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Abstrakt
Zjawisko kolmatacji wystepuje w przyrodzie wszedzie tam, gdzie dochodzi w osrodkach porowatych do przeplywéw cieczy niosgcych
zawieszone czgstki stale. Nawet ,,najczystsza” woda doplywajgca do studni po pewnym czasie spowoduje jej zakolmatowanie, a tym
samym spadek jej wydajnosci, co jest zjawiskiem negatywnym.
Badania prowadzone w naszym osrodku od lat 60-tych ubieglego wieku [1,4-14] doprowadzily do opracowania matematycznego
opisu zjawiska kolmatacji [4-8,13,14] oraz przeprowadzenia szeregu eksperymentoéw jqg weryfikujgcych [9-14]. Uzyskane wyniki
wykorzystano rowniez podczas préb uszczelnienia gorotworu wokét wyrobiska gorniczego [12].
W niniejszym artykule podjeto probe okreslenia obszaru K w przypadku przebiegu zjawiska kolmatacji zachodzgcego zgodnie
z kinetykqg pierwszg, oraz podania zaleznosci opisujgcych rozktad cisnienia h(x,t) dla przeplywu bez kolmatacji i z kolmatacjg bez
linearyzacji wyrazenia e(x,t)” w otoczeniu ¢ gdzie € okresla porowatos¢ osrodka w funkcji potozenia i czasu.
Okreslenie obszaru K pozwala nam na jednoznaczne wyprowadzenie dokladnego rozkladu cisnienia h(x,t) podczas przeptywu
z kolmatacjq przez osrodek porowaty bez linearyzacji, a nastgpnie poréwnania rozwigzan ukladu rownan kolmatacji metodg
linearyzacji i metodg doktadng przy wykorzystaniu bezwymiarowej postaci funkcji &.
W trakcie prowadzenia badan eksperymentalnych préba dopasowania rzeczywistego zjawiska do opracowanego modelu
matematycznego obarczona byta duzg niepewnoscig wynikajgcg prawdopodobnie z zastosowania linearyzacji cztonu e(x,t)".
W artykule autorzy wyjasniajg co generuje odstgpstwo metody przyblizonej od dokladnego rozwigzania oraz zwracajg uwage, ze
dokladne rozwigzanie bardziej oddaje sens fizyczny matematycznego modelu opisu zjawiska oraz zdefiniowanych wspétczynnikow

kolmatacji a w szczegdlnosci parametru o,

Stowa kluczowe: filtracja, kolmatacja, przeplyw z wymiang masy i pedu

Wstep

Ze zjawiskiem kolmatacji w przyrodzie mamy do czy-
nienia tam, gdzie wystepuje przeplyw cieczy niosacych za-
wieszone czastki stale przez o$rodki porowate. Zjawisko to
moze mie¢ znaczenie negatywne, jak w przypadku doptywu
wody do studni, powodujac zakolmatowanie, a tym samym
spadek jej wydajnoéci. Natomiast zaleze¢ nam bedzie na
jak najintensywniejszym jego przebiegu wszedzie tam gdzie
potrzebujemy ograniczy¢ albo wrecz wyeliminowaé wod-
oprzepuszczalno$¢ oérodka porowatego, np. przy uszczel-
nianiu waléw przeciwpowodziowych, tam czy goérotworu
przy pracach podziemnych ograniczajac doplyw wdd do
wyrobisk.

Wida¢ wigc, ze znajomos$¢ mechanizméw przebiegu tego
zjawiska jak i jego opisu teoretycznego i praktycznego wraz
z opracowaniem metod okreslania parametréw odpowie-
dzialnych za jego przebieg ma duze znacznie.

Do badan zjawiska kolmatacji [2,3] nasz o$rodek wiaczyl
si¢ w latach 60-tych ubieglego wieku [1,4-14]. Prowadzo-
ne w naszym osrodku badania doprowadzily do powstania
teorii kolmatacji [4-8,13,14] oraz przeprowadzenia szeregu

eksperymentow ja weryfikujacych [9-14]. Zdobyte wowczas
doswiadczenie wykorzystano réwniez podczas prob uszczel-
nienia gérotworu wokdt wyrobiska gorniczego [12].

Zjawisko kolmatacji moze wedlug teorii kolmatacji prze-
biega¢ w rozny sposob, opisany trzema kinetykami procesu
kolmatacji [5,14]. Niestety w trakcie prowadzenia ekspery-
mentu, czy badan ,in situ” bardzo trudno jest okresli¢, we-
dlug ktorej kinetyki aktualnie przebiega zjawisko kolmatacji.
Konieczne wiec jest posiadanie metody pozwalajacej na okre-
$lenie w czasie i przestrzeni obszaru K zachodzenia zjawiska
dla poszczegdlnych kinetyk.

W niniejszym artykule autorzy skoncentrowali si¢ na
okresleniu obszaru K w przypadku zjawiska kolmatacji prze-
biegajacego zgodnie z kinetyka pierwsza, oraz podaniu zalez-
noéci opisujacych rozktad ci$nienia h(x,t) dla przeplywu bez
kolmatacji i z kolmatacja bez linearyzacji wyrazenia e(x,t)
w otoczeniu g, gdzie & okresla porowato$¢ osrodka w funkeji
potozenia i czasu.

Rozwazania nasze przeprowadzono dla osrodka jedno-
rodnego charakteryzujacego si¢ stalo$cia powierzchni wlasci-
wej a(x) = a i staloscig wspotczynnika kolmatacji o (x) = a,
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Rys. 1. Model osrodka porowatego przyjetego do rozwazan przy przeptywie z kolmatacjg

Fig. 1. The model of the porous medium adopted for considerations in the case of flow with colmatage

vx€[0,L] a(x)=a - powierzchnia wlasciwa
Vx€[O,L] o (x)=a, - wspolczynnik kolmatacji

Wielkos¢ L opisuje maksymalny liniowy zasieg zjawiska
kolmatacji zachodzacego w jednorodnym o$rodku porowatym.
Na Rys. 1 przedstawiono taki wyidealizowany o$rodek
przyjety w naszych rozwazaniach gdzie:
q(t) - predkos¢ filtracji;
e(x,t) — porowatos$¢ osrodka;
h(x,t) - rozktad ci$nienia;
h(0,t) - ci$nienie na poczatku rozpatrywanego osrodka;
h(L,t) - ci$nienie na koncu rozpatrywanego osrodka;
L - dtugos¢ oérodka porowatego.

Wedlug teorii kolmatacji [14] ten przypadek opisany jest
ukladem trzech réwnan rézniczkowych czastkowych: bilansu
transportu (1), kinetyki procesu kolmatacji (2) i ruchu (3)[14].

aN(x,t) _ delx, t)

q(t) Ix Framts 0 - réwnanie bilasu transportu (1)
de(x,t) o
3~ %l (£IN(x,t) - réwnanie kinetyki procesu (2)
ah(x,t) v a? . i S s
P agsa(x.t)ﬂ ) - réwnanie ruchu (3)
gdzie:

N(x,t) - koncentracja unoszonych czastek zawiesiny;
a — wspolczynnik odstepstwa [7,9];

v — wspolczynnik lepkosci kinematycznej;

g — przyspieszenie grawitacyjne.

Wyprowadzenie dokladnego rozkladu ci$nienia h(x,t) pod-
czas przeplywu z kolmatacja przez osrodek porowaty - bez
linearyzacji

W celu wyznaczenia rozkladu ci$nienia h(x,t), musimy naj-
pierw z réwnania (1) i (2) wyliczy¢ funkcje e(x,t). W zwigzku
z tym przeksztal¢émy réwnanie kinetyki (2) procesu kolmatacji
do ponizszej postaci (4) zakladajgc oczywiscie, ze a q(t) # 0

1 de(xt)

N@OD ==~ ow o @)

i wprowadzmy go do réwnania bilansu transportu (1). Po pro-
stych przeksztalceniach otrzymamy:

02¢e(xt) « de(x,t) _
atax e a T

0 (5)

Powyzsze rownanie catkujemy wzgledem czasu t otrzymujac:

S 4 qe(x, ) = p(x) ®)

Nieznanag funkcje¢ @(x) znajdujemy w oparciu o warunek
poczatkowy (7)

Vx€[O,L] &(x,0)=¢, (7)
dostajac zalezno$¢ (8)
Vxe[OL] $x)=a, &, (8)

ktéra wstawiona do réwnania (6) po prostych przeksztalce-
niach pozwala zapisa¢ go w ponizszej postaci:

vx € [0,L] vt € R* 2E9 4 g, (e(x,t) — £,) = 0 9)

Otrzymane réwnanie rdézniczkowe rzedu pierwszego
mozna przedstawi¢ w postaci (10)

de(xt)
e(xt)—go —a,dx (10)
lub (11)
e(x,t)-g =0 (11)

Rozwazmy najpierw zaleznos¢ (11), z ktérej wynika, ze

VxX€[O,L] VtER* e(x,t)=¢, (12)
Natomiast z réwnania bilansu transportu (1) i warunku
a q(t)#0 otrzymujemy
Vx€[O,L] VtER* e(x,)=¢ =>N(xt)=const (13)
Ostatecznie uwzgledniajac rownanie kinetyki procesu (2)
dochodzimy do spostrzezenia, ze
Vx€[O,L] VteER* e(x,)=¢ =>N(x,0)=0 (14)
Otrzymana zalezno$ci opisuje wiec proces przeptywu czy-
stej wody przez o$rodek porowaty.
Zajmiemy si¢ teraz cztonem (10) przy zalozeniu, ze (x,t)
- £,#0, z ktorego wynika, ze t # 0. Po scalkowaniu réwnania
(10) otrzymujemy zalezno$¢ (15)

Infe(x,t)-¢, |=-ax+(t), (15)

ktéra po prostych przeksztalceniach i podstawieniu ¢(t) = e¥®
doprowadza do wyniku w postaci réwnania (16).

e(x,t)=¢_ +p(t)e (16)
Musimy teraz okresli¢ zaleznos¢ funkcji ¢ od czasu - ¢(t).

Skorzystamy z réwnania kinetyki procesu (2) i rozwigzemy je
dla przypadku, gdy x = 0. Mamy:
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[0£(0,0)]/0t=-a, q()N(O,t) (17)

Poniewaz do rozwazanego obszaru wplywa zawiesina
o stalej w czasie koncentracji mozemy zapisa¢ warunek brze-
gowy w postaci:

vteR* N(0,t)=n (18)

Rozwigzanie ogoélne réwnania (17) z warunkiem brzego-
wym (18) opisane jest wiec ponizsza zaleznoscia:

e(0,0)=-na_ [ q(t)dt+C (19)
Z warunku poczatkowego (7) wynika, ze C = g czyli

e(0,0)=¢,na_ [ q(t)dt (20)
Stad po prostych przeksztalceniach otrzymujemy

$()=-na, [ q(tdt (21)

Ostatecznie mozemy przedstawi¢ rozwigzanie réwnania
(16) w postaci

VXER* VtER'- {0}:a, q()#0  e(x)= € na e ) [ q(t)dt (22)

przedstawiajacej rozklad porowatoéci o$rodka przy przeply-
wie z kolmatacja, realizowanym przy przyjetych zalozeniach.

Pozostaje nam teraz tylko sprawa wyjasnienia, co si¢ dzieje,
jezeli t = 0. Jak wida¢ réwnanie (22) przechodzi w posta¢ (14),
co jest przeciez oczywiste, bo w chwili zerowej proces kolma-
tacji spelniajacy warunek poczatkowy (7) nie moze zachodzic.

Podsumowujgc teraz nasze dotychczasowe rozwazania,
poszukiwang funkcje &(x,t) ostatecznie mozemy przedstawié
jak nizej:

£ - proces bez kolmatacji  (23)

Vx €[0.L] VEERVapq(f) # 0 e(x 1) = {e,, - na‘,e"’f”'f q(£)dt - proces z kolmatacja  (24)

Zajmiemy sie teraz okresleniem obszaru K zachodzenia
zjawiska. Z réwnania (23) wynika, ze obszar K dla przeply-
wow bez kolmatacji mozna przedstawi¢ w postaci

k={(x,t):x€[0,L],teR*}, (25)
czyli caly obszar objety przeplywem.
Okreslenie obszaru K dla przeptywu z kolmatacja jest za-

daniem skomplikowanym z uwagi na trudno$¢ wyznaczenia

hix.t)

n(0.0 1

B(L.1) o

w sposOb bezposdredni czasu zakonczenia przebiegu zjawi-
ska. Zatem przyjeliémy metod¢ posrednia. Proces kolmatacji
zostanie zakonczony jezeli wszystkie pory osrodka ulegna
wypelnieniu, czyli e(x,t)=0. W oparciu o to, z réwnania (24)
wynika, ze

Jymq(yde<[e,/(na,)] (26)
a w konsekwencji obszar K mozemy przedstawi¢ w postaci
K={(x,t):x€[O,L],tE[O,th‘mX q(tdt<e /(na, ) (27)

Przejdzmy teraz do wyznaczenia poszukiwanego rozkla-
du ci$nienia. Wprowadzmy oznaczenie
Q=2a (v/g) o? (28)

i wstawmy je do réwnania ruchu (3), ktére w konsekwencji
przyjmie postac:
dh(x,t) _ _ q(t)

ax Qsa(x,t) (29)

Scatkujmy go teraz w granicach od x do L.

L ah(x,t) — L dx
-rx ax dx = 'QQ(t) fx e3(x,t) (30)

W wyniku catkowania otrzymujemy ponizsze réwnanie
okreslajace rozklad ci$nienia w o$rodku porowatym

h(x,t) = h(L,t) + 2q(t) [ ==

x g3(x,t)

(31)

Jako pierwszy przypadek rozwazymy rozwigzanie powyz-
szego rownania dla przeptywu bez kolmatacji. Z dotychczaso-
wych naszych rozwazan wynika (23), ze w takim przypadku
e(x,t) = g, awiec

h(x,t) = h(L, 1) +ﬂq(t):lg(l. —x) (32)

Otrzymana zalezno$¢ (32) opisujaca rozklad ci$nienia
przy przeplywie bez kolmatacji zostala zilustrowana graficz-
nie na rys. 2 i jest zgodna z przebiegami obserwowanymi
w trakcie eksperymentow.

Drugi przypadek to ten, w ktérym w trakcie przeply-
wu przez osrodek porowaty cieczy niosacej zawieszone
czastki stale dochodzi do ich wymiany z osrodka cieklego
do stalego - kolmatacji. Prowadzi to w konsekwencji do
uzmiennienia rozkladu porowatoéci co zostalo wyrazone
zaleznoscig (24).

