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1\BSTRACT 

Lignite-based electric energy production results in obtaining by-products such as fly ash and 
botton1 ash, \Vhich is 9-10 percent of fired lignite. In po\vcr stations provided with flue gas dcsul
pherization facilities, gypsun1 is also obtained. Use of fly ash or gypsum for construction and agri
culture is possible to vet)1 stnall extent only. Most of \vastes tnust be disposed on special designed 
sites providing ground \Vater protection against pollution. 

The paper presents the alternative tnethods of the above \vaste disposal \Vith the rnain airn -
ground \Vater protection. The follo\ving n1cthods \viii be discussed in the paper: 
- waste disposal on spoil du1nps belo\v and above ground \Vater table, to be recovered after son1c 

tirnes, 
- waste disposal on the ground surface, 
- various n1easures of \Vastcs insulation providing ground vvater protection. 

INTRODUCTION 

Lignite - based electric energy production results in obtain by-products, such as tly ash and bot
ton1 ash. ln povvcr stations provided vvith flue gas desulphurization facilities, gy-psun1 is also ob
tained. However, a n1ajor volun1e of \vastes to be n1anagcd is fly ash and botton1 ash, which are 9-10 
percent of fired lignite. 

Large atnounts of fly ash and botton1 ash produced at one point bring about that the only n1ethod 
of their n1anagetnent is storage. Practicaltnethods of ash n1anagetnent for construction or agriculture 
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used in this country and \Vorld-\vide allo\v to tnake use of their inconsiderable p011ion only (fron1 I 0 
to 20 percent at tnost). The retnaining portion of ashes n1ltst be disposed on special isolated sites. 

LIGNITE- FIRED PO\VER PLANT \VASTES DISPOSAL l\,1ETHODS 
AND TECHNOLOGIES 

In the recent Polish practice, n1ost of po,ver plant vvastes \Vas dun1ped by a hydraulic n1cthods on 
high-disposal (Konin, Pqtn6vv, Belchatow· Povver Plant's) or lovv disposal (e.g. in the final excava
tion of Adan16\v Open Pit) durnping sites and also, in a separated portion of Adan16\v Open Pit. 

Another tnethod has only been used fron1 the very beginning in TurO\\' Po\ver Plant -fly ash and 
botton1 ash are here disposed n1ixed \vith the overburden on external dwnping site. Joint ashes and 
overburden dutnping technology is also used novv in Be1chat6vv Lignite Mine, but on the internal 
dutnping site only. 

Good land for fly ash disposal effect that at present, design \Vork is run to a change pcnver plant 
\Vastes disposal sites, or \Vith a change of disposal technology in the follo\ving po\ver plants: 
Pqtn6\v Po\ver Plant- hydraulic or dry disposal as a suspension or stablisate, respectively, 

\Vithin area of Pqtn6\v Open Pit internal dutnping site, starting fr01n 

Tur6vv' Po\ver Plant -
2000, or so: 
dry disposal of ashes wetted and conditioned at Tur6\v Open Pit, after 
1998: 

Belchat6\v Power Plant- Options used to protect \Vater environn1ent against pollution are shovvn 
in fig. l. They depend on a degree of \Vastes harn1fulness and on the 
location of disposal site relative to aquifers. 

Problen1s associated \Vith the in1pact of po\vcr plant \vastes disposal tnethods on \Vater environ
rnent, evolution of used options and protection n1ethods have been discussed in the paper taking Bel
chat6vv' Povver Plant and Surface Mine as exatnple. 
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A (!) 

A-A 

11 ,a 

IO\YCr horizontal sealing 

Figure I: Groundwater protection 

INTERNATI N 

POWER PLANT \VASTES DISPOSAL IN SURF ACE !\-tiNES 

A 

slurry cut -ofT wall 

a) disposal below groundwater table 
b) disp::~sal below groundn<ltcr table 
c) disposal aoove groundwater table 

IATI N 309 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



~
 .... - - - z ~ - ~ ~ z >
 
~
 - 0 2 >
 

t""
' 

~
 - 2 ~ :E >
 

~
 
~
 
~
 >
 

r.r.
 

r:.n
 

0 (
)
 - > ~ - 0 2 

s 

...
 , .

