams, discharges, sampling sites, and pertinent mine features ! 



'Methods 'and Mate r i a l s  

The water '  q u a l i t y  monitoring program included measurements a t  l o c a t i o n s  

'ups t ream and downstream of t h e  mine and a t  mine d ischarge  po in t s  of t h e  follow- 

i n g  parameters:  pH, s p e c i f i c  conductance, a l k a l i n i t y ,  ch lo r ide ,  f l u o r i d e ,  

s u l f a t e ;  n i t rogen ,  phosphorus, and 16 meta ls  and t r a c e  elements.  A l l  samples 

f o r  a giveri'month were c o l l e c t e d  on t h e  same day. 

Standard gravimet r ic ,  c o l o r i m e t r i c  and t i t r a m e t r i c  techniques were 

used f o r  nonmetal ana lyses ,  whi le  meta ls  w e r e  measured us ing  a combination 

of  flame And f lameless  atomic abso rp t ion  spectroscopy (USDI, 1970; USEPA, 

1974). Samples' f o r  n i t rogen ,  phosphorus, and metals  were f i l t e r e d  i n  t h e  

f i e l d  upon c o l l e c t i o n .  Analyses for'ammonium n i t rogen ,  n i t r a t e  n i t rogen ,  .- 

and phosphate were completed w i t h i n  fou r  hours of col . lect ion.  F i l t e r e d  

samples, f o r  meta l  ana lyses  were a c i d i f i e d  wi th  n i t r i c  a c i d  (5 m l  p e r  l i t e r ) .  

S p e c i f i c  conductince and temperature were measured i n  s i t u ,  and conductance 

readings  co r r ec t ed '  t o  equiva len t  va lues  a t  25OC. Chloride concent ra t ions  . . 

encoun te red 'were .qu i t e  . . low, and s i n c e  t h e  a n a l y t i c  method used had low 

p r e c i s i o n  (- 20-50%) a t  t h e . l e v e l s  encountered, c h l o r i d e  va lues  r epo r t ed  . 
h e r e  a r e  only approximate. 

While an ex tens ive  a r r a y . o f  water  q u a l i t y  parameters were monitored, 

t h e  r e s u l t s  repor ted  h e r e  p e r t a i n  p r imar i ly  . to t hose  which a r e  expected t o  

behave conser+atively  able I ) ,  i .e .  those  h igh ly  s o l u b l e  c o n s t i t u e n t s  

and r e l a t e d ' p a r a m e t e r s  which do n o t  r e a d i l y  e n t e r  i n t o  chemical o r  b i o l o g i c a l  

r eac t ions .  

Ambient :Water 'Qual i fy ' i n  t h e  Tongue R i v e r  and Goose 'Creek 

Seasonal v a r i a t i o n s  i n  d ischarge  and s p e c i f i c  conductance i n  t h e  Tongue 

River '  a r e  summarized f o r  water  y e a r  1975 (October 1974 t o  September 1975) i n  

Figure 2. T h e ' d a t a  a r e  f o r  a po in t  approximately 28 mi les  (45 km) downstream 

of t h e  Goose. Creek - Tongue River ' conf luence  (USDI, 1975).  The d ischarge  

of t h e  Tongue River a t  t h i s  po in t  f l u c t u a t e d  between 150 and 300 c f s  (4.2 t o  

8.5 m3/sec) dur ing  much of t h e  yea?, wi th  occas iona l  h ighe r  flows, bu t  ', 

i nc reased 'by  approximately an o r d e r  of  magnitude dur ing  t h e  high flow per iod  

i n  l a t e  s p r i n g  and e a r l y  surmner. Mean d ischarge  f o r  water  y e a r  1975 was 763 c f s  

(21.6 m3/sec) . 
During t h i s  same per iod  s p e c i f i c  conductance, a good index of t o t a l  . . 

disso lved '  s o l i d s ,  f l u c t u a t e d  between 800 and 950 'pmhos/cm duritig most of .- the 



. . .- 

Figure 2. Seasonal discharge and specific conductance of Tongue River. 
at the Wyoming-Montana StateLine during water year 1975. 