X

Rys. 2. Rozktad cisnienia w osrodku porowatym przy przeplywie bez kolamatacji

Fig. 2. Pressure distribution in a porous medium during flow without colmatage
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e(x,t)=¢_-na_ e [q(t)dt

Poniewaz wiadomo [14], ze

Ja(®de=Q(®) (33)
to zaleznos$¢ (24) mozemy zapisaé w postaci (34).
e(x,t)=¢ -na, Q(t)e ™ (34)

Po wstawieniu otrzymanego réwnania (34) do réwnania
ruchu w postaci (31) otrzymujemy
h(x,t) = h(L,t) + 2q(t) [ &7 (x, t)dx =
= h(L,t) + 2q(t) [ [e0 — na,Q(t)e "] 2dx (35)

Aby rozwigzaé powyzsze rownanie najpierw obliczmy cal-
ke nieoznaczong w nim wystepujaca. I tak

Je3(x, t)dx = [[g —
[2 In(e, —na,Q(t)e %*) —¢g,

na,Q(t)e o ] *dx =

3e,—2na,Q(t)e~%ox
(comapat)eonyz T 20X ¥ Cl]

(36)

T 2a0e2

Przechodzac do calki oznaczonej otrzymujemy

J;s’z()c, t)dx = J’;[sg —na,Q(t)e %*]3dx =

350—2na,Q(t)e ~%oF (37)
Ccomaoaitre-onyz| * 2% (L= 0}

_ { Ep—napQ(t)e oL _ [320—2na,Q(t}e %ok
T 2ape3 eo-nasQ(t)e=0% 0 |(e,-na,Q(t)e=Ter)2

Wprowadzajac nowe oznaczenie

=01 -4 %

2a0€3 g aoel

(38)

mozemy poda¢ ostatecznie zwigzek opisujacy rozklad cisnie-
nia h(x,t) dla przeplywu z kolmatacja, jak nizej

_ . Eg—Na,Q(t)e %ol _
R(x,t) = h(L, 1) + 0q(t) {2 In Sl
3ep—2nanQ(t)e %]

(8g—nergQ(H)e=0%)2]

-~ [350—2na,,0(t)e_“DL B
? lsonao0(t)e—ek)>

(39)

+2a,(L — x)}

W tym miejscu warto przypomnie¢ dotychczasowe przy-
blizone réwnanie opisujace rozklad ci$nienia h(x,t) otrzyma-
ne przy pomocy linearyzacji wyrazenia g[x,t]” w otoczeniu g,
[7,14]. Po drobnych przeksztalceniach w celu ujednolicenia
zapisu, posta¢ tego réwnania jest nastepujaca
h(x,t) ~ h(L,t) + 2q(t) [GQ(t)%“ (e7%% —e™%l) + 2a,(L — X)] (40)

Z dotychczasowych badan [14] wiadomo, Ze rozklad ci-
$nienia przy przeplywie z kolmatacja w chwili t = 0 jest taki
sam jak dla przeptywu bez kolmatacji (32). Czyli jest opisany
funkcja liniowa o réwnaniu

h(x,t) = h(L,t) + ﬂq(t)gi:(l, —x) = h(L,t) + 20q()a,(L — x) (41)
Wprowadzajac do réwnania (39) dla t=0 Q(0) = 0 widzi-

my, ze otrzymane rozwiazanie jest analogiczne z réwnaniem
(41), co pokazano ponizej:

h(x,t) = h(L..£) + 0q(t)

21 fo-nag@(t)e %h [3g,-2nas@je %t 3ro—2nagg(re”e¥] (42)
N enacane om0 lie,nag0@e bR (e nageine—moni|

2in1=0 Ea[ﬂszp zso] -0
=

+ 2a,(L —x)

fa

Na zakonczenie tego artykulu chcieliby$Smy przedstawi¢
rozklad ci$nienia h(x,t) (39) w funkcji: porowatosci osrodka

e(x,t), rozkladu koncentracji unoszonych N(x,t) oraz wytapa-
nych P(x,t) czastek kolmatanta.

Dla rozkladu porowatosci opisanego réwnaniem (24)
i z uwzglednieniem réwnan (33) i (34) rozklad ci$nienia moz-
na przedstawi¢ zaleznos$cia (43)

ept2e(at)

] 2, -0} (43)

h(x, ) = h(L, 1) + (1) {2 In o [y

s(Jc t) 2(L,t)

Z kolei rozklad zatrzymanej masy w o$rodku P(x,t) opisa-
ny jest ponizsza zaleznoscia [14]:
P(x,t)=na, Q(t)e* (44)

W konsekwencji wigc rozklad cisnienia h(x,t) mozemy
przedstawi¢ nastepujaco:

36,-2P(x8)]

h(x,t) = h(L, ) + Hq(t) {2 In == -] v 2ae -n} (45)

PLY [3;0—2;7(1.,:)
0—P(x,t) © L(gg—P(L,1))2

Poniewaz funkcje N(x,t) okreslajaca rozkiad koncentracji
unoszonych czastek opisuje zalezno$¢ (46) [14]

N(x,t)=ne%* (46)

to rozklad ci$nienia h(x,t) przybierze posta¢ réwnania (47)

R(x,t) = h(L,t) + Dq(t) {2 In o= %QONLD _
(r,8) = h(L,6) + Bq () {2 In 2220 B0

_ 35520 QL) N (i) ] +2a (L _ X)}
o

[ 3g,—2a,Q(E)N(LE)
(co—aoQ()N(x1)12]

? Lso—ao@(tIN(L1))?

(47)

Poréwnanie rozwiazan ukladu réwnan kolmatacji metoda
linearyzacji i metodg dokladna

Poréwnujac réwnania (39) i (40) mozna zauwazy¢, ze rdz-
nig si¢ tylko jednym czlonem. Jezeli przedstawimy zaleznos¢

(40) w formie

h(x,t) = h(L,t) + () - A(x,t)

— na,Q(t)e %k ISs —2na,Q(t)e %t 3e, — 2na,Q(t)e” %]

Al =2in £, — na,Q(t)e~wer [(f —na,Qte=%l) (g, — na,Q(t)e—*)Z| +2a0(L —x)
(48)
natomiast rownanie (39) w postaci
h(x.t) h(L )+ Qq(t) - B(x,t)
B(x,t) = 6Q(t) (e-m —e=%l) 4 20, (L — %) (49)

to o odchylce decyduje wtedy réznica miedzy czlonami A(x,t)
i B(x,t). Najproéciej odchytke ta mozemy zdefiniowaé¢ w po-
staci wspdlczynnika §(x,t) bedacego stosunkiem A(x,t) do

Dl &\
_Alxt)
&) = G0
&y — naDQ(t)e'"aL
£, — na,Q()e%*

[38, — 2na,Q(t)e %k 3g, — 2na,Q(r)e”"*]
" l(fn —na Q)% (g, — ﬂaaQ(t)E‘“a”)ZJ
6Q(l) o (e % — g=@al) + 2 (L —x)

2ln + 2a,(L — x)

(50)

Z uwagi na nieokreslonos$¢ w czasie zakonczenia procesu
kolmatacji powyzsza postac tego réwnania (50) jest trudna do
analizy i sformulowania jaki§ ogdélnych wnioskoéw. W zwigzku
z tym nalezy je przeksztalci¢ do innej postaci, ktéra by od-
zwierciedlala dowolny fizyczny proces kolmatacji. Wprowa-
dzajac bezwymiarowg zmienng y

vx€[0,L] y=x/L; y€[0,1] (51)

Oraz bezwymiarowa zmienng z
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vz€[0,1] z=[na, Q(t)] /e, (52)
otrzymujemy uniwersalne réwnanie (53).
1—ze % [3—2ze % 3 —2ze %Y

O G-l T G e ety 209

6z(e~ %Y — e %) + 2a,(1 —y)

Ze wzgledu na charakter jednostek wielkosci x i L bezwy-
miarowo$¢ wspolczynnika y jest oczywista. Watpliwosci moze
wzbudzaé bezwymiarowo$¢ parametru z, a moze powinnismy
zapisa¢ go w postaci funkcji zaleznej od czasu z(t). Bezwy-
miarowo$¢ parametru z wynika z warunku (26) okreslajacego
czas t zakonczenia przebiegu zjawiska kolmatacji i zalezno$ci
(27) okreslajacej jego obszar. Jezeli z=0 oznacza to, ze proces
kolmatacji dopiero rozpoczal si¢ i czas t=0. Natomiast w przy-
padku gdy z=1 proces kolmatacji zakonczyl si¢. Nie posiada-
my jednak informacji o czasie jego trwania. Parametr z jest
wiec bezwymiarowy i informuje nas o stopniu zaawansowa-
niu procesu bez wnikania w czas jego przebiegu. Tak zdefinio-
wana funkcja &(y,z) (53) daje narzedzie do bezwymiarowego
poréwnania dwdch zaleznosci (39) i (40). Oczywiscie w row-
naniach tych wystepujg parametry takie jak o oraz ¢, ale s3
to wartosci stafe.

Na wykresie rys. 3 przedstawiono liniami ciggltymi zalez-
no$¢ bezwymiarowego wspodtczynnika §(y,z) od parametru y
dla jedenastu wartoéci z bgdacymi informacja o stopniu za-
awansowania procesu kolmatacji. Tak jak to wida¢ w opisie
po prawej stronie wykresu, kazda krzywa odpowiada innej
wartosci z zaczynajac od 0 a koficzac na wartosci 1, przy przy-
jetych parametrach a_ oraz e wynoszgcych odpowiednio 0.5
i 0.7. Ponadto dla z=0,6 co odpowiada stopniu zaawansowa-
nia procesu kolmatacji w 60%, naniesiono dwie krzywe ozna-
czone pogrubionym kropkowaniem w celu zilustrowania, jaki
wplyw ma zmiana parametru e, na rozktad §(y,z). Przyrost
wartos$ci zostal zobrazowany kierunkiem zwrotu strzatki.
Krzywe zostaly wykreslone dla wartosci ¢ =0.4 oraz ¢ =0.6
przy wartoéci a _=0.5. Podobnie zilustrowano (krzywe krop-
kowane) wplyw zmiany parametru a_ dla z=0,8 na rozklad
&§(y;z). Tak jak w poprzednim przypadku, przyrost wartosci
zostal zobrazowany kierunkiem zwrotu strzatki. W tym przy-
padku krzywe zostaly wykreslone dla warto$ci a =0.6 oraz

&y.2)

a =0.8 przy warto$ci € =0.7.

O§ argumentéw y zostala celowa przesunieta do warto-
$ci &(y,z)=1. Ta warto$¢ informuje nas, ze bez wzgledu na to,
ktéra zalezno$cig bedziemy liczy¢, (39) czy (40), otrzyma-
my takie same warto$ci. Jest to jedyny przypadek, w ktérym
wynik otrzymany metoda przyblizona pokrywa si¢ z meto-
da dokladna. Pamietajmy, ze réwnanie (39) jest rownaniem
otrzymanym wprost z rozwiazania ukladu réwnan (1), (2)
i (3), a wersja (40) to tylko forma przyblizona, ale dotychczas
byta stosowana do analizowania procesu kolmatacji. Stosujac
zalezno$¢ przyblizona (40) dla zakresu &(y,z)<1 otrzymane
wyniki opisuja zawyzony stopien zaawansowania procesu kol-
matacji, a wsp6lczynnik §(y,z) informuje o ile. W przeciwnym
przypadku gdy &(y,z)>1 otrzymane wyniki opisuja zanizony
stopien zaawansowania procesu kolmatacji i w tym przypad-
ku réwniez wspo6lczynnik §(y,z) informuje nas o ile.

Whioski

Przedstawiony tok rozumowania pozwala na dokladniej-
szy pod wzgledem matematycznym opis przebiegu zjawiska
kolmatacji — w oparciu o zalozenia teorii kolmatacji propo-
nowane przez Profesora Alfreda Trzaske [14] z uwzglednie-
niem pierwszej kinetyki procesu kolmatacji. Wedlug dotych-
czasowej metody, z uwagi na skomplikowang pod wzgledem
matematycznym postaé¢ réwnan rézniczkowych opisujacych
zachodzace zjawisko kolmatacji, przyjmowalo si¢ uproszczo-
na posta¢ funkeji e(x,t) linearyzujac tg funkcje w otoczeniu
g, [5,14]. Wspolczesne narzedzia obliczeniowe pozwolily
nam rozwigza¢ uklad réwnan opisujacych pierwsza kinetyke
(1),(2),(3) w sposéb bezposredni bez stosowania przyblizen
w postaci linearyzacji. Potrzeba dokladniejszego rozwigzania
wynika z rozbieznoéci pomiedzy otrzymanymi rozkladami
podczas badan laboratoryjnych a przebiegami wynikajacy-
mi z symulacji komputerowej opartej o linearyzacje¢ cztonu
e(x,t)3.

Analizujac krzywe na Rys. 3 mozna wysuna¢ wniosek, ze
dotychczasowe stosowanie formy przyblizonej opisu procesu
kolmatacji obarczone bylo znaczacym bledem, tym wigkszym
im proces zblizal si¢ do konca. Ponadto formuta ta (40) nie
miala mechanizmu, ktéry informowat by nas, ze proces kol-
matacji juz zmierza ku koncowi lub si¢ zakonczyl. Wynika to
z faktu, ze posta¢ zaleznos$ci (40) nie uwzglednia warunkéw

=10
z=109
T z=0,8
z=0,7
z=0,6

0,25

y

z=03
z=02
z=0,1
z=0,0

Rys. 3. Graficzna ilustracja zmiennosci parametru &

Fig. 3. Graphical illustration of the variability of the & parameter
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(24), (26) przez co funkcja nie zmierza asymptotycznie do
okreslonej warto$ci. Jest to jedna z przyczyn rozbieznoéci po-
miedzy metoda przyblizona i dokladng co generuje odchylke.
Druga przyczyna generowania odchylki jest zwigzana z tym,
ze zgodnie z zalezno$cia (49) zle wyznaczona wartos¢ wspol-
czynnika B(x,t) ma wplyw na bledna warto$¢ q(t), a to ma
wplyw na niewlasciwy rozklad ci$nienia h(x,t). W przypad-
ku przeptywu z kolmatacja realizowanego przy statej roznicy
ci$nien, wymuszona réznica ci$nien narzuca jakie warto$ci
moze przyja¢ iloczyn q(t) B(x,t). Jest to mechanizm samore-
gulacji procesu i z matematycznego punktu widzenia proces
nadal trwa, chociaz fizycznie juz si¢ zakonczyt.

W przypadku funkeji (39) dazy ona do asymptoty zgodnie
ze zdefiniowanymi warunkami (24) i (26). Bardzo wazng ce-
cha zalezno$ci (39) jest zobrazowanie sensu fizycznego wspol-
czynnika kolmatacji a. Z postaci tej wynika jasno, ze moze
ona przybiera¢ jedynie wartoéci z przedziatu [0,1]. Warto$ci

0 odpowiada brak wychwytu przeplywajacych czastek kolma-
tanta lub przeplyw czystej cieczy, a wartosci 1 odpowiada sy-
tuacja, w ktorej osrodek wychwytuje wszystkie przeplywajace
czastki kolmatanta, czyli wyplywa czysta woda, co z fizycz-
nego punktu widzenia jest prawie niemozliwe. Dotychczas
stosujac metode przyblizong przyjmowano ten wspotczynnik
jako parametr empiryczny o wartosci umozliwiajacej dopa-
sowanie rzeczywistych pomiaréw laboratoryjnych do symu-
lacji komputerowej. W ten sposob jego interpretacja fizyczna
wzbudzata wiele kontrowersji i byla niejasna.