. 
"
.
 -
~~
 

.. 
"•

 
--

"
'-

.;
..

..
 

.....
.....

.....
.... 

.:.
:_

 :
.. .

..
 :.

;;
,.

 '<
:_

. 
:.:

. 
·.

.:
 :

.:
 \
-

~
 

:~.
~~-

~</
: .. :·:.

:. t
. 
·;~

.:/
:: 

~. 
/ 

--
-.

... ~~
-.

:.~_,
...,,

 ... ,
 ___ 
~
 

;·:-
~:_:

_~ :
·.:·.

::·. 
;~:·

.:: 
: .

.. 
. 

le
ge

nd
: 

c--.
-...

.... 
0 
J 

·~
-.

~.
·~

·~
.1

~ 
.... 

' 
.. 

~ 
. .. 

. .. .
 . ~

 
sa

nd
 a

nd
 g

ra
ve

l 

C
 1 

: 
1 

: 
1 ) 

fi
ss

ur
ed

 ;
m

d 
ka

rs
t 

li
m

es
to

ne
 

~
·
~
-
-
~
·
·
·
"
·
·
·
 

~
~
~
-
;
;
:
~
~
-

.-: 
.. ·

 .
..

..
::

··
.·

-·
:-

·.
·.

~·
-

_
_

_
_

_
_

_
_

_
 

-
·_

 
··.

 ,
·.:

.·:
.· .

.. 
··.

 
'.

 
. 

-
._

 
..

..
 ·p

 

[_ _
 L_

 J 
fa

ul
t 

N
::

-3
 dy

na
m

ic
 g

ro
un

d\
\·a

tc
r 

ta
bl

e 

p
~
.
.
;
J
 

im
p

cm
lc

Jb
lc

 a
n

d
 s

cm
ip

cm
1c

ab
lc

 s
tr

at
um

 
(;

 5
1. 
;
;
)
 o

ri
gi

na
l 

g
ro

u
n

d
w

at
er

 ta
bl

e 
-
·
 

re
co

ve
ry

 

a II
III I

 lUD
 li

gn
it

e 
(-:-

-_
JL

 __ 
~ 

re
co

ve
re

d 
gr

ou
nd

w
at

er
 t

ab
le

 

F
ig

ur
e 

2:
 H

yd
ro

ge
ol

og
ic

al
 s

ec
ti

on
 o

f B
el

ch
at

6w
 L

ig
ni

te
 M

in
e 

in
te

rn
al

 d
um

p.
 

P
re

se
nt

 fl
y 

as
h 

di
sp

os
al

. 

so
il 

:-
~n

d 
su

bs
oi

l 
N

 .....
.....

. 

( 
~:

:J
J 

hy
dr

au
li

c 
co

nl
ilc

t 

V
 / 

/J
 ov

er
bu

rd
en

 d
u

m
p

 

(0
/f/

fJ
 m

ix
ed

 o
v

er
b

u
rd

en
 O

y 
:1

sh
 d

um
p 

( 
II 

) 
dc

w
at

cr
i n

g
 w

el
ls

 

~
 

C':
J 0 0 t""
' - ~ :f
 

r.r.
 

f'\
 -"' '- t""
' - 0:: - () f'\
 - r . r:.n
 
~
 :f
 

t:':
l 
~
 
~
 z l(o

:l 

0:
: 

0 ~
 

0 '- ~
 

~
 

0 :E - > f'\
 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



- en
 

n - ~ -3
 - 0 2.
 

~
 - -

s 
lo

w
e

r 
h

o
ri

zo
n

ta
l 

sc
a

lin
0g _

_
_

_
 , 

! 
I 

I 
1 

l 
I I

 I
 I

 
1
1 

I 
I 

I 
I 

1 
I 

1 
I 

•
•
•
 

t,
..

 
.. 

" 
• 

• 
• 

. 
. .

 ..
 .

 
. ..

..
 