(Data from USDI, 1975.) 
. . . 



y e a r  and decreased t o  approximately 250 umhos/cm during t h e  high flow pe r iod ,  

presumably because t h e  d isso lved  s o l i d s  a r e  d i l u t e d  by increased  d ischarge  

dur ing  snowmelt. The same s e a s u ~ i a l  p a t t e r n s  of d i scharge  and s p e c i f i c  conductance 

hold  f o r  t h e  Tongue River  and Goose Creek upstream of  t h e i r  confluence. 

~ e & i  discharge of Goose Creek at t h e  U.S. ~ e o l o ~ i c a l  survey (USGS) 

gaging s t a t i o n  below Sheridan, approximately 11 miles  (18 km) upstream o f  t h e  

confluence, was 259 c f s  (7.33 m3/sec) i n  water  y e a r  1975. Monthly ins tan taneous  

d ischarge  measurements f o r  a USGS gaging s t a t i o n  a t  Monarch.on the.Tongue River ,  

approximately 4 miles  (6.4 km) upstream of t h e  confluence, averaged 454 c f s  

(12.9 m3/sec) f o r  wa te r  y e a r  1975. ' This  compared wi th  a meari d i scharge  of  

359 c f s  (10.2 'm3/sec) f o r  Goose Creek on t h e  same da t e s .  

Mean concent ra t ions  of conserva t ive  water  q u a l i t y  parameters i n  t h e  

Tongue River and Goose Creek a r e  summarized i n  Table 1. S t a t i o n s  G 1  and T2 ' 

a r e  i n  Goose Creek and t h e  Tongue River ,  r e s p e c t i v e l y ,  upstream of t h e i r  

confluence; s t a t i o n  T3 is  downstream of t h e  confluence ( see  Figure 1 ) .  The 

concent ra t ions  of  most i ons  a r e  between 1.2 t o  2.5 t imes h ighe r  i n  Goose 

Creek than  i n  t h e  Tongue River  a t  s t a t i o n  T2. As  would be expected, concen- 

t r a t i o n s  f o r  a l l  conserva t ive  parameters a t  t h e  downstream s t a t i o n  T3, repre-  

s e n t i n g  the'combined flow of  both s t reams,  l i e  between t h e  va lues  f o r  t h e  

s e p a r a t e  s t r e a k .  These- d a t a  i n d i c a t e  t h a t  Goose Creek has a l a r g e  e f f e c t  

on t h e  water  q u a l i t y  of t h e  Tongue River.  

Water .Qual i ty  ' o f  'Purhljed .Mine 'Discharges 

Water q u a l i t y  d a t a  f o r  t h e  t h r e e  pumped mine d ischarges  and Tongue River  

s t a t i o n  T3 a r e  shown i n  Table 2. Sample s t anda rd  dev ia t ions  a r e  included wi th  

mean concent ra t ions  t o  i n d i c a t e  v a r i a b i l i t y .  

Table 2 inc ludes  d a t a  on pH as w e l l  a s  conserva t ive  parameters .  The 

pH v a l u e s ' f o r  t h e  d ischarges  a r e  n e a r  8 ,  and approximately equal  t o  those  

f o r  t h e  Tongue River.  This  a l k a l i n e  dra inage  appears t y p i c a l  f o r  western coa l  

mines and d i f f e r s  from a c i d  e f f l u e n t s  o f t e n  found a t  mines f o r  high s u l f u r  

midwestem and e a s t e r n  coa l s .  

Concentrations of a l l  conserva t ive  parameters a r e  h ighes t  i n  discharges 

D l  and D5. While a l l  c o n s t i t u e n t s  a r e  p re sen t  a t  lower l e v e l s  i n  d ischarges  D2 

and D3, conc.entrations a r e  s t i l l  above Tongue River  leve ' l s .  



Table 1. Mean Concentrations of Conservative Parameters 
in Goose Creek and the Tongue River 

* 
These ratios are dimensionless. 

Ratio 

~ 1 / ~ 2 *  

1.8 

1.7 

1.5 

4.1 

1.9 

2.5 

j.‘2 

2.1 

2.1 

2.1 

Parameter 

Specific .Conductance @ 250C 

Total Dissolved Solids 

Bicarbonate 

Chloride 

Fluoride 

Sulfate 

Calcium 

Magnesium 

Sodium 

Potassium 

Units 

j~mhos -1 
cm 

(mg/R) 

(mg/ R) 

(mg/R) 

(mg/R> 

(mglk) 

(mg/R) 

(mg/R) 

(mg/R) 

(mg/R) 

: .Stations 

T3 

45 1 

412 

246 

1.99 

0.27 

9 5 

40 

28.4 

17.8 

1.8 

k 

G1 

6 15 

552 

312 

2.92 

0.36 

14 7 

49 

40.9 

2 7 

2.7 

T2 

349 

320 

20 7 

0.71 

0.19 

5 8 

40 

19.1 

12.6 

1.3 . 