W trakcie prowadzenia badan eksperymentalnych okre-
$lenie wedlug jakiej kinetyki przebiega proces obarczone jest
duza niepewnos$cia wynikajaca prawdopodobnie z zastosowa-
nia linearyzacji czlonu &(x,t)? réwniez w pozostatych kinety-
kach. Autorzy obecnie pracuja nad znalezieniem bezposred-
niego rozwigzania rowniez dla kinetyki drugiej i trzeciej.
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Pressure Distribution in a Porous Medium During the Colmatage Phenomenon Accurring Ac-
cording to the First Kinetics without Linearization of the Expression Defining the Porosity of the

Considered Medium as a Function of Position and Time

The phenomenon of colmatage occurs in nature wherever there is a flow of fluid carrying suspended solid particles through porous
media. Even the "cleanest” water flowing into the well after some period of time will become clogged and therefore its efficiency will
decrease, which is a negative phenomenon. Research conducted in our center, since the 1960s [1,4-14], has led to: a theoretical de-
scription of the phenomenon of colmatage [4-8,13,14] and a number of experiments verifying it [9-14]. The obtained results were used
during tests to seal the rock mass around a mining excavation [12].

This article attempts to determine the area K in the case of the colmatage phenomenon occurring in accordance with the first kinetics,
and to identify/formulate relationships describing the pressure distribution h(x,t) for the flow without colmatage and with colmatage
without linearization of the expression e(x,t)” in the surroundings e , where € determines the porosity of the medium as a function of
position and time. Determining the area K allows us to clearly derive the exact pressure distribution h(x,t) during flow with colmatage
through a porous medium without linearization, and then compare the solutions of the system of colmatage equations using the line-
arization method and the exact method using the dimensionless form of the & function. During the experimental research, the attempt
to match the actual phenomenon with the developed mathematical model was burdened with high uncertainty, probably resulting
from the use of linearization of the €(x,t)? term. In the article, the authors explain what generates the deviation of the approximate
method from the exact solution and point out that the exact solution better reflects the physical meaning of the mathematical model
for describing the phenomenon and the defined colmatation coefficients, the parameter ¢, in particular.

Keywords: filtration, colmatage, flow with mas and momentum exchange
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and variable cost management.

Abstract
The article deals with the analysis of changes of 6 quarries economic results in the period 2013- 2018, that was an improvement and
deterioration of the economic results. The analysis shows that changes in the economic results are mainly influenced by changes in sales

Keywords: quarrying, financial results of quarries, change of financial results

Introduction

The collection of natural materials on the surface of the
earth and later surface mining has accompanied human so-
ciety since ancient times. Over time, mining and processing
technology has improved, but the essence of quarrying has
remained fundamentally the same. The original exchange in
kind was replaced by trading on the principles of economy.
Quarrying activities contribute to the economic development
and employment, support communities in the provision of
social amenities and infrastructure among others (Panagopo-
ulos et al.; 2017; Baah- Ennumbh et al.; 2021). The outbreak of
COVID-19 virus has triggered a global public health crisis.
Restricting the movement of people has resulted in a substan-
tial contraction in economic activity. It was connected with
production shock (many businesses have been temporarily
shut down) and consumption shock (consumers reduced the-
ir discretionary spending and increased their precautionary
savings (de Bruin et al.; 2020).

The reduction in demand and investment activity affected the
economic results of companies, including quarrying. The profit
of the quarries has decreased. In many cases, it turned into a loss.
The situation during the pandemic was not exceptional. The glo-
bal financial crisis in the period 2008-2009 had similar effects.

The question then arises as to whether fluctuations in
the economic result are only linked to a drop in demand and
production or whether there are other influences as well. This
problem is also relevant for large mining companies owning
many quarries. Identical raw materials are extracted in the-
se quarries, the technological essence of the mining process
is comparable, safety regulations require the same qualifica-
tion of employees at all quarries. Nevertheless, the economic
results measured by the profit/loss of a particular quarry are
quite different. Therefore, the questions can be formulated in
general: (i) why some quarries are profitable and some unpro-
fitable (ii) why their economic results change.

Answers to these questions were sought in the conditions
of a major company operating a lot of quarries in Central and

Eastern Europe. Attention was paid to quarries in the Czech
and Slovak Republics.

Quarrying and its effects

Quarrying is the process of extracting minerals and rocks
from natural deposits located on or below the Earth's surface
and processing them into commercial products. Commercial
products are crushed aggregate, sand, gravel, energy raw ma-
terials (e. g. coal) and industrial minerals (gypsum, kaolin,
clay, etc.).

Although the growth of the aggregates industry will po-
sitively and materially impact jobs, earnings, and sales in
many sectors of the national’s economy (Ford and Spiwak;
2017), quarrying industry has many negative consequences-
-change of geomorphology and conversion of land use, with
the associated change in visual scene. This major impact may
be accompanied by loss of habitat, noise, dust, vibrations,
chemical spills, erosion, sedimentation, and dereliction of the
mined site (Langer; 2001; Milgrom; 2008; Willis and Garrod;
1999). Quarrying represents competition for the use of land,
for example for agriculture or infrastructure construction
in the region. It is therefore not surprising that quarrying of
minerals is met with public opposition. Quarries remain one
of the most disliked forms of development behind casinos,
power plants and landfill sites (Quarry Management; 2008).
Public perception of mining and quarrying is generally very
poor (Bloodworth et al.; 2009), although there are some ex-
ceptions (Panagopoulos et al.; 2017).

Establishing new mining capacity becomes extremely dif-
ficult, at best, quarries are pushed further from populated are-
as. Aggregates are, however, characterized by a low unit value.
When the transport distances from the place of extraction to
the place of consumption are extended, the transport costs
have a high proportion in the total unit costs. As a result, most
of the demand for aggregates is met by local producers from
shorter distances, which vary from country to country but
remain the same order of magnitude: 40 kilometres (Menega-
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ki and Kalimpakos, 2010; Highley et al. in Bloodworth et al.
2009), 30 miles (approx. 48 km) (Jaeger, 2006), 50 km (Escavy
et al., 2020), 56 km (Escavy et alt., 2022), 80 km (Poulin and
Bilodeau, 1993). It means that suitable geological conditions
are a necessary, but not sufficient, condition for a viable qu-
arry. What does a favourable economic outcome of a quarry
depend on?

The economic result of quarrying

The economic result of any company, including a quarry,
is, in its simplest form, the difference between total revenues
and total costs. It takes the form of profit or loss. In the short
term, a firm can lose money and still operate by drawing from
previously accumulated financial reserves. But in the long
term, securing profit is essential for the survival of the com-
pany. (Hill, 2017).

Publications related to the economics of individual quarries
are mostly associated with the evaluation of investments, chan-
ges in quarry operations or optimization of quarry operations
(e. g. Fiore et al.; 1970, Sirin et al.; 2021, Altus Group; 2021).

Analyses of the economic results of quarries receive little
attention in publications, although "...quarrying is a "run for
profit business" (Milgrom; 2008). The major reason anyone
would go into quarry operation is to make profit by recove-
ring as much valuable (quality) materials from the deposit as
possible at an economical level (Igonor and Oden; 2011).

The analysis of the economic results of the quarries was
carried out in the conditions of a company based in the Czech
Republic. The company is part of a multinational concern
containing companies in the form of joint-stock companies
and limited liability companies, which are interconnected by
property. Individual companies include quarries located in
Central and Eastern European countries. The initial informa-
tion was production statistics and accounting of individual
quarries. Due to the confidentiality of these data, the identifi-
cation of the multinational concern or the analysed company
is not given.

This company provides mining, production, and sale of
aggregates for concrete and asphalt mixtures, road and en-
gineering constructions, railway construction, regulation of
water flows. Quarries are characterized by seasonal produc-
tion. The winter period is mostly used for winter repairs of a
larger scale. Repairs are financed from the reserve for winter
repairs, which is formed during the mining period. Accoun-
ting is conducted in euros. Each location is reported as a se-
parate unit, sales of its products and all operating costs are
recorded. Costs that cannot be allocated to individual sites
are transferred to the quarries through overheads. Overheads
are calculated as a percentage of sales for aggregate sales to
foreign customers.

All quarries report their information in the following
structure:

B production of construction materials in tons (sand,

gravel, quarry stone, other products).

o salesin tons

o sales for individual assortment items in euros

B other sales (transportation, rental of machines, etc.)

o total revenue

o change in stock level

o revenue from sales

o variable costs (drilling and blasting work, energy, re-
pairs, subcontracts, variable wages, service etc.)

o contribution per unit

. fixed costs (depreciation, fixed wages, insurance, ta-
xes, interest, etc.)

e economic result

o breakeven point in tons

o profitability of sales

Based on these production statistics and accounting data,

the economic results of individual quarries can be analysed.

Two basic questions related to the economic results of qu-

arries can be formulated as follows:

o What factors cause some quarries to be profitable
and others to be unprofitable?

o What factors cause some quarries to improve their
economic results year-over-year (change from loss to
profit, reduce loss or increase profit) and other quarries
to worsen their economic results year-to-year (change
from profit to loss, reduce profit or deepen loss)?

It is obvious that only factors reported within the given
company could be considered, i.e., primarily information
from accounting and production statistics. Other company
information sources were used for a small number of indi-
cators.

The first question can be answered based on long-term
operational experience (Zapletalova pers. comm.).

A profitable quarry can be characterized as follows: it is a
large quarry with sufficient reserves of mineral raw material,
with quality rock in terms of technological parameters and
applicability. On this basis, the quarry achieves higher pro-
duction prices, it is free from conflicts of interest that would
limit its production. The quarry is not located close to the set-
tlement, it has an available infrastructure. The technological
line to produce crushed aggregate is stable and uses electrical
energy. The quarry is characterized by higher extraction and
sales of production. In many cases, large-scale constructions
stabilizing the supply of mined raw materials for a longer pe-
riod are in the relative vicinity. The quarry is associated with a
cheaper acquisition in the more distant past.

Loss quarry is relatively small with smaller production
and lower selling prices. The technological line is mobile, the
energy source is diesel, the line is usually older. The quarry is
located closer to settlements, which limits the scope of bla-
sting work and the quantity of production transported thro-
ugh the village. The entire range is not produced, sales are
directed to shorter distances. There are no nearby large-scale
structures. The effect of insufficient production is a high pro-
portion of fixed costs per unit of production.

The answer to the second question was sought based on
detailed analysis of statistical and accounting data.

Factors causing improvement or deterioration of economic
results of quarries

The analysis was carried out in the conditions of the men-
tioned company at 6 quarries in the period from 2013 to 2018.
For each quarry, the economic result has therefore changed 5
times between individual years. Out of 30 changes, there was
an improvement in the economic result 17 times, of which 6
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times there was a transition from loss to profit. In 13 cases,
there was a deterioration in the economic result, of which 2
times a transition from profit to loss.

An example of this development can be seen in Figure 1.

Based on accounting information and production stati-
stics, an analysis of the origin and development of the eco-
nomic result between individual years was performed. The
analysis was carried out separately for deterioration and sepa-
rately for improvement of the economic result. The research
was conducted separately for the revenues and separately for
the costs.

Revenues

Revenues depend on sales for aggregates (so-called net
sales), according to individual types of assortments. Other
sales are added to these sales - transport to the customer,
space rental, machine rental, etc. This is how the total sales
are obtained. Shipping costs are deducted from them and the
change in inventory is added. This determines the revenue
from sales.

In the structure of sales revenue, net sales have the largest
share. These are determined by the total sales in tons, the sales
structure (i. e. the assortment) and the prices of the individual
items in the assortment. The influence of individual factors
can be determined using the following procedure (Dvoracek;
1997): we start from the initial year (period (0)) and the sub-
sequent year (period (1)). We will recalculate the sales struc-
ture of the period (1) with the prices of the period (0), i. e. we
simulate a situation where there was no change in prices. Then
we calculate the sales structure of period (0). According to
this structure, we will divide the total amount of production
of period (1). Thus, we assume that only the total quantity has
changed, but its structure has remained. We multiply the cal-
culated sales structure by the prices of the period (0). In this
way, we simulate the situation that in period (1) the structure
and prices in period (0) were preserved. If q, denotes the sale
in tons of individual assortment items, p, denotes the prices of
individual assortment items, and q, the size of individual as-
sortment items of the period (1) in the structure of the period
(0), then it is possible to determine:

total change in net sales: 2q,p, — 2 q,p,
in which:

the effect of price changes: 2qp,-2qp,
effect of the change in assortment: 2qp, -2 q,p,
effect of quantity change: 2q,p,— Zq,p,

In doing so: ¥ q = ¥ q,. We perform the total for all items
in the assortment. In this way, it is possible to find out which
factor has the greatest quantitative influence on the change in
net sales.

The revenue analysis was performed separately for the de-
terioration of the economic result and separately for the im-
provement of the economic result.

Deterioration of the economic result: revenues
The deterioration of the economic result occurred in 13
cases. Of which:
o In 9 cases production decreased, in 4 cases produc-
tion increased.
o In 11 cases aggregate stocks increased, in 2 cases
stocks decreased (sales were greater than production).
. In 11 cases the sales revenue decreased, in 2 cases the
sales revenue increased.

The change in sales for aggregates was most influenced by:

o the change in quantity that had the most negative ef-
fect (decrease in sales) in 9 cases;

o the change in assortment that had the most negative
effect in 3 cases;

o the change in assortment that had the most positive
effectin 1 case.

Improving the economic result: revenues
There was an improvement in the economic result in 17
cases. Of which:
o In 12 cases production increased, in 5 cases produc-
tion decreased.
o In 10 cases aggregate stocks increased, in 7 cases
stocks decreased (sales were greater than production).
. In 12 cases the sales revenue increased, in 5 cases the
sales revenue decreased.

The change in sales for aggregates was most influenced by:

o the change in quantity that had the most positive ef-
fect in 12 cases;

o the change in quantity that had the most negative ef-
fect in 5 cases.

Sub-summary for the revenues: for a change in the econo-
mic result, it is not the change in production that is decisive,
but in sales. Out of the total number of 16 cases of growth in
production (with deterioration as well as improvement in the
economic result), in 12 cases (75%) stocks also increased. Part
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of the production therefore did not find a market. In 9 cases
(64%) of the 14 cases of a decrease in production (with a de-
terioration as well as an improvement in the economic result),
stocks also increased. A change in sales affects a change in sa-
les revenue, and these are closely related to a change in econo-
mic results. Out of 13 cases of deterioration of the economic
result, in 11 cases (85%) the sales revenue decreased. Out of
17 cases of improvement in the economic result, in 12 cases
(71%) the sales revenue increased. The change in the amount
sold had a dominant effect on the change in aggregate sales.