~·~~
 ::

·?·
~~~

::.
!:~

 
·
:
 

.&
 

• 
~~

:;
:·

.:
 

>-t
·."

"''
.:\

~~t
. 

·.~·.
:. :

.:.~
 :·_

:.::·
. ;

'_:·
·::·.

-·::
_: 

~: 

·.
·.

~·
_.

·.
-~

·-
: 

. .:
.···:

:..:.
· ·

 ..
 ·::

 
. 

-
-

-
-
-

~~ •
 ". 

: :
 :. 

~I :
: ·

~ ~ 
II :

 _. 
: :·

 I:.
: I:··

, I~~
:·:

: 
: "* "

• •
 •
:
 •

 I 
• I

 -
• •

 
I 

• 
..

. ,
 

0 
I 

~ 

le
g

en
d

: 

G-
:·-

':·.
;;·

·.·J
 

· ·
 .· 

· 
· ..

 • ·
 · 

l .
·.

 
sa

n
d

 a
nd

 g
ra

ve
l 

r
J
 

1 
1 

"'\
 

6-
-S

J:
:c

g 
fi

ss
ur

ed
 a

n
d

 k
ar

st
 l

im
es

to
ne

 

(
"
"
"
'
-
~
_
I
 

L
-

r-
v

 
+

 
r-

J 
im

pc
nn

ca
bl

c 
an

d
 s

cm
ip

er
m

ca
lc

 s
tr

at
um

 

Cl
ll!l

li!I
ID

 l
ig

ni
te

 

( 
/ 

} 
fa

ul
t 

~
 d

yn
am

ic
 g

ro
un

dw
at

er
 t

ab
ic

 

C
 -

2
_

 J
 re

co
ve

re
d 

gr
ou

nd
w

at
er

 l
ab

lc
 

l ~
 J

 hy
dr

au
li

c 
co

nt
ac

t 

F
ig

ur
e:

 3
 H

yd
ro

ge
ol

og
ic

al
 s

ec
ti

on
 o

f 
B

el
ch

at
6w

 L
ig

ni
te

 M
in

e 
in

te
rn

al
 d

um
p.

 
F

ut
ur

e 
fly

 a
sh

 d
is

po
sa

l. 

so
il 

an
d 

su
bs

oi
l 

N
 

f 
T

Z
J
 o

ve
rb

ur
de

n 
d

u
m

p
 

(f
j?

/f
) 

m
.ix

cd
 o

ve
rb

ur
de

n 
fly

 a
sh

 d
u

m
p

 

( 
IJ 

) 
de

w
at

er
in

g 
w

el
ls

 

""0
 

0 :; ~ ;:z
:l 

""0
 

t ~
 

2.
 

-3
 

~
 

>
 

r.n
 

-3
 
~
 

r.n
 

0 -r.n ""0
 

0 cn
 >
 -.. - 2 r.n
 

c ,;
l 

'":"
J >
 

n ~
 

:;: - 2. t'l
j en
 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



Z. GODLIEWSKI, J, LIBICKI, L. SEWERYN & B. WOJTKOWIAK 

HAZARDS TO \VATER QllALITY AND PROTECTIVE ~1EASURES USED 
ON BELCHATO\V PO\VER PLANT \VASTES DISPOSAL SITES 

Yearly fly ash and botton1 ash fallout ti·on1 Belchat6\v Po\vcr Plant varies betvveen 3.3 and 4.6 
n1illion Mg. These \vastes \vere \Vholly located on Lubie11 disposal site \'lith a hydrotransport n1ethod. 
Due to a considerable filling of this disposal site and nuisance for natural environtnent, it was neces
sary to lin1it its operation and find a ne\V place for \vastes disposal. The other disposal technology 
used since the second half of 1993 consists in that fly ash is n1ixed \Vith the overburden and disposed 
on Belchat6\v Open Pit inten1al dun1ping site on three uppern1ost dun1ping benches. On Lubie dis
posal site, the whole bo1~0111 ash fallout and, in en1ergency, t1y ash is still disposed hydraulically. 

The n1ain cotnponents of furnace \vastes (fly ash and botton1 ash) are alun1iniwn silicate (about 
70 percent) and calciun1 oxide (ti-otn 10 to 20 percent). The trace elen1ents (Cd., Cr, Cu, Mn, Ni, Sr, 
Pb, Zn, F) arc encountered in sn1all an1ounts. The solubler content in \vastes is about 3 o/o on the av
erage, and n1ain con1poncnts passing into the \Vater are calciun1 and sulphate ions. Despite lo\v TDS 
content in the \Vastes, factors decisive of hazardous in1pact on underground \Vaters are n1ostly 
mnount of ·wastes and n1ethod of their disposal. 

Apart fron1 ashes the products fron1 FGD process are also obtained. With a ,\vet" technology in 
usc, the prevailing con1ponent is gypswn CaS04 2H20 (n1orc then 95 percent). independently fron1 
plans of n1aking con1n1ercial use of this tnaterial, a reservoir has been prepared for its disposal on the 
top of Belchat6\v Open Pit external dun1p. 

An additional problcn1 is utilisation of povvcr plant \Vaste \Vater ( n1ostly se\vage fron1 \Vater treat
tnent plant after neutralisation, industrial \Vaste\vater and desalting products ti"on1 cooling to\ver). At 
present, they are used in the hydrotransport systen1 of botton1 ash to Lubie : disposal site. Such a 