T a b l e  2. Mean C o n c e n t r a t i o n s  and Sample Standard D e v i a t i o n s  
( i n  P a r e n t h e s e s )  f o r  Conserva t ive  Paramete rs  and pH i n  

. Pumped Mine Discharges  and.:the Tongue River  

Parameter  

pH 

S p e c i f i c  
Conductance 
@ 2S°C 

T o t a l  Disso lved  
S o l i d s  

B i c a r b o n a t e  

C h l o r i d e  

F l u o r i d e  

S u l f a t e  

Calcium 

Magnesium 

Sodium 

U n i t s  

) cm 

(mgl 2) 

(mglR) 

(mg/R) 

(mgIR) 

(mg / R) 

(mg/R) 

(mgl R) 

(mgl k) 

Po tass ium 

Sample S i z e  

Tongue River  
T3 

8.35 (0.23) 

451 ( 161) 

412 ( 158) 

,246.0 (66.0) 

1.99 (1.48) 

0.27 (0.15) 

95 ( 44) 

4 0 ( 15)  

28 ( 12)  

1 8  ( 9) 

1 . 8  ( C.7) 

9 t o  1 0  

I 

D3 

7.78 (0.09) 

1098 (. 158) 

915 ( 105) 

329.1 (39.6) 

5.14 (1.27) 

0.53 (0.32) 

363 ( 81) 

8 3 ( 18)  

6 5 ( 12)  

55 ( 5) 

D l  and D5 

8.06 (0.23) 

iO7 ( 384) 

2730 ( 394) 

554.3 (46.7) 

12.0  ( 5.5) 

0.79 (0.35) 

1411 ( 266) 

1 6 1  ( 45) 

138 ( 22) 

406 ( 78) 

7.8 ( 1.1)  

4 
( 3  f o r  f l u o r i d e )  

Discharges  
D 2 

7.98 (0.13) 

67 3 ( 104) 

606 ( 41) 

304.5 (13.5) 

2.24 (0.79) 

0.43 (0.17) 

166 . ( 23) 

53 ( 6) 

4 1  ( 4 )  

3 4 ( 4) 

26.2 ( 4.9) 

6 t o  8 

5.2 ( 0.4) 

5 t o  9 



Rat ios  of  concent ra t ions  i n  pumped mine d ischarges  t o  concent ra t ions  i n  

t h e  Tongue River  a r e  summarized i n  Table 3. Ions a r e  most concent ra ted  i n  

discharges D l  and D5 and l e a s t  i n  d ischarge  D2. Concentrations of a l l  cons t i t u -  

e n t s  l i s t e d  exceed those  i n  t h e  Tongue River  f o r  a l l  d ischarges .  
. . . .  . . . , .. . . . , .  . . . .  ' . .  

While 'concent ra t ions  of most parameters a r e  e l eva t ed  above ambient 

l e v e l s  by a f a c t o r  of 1.4 t o  6.8 f o r  d i scha rges  D l  and D5, s u l f a t e  and potas- 

sium a r e  e l eva t ed  by a f a c t o r  of 1 5  and sodium by a f a c t o r  of 23. These t h r e e  

ions  a r e  a l s o  e l eva t ed  more than o t h e r  i ons  wi th  r e s p e c t  t o  ambient.concentra- 

t i o n s  i n  t h e  o t h e r  two d ischarges .  Concentrat ion r a t i o s  f o r  d i scharges  D2 and 

D3, however, are cons iderably  sma l l e r  than those  f o r  D l  and D5. A l a r g e  f rac-  

t i o n  of t h e  e f f l u e n t s  from D2 and D3 r n n s i s t s  of watcr  s e c p i l ~ g  from rhe  'l'ongue 

River ,  through a l l u v i a l  and/or  s p o i l  m a t e r i a l ,  i n t o  t h e  Scott-Haymeadow p i t  

ad j acen t  t o  t h e  r i v e r .  This r i v e r  water  is d i l u t e  compared wi th  mineral ized 

--water  e n t e r i n g  . the  p i t s  from o t h e r  sources .  . . . . 