Costs

Based on operational experience, the issue of natural con-
ditions, technology and quarry management can be projected
into the costs (Zapletalova, pers. comm.). Since the quarries
have different sizes and different levels of production, we used
indicators determined as the ratio of costs to production, i.e.,
costs per 1 ton. This indicator makes comparability possible.

In natural conditions we included "the ratio of drilling
and blasting costs to production” and "average prices of in-
dividual assortment items". These prices reflect the quality of
the aggregate.

In the technology area, we have included "ratio of machine
cost to production” and "ratio of service cost to production”.

In the area of quarry management, we have included "ra-
tio of wage costs to production” and "ratio of total costs to
production.”

Again, the analysis was carried out separately for the dete-
rioration of the economic result and separately for the impro-
vement of the economic result.

Deterioration of the economic result: costs

Natural conditions: deterioration of the economic result

occurred in 13 cases. Of which:

e in 7 cases, the ratio of drilling and blasting costs to
production increased, and at the same time, in 7 cases,
higher sales per 1 ton of production were achieved;

e in 6 cases, the ratio of drilling and blasting costs to
production was reduced, and at the same time, in
4 cases, higher sales per 1 ton of production were
achieved.

Technology: the economic result deteriorated in 13 cases.
Of which:

o in 8 cases, the ratio of machinery costs to production
increased, and at the same time, in 6 cases, the ratio
of service costs to production increased;

B of these, in 2 cases, the stationary crusher was repla-
ced by a mobile device, the operation of which was
financed through the services;

o out of 8 cases of growth in the ratio of machine costs
to production in 6 cases there was a decrease in pro-
duction, i. e. a lower use of machines.

Quarry management: deterioration of the economic result

occurred in 13 cases. Of which:

o in 10 cases there was an increase in the ratio of wage
costs to production, at the same time there was a re-
duction in production volume in 8 cases. Increased
wages were not linked to production bonuses;

e in 12 cases there was an increase in the ratio of total
costs to production, at the same time in 9 cases the
ratio of overhead costs to production increased.

Improving the economic result: costs

Natural conditions: the economic result improved in 17

cases. Of which:

o in 10 cases, the ratio of drilling and blasting costs to
production increased, at the same time, in 8 cases, an
increase in sales per 1 ton of production was achieved;

o in 7 cases, the ratio of drilling and blasting costs to
production was reduced, at the same time, in 4 cases,
sales per 1 ton of production were increased.

Technology: the economic result improved in 17 cases. Of

which:

. in 12 cases, the ratio of machine costs to production
decreased, and at the same time, in 11 cases, produc-
tion increased. At the same time, in 7 cases, the ratio
of service costs to production decreased.

Quarry management: the economic result improved in 17

cases. Of which:

. in 7 cases, there was an increase in the ratio of wage
costs to production, and at the same time, in 4 cases,
production increased;

o in 5 cases, the ratio of total costs per 1 ton of production
increased, and at the same time, in 4 cases, the ratio of
overhead costs per 1 ton of production increased.

Sub-summary for the costs: the increase in the ratio of
drilling and blasting costs to production can be due to:
o by increasing the price of inputs for these activities;
o by switching to stronger, and thus superior quality
parts of the deposit, which can be sold at higher prices.

However, if out of the 30 cases of analysed quarries there
was an increase in sales per 1 ton of production in 77% of cases,
this is rather a general increase in the price level of produced
aggregates and not a transition to stronger parts of the depo-
sit with the necessity of an increased number of boreholes and
with higher unit consumption of explosives. An increase in sa-
les per 1 ton of production also occurred at quarries, where the
ratio of drilling and blasting costs per 1 ton of production fell.

The problem of the ratio of the costs of machines per 1 ton
of production is linked with machine use - higher use means
higher production and a decrease in the level of this indica-
tor. Changes in technology in the form of reconstruction and
replacement of stationary technology with mobile technology
had a negative effect here, which increased the ratio of machi-
ne costs to production. Unsolved is apparently the issue of wa-
ges, which increase even in the situation of reduced produc-
tion - in 65% of cases. The burden resulting from overheads
also has a negative effect, where in 75% of cases the increase
in the ratio of overhead costs to production is associated with
an increase in total costs per 1 ton of production.

Overall Summary and Discussion
Deterioration of the economic result: out of 13 cases of
deterioration of the economic result, there was an increase in
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aggregate stocks in 11 cases and a decrease in sales revenue in
9 cases. Inventories of aggregate in stock are valued at cost-
-based prices, so quarries lose the profit mark-up when calcu-
lating the economic result. The deterioration of the economic
result is therefore linked to sales problems.

At three quarries with a decrease in production, the statio-
nary crushing line was changed to a mobile line, the operation
of which was ensured as part of external services. In other ca-
ses, they were carried out reconstruction and modernization.
In 9 quarries with a decline in production, the ratio of service
costs to production increased. The reason was insufficient use
of machines, which was caused by a decrease in production
caused by sales problems. Of the 9 quarries with a decrease
in production, in 8 cases the wage-to-production ratio incre-
ased. It points to the unresolved issue of labour management
in connection with the interruption of mining in the winter
period. The reduction in production was not in accordance
with the development of significant variable costs — drilling
and blasting, services, which led to an increase in the ratio of
costs for these activities to production.

Sales problems associated with the decline in production,
which was not matched by the development of variable costs,
and demand for wages can be considered as the causes of the
deterioration of the economic result.

Improving the of economic result: in 12 cases out of 17,
i.e., in 70.6% of cases, both production and sales revenue in-
creased. In 5 cases out of 17, i.e., in 29.4%, sales revenues de-
creased, but they were associated with a decrease in variable
costs. This was mainly a decrease in the ratio of the costs of
machinery to production in 70.6% of cases. This decrease in
the ratio was due to a higher level of production, i.e., higher
utilization of machines. In 41.2% of cases, the ratio of drilling
and blasting costs to production decreased. The area of wage

demand was problematic here as well. In 41.2% of cases there
was an increase in the ratio of wage costs to production, but
only in 23.5% of cases there was an increase in production.
The motivating role of wages appears to be weak.

Conclusion

The analysis shows the importance of production, sales
and costs planning. The economic result is, on the one hand,
linked to sales revenue, which is influenced by the amount
of production. It results in variable costs. From the point of
view of sales, changes in the economic result are dependent
on the share of production and assortment that the quarry
has contractually guaranteed with customers. A higher sha-
re of guaranteed sales facilitates the planning of mining and
variable costs.

A separate issue is the area of wages in the period when
the climatic conditions do not allow activity in the quarry. It
is solved by releasing workers for a limited time or creating
reserves for winter activity. The growth of wage costs in the
face of declining production does not indicate the motivatio-
nal function of wages. From the point of view of overheads as
fixed costs, the quarry is burdened with a share of costs that
it cannot influence.

The idea of a successful company is usually associated
with its high production. Quarrying, however, produces as-
sortment items that hardly find a market - fine fractions. The
economic results also depend on the distance to which the
production is transported.

It can therefore be assumed that, despite the importance
of the natural conditions of the deposit, changes in demand
and management of variable costs are decisive for changes in
the economic result.
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Zmiany w wynikach ekonomicznych kamieniotoméw

Artykut dotyczy analizy zmian wynikéw ekonomicznych 6 kamieniofoméw w latach 2013-2018, czyli poprawy i pogorszenia wyni-
kow ekonomicznych. Analiza pokazuje, ze na zmiany wynikow ekonomicznych wplywajg gléwnie zmiany w zarzgdzaniu sprzedazg
i kosztami zmiennymi.

Stowa kluczowe: kamieniotomy, wyniki finansowe kamieniotoméw, zmiana wynikéw finansowych
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Abstrakt

Artykut dotyczy zagadnienia zastosowania innowacyjnego rozwigzania stuzgcego do czyszczenia maszyn i urzgdzei znajdujgcych
sie w wyrobiskach gérniczych z zastosowaniem technologii UCT (Underground Cleaning Technology). Podczas czyszczenia podawana
jest pod cisnieniem mieszanina gazéw sktadajgca sie w glownej mierze z dwutlenku wegla (suchy 16d), ktéry sublimujgc zwieksza
efektywnos¢ czyszczenia. Podczas prac powstaje zapylenie powietrza wynikajgce z obecnosci w wyrobisku nagromadzeri pytu
weglowego i kamiennego oraz z emisji pytéw z procesu czyszczenia. W artykule przedstawiono wyniki pomiaréw rozktadu zapylenia
na stanowisku pracy oraz w jego otoczeniu. W procesie czyszczenia zastosowano aktywne sposoby redukcji zapylenia powietrza
za pomocg suchego odpylacza filtracyjnego. Badaniami objeto réwniez strumieti powietrza na wlocie do odpylacza oraz na jego
wylocie. Na podstawie wykonanych pomiardw in situ oceniono wplyw metody czyszczenia urzgdzen goérniczych na stan powietrza
w wyrobisku oraz mozliwosci zastosowania technologii UCT w podziemnych zaktadach gorniczych.

Stowa kluczowe: zapylenie powietrza, zwalczanie zapylenia powietrza, suchy odpylacz filtracyjny, frakcja wdychalna, frakcja respirabilna,

technologia UCT

1. Wprowadzenie
W procesie urabiania i transportu wegla oraz skal towarzy-
szacych powstaja duze ilosci pytu przemystowego. Ze wzgledu na
miejsce jego powstawania w gornictwie jako profilaktyke zbioro-
wa pracownikow wykorzystuje sie gléwnie zraszanie (na organach
maszyn urabiajacych, przesypach, kruszarkach) oraz urzadzenia
odpylajace typu mokrego i suchego wspotpracujace z systemami
wentylacji odrebnej [3, 4, 9]. Zwalczanie zapylenia w kopalniach
wegla kamiennego ma na celu ograniczy¢ [3, 4, 5, 6]:
o powstawanie i osiadania pyléw w strefie niebezpiecznej,
ze wzgledu na zagrozenie wybuchem pytu weglowego,
o negatywne oddzialywanie na zdrowie pracownikéw
spowodowane wdychaniem pyléw przemystowych
zawierajacych wolng krzemionke SiO2, ktéra powodu-
je zwldknienie tkanki plucnej oraz dziala toksycznie
réwniez na inne narzady organizmu ludzkiego.

Najprostsza metoda pomiaru stezenia pylu [mg/m?®] jest
oznaczanie wagowe pylu wdychalnego (frakcja wdychalna)
oraz pylu respirabilnego (frakcja respirabilna) w jednostce ob-
jetosci powietrza.

W warunkach kopalnianych najczeéciej do pomiaru indy-
widualnej ekspozycji na pyl w $rodowisku pracy pod ziemia
uzywa sie pylomierzy grawimetrycznych CIP 10. Srednie ste-
zenie pylu przy pomocy CIP 10 oblicza si¢ z zalezno$ci zdefi-
niowanej jako iloraz zmierzonej masy pytu oraz iloczynu czasu

pomiaru i natezenia przeplywu powietrza w urzadzeniu [9].
Od 21 sierpnia 2018 roku wedlug [11] obowiazujace Najwyzsze
Dopuszczalne Stezenia (NDS) wynosza:
o dla pyléw zawierajgcych (wolng) krystaliczng krzemion-
ke od 2 do 50 mg/m® i powyzej 50 mg/m*: 0,1 mg/m?>
o dla pytéw wegla (kamienny, brunatny): frakcja wdy-
chalna 10 mg/m?, frakcja respirabilna 2 mg/m®.

Wedlug [11] frakcja wdychalna to frakcja aerozolu wnika-
jaca przez nos i usta, ktéra po zdeponowaniu w drogach od-
dechowych stwarza zagrozenie dla zdrowia, okreslona zgodnie
z normg PN-EN 481. Natomiast frakcja respirabilna to frakcja
aerozolu wnikajaca do drog oddechowych, ktéra stwarza za-
grozenie dla zdrowia po zdeponowaniu w obszarze wymiany
gazowej, okre§lona zgodnie z normg PN-EN 481. W przypadku
pytow wegla obowigzuje jednoczesne oznaczanie stezen frakeji
respirabilnej krzemionki krystalicznej.

2. Sposoby redukcji zapylenia w warunkach kopalnianych
Urzadzenia odpylajace ze wzgledu na budowe i zasade dzia-
fania mozna podzieli¢ na odpylacze mokre oraz suche. Stano-
wig one wazny element systemu wentylacyjnego w czasie dra-
zenia wyrobisk, ktory ma zapewnié bezpieczne warunki pracy
[5, 6, 8]. Odpylacze mokre dzialaja na zasadzie oczyszczania
powietrza zawierajacego pyl, poprzez przechwycenie czastek
stalych zawieszonych w powietrzu przez kropelki wody, a na-
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Rys. 1. Budowa i zasada dziatania odpylacza mokrego HCN firmy CFT [3]

Fig. 1. Construction and principle of operation of the CFT Wet Scrubber - HCN type [3]
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Rys. 2. Budowa suchego odpylacza powietrza typu HBKO 1/500 [3]. Odpowiednia numeracja na rysunku 2 oznacza: 1 - wlotowy lutniociag
zasysajacy powietrze zapylone, 2 — wylot z odpylacza powietrza oczyszczonego, 3 - samonos$ne elementy filtrujace, 4 - przenosnik zgrzeblowy, 5 -
stacja wentylatorow dGAL7-300/300, 6 — thumik

Fig. 2. Construction of a dry deduster - HBKO 1/500 type [3]. The corresponding numbering in Figure 2 indicates: 1 - inlet brazier intake of dusty
air, 2 - outlet of cleaned air dust collector, 3 — self-supporting filter elements, 4 — scraper conveyor, 5 - fan station dGAL7-300/300, 6 - silencer
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Rys. 3. Schemat uktadu technologii UCT: 1 — modut transportowy, 2 - sprezarka, 3 — modut elektryczny, 4 - odpylacz, 5 - mieszalnik [10]

Fig. 3. UCT technology layout diagram: 1 - transport unit, 2 - compressor, 3 - electrical unit, 4 - deduster, 5 — mixer [10]

stepnie oddzielenie kropli wody od powietrza. Specjalne dysze
generuja kurtyne wodng oddzialujacg na zasysane zanieczysz-
czone powietrze. Mieszanina pylu, wody i powietrza przeptywa
przez ,demister” (odmgtawiacz), w ktérym nastepuje dalsze ich
mieszanie. Skraplacz oddziela szlam i pozostato$ci wody od po-
wietrza, a oczyszczone powietrze opuszcza system przez wen-
tylator, ktéry wytwarza odpowiednie podcisnienie. Wentylator
umieszczony jest w strumieniu powietrza czystego. Oddzielona
mieszanina wody i pylu jest odpompowana do zbiornika w celu
sedymentacji. Zbiornik ten moze by¢ umieszczony razem
z urzadzeniem badZz oddzielnie. Oczyszczona po sedymenta-
cji woda ponownie wraca do dysz skraplajacych przy uzyciu
pompy strumieniowej [3, 4]. Budowa mokrego odpylacza HCN
przedstawiona zostala na rys. 1 [3].

