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Introduction

‘» Perspective. of coal. .
mining In Wyoming

e History. of backfill
water quality 1ssues' In
Wyoming |

e \Wyoming’s approach

~~ using GIS to assist us
T assessing this issue

December 8, 2004



- Wyoming Coal Mining

400
= \Wyoming
° Produce 1350} = \West Virginia
200 m Kentucky
the mOSt | Pennsylvania
250| m Texas
Coal Of E Montana
5 2004F : = 1llinois
any ; = g —— Virginia
State IN § : \ = North Dakota
S 100 Il FEss— ':_t_.l_"" Colorado
U &% oy Indiana
>0 ';"‘-1 New Mexico
m Utah

2000 2001 2002 2008 = Ohio
: : = Alabama

Year

December 8, 2004



96% the
coal’'Is frem
the ‘eastern

Powder
River Basin
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Backfrlt Aqurfer Water Qual |ty
£ Why IS it |mportant7 i

] 1.-r 1 [ . 1

.. _Coalis an aqurfer in Wyomrng 50
backfrll needs to replace that resource

- Especrally rmportantgrven the land m o

“area disturbed —110'sq. mi-'by: 2004

b Recharge must pass through the mrned
. area’toreach the remarnrng portion of - 3
the aqurfer N Vg N G ‘“ :
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Backfill Aquifer Water Quality

e Early predictions
— ldentified as a significant problem

.~ It appeared concentrations of TDS
might preclude use in some areas
— 1'to 3 pore volumes of flushing would
be needed.
‘= Was based on limited information and
lab tests such as column leach and
saturated paste. '
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Backfill Aquifer Water Quality

e Now
— Real data are available

— 95 . monitor wells are
completed. in the
backfill aquifer

— 17 mines

— Over 2,000 samples
collected
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- 'Examination of the Data

e Period of installation
o Distribution of wells in the three mining
areas

* Depth of monltor Wells
e Distribution of elevated TDS values
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Period of Well Installation
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Period of Well Installation
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Depth of Backfill Monitor \Wells

— Mean 108 feet
— Range 6 feet to 272 feet

— Factors affecting depth

e Alluvial backfill areas
. * Pit backfill
*.Dip of coal to the west
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Wells Per Mining Area

JThree Areas

1. Northern — 22 wells
2. Middle — 42 wells
3. Southern — 31 wells
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Backfill
aquifer
monitor wells
with at least
one TDS
sample

greaterthan
5,000 mg/I



Reésults

* Data are well distributed throughout the -
mining area and are smtable for addltlonal
analy3|s !
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Analysis of Water Quality -

= Statistical. Summary . |
—Centrallty Measures — mean, medlan
— Standard DeV|at|on |
—Range .
—Count
—Confidence Level @90% 7
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Analysis of Water Quality

All Mines

T AiMies
Constiwem| Na | K [ Ca | Mg | O [ Hcos [ S04 [ ibs
- r — —  waw
Sttstcalsummay daa | [ [ [ [ [ [ [
Medan | 33| 25| ses] dev] 24| ses| 4| 3514

Standard Devation | 200] 7] 11l 30| 70| 342[ 2.60]  3.004
———-q——_a—
Confidence Lewl 00.0%) | 10| 1] 8 1] 3 1 78] i
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TDS Coheentration

mean - 1SD
-mean + 1 SD
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Northern Mines Middle Mines

Ca HCO3 Ca HCO3

50 40 30 20 10 10 20 30 40 50 (meq/l) 50 40 30 20 10 10 20 30 40 50 (meq/l)

Southern Mines All Mines

/
// y

HCO3 Ca HCO3

50 40 30 20 10 10 20 30 40 50 (meq/l) 50 40 30 20 10 10 20 30 40 50 (meq/l)




ified

vin

LF
-

der

g rec

i

o
ser

)

ions in

fu

L

|
i
1

_

-

¥

der R

jve

o

. ]

" T e
d

3 R
T S b ...._.... i
- ¥ T LT
v (D & T
ban Vs
= i
67 1
4 ST ERE T
R
e 1)
F R *. oy
ry I
L L
- e

s

er8, 2004

D




W

e

W

g sl

W

g sl

W

g sl

W

g sl



December 8, 2004

Clinker
area In
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THUNDER
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Chinker

area Wit

2.000
feet
buffer
Zone
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Backfill
wells
within
buffer
Zone



Mean TDS. of'samples:from.backfill.wells
within 2,000 feet of cllnker dep03|ts

» 36 wells (38% of the wells)

» 820 samples were collected from those
wells

* Mean TDS concentration 4 597 mg/I

. ngher TDS by 677 mg/l than mean of all
wells. | | |
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Streams
In the
Powder
River
Basin



Stream
Channels
within
the
- permit

areas
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LStream
Channels
In permit
- areas
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Buffered
500 feet
either
side of
the:.
stream
channels
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Wells
within
500.-feet
of stream
channels
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Mean TDS. of'samples:from.backfill.wells
within 500 feet of stream channels

o 40 wells (42% of the wells)

* 1,006 samples were collected from.those
wells

* Mean TDS concentration 4 738 mg/I

. ngher TDS by 818 mg/l than mean of all
wells. | | |
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Exammatlon of areas

. 'Where both the clinker
dep05|ts and the stream

& channels mightbe  © .
mfluencmg the backfill =+ .

¢ water quality
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@R Intersection
B of clinker
B buffer and
B stream:
W channels
B buffer areas
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Wells in
proximity
to both
features
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Mean TDS of Samples from backfill wells
within 2000 feet of clinker;deposits and
» 500 feet of stream channels

e 11 wells (12% of the wells)

384 samples were collected from those
wells - |

* MeanTDS boncentratibn IS 6,063. mg/l

* Higher TDS by 2,143 mg/l than mean of . -
all wells.
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Comparison

Mean total dissolved solids in milligram per liter for different grouping of wells using GIS coverage, 1986 to
2002, eastern Powder River Basin, Wyoming. [Data source: GAGMO, 2002]
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oim 2,000+ Waté‘i* sérhp-l'es"*? "5
: _-.-}:_.,__-.'595 Wells at 17 mlnes -l
B4 __F__Dlstrlbuted through the mlmng areas

: "_'_.-:_I__.;\_Generally meet the Wyomlng leestOCk
. 'groundwater standards |
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, Conclusmns
- I\/Iean TDS IS 3 920 mg/l

e ‘"’”I\/Iean and. medlan of TDS and sulfate”.""j?--
_+ concentrations are below Wyomlng '
& L|vestock Standards o

. "H':sulfate water type, W|th caIC|um |
sodlum...-and magnesmm ab.out equal_-_..--lg

e ...---V\/‘ater type 1S generally comparable
between areas” " -
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Conclusmns

- 75 V) below Wyomlng leestock TDS,'
" __.....standard 25% exceed b By, Y

'-_--___J__;\.'Proxrmrty to clrnker recharge area A
. increases TDS by 7905 &

e "H'PrOX|m|ty to stream channels mcreases-;“

e ._.--Proxrmrty to both. stream channels and
. clinker i mcreases TDS by 55 % . "
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