Ef fec t  of Mining on Steam Water Qual i ty  

Concentrat ions of d i s so lved  substances downstream of t h e  mine and con- 

f l uence  a r e  determined by t h e i r  upstream concent ra t ions  i n  Goose Creek and the  

Tongue River ,  t h e i r  concent ra t ions  i n  i npu t s  t o  the  s t ream system, and t h e  

volumetr ic  flow r a t e s  of t h e s e  sources.  Externa l  i npu t s  t o  t h e  s t reams may 

c o n s i s t  of s u r f a c e  runoff  and groundwater seepage un re l a t ed  t o  mining a s  w e l l  

a s  mine r e l a t e d  sources such a s  t h e  pumped d ischarges  descr ibed  above, su r f ace  

runof f ,  seepage from s p o i l s ,  and seepage from a q u i f e r s  such a s  coa l  seams 

which communicate h y d r a u l i c a l l y  wi th  the  s t reams a s  a r e s u l t  of mining. An 

example of t h e  l a t t e r  category i s  t h e  a q u i f e r s  exposed i n  t h e  mine p i t s  

through which Goose Creek and t h e  Tongue River have been d i v e r t e d .  

The t o t a l  loading  r a t e  of any given parameter t o  t he  s t ream reach down- 

s t ream of the  confluence is given b y  t h e  express ion  C D + C D + 1 Ci Di, 
t t  g g  i 

where: 

C t  = observed concent ra t ion  of t he  parameter upstream on the  
Tongue River,  

C = observed concent ra t ion  of . the parameter upstream on Goose 
Creek, 

'i 
= observed concent ra t ion  of t he  parameter i n  t h e  i ' t h  extek- 

n a l  i n p ~ ~ t ,  

Dt = upstream flow r a t e  of t h e  Tongue River ,  

D = upstream f low r a t e  of Goose Creek, and 
R 

D: = flow r a t e  of the  i ' t h  e x t e r n a l  input .  
1 



Table 3.. Ratios of Concentrations of Conservative parameters 
in Pumped Mine Discharges to Concentrations in the 

Tongue River at Sampling Station T3 

Parameter. ... 

Specific Conductance. @ 25-OC 

Total Dissolved: solids 

Bicarbonate 

Chloride 

Fluoride 

Sulfate 

Calcium 

Magnesium 

Sodium 

Potassium 

Concentration Ratios 

~ 3 1 ~ 3  

' 2.4 

2.2 

1.3 

2.6 

2.0 

3.8 

2.1 

2.4 

3.1 

4.3 

Dl/T3, 
D5/~3 

6.8 

6.6 

2.3 

6.0 

2.9 

15. 

4: 0 
4.9 

23. 

15. 

~ 2 1 ~ 3  

1.5 

1.5 

1.2 

1.1 

1.6 

1.8 

1.3 

1.5 

1.9 

2.9 



I f  one assumes complete mixing and conserva t ive  behavior  f o r  t h e  parameter of 

i n t e r e s t ,  t he  mass ba lance  can be expressed a s :  

where C is  t h e  c a l c u l a t e d  concent ra t ion  s u f f i c i e n t l y  f a r  downstream of t he  d 
confluence and inpu t s  t o  guarantee  complete mixing. The sum of d ischarges  i n  

t h e  denominator g ives  t he  downstream discharge  of t h e  Tongue River.  

While some q u a l i t y  and flow d a t a  a r e  a v a i l a b l e  f o r  pumped mine d i s -  

charges,  loading  r a t e s  from o t h e r  sources  such a s  s p o i l  p i l e  seepqge and 

groundwater seepage d i r e c t l y  i n t o  t h e  s t reams through t h e  p i t  w a l l s  a r e  pres-  

e n t l y  unknown. For t h i s  reason,,  t h e  approach used i n  a s se s s ing  impact was t o  

, . c a l c u l a t e . d o w n ~ t r e a m  concent ra t ions  a n t i c i p a t e d  only on the  b a s i s  of .ambient. 

upstream water  q u a l i t y  i n  Goose Creek and t h e  Tongue River  u s ing  t h e  equat ion  

below ( 2 ) ,  and t o  compare. t hese  expected concent ra t ions  wi th  those  observed 
- 

a t  s t a t i o n  T3. 