Redukcja pylu w powietrzu metoda sucha odbywa sig
w zakladach goérniczych przy pomocy suchych odpylaczy fil-
tracyjnych. Odpylacze suche zatrzymujg pyl na materiale filtra,
a nastepnie sg oczyszczane za pomocg powtarzanego cyklicznie
impulsu pneumatycznego, skierowanego w kierunku przeciw-
nym do zasysanego powietrza [3, 4]. Budowa odpylacza suche-
go HBKO firmy CFT przedstawia rys. 2.

Zapylenie powietrza powstaje na kazdym etapie eksploatacji
gorniczej, przygotowania i transportu urobku. Zgodnie z [1, 10]
opracowano innowacyjne rozwigzania poprawiajace wydajno$¢
i bezpieczenistwo pracy maszyn w gornictwie. Okreslono inno-
wacyjng technologie czyszczenia i konserwacji urzadzen zainsta-

lowanych w strefie zagrozenia wybuchem metanu i/lub pytu we-
glowego, w tym w wyrobiskach gorniczych - technologia UCT
(Underground Cleaning Technology). Technologie UCT opra-
cowata i zaadoptowala do stosowanie w atmosferze kopalnianej
firma 3N Solutions. Metoda UCT polega na wykorzystaniu tzw.
suchego lodu, to jest dwutlenku wegla w fazie stalej, ktory kiero-
wany jest na zanieczyszczony element. W wyniku zjawiska subli-
macji generowany jest dodatkowy strumien energii pozwalajacy
na oderwanie zanieczyszczen z czyszczonej powierzchni [1].
UCT umozliwia czyszczenie podzespoléw, instalacji, urza-
dzen zabudowanych w strefach wybuchowym bez koniecznosci
ich wylaczania z eksploatacji i demontazu oraz transportu na
powierzchnie lub w strefe niezagrozona wybuchem. Technologia
UCT charakteryzuje si¢ bardzo wysoka skutecznoscig usuwania
zbrudzen na poziomie 90-95%. Usuwane zanieczyszczenia stano-
wig zaolejenia, pyly przewodzace i nieprzewodzace, tlenki metali,
zanieczyszczenia organiczne, sadze z frontu instalacji, ale row-
niez z dalej zdeponowanych podzespotéw bez koniecznosci ich
demontazu. Usunigcie szerokiego spektrum zabrudzen podczas
czyszczenia zapobiegnie szybkiemu adsorbowaniu si¢ kolejnych
zanieczyszczenn wplywajacych na obnizenie parametréw pracy
i trwalosci oraz niezawodnosci urzadzen. Zalegajace i nieusuniete
zanieczyszczenia z przestrzeni pracy moga powodowaé awarie,
ktore skutkowaé beda przestojem generujacym straty ekono-
miczne. Moga przyczynic¢ si¢ do powstania pozaréw oraz powo-
dowac szybsze zuzywanie si¢ podzespoléw, co skutkowa¢ bedzie
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Rys. 4. Budowa prototypowego odpylacza suchego: 1 — zespot oczyszczania powietrza, 2 — zespot odbioru zanieczyszczen, 3 — dyfuzor, 4 - uchwyt
ztacza kablowego, 5 - pulpit sterowniczy, 6 - zawiesie, 7 — zespdt pneumatyczny, 8 - pneumatyczne sterowanie czyszczeniem [2]

Fig. 4. Construction of a dry deduster prototype: 1 - air purification unit, 2 — pollution collection unit, 3 - diffuser, 4 - cable connector holder, 5 -
console, 6 - lifting sling, 7 — pneumatic unit, 8 - pneumatic cleaning control [2]

Rys. 5. Odpylacz suchy podczas badan w LW ,,Bogdanka”
Fig. 5. Dry deduster during tests at LW "Bogdanka"

konieczno$cia wylaczenia instalacji lub ich wymiany. Oprécz
lepszych parametréw pracy poprawie ulegnie rowniez poziom
bezpieczenistwa maszyn oraz oséb obstugujacych te maszyny. Do-
kfadne usuwanie wszelkich zabrudzen jest kluczowe dla zacho-
wania prawidiowego i bezpiecznego funkcjonowania urzadzen.
Schemat urzadzen uktadu UCT przedstawiono na rysunku 3.

3. Metodyka badan

Badania kopalniane funkcjonalno$ci uzytkowej prototypu
suchego odpylacza filtracyjnego (rys. 4) wchodzacego w sklad
technologii UCT byly przeprowadzone w kopalni wegla ka-
miennego LW ,Bogdanka” S.A. w chodniku ta§mowym 2fN
w polu Nadrybie. Na rysunku 4 przedstawiono rzut prototypo-
wego odpylacza suchego jako element redukujacy zapylenie po-
wietrza w technologii UCT a na rysunku 5 jego widok podczas
badan w LW ,,Bogdanka” S.A.

Badania pilotazowe technologii UCT w atmosferze kolo-
nialnej prowadzono w chodniku tasmowym 2fN, w ktérym
zidentyfikowano nastgpujace zagrozenia naturalne:

o I stopien zagrozenia metanowego,

e pomieszczenie ze stopniem "a" niebezpieczenstwa wy-

buchu metanu

o Kklasa B niebezpieczenstwa wybuchu pytu weglowego,

o zagrozenie wodne I stopien,

e zagrozenie pozarowe IV grupa,

o zagrozenie klimatyczne: niezagrozone/I,

o  radiacyjne - niezagrozone,

o wyrzutami gazow i skal - nie wystepuje,

e  tagpaniami - nie wystepuje.

Chodnik wykonany byt w obudowie LP o przekroju 16,2 m>.
Pomiary zapylenia przy pomocy urzadzen CIP 10 dla frakeji

wdychalnej i respirabilnej oraz pomiary s$redniej predkosci
powietrza w przekroju wyrobiska zostaly przeprowadzone wg.
schematu pokazanego na rysunku 6, a stanowisko czyszczenia
zostalo przestawione na rysunku 7. Na schemacie zaznaczono
kolejne punkty pomiarowe: 1 — 1 m od miejsca czyszczenia, 2 —
10 m od miejsca czyszczenia, 3 — przed odpylaczem, 4 - 1 m za
odpylaczem, 5 - 1 m od wylotu odpylacza.

Badania mialy na celu potwierdzi¢ poprawne dzialanie pro-
totypu technologii UCT zwlaszcza w kwestii poziomu stezenia
pylu w wyrobisku kopalnianym.

4. Wyniki badan

W wyrobisku gérniczym LW Bogdanka - chodnik tasmo-
wy 2fN pomiary zapylenia powietrza wykonywano za pomoca
pytomierzy grawimetrycznych CIP-10. Przed przystapieniem
do badan przeprowadzono szczegétowa oceng stref z wybu-
chowym pylem weglowym, w celu wyselekcjonowania stref za-
bezpieczajacych, w ktorych badania nie zaburzalyby procesu
eksploatacji gorniczej i nie wplywalyby na stezenie i rozktad
frakcyjny pylu weglowego oraz intensywnos¢ osadzania jego
poszczegdlnych frakcji. Do badan wybrano chodnik tasmowy
2fN zlokalizowany w polu Nadrybie. Zgodnie z Dz.U. 2018
poz. 1286. Rozporzadzenie Ministra Rodziny, Pracy i Polityki
Spotecznej z dnia 12 czerwca 2018 r. w sprawie najwyzszych
dopuszczalnych stezen i natezen czynnikéw szkodliwych dla
zdrowia w §rodowisku pracy [11], pomiarom poddano frak-
cje wdychalne oraz respirabilne pyléw emitowanych podczas
czyszczenia. Pomiary $redniego stezenia pylu frakcji wdy-
chalnej i respirabilnej realizowano metoda grawimetryczna,
stuzacy do oznaczania indywidualnej ekspozycji na pyt w éro-
dowisku pracy pod ziemia. Srednie stezenie pytlu obliczano
z zaleznosci zdefiniowanej jako iloraz zmierzonej masy pylu

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society 25



Rys. 6. Schemat pomiarowy badan zapylenia podczas pracy prototypu suchego odpylacza: A - odpylacz, B - stanowisko pracy

Fig. 6. Measurement diagram of air dust tests during operation of the dry deduster prototype: A — deduster, B — workstation
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Rys. 7. Stanowisko czyszczenia: 1 — dysza, 2 — ssawa, 3 — przewdd ssacy, 4 — brudna cze$¢ wymiennika, 5 - czysta cze$¢ wymiennika

Fig. 7. Cleaning station: 1 - nozzle, 2 - suction nozzle, 3 - suction pipe, 4 — dirty part of the exchanger, 5 - clean part of the exchanger

Rys. 8. Pylomierze CIP-10 - chodnik tasmowy 2fN w LW Bogdanka [10]
Fig. 8. CIP-10 dust meters — 2fN belt gallery at LW Bogdanka [10]

Rys. 9. Czyszczone urzadzenia dolowe

Fig. 9. Cleaned underground equipment
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Tab. 1. Wyniki pomiaréw zapylenia powietrza w chodniku tasmowym 2fN za pomoca pytomierza CIP-10

Tab. 1. Results of air dust measurements in a 2fN belt gallery using a CIP-10 dust meter

Frakcja wdychalna | Frakcja respirabilna kfztSrineiZ:?ki
Lp. Miejsce pobrania prébki krzls}traalli((i:zj;ej
Stezenie, Bjﬁd Stezenie, Blad respirabilna,
mg/m? pgg;i:g' mg/m? p;n;}e:;?, mg/m?
1 | Chodnik tasmowy 2fN - 1m od miejsca czyszczenia 9,40 +1,60 1,95 +1,40 |0,089+0,020
2 | Chodnik tasmowy 2fN - 10m od miejsca czyszczenia 2,11 +0,66 1,00 +0,66 |0,014+0,004
3 | Chodnik tasmowy 2fN - przed odpylaczem 5,10 +1,20 1,50 +1,30 |0,015+0,004
4 | Chodnik tasmowy 2fN - 1m za odpylaczem 7,66 +0,94 1,19 +0,74 |0,096+0,032
Ponizej
5 | Chodnik tasmowy 2fN - 1m od wylotu odpylacza 3,70 +0,52 1,58 +0,49 dolnego
zakresu

Tab. 2. Wyniki pomiaréw $redniej predkosci powietrza podczas procesu czyszczenia

Tab. 2. Measurement results of the average air velocity during the cleaning process

Srednia predkos¢ powietrza w chodniku tasmowym 2fN
ver [M/s]
Lp- Proces czyszczenia Pomiar 10m Pomiar 1m Pomiar 1m Pomiar 10m
przed przed za za

stanowiskiem | stanowiskiem | stanowiskiem | stanowiskiem
czyszczenia czyszczenia czyszczenia czyszczenia

1 | Czyszczenie silnika kolejki Scharf 0,71 0,68 0,70 0,72

2 | Czyszczenie wytacznika elektrycznego 0,72 0,69 0,70 0,71

3 | Czyszczenie obudowy lampy elektrycznej 0,69 0,66 0,68 0,70

4 | Czyszczenie podkfadek mosieznych 0,70 0,67 0,69 0,71

5 | Czyszczenie podzespotéw hydraulicznych 0,70 0,68 0,69 0,72

6 | Czyszczenie wymiennika chtodnicy powietrza 0,72 0,70 0,70 0,71

oraz iloczynu czasu pomiaru i nat¢zenia przeplywu powie-
trza przez pytomierz. Pomiaréw masy miseczek filtracyjnych
przed pomiarami i po, wykonano w laboratorium chemicz-
nym LW ,Bogdanka” S.A. Na podstawie zgromadzonych na
miseczkach filtracyjnych pytéw, wykonano badania chemicz-
ne stezenia krzemionki krystalicznej frakcji respirabilnej. Wy-
niki pomiaréw laboratoryjnych wyrazono w mg/m?®. W sumie
podczas prac dolowych z wykorzystaniem prototypu UTC,
wykonano 36 serii pomiarowych z wykorzystaniem pylomie-
rzy CIP-10 (rys. 8).

Badania dotyczyly pomiaru stezenia pytéw frakcji wdy-
chalnej i respirabilnej oraz zawartosci krystalicznej krzemionki
w pytach frakeji respirabilnej. W wybranych punktach pomia-
rowych (rys. 6) zlokalizowane byly pylomierze, ktére indywi-
dulanie zbieraly probki pylow frakcji wdychalnej i respirabilnej
na wlocie i wylocie z odpylacza oraz w odleglosci 1 m i 10 m
od stanowiska czyszczenia. Na podstawie zebranych prob ba-
dawczych (miseczek pomiarowych z materialem filtracyjnym)
przeprowadzono analize laboratoryjng, na podstawie ktdrej
okreslono stezenia zapylenia powietrza w wybranych punktach
pomiarowych. Dla uzyskanych wynikéw okres§lono réwniez
maksymalny blad pomiarowy. Wyniki uzyskanych pomiaréw
i analiz przedstawiono w tabeli 1 i 2.

Najwyzsze stezenia zapylenia powietrza wystepuja w naj-
blizszym otoczeniu miejsca czyszczenia, tj. w odleglosci 1m od
stanowiska operatora oraz w wyrobisku na wylocie z odpylacza.
Te dwa punkty pomiarowe zlokalizowane byly najblizej miejsca
czyszczenia. Wraz z oddalaniem si¢ od stanowiska operatora
stezenia obu badanych frakcji maleja i w odleglosci 10 metrow
stezenie frakcji wdychalnej wynosi tylko 2,1 mg/m?, a frakcji
respirabilnej 1 mg/m?®.

Na rozprzestrzenianie chmury zanieczyszczen pylowych
duze znaczenie ma predkos¢ powietrza w wyrobisku kopalnia-
nym. W trakcie procesu czyszczenia mierzono $rednig predkos¢
powietrza w przekroju wyrobiska vér [m/s] anemometrem skrzy-
detkowym pAS4 w odleglosci Im oraz 10 m przed i za stanowi-
skiem pracy. W trakcie 24 serii pomiarowych, $rednia predkos¢
powietrza oscylowala w przedziale od 0,66 do 0,72 m/s (tab. 2).

Podsumowujac wykonane badania zapylenia, mozna
stwierdzi¢, ze stezenia zanieczyszczen powietrza nie przekra-
czaja warto$ci dopuszczalnych okre§lonych w [11]. Stezenie
krzemionki krystalicznej réwniez mieéci si¢ w przedziale war-
tosci dopuszczalnych (ponizej 0,1 mg/m?), jednak warto za-
uwazy¢, iz w punkcie 1 jak i 4 (wedtug tabeli 1) stezenie to zbli-
za si¢ do gornej warto$ci dopuszczalnej, ale jej nie przekracza.
Spowodowane to moze by¢ emisja wtérna pytow zalegajacych
na wyposazeniu znajdujacym si¢ w wyrobisku oraz ruchem
powietrza wywolanym praca odpylacza i dyszy czyszczacej,
a w szczegolnosci nadmuchem strumienia mieszanki czysz-
czacej przez operatora. W odlegtosci 1m od odpylacza stezenie
krystalicznej krzemionki bylo ponizej progu wykrywalnosci.
Na podstawie wykonanych pomiaréw mozna stwierdzi¢, iz
technologia UCT nie powoduje przekroczen dopuszczalnych
poziomow zapylenia powietrza w wyrobisku gorniczym i moze
by¢ stosowana do wykonywania prac czyszczenia pod ziemia.