\Vaste\vater is produced at a rate of about 700 nl1/h, and its average quality is characterised by the 
TDS, sulphate and chloride contents \vhich vary bet\vcen 4500-5500 n1g/dtn:~, 600 and 700 1ng 
SOc;/dn1~, 800 and I 000 n1g Cl/din~, respectively: 

Lubien Disposal Site 

The disposal is located on the Northern side of Belchat6\v Open Pit at a distance of about 200 n1 
fron1 gallery of de\vatering vvells. It consists no\v of four settling ponds \vith a total area of about 440 
ha. The site has been established in a local land depression fi·on1 \vhcrc \Vater \Vas flo,ving by nature 
to\vards the valley' of Wida,v·ka River. The surface \Vaters \Vere contacted here \vith shallo\v Quater
nary aquifer and also, \Vith lo,ver aquifers. 

Smne 65 n1ill 111:~ of ashes have been disposed on this site until no\v. During the disposal process, 
about 50 1n:-/n1in of overseditnent \Vater is infiltrating into the base of disposal site: It contains 1260 
n1g/dn1:~ of TDS; 160 n1g of S0.1/dn1J and 80 n1g of Cl/dn1~, against the natural \Vater clarity TDS 
content 300 1ng/dn1~, sulphate content 40 tng S04/dn1~ and chloride coi1tent 15 n1g Clldn1~. 

The area of disposal site is \vi thin the in1pact of n1ine de,vatering operations \vhich resulted in that 
the direction of groundvvater flo\v has been changed to the South i.e. to the de\vatering systen1. 

Under present-day circun1stances, the \Vater environn1ent protection against pollution of this dis
posal site can only consist in as quick as possible con1pletion of disposal operation and in its sealing 
and reclamation. The safety tneasures should include shaping of the surface and rcclan1ation in such 
a vvay that rain\vater infiltration is litnited to a n1inin1urn extent. Consequently, the disposal site in1-

pact vvould be n1inin1alised. To avoid cotnpletely the disposal site in1pact it vvill be necessary to cover 
its surface by an i1npern1cable n1aterial (sec protective n1easures sho\vn in fig. l ). This problcn1 
should be ultirnately solved shortly. 
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Disposal on Bclchatow Open Pit Internal Dumping Site 

Presently, the ash is disposed non--selectively on three uppern1ost dun1ping benches, fig. 2. The 
total an1ount of disposed ashes is about 6. () n1ill 111:;. The pollution of \Vater \Viii run in two phases: 
• until year 2001, or so - in the zone above ground\vater table \Vherc pollutants \Vould be leached 

bv rainwater onl)' 
~ ' 

• after year 2001 -partially belo\v recovered underground \Vater table due to pollutants n1igration in 
the aquifers, \Vith still continuing leaching by rain\vater. 
The range of \\1ater saturated zone of the intetnal dun1p body \viii extend every year as a result of 

ground\vater regression. Until 2020, about 40 percent of soil-ash tnixturc \viii be \Vithin the recov
ered aquifer. Full regression of ground\vater table \viii occur not before 2060, or so and then approx. 
75 percent of ashes n1ixed with the overburden \vill be belovv groundwater table. 

The ground\vater pollution \viii n1ostly be tnanifested by an increased TDS content up-to about 
2140 n1g/dtn3

; heavy tnetals could be leached in trace an1ounts. After 20 I 0, or so, the pollutants can 
occur in the \Vater ptunped fron1 the tninc dcvvatering systen1 and on con1pletion of open pit opera
tions, in the \\later reservoir vvhich vvill be in the abandoned open pit. 

The transitional technology (in the years 1993-2000) of ash disposal by n1ixing \Vith the overbur
den provides no practical possibility to avoid pollution of groundwater. Ho,vevcr this in1pact \viii be 
lin1ited by n1aking changes in the structure of ashes (conditioning) before their disposal so as to 