Calculated and observed concen t r a t ions  would be expected t o  ag ree  c l o s e l y  i n  

t he  absence of s i g n i f i c a n t  water  q u a l i t y  impacts by t h e  mine, wh i l e  observed 

c o n c e n t r a t i w s  of conserva t ive  substances which c o n s i s t e n t l y  exceed ca l cu la t ed  

va lues  would suggest  a source  of t hese  m a t e r i a l s  i n  t h e  mine v i c i n i t y .  This  

procedure is  a n  ex tens ion  of t h e  commonly used technique of comparison of 

concent ra t ions  of water  q u a l i t y  parameters upstream and downstream of a p o i n t  

source,  and permi ts  assessment of e f f e c t s  of mu l t ip l e  sources  i n  t h e  complex 

steam system encountered a t  t h i s  s i t e .  

Calculated and observed va lues  of s p e c i f i c  conductance and concentra- 

t i o n s  of t o t a l  d i sso lved  s o l i d s  and e i g h t  i nd iv idua l  ions  expected t o  behave 

conse rva t ive ly  i n  t h i s  system a r e  compared f o r  e i g h t  sampling d a t e s  between 

August, 1975 and November, 1976 (Table 4 ) .  Data f o r  two sampling d a t e s  i n  . 

June of 1975 and 1976 were no t  included i n  t he  a n a l y s i s  because s u b s t a n t i a l l y  

reduced concent ra t ions  of a l l  ions  dur ing  the  high flow per iod  a r e  a t y p i c a l .  

Also, t h e  extremely high streamflows dur ing  t h i s  per iod  a r e  expected t o  d i l u t e  
, ,  



Table 4. Mean Deviat ions Between Observed and Calculated Concentrations a t  Tongue River 
Sampling S t a t i o n  T3 and Standard Errors  of t h e  Means 

*Observed concent ra t ion  a t  S t a t i o n  T3 minus ca l cu la t ed  concentrat ion.  

**Units f o r  s p e c i f i c  conductance a r e  pmhoslcm, u n i t s  f o r  a l l  o the r  parameter a r e  mgl!?,. 

Parameter 

S p e c i f i c  Conductance @ 25'C 

To ta l  Dissolved So l ids  

Bicarbonate 

Chloride 

Fluor ide  

S u l f a t e  

Calcium 

Magnesium 

Sodium 

Potassium 

Mean Deviat ion 
Standard Error  

-0.23 

0.012 

-1.7 

2.6 

0.28 

0.36 

-1.3 

0.80 

-0.58 

Sample 
S ize  

8 

7 

8 

5 

7 

8 

8 

8 

7 

Me an 
Deviat ion 

(Cobs-Ccalc )*, ** 

-2.31 

+O .ll 

-4.86 

+O. 577 

M.005 

+2.091 

-3.619 

+O. 758 

-0.363 

7 

Standard 
Er ro r  

' of Mean** 

9.98 

9.11 

2.79 

0.225 

0.018 

5.783 

2.715 

0.946 

0.623 

-0.071 0.109 1 -0.65 



mine e f f l u e n t s  more than usua l ,  t hus  b i a s i n g  conclusions by i n c l u s i o n  of  da t a  

D 
c o l l e c t e d  when t h e  system i s  p a r t i c u l a r l y  i n s e n s i t i v e  t o  mining e f f e c t s .  A n  

a n a l y s i s  w11icl1 included t h e s e  a d d i t i o n a l  d a t a  p o i n t s  d id  n o t  a l t e r  t h e  con- 

c l u s i o n s  descr ibed  below. 
. . . \  . . ,  

The d a t a  i n  t he  f i r s t  column of Table 4 g ive  t h e  mean of t h e  d i f f e r -  

ences  between observed concent ra t ions  a t  sampling s t a t i o n  T3 and t h e  concen- 

t r a t i o n s  ca l cu la t ed  by use  of equat ion  2. Deviat ions from zero d i f f e r e n c e  

could be  caused by s t ream load ing  (e .g . ,mine  e f f l u e n t s )  between t h e  upstream 

and downstream sampling s i t e s ,  and by measurement v a r i a t i o n s  w i t h i n  t h e  l e v e l  

of a n a l y t i c a l  p rec i s ion .  An a d d i t i o n a l  source of p o t e n t i a l  dev ia t ions  could 

b e  time-dependent changes 111 ambfent concen t r a t ions  accompanied by t i m e  de l ays  

i n  t r a n s p o r t ,  p a r t i c u l a r l y  i n  t h e  two p i t s  through which t h e  steams have been 

d i v e r t e d .  Since dev ia t ions  of t h i s  s o r t  a r e  expected t o  be' random, mean devi- 
. . 