Srednie stezenie zapylenia w chodniku tasmowym 2fN wy-
nosito dla frakeji wdychalnej 288,3 pg/m® a respirabilnej 172,6
pg/m® (tlo zanieczyszczen). Na stanowisku czyszczenia — ste-
zenie pyléw w powietrzu zasysanym przed odpylacz wynosito
9400 pug/m’ i dla frakeji respirabilnych 1950 ug/m?, ktére mozna
uznac jako st¢zenie na wlocie do odpylacza. Natomiast na wylo-
cie (w strumieniu powietrza oczyszczonego) z odpylacza zareje-
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strowano warto$ci odpowiednio 155,7 ug/m® i 95,8 pg/m”.

Uzyskane wyniki pomiaréw potwierdzaja wysoka skutecz-
noé¢ odpylania a dzialanie odpylacza wyraznie poprawia wa-
runki (obniza stezenie pytdw) w wyrobisku gérniczym.

5. Podsumowanie i wnioski

Badania kopalniane efektywnosci zbierania zabrudzen oraz
efektywnosci odbierania chmury zabrudzen przy wykorzysta-
niu prototypu technologii UCT byly przeprowadzone w kopalni
wegla kamiennego LW ,,Bogdanka” S.A. w chodniku tasmowym
2fN w polu Nadrybie. Do badan wytypowano: zespdt napedo-
wy (silnik) ciagnika kolejki podwieszanej, wytacznik elektryczny
i jego podzespoly, obudowe lampy, podktadki mosiezne, podze-
spoly hydrauliki, wymiennik chtodnicy powietrza. Pomiary wy-
konywane byly w réznych odleglo$ciach od stanowiska czyszcze-
nia, w celu okreslenia wptywu technologii UCT na $rodowisko

miejsca pracy oraz jego otoczenie. Z przeprowadzonych badan in
situ wynika, Ze zaréwno dla pytoéw frakeji wdychalnej jak i respi-
rabilnej nie doszlo do przekroczen $rednich wartosci zapylenia
na stanowisku operatora, jak rowniez w odlegtosci 10 m od miej-
sca czyszczenia. Zapylenie powietrza na wylocie odpylacza jest
bardzo niskie, co poprawia stan powietrza (jego czysto$¢) w wy-
robisku. Z tego wzgledu metoda czyszczenia urzadzen dotowych
UCT moze by¢ stosowana w atmosferze kopalnianej.

Artykul zostale zrealizowany w ramach:

Projektu NCBiR POIR.01.01.01-00-0968/20-02: ,,Opraco-
wanie innowacyjnej technologii czyszczenia urzadzen w wa-
runkach zagrozonych wybuchem metanu i/lub pylu weglowego
w miejscu ich zabudowy z wykorzystaniem dwutlenku wegla
w postaci stalej — UCT (Underground Cleaning Technology)”.

Literatura — References

ria Mineralna Z. 1(41) 2018.

7. Materiaty udostepnione przez firme CFT Polska.

Gornicze Z.1, 2016.

1. Dobrzaniecki P.,, Kaczmarczyk K., Kalita M., Tarkowski A., Nie$piatowski K., Majewski M., Sinka T., Szkudlarek Z.,
Janik B.: Technologia czyszczenia elementéw maszyn i urzadzen w warunkach gérniczych z zastosowaniem suchych
gazé6w. KOMTECH - Innowacyjne Techniki i Technologie w Dobie Zielonej Transformacji, Instytut Techniki Gor-
niczej KOMAG, Gliwice 2021, s. 126-138, DOI:10.32056/ KOMAG/KOMTECH2021.13, ISBN 978-83-65593-27-6.

2. Dokumentacja projektowa zespolu odbierajacego zabrudzenia IT KOMAG, Gliwice 2022.

3. Kuczera Z.: Metody zwalczania zapylenia w kopalniach podziemnych jako wazny aspekt bezpieczenstwa pracy. W:
XXVIII Szkota Eksploatacji Podziemnej 2019 [Dokument elektroniczny] : Krakow, 25-27.02.2019r.Instytut Gospo-
darki Surowcami Mineralnymi i Energia Polskiej Akademii Nauk.

4. Kuczera Z., Ptaszynski B.: Zwalczanie zapylenia w gérnictwie polskim. Inzynieria Mineralna Z. 2(43) 2019.

5.  Kuczera Z., Ptaszynski B.: Ograniczenie zapylenie w przodku drazonego wyrobiska w LW ,Bogdanka” S.A. InZynie-

6. Kuczera Z., Ptaszynski B.: Weryfikacja nowego rozwiazania technicznego ograniczajacego zapylenie w przodku
drazonego wyrobiska w LW ,,Bogdanka” S.A. Inzynieria Mineralna Z. 1(41) 2018.

8.  Prostanski D.: Zraszanie powietrzno-wodne jako metoda ograniczenia zagrozenia zaptonem metanu i wybuchem
pytu weglowego oraz redukcji zapylenia powietrza. Instytut Techniki Gérniczej KOMAG. 2017.

9. Prostanski D, Balaga M., Kalita M., Siegmund M., Hyla P.: Badanie zapylenia w strefach zabezpieczajacych. Maszyny

10. [Raport - Opracowanie innowacyjnej technologii czyszczenia urzadzen w warunkach zagrozonych wybuchem
metanu i/lub pylu weglowego w miejscu ich zabudowy z wykorzystaniem dwutlenku wegla w postaci statej - UCT
(Underground Cleaning Technology). 1/1.1.1/2020 Szybka Sciezka 1_2020.

11. Rozporzadzenie Ministra Rodziny, Pracy i Polityki Spotecznej z dnia 12 czerwca 2018 r. w sprawie najwyzszych
dopuszczalnych stezen i natezen czynnikéw szkodliwych dla zdrowia w srodowisku pracy. Dz.U. 2018 poz. 1286.

Test of Air Dust in the Mine Conditions during Operation of a Compact Dry Deduster Prototype
In the article the problem of using an innovative solution for cleaning machines and equipment located in mining excavations using
Underground Cleaning Technology (UCT) is concerned. During cleaning, an under pressure gas mixture, consisting mainly of carbon
dioxide (dry ice), which sublimates and increases the cleaning efficiency, was fed. During the work, air dust from the presence of accu-
mulation of coal and stone dust in the excavation and dust emissions from the cleaning process was created. The results of measure-
ments of dust distribution at the workplace and its surroundings were presented in the article. The active methods to reduce air dust by
a dry deduster were used during the cleaning process. The research of the air stream at the inlet and outlet of the deduster was covered.
Based on the in situ measurements, the impact of the mining equipment cleaning method on the air condition in the excavation and
the possibility of using UCT technology in underground mines was assessed.

Keywords: air dust, air dust abatement, dry deduster, inhalable fraction, respirable fraction, UCT technology
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Abstract

This study provides an overview of using rare earth elements (REEs) in global economy based on the permanent magnets consuming
mainly a mixture of neodymium (Nd), praseodymium (Pr) and dysprosium (Dy), and cerium (Ce), as well as gadolinium (Gd) in
much lower quantities. Actually the segment of the magnet market is the largest rare earth market (REM) by volume and will continue
to outperform other market segments. In the report on ,,Rare Earths, Outlook to 2030” presented in Green Car Congress on the 3
February 2021 and developed by Roskill Commodity Research forecast, acquired in June 2021 by Wood Mackenzie, the leading global
research, consultancy, and data analytics business powering the natural resources industry, Roskill forecasts that rare earth magnet
applications will account for ~40% of total demand by 2030, raising the potential for a tight supply-demand balance for key magnetic
REEs. The supply of rare earths on the US, Europe, Japan and Chinese markets is presented and discussed.

Keywords: management of critical raw materials, rare earths (REEs), rare earth management, neodymium, rare earth magnet market,

circular economy

1. Introduction

In recent years, digital transformation and smartization
projects in industrial enterprises have become increasingly
popular, aiming to increase operational efficiency, productivi-
ty and sustainable development. In a situation of limited avail-
ability of key raw materials for an innovative economy, such as
rare earth elements (REE), including metals used in electronic
and energy devices (implementing the green economy), sec-
ondary sources of raw materials play an important role.

Smartization aims to effectively optimize resources (of all
types) with an emphasis on sustainable development, which is
why it can be helpful in achieving goals such as: resource op-
timization, emission reduction, circular economy integration,
compliance with environmental regulations [4].

According to Kumari et al. [11] Neodymium (Nd) is the
second most abundant rare earth elements (REEs) found in
earth's crust. It is always found in Misch metals [11]. Although
Nd rarely exists in nature, its negative impact on human health
and environment are cited but involvement of this rare earth in
discussion is caused to their wide range of applications, and as
Kumari et al. [11] showed Nd’s certain intolerable human ac-
tions. Moreover, Kumari et al. [11] discussed the role of the Nd
in preparing neodymium-iron-boron (Nd-Fe-B) alloy which
is utilized in manufacturing permanent magnets. Applications
these magnets widely utilized in many areas such as vehicles
components, computer hard disks, petroleum industries, wind
turbines, loudspeakers, etc. are outlined in Padhan et al. [15],
among others. To the best our knowledge, the Research and
Markets report (2016), cited by Padhan et al. [15] estimated the
global demand of these magnets to increase by 13.2% till 2022
(Research and Markets, [17]).

The JRC study (Moss et al., [13]) examines the use of 14
metals in the six low-carbon energy technologies of the EU’s
Strategic Energy Technology Plan (SET-Plan), namely: nucle-

ar, solar, wind, bioenergy, carbon capture and storage (CCS),
as well as electricity grids will require 1% or more of current
world supply per annum between 2020 and 2030 (Moss et al.,
[13]). These 14 significant metals, in decrease order of de-
mand for tellurium (Te), indium (In), tin (Sn), hafnium (Hf),
silver (Ag), dysprosium (Dy), gallium (Ga), neodymium (Ne),
cadmium (Cd), nickel (Ni), molybdenum (Mo), vanadium
(V), niobium (Nb) and selenium (Se) are presented (Moss et
al. [13]).

2. Rare Earths

According to Arafura Rare Earths Limited, an Australian
mineral exploration company focusing on REEs, headquar-
tered in Perth (ARE, [1]), rare earths (REs) are critical ma-
terials and essential to many important products in modern
society. Demand for REs is caused by the following trends:
(ARE, [2])

o  Transition towards more renewable energy

o Advances in consumer electronic technology

«  Low emission technology concepts

o Evolution in automotive and future mobility trends

(ARE, [2])

3. NdFeB Magnet Materials - A Rapidly Growing Market
According to ARE [2] permanent NdFeB magnets, with
typical content up to 30% NdPr metal (from NdPr oxide), has
an influence on the automotive products and wind power en-
ergy generation industry, among others. Moreover. important
uses of NdFeB magnets include also: e-bikes, consumer elec-
tronics, and robotics (ARE, [2]), air-conditioners and wind
power generators (Baba et al. [5]). Most significantly demand
for NdPr oxide, in the automotive sector, according to ARE
[2], is driving force of growth for permanent magnet electric
motors used in hybrid EVs (HEV) and battery EVs (BEV).
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Fig. 1. REO Market in years 2020 and 2022 (Source: ARE, [2])
Rys. 1. Rynek REO w latach 2020 i 2022 (Zrédto: ARE, [2])

HDD dismantler

Material recovery machine

Fig. 2. Process Used to Separate and Recover Rare-earth Magnets from HDDs (where: HDD: hard disk drive VCM: voice coil motor SUS: steel use
stainless) (Source: Baba et al. [5])

Rys. 2. Proces stosowany do oddzielania i odzyskiwania magnesow ziem rzadkich z dyskéw twardych (gdzie: dysk twardy: dysk twardy VCM: silnik
cewki drgajacej SUS: stal nierdzewna) (Zrédto: Baba i in. [5])

Rare-earth magnets are a key material in energy saving
and digital equipment such as hard disk drives (HDDs),
high-efficiency air conditioners, hybrid vehicles, and wind
power generators.

The magnet market segment according to ARE [2] is the
largest rare earth market by volume and will continue to out-
pace other market segments and is expected to account for
40-50% of the Rare Earth Oxides (REO) market by the end of
the decade. The REO market segment application respectively
in years 2020 and 2022 is shown in Figure 1 (ARE, [2]).

The review addressed the recycling potential of NdFeB
permanent magnets, the recycling and recovery of REEs (Nd,
Pr, Dy, Tb) from End-of-Life (EOL) and magnets different
types of metallurgical recovery methods has been discussed
in Yang et al. [23].

Hitachi developed the concept and technologies of ra-
re-earth magnets (REM) recycling and published it as a goal
of an Environmental Vision, based on the environment man-
agement, and also as continuation activities pointed at the

» <«

“Prevention of Global Warming”, “Conservation of Resourc-

es;” and “Preservation of Ecosystems”. Moreover, the recycling

of rare-earth magnets is a part of Hitachi’s resource recycling
initiatives (Baba et al. [5]).

Regarding the REM recycling and recovery activities,
Hitachi has developed magnet recovery machines designed
for use with specific products that contain rare earths, name-
ly hard disk drive (HDD) and air conditioner compressors
(ACC) (Baba et al. [5]).

The processes used to separate and recover the rare-earth
magnets from HDD, and ACC, developed by Hitachi are giv-
en in Figure 2, and Figure 3, respectively.

Rare earths used in NdFeB magnets represent the single
largest segment by application, accounting for 45%. The use
of NdFeB magnets in the automotive, wind turbines and fac-
tory automation sectors are the biggest growth applications
for NdPr oxide demand. The growth in NdFeB magnets since
2005 is attributed to increased use in the automotive industry,
in particular electric drivetrains and electric power steering
used in battery, plug-in hybrid and hybrid EVs. Passenger
EVs have grown from 450,000 in 2015 to almost 10 million
units in 2022 with forecast worldwide expansion of EV's pre-
dicted to grow to 34 million in 2030.
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Rys. 3. Proces stosowany do oddzielania i odzyskiwania magnesow ziem rzadkich z klimatyzatoréw (zrédto: Baba et al. [5])
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Global consumption of sintered NdFeB magnets in 2022
was 184,000 tonnes. NdFeB magnet consumption is forecast
to grow by 5.8% per annum in the foreseeable future with de-
mand reaching 322,000 tonnes in 2032. Use of NdFeB magnets
in EVs is forecast to account for 32% of total demand by 2032
(see Figure 3). In addition to the discussion about Rare earth
demand, specially Neodymium demand from magnet appli-
cations, see “Global rare earths strategic planning outlook in
2023” presented in Wood Mackenzie report (WM, [21]).

Neodymium will remain the primary focal point of
the industry as demand from magnet applications grows
(WM, [21]).