1ninin1ise leaching process. 

Different procedures have been applied for building ne\v \Vaste disposal on the crcnvn surface the 
dump site. In each considered alternatives, it is asswned to use power plant waste water for produc
tion of en1ulate, granulation or hydrotransport. The disposal site '"'ill be covered by 3 111 thick over
burden layer including forest reclan1ation. 

The reservoir for po,vcr plant \vastcs is located on the bench forn1ed at a height of about 20 n1 
above ground level, fig. 3. Therefore, \Vastes disposed in the reservoir \vill ahvays retnain above 
ground,vater table. The base and slopes of reservoir are n1ade fron1 the overburden fornuttions \vhere 
sands are prevailing, and the dun1p as a \vhole is ,,vater-pern1eablc. \Vater fron1 the raint~1ll \viii only 
tlo'v through the \vastes and consequently, it \vould be possible to pollute ground \Vater as a result of 
two types of leaching: 
• leaching lin1ited in tin1c for the storage period, but of a high intensity depending on the disposal 

technology (process \Vater and rain,vater being in contact \Vith the \Vastes vvithout any restric
tions), 

• leaching of IO\V intensity, but long-lasting, for decades after COI11pletion or disposal. 
In this case to avoid pollution the reservoirs on the dun1p top are to be sealed botton1 and on 

slopes by n1aking a \vatertight liner on the dmnp top (protective n1easures sho\vn in fig. I a or l c). 

Gypsum Disposal on Bclchatbw Open Pit External Dumping Site 

A problcn1 of disposal of gypsmn frmn FGD process in Belchat6\v Po\ver Plant has been solved 
by location of this disposal site in a reservoir on the external dwnp top \vhich is about I 50 111 above 
ground level. A direct bascn1ent soil for gypswn disposal is 1naterial of external dun1ping site, i.e. 
sandy overburden. Gypsurn \Vill be disposed on t\vo benches of the dun1p \vith total capacity of 
about 3.7 Jnill 111~. 

0\ving to the location of gypsutn disposal site on the top of external dun1p, possible contact of 
disposed n1aterial \Vith ground \Vater has been avoided and thus, harn1ful substances will not pcne-
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trate directly into this \vater. The in1pact of disposal can only be tnanifested by the leaching of pol
lutants by rain\vater. Due to flo\ving through the gypsutn, water would increase its TDS content up 
to 2200 tng/dtn~, and sulphate and chloride contents \VOuld be increased up to 1450 n1g SO./dn1~ and 
4.5 tng Cl/dnr\ respectively. The pollutants \Vould tnove down through the dun1p vet1ically during 
the period of son1e 15 years and then, to\vards the aquifer. 

A package of tneasures has been predicted to lin1it pollution of the \Vater environn1ent. A n1ain 
one \viii consist in tnaking on the top of disposal site, directly after the dun1ping face, a \Vatertight 
liner along with the draining layer land reclatnation on the top and slopes (as sho\vn in fig. I c). 
They also include soil con1pacting at the base of gypsun1 disposaL and drains and ditches to intercept 
water after being in contact \vith gypsun1 during the storage. 

IVIONITORING OF DISPOSALS IMPACT ON \VATER ENVIRONMENT 

To control itnpact of vvaste disposals on the water environn1ent a n1onitoring systen1 of ground 
and surface \Vaters and also tnine \vatcr is carried out. Each of disposals has its o\vn local observa
tion s ystetn ·which is a part of the Be-ichat6 w Open Pit ex ten1al n1on i taring net\vork. It cotn p rises 6 7 9 
n1onitoring wells (for groundwater) and 80 n1onitoring stations of surface \Vater, including rnine \Va
ter, too. 

The \Vater environment tnonitoring includes: 