a t i o n s  a t t r i b u t a b l e  t o  them should be smal l ,  and could be e i t h e r  p o s i t i v e  o r  

nega t ive .  Loading by mine e f f l u e n t s  o r  o t h e r  sources  between t h e  upstream and 

downstream sampling p o i n t s  would l e a d  t o  observed concent ra t ions  a t  s t a t i o n  T3 

i n  excess  of those c a l c u l a t e d ,  g iv ing  a p o s i t i v e  mean dev ia t ion .  S u l f a t e ,  

sodium and potassium concent ra t ions  may be p a r t i c u l a r l y  s e n s i t i v e  i n d i c a t o r s  

of mining impacts s i n c e  t h e s e  ions  a r e  most e l eva t ed  i n  mine e f f l u e n t s .  

The second and t h i r d  columns of Table 4 con ta in  the  s tandard  e r r o r s  of 

t h e  mean dev ia t ions  and t h e  mean d e v i a t i o n s  d iv ided  by t h e  s tandard  e r r o r s  of 

t h e s e  mean dev ia t ions .  Use of a  t t e s t  (one- o r  two-tai led)  i n d i c a t e s  t h a t  

a l l  of t h e  mean dev ia t ions  except  t h a t  f o r  c h l o r i d e  a r e  c o n s i s t e n t  a t  t h e  5% 

s i g n i f i c a n c e  l e v e l  wi th  t h e  n u l l  hypothesis  t h a t  t h e  mean d e v i a t i o n s  a r e  drawn 

from a  d i s t r i b u t i o n  wi th  mean zero.  I n  p a r t i c u l a r ,  t h e  mean dev ia t ions  of 

s u l f a t e ,  sodium and potassium, t h e  elements most concentrated i n  pumped mine 

d i scha rges ,  a r e  w i th in  0.36, 0.58 and 0.65 s tandard  d e v i a t i o n  of zero .  

We conclude t h a t  any e f f e c t  of u in ing  on conserva t ive  ions  o t h e r  than  

c h l o r i d e  during the  s tudy was w i t h i n  t h e  range of s a m ~ l i n g  and a n a l y t i c a l  pre- 

c i s i o n  (es t imated  a t  - 10%) and s h o r t  term v a r i a t i o n s  i n  ambient water  q u a l i t y ,  

and is undetec tab le  us ing  t h e  a v a i l a b l e  d a t a .  In  view of t h e  low p r e c i s i o n . o f  

t h e  c h l o r i d e  de te rmina t ion  and the  f a c t  t h a t  c h l o r i d e  is  not  h ighly  concen- 

t r a t e d  i n  mine e f f l u e n t s  when compared wi th  s u l f a t e ,  sodium and potassium, t h e  

same conclusion is probably a p p l i c a b l e  t o  t h i s  i o n  a s  we l l .  



Upstream Water Q u a l i t y  Survey - 

To p lace  p o t e n t i a l w a r . e r  q u a l i t y  changes i n  the v i c i n i t y  of the  Big 

Horn Mine i n  pe r spec t ive ,  a  survey of s p a t i a l  v a r i a t i o n s  i n  s p e c i f i c  conduct- 

ance was  conducted i n  t he  Tongue River  and Goose Creek watersheds i n  t h e  l a t e  

summer of 1975, beginning a t  t h e  base  of t he  Bighorn Mountains. The s p e c i f i c  

conductance of Tongue River water r o s e  from a va lue  of 219 pmhos/cm at  t h e  

base of t he  Bighorn Mountains t o  a va lue  of 377 pmhos/cm j u s t  upstream of t h e  

mine. This change occurred over a  d i s t a n c e  of approximately 25 s t ream mi l e s  