NdFeB magnets are considered as the strongest perma-
nent magnets with the highest energy product BHmax (200-
440 kJ/m3) of all permanent magnets [Jiles]. They are widely
used in wind turbines, hybrid electric vehicles, hydro-electric
turbine generators, etc. [Coey]. Figure 6 shows the proportion
of the different applications around the global NdFeB market
(Zhang et al., [24]).

Wood Mackenzie in “Rare earths: vital elements of the
energy transition” [22] notes that the: China continues to op-
erate in the downstream segment of the rare earth industry,
increasing its share of fast-growing value-added end markets
(see Figure 7). PM motors have become the motor technology
of choice for many manufacturers, particularly in China, the
world's largest electric vehicle market. Most PM motors in an
electric passenger vehicle contain 1-3 kilograms of neodym-
ium-iron-boron (NdFeB) magnet material, which should see
automotive powertrain applications increase their share of to-
tal rare earth magnet consumption from about 16% last year
to about one-third of total consumption by 2036.

In this context, the European Commission launched the
ERMA Cluster on Rare Earth Magnets and Motors (EU [8]),
which is managed by EIT RawMaterials GmbH (ERMA [19]).
The key facts presented in the Rare Earth Magnets and Mo-
tors Cluster of the European Raw Materials Alliance Report,
as results of the Rare Earth Magnets and Motors: A European
Call for Action conducted under the auspices of the European
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Raw Materials Alliance (ERMA) are presented below on the
Figure 8 (ERMA, [19]).

Large rare earth metals recovery plants are also being
built in Poland. MiningTechnology [20] reports in 2021:
Mkango and Grupa Azoty initiated the construction of a rare
earth metals separation installation. The new plant will pro-
duce separated neodymium/praseodymium oxides as well as
heavy carbonate enriched with rare earth elements.

The new plant in Pulawy is expected to produce 2,000
tonnes per annum (tpa) of separated neodymium and praseo-
dymium oxides. It will also produce 50 tpa of dysprosium and
terbium oxides in a rare earth enriched heavy carbonate [20].
This investment will result in the production of the rare earth
separation plant increasing the security of supply of rare earth
metals in Europe.

Mkango CEO William Dawes said: “Our integrated ‘mine,
refine, recycle’ strategy, encompassing sustainably sourced
light (NdPr) and heavy (Dy/Tb) rare earth from Malawi and
rare earth magnet (NdFeB) recycling in the UK, via our in-
terest in HyProMag, is now enhanced by the opportunity to
create a rare earth separation and downstream hub in Poland,
working with one of Europe’s largest chemical and fertiliser
companies.”’[20].

The objectives of the ERMA Cluster are ,,to secure access
to sustainably produced magnet rare earths at competitive
costs from primary and recycled sources; to make Europe a

global leader in rare earth metal, alloys and magnet produc-
tion; and to sustain and expand Europe’s global leadership in
electric motor and generator design. A two-fold approach was
followed, that is, to identify promising investment cases as
well as to recognize regulatory issues that hinder the growth
of the sector in Europe” (ERMA, [19]).

4. Conclusions

Rare earth elements (REEs), especially neodymium,
are crucial in many fields, especially in the manufacture of
permanent magnets. The demand for permanent magnets
containing neodymium is expected to increase steadily and
significantly in the future due to the demand for permanent
magnets used in vehicles, loudspeakers and hard drives, wind
turbines, electronics, air conditioning and heating, etc. Mar-
kets such as the US, Europe, Japan and China are seeing a
steady increase in demand for neodymium magnets until
2036. Due to the high demand and limited supply, it is prof-
itable to obtain Nd from secondary sources in the process of
advanced recycling.

The economic analysis of neodymium extraction allows
us to understand the complex dynamics associated with this
rare earth element. It is crucial to take into account the many
factors that influence the market in order to better understand
the development prospects, price stability, as well as possible
challenges and opportunities that the economic side of the use
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< 1% recovery of rare earth permanent magnet scrap in Europe, which represents
a large potential resource at a low carbon footprint.

There are significant rare earth reserves in Europe, but no mining takes place.

Fig. 8. ERMA Cluster Rare Earth Magnets and Motors: key facts presented in the Rare Earth Magnets and Motors Cluster of the European Raw
Materials Alliance Report (Source: EREMA [19])
Rys. 8. ERMA Cluster Rare Earth Magnets and Motors: kluczowe fakty przedstawione w raporcie Rare Earth Magnets and Motors Cluster of the
European Raw Materials Alliance (Zrédto: EREMA [19])

of neodymium brings. The most awaited development of en-
ergy-saving sectors (eco-automotive and eco-energy) forces
the acquisition of increasing quantities of NdFeB magnets for
the construction and operation of electric vehicles and wind
energy generators. For this purpose, clusters and other Eu-
ropean initiatives, such as ERMA, are being set up to ensure
sustainable access to rare earth elements, including Nd.

In conclusion, the analysis of neodymium as a rare earth
element indicates its critical importance for the modern glob-
al economy. In the face of rapid technological development,
innovation and the growing importance of renewable energy,
strategies for managing this valuable resource are becoming
crucial to ensure the sustainable and efficient use of neodym-
ium in the future.

Understanding the variety of applications of neodymium
and its key role in modern technologies allows us to better pre-
dict the directions of development of industries related to it.
Further analysis of the impact of these applications on global
markets and research into alternative solutions could be crucial
for the sustainable management of neodymium resources in the
future. It is already important to maintain a balance between
the growing demand for neodymium and a balanced supply. In
this context, forecasts for the neodymium and rare earth mar-
kets are crucial for strategic economic planning.

Increasing demand can lead to challenges in the avail-
ability of neodymium, and the lack of effective neodymium
recycling systems can lead to increased waste and pressure to
access new sources of raw materials. Concentrated produc-
tion of neodymium in certain countries can lead to strategic
dependency and exposure to market volatility, which is why
it is important to develop innovative neodymium recycling
technologies that reduce the environmental burden and re-
duce dependence on new sources. Continued research into
new applications of neodymium, especially in the area of
low-carbon technologies, may open up new markets and
boost demand, while strengthening international cooperation
in the field of research, production and management of neo-
dymium resources reduces the risks associated with access to
this raw material for global industry.

Investments in modern mining and processing technolo-
gies can contribute to the efficient use of neodymium resourc-
es and reduce environmental impact.

In the face of these challenges and opportunities, the
global economy must focus on balancing economic growth
with sustainable development, guided by innovation, interna-
tional cooperation and effective management of neodymium
resources.
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Zarzgdzanie pierwiastkami ziem rzadkich (REE) w gospodarce Swiatowej: studium przypadku
Neodymiun

Niniejsze opracowanie stanowi przeglad wykorzystania pierwiastkow ziem rzadkich (REE) w gospodarce Swiatowej w oparciu o ma-
gnesy trwale zuzywajqgce gléwnie mieszaning neodymu (Nd), prazeodymu (Pr) i dysprozu (Dy) oraz ceru (Ce), a takze gadolin (Gd)
w znacznie mniejszych ilosciach. W rzeczywistosci segment rynku magneséw jest najwigkszym rynkiem metali ziem rzadkich (REM)
pod wzgledem wolumenu i nadal bedzie osiggat lepsze wyniki niz inne segmenty rynku. W raporcie ,,Rare Earths, Outlook to 2030”
zaprezentowanym podczas Green Car Congress w dniu 3 lutego 2021 r. i opracowanym przez prognoze Roskill Commodity Research,
nabytym w czerwcu 2021 r. przez Wood Mackenzie, wiodgcg Swiatowq firme zajmujgcq si¢ badaniami, doradztwem i analitykg da-
nych, zasilajgcg biznes z branzy zasobéw naturalnych, Roskill prognozuje, ze zastosowania magnesow ziem rzadkich bedg stanowié
~40% catkowitego zapotrzebowania do 2030 r., co zwigkszy potencjat Scistej rownowagi podazy i popytu w przypadku kluczowych
magnetycznych REE. Przedstawiono i oméwiono podaz pierwiastkéw ziem rzadkich na rynku USA, Europy, Japonii i Chin.

Stowa kluczowe: gospodarka surowcami krytycznymi, pierwiastki ziem rzadkich (REE), gospodarka pierwiastkami rzadkimi, neodym,
rynek magnesow ziem rzadkich, gospodarka o obiegu zamknigtym
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Abstrakt
Szczegdlnie cennymi surowcami mineralnymi sq metale i kamienie szlachetne. Do metali szlachetnych zalicza sig zloto, srebro
i platyna, natomiast w grupie kamieni szlachetnych sqg m.in. diamenty, rubiny, szmaragdy, szafiry i wiele innych. Zloto jako kopalina
nie odgrywa istotnego znaczenia gospodarczego, a jako metal jest mato uzyteczne. Jednak od dawna stanowi symbol wladzy, bogactwa
i bezpieczenstwa. Ta symbolika stanowi podstawe wartosci tego kruszcu.
Artykut stanowi omowienie wybranych aspektéw rynku zlota. Przedstawia informacje na temat pochodzenia zlota i lokalizacje
miejsc z najwigkszymi ztozami zlota na swiecie. Przybliza najwigkszych producentéw zlota oraz czotowe kopalnie, w ktérych poziom
wydobycia stanowi prawie 12% globalnego wydobycia zlota. Prezentuje mozliwe kierunki wykorzystania zlota, ktére znajduje
zastosowanie glownie w branzy jubilerskiej, w stomatologii oraz jako inwestycja. Dodatkowo przedstawiono spoleczny i przyrodniczy
aspekt wydobycia zlota. Autorzy zwracajq szczegélng uwage na nielegalne ,,kopalnie”, ktérym obce sq dzialania fair trade i ktérych
dziatalnos¢ degraduje ogromngq skalg terendw lasow deszczowych.

Stowa kluczowe: zloto, surowiec metaliczny, metal szlachetny, zloza, wydobycie, zastosowanie, odzysk, nielegalne kopalnie, rzeki ztota

1. Z1oto na przestrzeni lat

W starozytnoéci zloto uzyskiwano stosunkowo latwo
z kopalnianych warstw geologicznych. Pierwsze zlote arte-
fakty pochodza juz z IV w p.n.e. Wydobywane w Nubii, na
Potwyspie Arabskim i na poludniowym wybrzezu Morza
Czarnego ztoto juz wtedy musiato stanowi¢ obiekt pozadania
[1]. W okresie Starozytnego Egiptu wydobywano tam okoto
jednej tony tego szlachetnego metalu rocznie [2]. Nieco wie-
cej w duzych kopalniach zlokalizowanych w obszarze Morza
Czerwonego. Istnialy tam, eksploatowane w okresie pano-
wania kréla Salomona (961-922 p.n.e.), kopalnie Mahd adh
Dhahab (,,kolebka ztota”), w ktérych oprocz ztota wydobywa-
no réwniez srebro i miedz [2]. Starozytny Rzym wprowadzit
nowe metody wydobycia [2]. Dzigki urabianiu hydrauliczne-
mu pozyskiwanie ztota zaczg¢to prowadzi¢ na duzg skale. Od
25 roku p.n.e. eksploatowano zloza lezace na terenie obecnej
Hiszpanii, a od 106 roku n.e. potozone w Dacji. Do najwigk-
szych kopaln nalezaty te zlokalizowane w Las Médulas w pro-
wingji Ledn. Pisal o nich juz pod koniec pierwszego wieku
naszej ery Pliniusz Starszy w encyklopedii Historia Naturalis.
Wykorzystywano zloza potozone w Rosia Montana w Tran-
sylwanii (Siedmiogréd) i mniejsze lezace w Brytanii. W okre-
sie imperium rzymskiego produkcja zlota osiggata juz od 5
do10 ton rocznie [3].

Pragnienie posiadania zlota wzrastalo z czasem i stanowito
jeden z motoréw eksploracji Ameryki Lacinskiej przez poszu-
kujacych mitycznego zlotego miasta — el Dorado — Europejczy-
kow [4]. Wiek XIX przynidst wrecz epidemie goraczki ztota na
terenie Ameryki Pélnocnej. Pierwszym, w pelni udokumento-
wanym, odkryciem terenéw ztotono$nych w Stanach Zjedno-
czonych byly zyly ztota w Reed Gold Mine w Midland w Ka-
rolinie Péinocnej, ktére spowodowaly wybuch goraczki zlota
w 1803. Kolejne pojawialy si¢ okresowo od 1848 roku na terenie

Kalifornii. Tylko w tym rejonie w 1851 roku wydobyto 77 ton
ztota. Skutkiem byt gwaltowny wzrost §wiatowej produkc;ji zlo-
ta, ktéra w 1852 roku osiagneta wielko$¢ okoto 280 ton [2].

2. Teorie pochodzenia zlota

Przez wiele lat $wiat naukowy zdawat si¢ sktaniac ku teo-
rii, w my$l ktorej ziemskie ztoto ma dwa zrédta pochodze-
nia. Jego znakomita wigkszo$¢ pochodzi z okresu formowa-
nia si¢ Uktadu Stonecznego z pylu kosmicznego od poczatku
i wchodzila w sklad masy Ziemi jak inne pierwiastki. Jako
ciezsze od wielu innych skladnikéw, w okresie formowa-
nia si¢ planety, cale ztoto splyneto do jej jadra i tam pozo-
staje do dzi$. Zloto, ktore udaje si¢ wydobywa¢ miato by¢
skutkiem swoistego ,,zbombardowania” powierzchni juz po
ustabilizowaniu si¢ jadra przez meteoryty. Ttumaczylo to
fakt pokladéw zlota znajdujacego si¢ blizej powierzchni [5].
Nowe $wiatlo na ta geologiczna zagadke rzucili naukowcy
z roznych krajow pracujacy w ramach projektu hiszpanskie-
go Uniwersytetu w Grenadzie. Wyniki swojej pracy badacze
opublikowali w 2017 r. na famach czasopisma ,,Nature Com-
munications” [6] (Rys.1).

W artykule przedstawili tez¢ wraz z bogatym zestawem
dowoddw, ze zloto znajdujace si¢ w zewnetrznej warstwie
planety pochodzi z jej wnetrza. Wyniesione zostalo ono na
powierzchnig przez tzw. pidropusz plaszcza ziemskiego [6].
Podstawg tej koncepcji byly badania odnalezionych jako jed-
ne z pierwszych na kontynencie potudniowoamerykanskim
glebokich podziemnych warstw ztota, osadzonych 70 km pod
powierzchnig w argentynskiej Patagonii w regionie Masywu
Deseado [6].