• ground water table head n1easurements, 
• quality tests of ground and surface \Vaters including tnine \Vater, 
• special site and Ia boratory tests rei a ted to the specific nature of \Vaste disposals. 

Lubien \Vaste Disposal 

The ground \Vater n1onitor systetn consists of 12 wells of depth do\vn to 50 111 situated around the 
disposal site at a distance ranging fron1 50 to 350 tn. Furthern1orc, at the base of \Vaste disposal site 
en1bankments, there are located shallow control piezon1etric tubes which allo\v to control quality of 
the above-deposit \Vater seeping through the embankn1ents. 

Scope of tneasuretnents and tests: 
• ground water table head is zneasurcd four tin1es a year, 
• quality tests of water san1ples are n1ade also four times a year. 

Physical properties, anions, cations and heavy metals- thirty eight features in total are detern1ined 
each tin1e. 

\Vastc Disposal on Belchatow Open Pit Internal Dumping Site 

The ground\vater observation systctn incorporates eleven facilities - eight piezon1eters and three 
drainage \veils all being a part of observation net\vorks of the n1ine. The surface \Vater observation 
systen1 includes thirteen control stations. The observation \Veils 160 to 260 111 deep are located North, 
East and South of dun1ping site. The drainage \veils are situated at the botton1 of the open pit, on the 
Western side of dun1ping site, along the underground \Vater flow direction. The surface water is con
trolled in pun1ping stations at the open pit, in ditches and channels and also, in rivers which receive 
n1ine \Vater. 

Scope of n1easurements and tests covers: 
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• groundwater table head tneasurcn1cnts once a tnonth, 
• quality of \Vater extracts frotn ashes t\vice a year. 

Fourty six components are dctern1ined each titne. 

Gypsum Disposal on Bclchat6w Open Pit External Dumping Site 

The ground \Vater observation systen1 consists of six piez01neters being a part of the external ob
servation nct\vork of the n1ine. The surface \Vater is n1onitored at eight control stations. 

The rnonitory vv"ells of depth ranging fron1 30 to 200 111 are located \Vithin the disposal site and in 
its vicinity at a distance fron1 30 to 500 111. The surface \\'ater n1easuren1ent-control stations are lo
cated on the disposal site and an the ditches of surface drainage \Vi thin dtnnping site. 

Scope of tneasuretnents and tests: 
• ground \Vater table head is n1easured three tin1es per year, 
• chetnical tests of \Vater smnples are perfonncd eight titnes per year, 
• leachate tests at the site station once a n1onth. 

Physical properties, selected anions and cations, and son1c heavy n1ctals~ thirty six detenninations 
are perfonned each titne. 

The res u Its of a II tcs ts together with and s hart -tern1 forecasts of poss i b I e so lu ti on as \Ve II, are pre
sented in the yearly reports. 

CONCLtJSIONS 

1. The po\\rer plant wastes disposal \Vithin the open pits and \Vithin the overburden dun1ps is ad
vantageous because it does not bring about nc\v land. 

2. The nuisance of power plant vvastes for the environtncnt is the case vvhen they are disposed \vith
out appropriate protective tneasures, or \vhen technological possibilities (e.g. en1tdgates) have not 
been utilised, and natural conditions (in1pcnneable bed) have not been turned in advantage. 

3. The technical and technological solutions of \Vater environn1ent protection presented in the paper 
provide an essential reduction of ash and gypsun1 in1pact on the ground and surface \Vater quality. 
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