(40 km) . 
S p e c i f i c  conductance changed more d rama t i ca l ly  i n  Goose Creek and i t s  

t r i b u t a r i e s ,  L i t t l e  Goose. Creek and Big Goose Creek, which j o i n  t o  form Goose 

Creek i n  the  c i t y  of Sheridan. The s p e c i f i c  conductance i n  L i t t l e  Goose Creek, 

f o r  example, r o s e  by a  f a c t o r  of 5.7 from a va lue  of 91 pmhos/cm near  t h e  f o o t  

of t h e  Bighorn Mountains t o  a  va lue  of 519 pmhos/cm i n  a  d i s t a n c e  of only 5 

mi les  (8 km). S imi la r  l a r g e  changes were observed i n  Big Goose Creek. .Spe- 

c i f i c  conductance continued t o  r i s e  i n  Goose Creek t o  va lues  near  900 pmhos/cm 

upstream of t he  Big Horn Mine. U.S. Geological  Survey d a t a  suggest  t h a t  b i ca r -  

bonate,  s u l f a t e ,  calcium, magnesium, and sodium i o n s  a r e  l a r g e l y  r e spons ib l e  

f o r  t hese  i n c r e a s e s  (USDI, 1975). Data c o l l e c t i o n  dur ing  t h e  next  f i e l d  sea- 

s o n w i l l  be devoted i n  p a r t  t o  i s o l a t i n g  t h e  causes of t hese  inc reases  i n  

s p e c i f i c  conductance. One ,poss ib l e  source f o r  t hese  inc reases  i s  i r r i g a t i o n  

r e t u r n  flow, s i n c e  i r r i g a t i o n  i s  widely p rac t i ced  i n  t he  watershed. 

Summary and Discussion 

The e f f e c t  of the  Big Horn Mine on concent ra t ions  of d i sso lved  conser- 

v a t i v e  c o n s t i t u e n t s  i n  t h e  Tongue River is s m a l l ,  and i s  w i t h i n  thq range of ana- 

l y t i c a l  p r e c i s i o n  and sho r t - t e rm.va r i a t i ons  i n  ambient concent ra t ions .  On t h e  o t h e r  

hand, t h e r e  are l a r g e  changes i n  s t ream water  q u a l i t y  ev ident  i n  upstream 

reaches of t h e  Goose Creek and Tongue River watersheds,  where i n t e n s i v e  ag r i -  

c u l t u r a l  a c t i v i t y  e x i s t s .  

Trace element concent ra t ions  a r e  r e l a t i v e l y  low a t  a l l  s t ream and mine 

d ischarge  sampling po in t s ,  and i t  does not  p r e s e n t l y  appear t h a t  t o x i c  t r a c e  

elements w i l l  p resent  environmental problems a t  t h i s  s i t e  (Olsen and Dettmann, 

1976).  Ammonium and n i t r a t e  concent ra t ions  a r e  e l eva t ed  i n  t he  Big Horn Mine 



discharges  (poss ib ly  due t o  use of arnrnonfum n i t r a t e  explos ives)  r e l a t i v e  t o  

l e v e l s  i n  the  s t reams,  b u t  phosphorous concent ra t ions  a r e  no t .  Mater ia l '  

Lalance c a l c u l a t i o n s  i n d i c a t e  t h a t  p r e s e n t  loading  by pumped mine d ischarges  from 

t h e  Big Horn 'Mine.'could l o c a l l y  i n c r e a s e  ammonium and n i t r a t e  concent ra t ions  i n  

I t h e  Tongue River by approximately 3 and 1 pe rcen t ,  r e spec t ive ly .  While t h i s  

would probably r ep re sen t  no measurable adverse  impact, t he  cumulative e f f e c t  

of n i t r o g e n  loading  a t  expanded mining l e v e l s  should be i n v e s t i g a t e d ,  pa r t i cu -  

l a r l y  t h e  p o t e n t i a l  f o r  eu t roph ica t ion  i n  t h e  Tongue River.  

van Voast and Hedges (1975) have es t imated  t h e  p o t e n t i a l  water  q u a l i t y  

I impacts of expanded coa l  e x t r a c t i o n  a t  t h e  Decker Mine on the  Tongue River .  

i This mine i 3  loca t ed  ad jacenr  t o  t h e  Tongue River Reservoir ,  approximately 
I ~ 30 s t ream mi les  downstream of t h e  Big Horn Mine, and wi th  a  yea r ly  product ion  

~ of approximately 10 m i l l i o n  tons  (-9.1 m i l l i o n  MT), i s  p re sen t ly  t h e  l a r g e s t  
I - .  . . . .. 
I 
! ope ra t ing  s u r f a c e  coa l  mine i n  t h e  U.S. Worst case  e s t ima te s  i n d i c a t e  in- 

c r eases  i n  t he  range 0. t o  3.5% above ambient l e v e l s  f o r  t he  sodium adsorp t ion  

r a t i o  and concent ra t ions  of t o t a l  d i sso lved  s o l i d s ,  sodium, calcium and mag- 

nesium i n  the  Tongue River dur ing  mining, and inc reases  i n  t h e  range 0.  t o  

7.4% dur ing  the  post-mining period.  

S tud ie s  conducted a t  t h e  Edna c o a l  mine near  Oak Creek, Colorado, found 

s u b s t a n t i a l  ( o f t e n  seve ra l fo ld )  i nc reases  i n  s p e c i f i c  conductance and t o t a l  

d i sso lved  s o l i d s  f o r  water  i n  a  reach of Trout Creek r ece iv ing  mine e f f l u e n t s  

(McWhorter e t  a l . ,  1975; McWhorter and Rowe, 1976). The au tho r s  p re sen t  evi-  

dence t h a t  a l a r g e  f r a c t i o n  of t h e  inc rease  i s  a t t r i b u t a b l e  t o  dra inage  from 

a reas  d i s tu rbed  by mining. The primary ions  i n  runoff  from t h e  Edna Mine s i t e  

a r e  calcium, magnesium, b icarbonate ,  and s u l f a t e .  The hydrologic  regime of 

t h i s  s i t e  d i f f e r s  s i g n i f i c a n t l y  from t h a t  of t h e  Tongue River s i t e s .  Mean 

annual  p r e c i p i t a t i o n  exceeds 20 inches (51  cm), and runoff from t h e  mined a r e a  

r ep re sen t s  a  much l a r g e r  f r a c t i o n  of t he  t o t a l  s t ream discharge  than  i s  the  

I case  a t  t h e  Big Horn o r  Decker s i t e s .  

I 
I The r e s u l t s  ob ta ined  by McWhorter -- e t  a l .  a t  t he  Edna Mine i n d i c a t e  

t h a t  s a l i n i t y  i nc reases  may r ep resen t  s u b s t a n t i a l  water  q u a l i t y  impacts a t  

some western c o a l  mines. The magnitude of such impacts a r e ,  however, s ens i -  

t i v e  t o  s i t e - s p e c i f i c  hydrologic  cond i t i ons .  Our s tudy  and t h a t  of Van Voast 

and Hedges a t  the  Decker s i t e  suggest  t h a t  c u r r e n t  mining ( i . e .  1975-1976) a t  . . 



t h e  Big Horn and Decker Mines- and the  proposed Decker expansion w i l l  have 

only a  minor e f f e c t  on water  q u a l i t y  i n  t h e  Tongue River .  The sma l l  e f f e c t s  

observed a t  r h e  b i g  Horn and Decker s i t e s  appear  i n  l a r g e  p a r t  a t t r i b u t a b l e  

t o  t he  l a r g e  q u a n t i t i e s  of d i l u t i o n  water  a v a i l a b l e  i n  t h e  Tongue River r e l a -  

t i v e  t o  mine d ischarges .  

I n  view of a n t i c i p a t e d  expansion of energy development i n  t h e  Tongue 

River watershed, i t  should be  s t a t e d  t h a t  t h i s  conclusion a p p l i e s  only t o  

mining a t  t h e  ind ica t ed  l e v e l s .  Future  water  q u a l i t y  e f f e c t s  of expanded 

c o a l  mining and u t i l i z a t i o n  on the  Tongue River  w i l l  depend on both t h e  

quan t i t y  and q u a l i t y  of energy-related e f f l u e n t s  r e l ea sed  t o  t h e  r i v e r ,  and 

ilpcrn per turba t io i i s  such as consumptive water  use and a q u i f e r  d i s tu rbance .  

Operation of a d d i t i o n a l  mines along the  Tongue River  could poss ib ly  cause 

measurable i nc reases  i n  s a l i n i t y  and o t h e r  parameters.  
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