Region ten nalezy do najwigkszych zlotono$nych regio-
now $wiata, a jego kopalnie sa eksploatowane do dzi$. Dzigki
bardzo wysokiej koncentracji ztota, naukowcy okreslili po-
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Rys. 1. Uproszczona mapa geologiczna potudniowej Patagonii w Argentynie. Zrédto: [6]; CA - sekwencje wulkaniczne Chon Aike, NV - wulkanizm
neogenu, OD - najwazniejsze zloza rudy, XL - lokalizacja réznych stanowisk ksenolitu w masywie Deseado i okolicach

Fig. 1. Simplified geological map of southern Patagonia in Argentina. Source: [6]; CA — Chon Aike volcanic sequences, NV - Neogene volcanism,
OD - major ore deposits, XL — location of various Xenolith sites in and around the Deseado massif

Siage A [~ 180 Ma)

Sange B [-158 ha)

Rys. 2. Wynoszenie zlota do wyzszych partii skorupy ziemskiej przez piéropusz plaszcza. Zrédlo: [6]

Fig. 2. Transport of gold to higher parts of the Earth's crust by the mantle plume. Source: [6]

wody dla ktdérych ztoza mineraléw sa zwykle ograniczone do
niektorych regionéw $wiata o podobnej historii geologicznej.
Koordynator badan J. Gonzalez wskazuje jako zrodlo ztoz
zfota w Argentynie, majace miejsce 200 milionéw lat temu,
rozdzielenie jednego kontynentu jaki stanowity wtedy Afryka
i Ameryka Potudniowa.

Spowodowal to wznoszacy sie strumien nagrzanej mate-
rii (pidropusz plaszcza), ktory rozbit kruchg skorupe i dopro-
wadzil do rozdzielenie kontynentéw. Wznoszenie si¢ przez
caly plaszcz Ziemi pidropusza pochodzacego z glebszej czesci
wykreowato warunki sprzyjajace chemicznie wzbogaceniu
plaszcza o metale, z czasem nawet do wytworzenia zl6z zlota.
Wystepujace pdzniej ruchy nachodzacych na siebie plyt tekto-
nicznych wyniosly czes¢ metali jeszcze wyzej i skoncentrowaly
w niektdrych regionach skorupy ziemskiej [6] (Rys. 2).

Wyttumaczenie pochodzenia zlota w skorupie ziemskiej
jest niewatpliwie waznym zagadnieniem geologicznym, ale
z punktu widzenia ekonomii i rynkéw istotnym jest fakt, ze
mimo ogromnych iloéci zlota w jadrze Ziemi nie istnieje me-
toda jego pozyskania, a zloza do ktérych ludzko$¢ ma dostep
s3 juz na wyczerpaniu. Naukowcy twierdza, ze przy obecnym
poziomie wydobycia wystarczy go jeszcze na maksymalnie 50
lat [7]. Jednym z faktéw dotyczacym ztota, opublikowanym

przez [8], jest to ze na kazde 1000 ton skorupy ziemskiej przy-
pada 5 gramow zlota (Rys. 3).

Zlokalizowane na niewielkich gleboko$ciach ztoto wyste-
puje najczesciej w postaci stopu zlota ze srebrem. Zawartosé
zlota wacha sie w nich najczesciej od 8% do 10%. Te najbogat-
sze w zloto, zwane elektrum sg postacig zlota pierwiastkowe-
go o zawarto$ci srebra od 18 do 36% [9].

Zloto rodzime odnajdywane jest w postaci platkéw, ziaren
lub wiekszych brylek, tzw. samorodkéw, ktdre na skutek erozji
skal znalazly si¢ w zlozach aluwialnych (zloza okruchowe).
W wiekszosci zloto znajdowane jest w rudach zlozonych ze skat
o bardzo matej lub mikroskopijnej zawartoéci tego pierwiast-
ka. Takie rudy zlota czesto wystepuja z kwarcem lub siarczka-
mi, takimi jak ,zloto glupcéw’, czyli piryt. Zloza zawierajace
takie rudy nazywane s3 zlozami zylowymi [7]. Czasami zloto
wystepuje w polaczeniach z tellurem. Do mineratéw zawiera-
jacych taki stop naleza kalaweryt, krenneryt, nagyagit, petzyt
i sylvanit bizmutek maldonit (Au2Bi) oraz antymonek aurostibit
(AuSb2). Ztoto moze wystepowacé rowniez, cho¢ bardzo rzadko,
w stopach z miedzig, ofowiem i rtecig jako mineraly: auricupryd
(Cu3Au), novodneprit (AuPbs) i weishanit ((Au, Ag)sHgz) [7].

W procesie tworzenia sie z16z zlota istotng role moga od-
grywa¢ mikroby. Przemieszczaja one i stracaja zloto, tworzac
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Rys. 3. Ile zlota znajduje si¢ skorupie ziemskiej. Zrédto: [8]

Fig. 3. How much gold is there in the earth's crust. Source: [8]
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Rys. 4. Lokalizacja 167 zlota na $wiecie. Zrédto: [11]

Fig. 4. Location of gold deposits in the world. Source: [11]

ziarenka i brylki, ktére nastepnie odkladaja si¢ w zlozach alu-
wialnych. Badania naukowcéw z Uniwersytetu Stanowego
w Michigan doprowadzily do odkrycia bakterii, ktéra potrafi
rozktada¢ zwiazki zlota na czysty kruszec, a naukowcy z Au-
stralii zbadali procesy molekularne, z ktorych korzysta bakteria
ze szczepu Cupriavidus metallidurans. Zaobserwowali oni, ze
bakteria ta potrafi tworzy¢ malenkie drobinki ztota. Wyniki ba-
dan opublikowali w czasopismie ,,Metallomics” [10].

3. Wystepowanie zlota na $wiecie

Miejscami wystepowania najwiekszych z{6z ztota na $wiecie
s3: Poludniowa Afryka — okolice Johannesburga (zasoby oceniane
na okolo 70 tys. ton), Rosja — Aldan, Kotyma, Ural, Australia -
Kalgoorlie, Chiny, Stany Zjednoczone, Kanada, Indonezja — Gras-
berg, Ertsberg, Uzbekistan, Peru, Ghana, Kirgistan [11] (Rys. 4).

Najwi¢kszym pojedynczym obszarem ztotonosnym w hi-
storii byl basen Witwatersrand w Republice Poludniowej
Afryki. Pochodzi stamtad okolo 30% calego wydobywanego
zlota. Innymi waznymi zrédla tego kruszcu s3: niezwykle
gleboka kopalnia Mponeng w Afryce Poludniowej, kopalnie
Super Pit i Newmont Boddington w Australii, indonezyjska
kopalnia Grasberg oraz kopalnie w Nevadzie w USA [11].

Zloto wydobywane jest w kopalniach glebinowych w stre-
fie zimnej, (Rosja, USA, RPA) oraz w kopalniach odkrywko-
wych w strefie goracej (Afryka, Azja poludniowowschodnia,
Ameryka Poludniowa). Szacuje sie, ze okoto 60% $wiatowych
operacji wydobywczych to kopalnie odkrywkowe. Pozostala
czes$¢ stanowig kopalnie podziemne [5].

US Geological Survey szacuje catkowite podziemne zasoby
zlota na Ziemi na ponad 50 000 ton, do wydobycia pozostato
okolo 20%. Jednak, mimo otwierania nowych kopalni odkry-
cia duzych z16z sa coraz rzadsze, a wigkszos¢ produkcji zlota
pochodzi z kopali uzytkowanych od dziesigcioleci. ,Latwe
zloto zostalo juz odkryte, a odkrywcy musza kopa¢ glebiej,
aby znalez¢ oplacalne ekonomicznie zloza” [12]. Pozostalo juz
niewiele regiondw niezbadanych pod wzgledem 7167 zlota, a te
najbardziej obiecujace znajduja si¢ w obrebie najbardziej nie-
stabilnych czesci $wiata, na przyktad w Afryce Zachodniej [5].

Obecnie wydobyciem zlota zajmuje si¢ 70 krajow [12].
Wedlug Swiatowej Rady Zlota (WGC) $wiatowa produkcja
zlota ciagle wzrastala w ostatnich latach az do 2018 roku (Rys.
5a). Pozniejsze lata przyniosty nieznaczny spadek. Spowolnie-
nie produkcji spowodowane byto okresem pandemii, a takze
kurczacymi si¢ zasobami kruszcu. Z danych przedstawionych
przez Swiatowa Rade Ztota w lutym br. wynika, ze $wiatowe
zasoby zlota naziemnego na $wiecie (juz wydobytego oraz
znajdujgcego si¢ obecnie w obiegu w postaci bizuterii, monet,
sztabek oraz ztota przeznaczonego do zastosowan przemysto-
wych) oszacowano na ok. 208 874 ton [13]. Wedlug danych
opublikowanych w lipcu br. najwigkszymi producentami ztota
na $wiecie sg: Chiny, Rosja i Australia (Rys. 5b).

Chiny po raz dziewiaty z rzedu zajmuja czotowe miejsce
wsrod dziesieciu najwiekszych producentéw ztota z 368,3 to-
nami wydobytego zlota (co stanowi 11% $wiatowej produkcji
gorniczej), dodatkowo posiada 2 tys. ton rezerw. Rosja uzy-
skala poziom wydobycia réwny 333,1 ton, a Australia 327,8
ton. Wérdd tej dziesigtki znalazly sie réwniez: Stany Zjedno-
czone (190,2 tony), Kanada (170,6 ton), Ghana (138,7 ton),
Brazylia (107,0 ton), Uzbekistan (101,6 tony), Meksyk (101,6
tony), Indonezja (100,9 ton).

Z kolei czotowe miejsca w rankingu najwiekszych kopalni
zlota na $wiecie zajety [14] (Rys. 6):

o Nevada Gold Mines - najwigkszy kompleks szesciu
kopaln, ktére wydobywaja ponad 3,3 miliona uncji
rocznie (2,9% $wiatowego wydobycia),

e Muruntau w Uzbekistanie - panstwowa kopalnia,
jedna z najglebszych kopalni odkrywkowych na
$wiecie, wydobywa prawie 3 miliony uncji (2,6%
$wiatowego wydobycia),

o Grasberg w Indonezji - oprocz wydobycia zlota, jest
takze jedng z najwiekszych kopalni miedzi na §wie-
cie, produkcja prawie 1,4 miliona uncji ztota (1,2%
$wiatowego wydobycia),

«  Olimpiada w Rosji - nalezy do Polyusa czyli ro-
syjskiego giganta wydobywczego zlota, produkcja
prawie 1,2 miliona uncji ztota (1% $wiatowego wy-
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Rys. 5. Swiatowe wydobycie zlota [tony] (a) oraz najwieksi producenci zlota na $wiecie (b). Opracowanie wlasne
Fig. 5. World gold production [tons] (a) and the largest gold producers in the world (b). Own study

PONAD MILION UNCII RO
WYDOBYCIA

Rys. 6. Pierwsze cztery najwigksze kopalnie §wiata wedtug produkcji ztota w 2021 roku [uncje]. Opracowanie wlasne na podstawie [14, 15].

Fig. 6. The first four largest mines in the world by gold production in 2021 [ounces]. Own study based on [14, 15].

dobycia); sama kopalnia posiada 26 milionéw uncji
rezerw zlota, natomiast Polyus posiada ponad 104
miliony uncji zlota (najwigksza firma gérnicza pod
wzgledem rezerw zlota na §wiecie).

Do dziesigciu czotowych kopalni produkujacych ponizej
miliona uncji zfota, oprocz juz wymienionych, nalezg row-
niez: Pueblo Viejo (Republika Dominikany), Kibali (Demo-
kratyczna Republika Konga), Kadia (Australia), Lihir (Papua
Nowa Gwinea), Kanadyjski Malartic (Kanada) oraz Bodding-
ton (réwniez Australia), produkuje razem 13 393 849 uncji
zlota, co odpowiada za 11,7% $wiatowego wydobycia zlota.

4. Inne Zréodla pochodzenia zlota i jego zastosowanie
Wielu specjalistow wskazuje, ze w przeciwienstwie do nie-
odnawialnych zasobdéw takich jak np. ropa, ztoto mozna pod-
dac recyklingowi. Duze ilosci ztota s3 zamrozone w produktach
elektronicznych takich jak np. smartfony i telefony starszej ge-
neracji, pamie¢ RAM oraz plyta gtéwna komputera. Aby uzy-
skac ok. 340-400 gramow ztota potrzebna jest tona starych tele-
fondw, przy czym tona telefonéw komérkowych to okolo 8 tys.
sztuk [16, 17, 18]. Z jednej tony telefonéw komorkowych moz-
na odzyska¢ wigcej ztota niz wydoby¢ z jednej tony rudy [19].
Zloto réwniez jako dobry przewodnik elektryczny wyko-
rzystywane jest w przemysle elektronicznym. Znajduje zasto-
sowanie przy produkcji réznych podzespotéw, do pokrycia
stykow czy elementéw procesordéw. Zloto mozemy znalezé
w komputerach, magnetowidach, sprzecie AGD czy audio.
Eksperci wskazuja, ze dziatania majace na celu recykling zlo-
ta wydobywanego z odpadéw elektronicznych sa obecnie bardzo
zaawansowane. ,,Odzyskiwanie metali szlachetnych z elektroniki
to dzi$§ prawdziwy biznes” [16]. Mozna zatem traktowa¢ odpady
elektroniczne jako kolejne zrédlo pozyskiwania tego metalu [5].
Z danych przedstawionych przez firme Trustable Gold
roczne zuzycie zlota ksztaltuje si¢ na poziomie 4 060 ton. Po-
nad 48% (1 960 ton) wykorzystywane jest w branzy jubiler-
skiej, 40,4% (1 640 ton) jako inwestycja oraz 11,3% w techno-
logii, gléwnie w stomatologii (Rys. 7).

Ze wzgledu na swoje wlasciwosci (odpornos¢ na korozje,
doskonate przewodnictwo pradu - nawet po dlugim czasie
uzytkowania, nie reaguje z tlenem i nie zmienia swego kolo-
ru), zloto znajduje zastosowanie réwniez w produkeji $wia-
tlowoddw, ukltadéw tranzystorowych czy potprzewodnikéw,
jak rowniez wykorzystywane jest w laboratoriach pelniac role
izolatora w teleskopie Hubble’a [18].

5. Spoleczny i przyrodniczy aspekt wydobycia zlota

Ostatnie lata przyniosty zwigkszenie $wiadomosci spo-
fecznej w krajach wysokorozwinigtych. Konsumenci zaczeli
zwracaé uwage na sposob pozyskiwania

i przetwarzania réznego rodzaju dobr. Tendencja ta nie
omineta rynku dobr luksusowych. Nieuniknione staly sie py-
tania o ciemng strone zlota.

W wielu miejscach §wiata pozyskanie kruszcu odbywa si¢
nielegalnie. Ma to miejsce miedzy innymi na terenie Amazo-
nii, zwlaszcza w Wenezueli czy Brazylii. Zdecydowana wigk-
sz0$¢ pracujacych tam ludzi to osoby majace niewiele wspol-
nego z gornictwem, czgsto osoby nieletnie. Nazywaja samych
siebie ,poszukiwaczami’, lecz tak naprawde sa walczacymi
o przetrwanie wspélczesnymi niewolnikami. Nie do$¢, ze wy-
nagrodzenia takich pracownikéw sg niskie, to dodatkowym
problemem s3 zte warunki - s3 oni narazeni na kontakt ze
szkodliwg dla zdrowia rtecig i cyjankiem, ktére stosuje si¢
w procesie wydobycia ztota [20, 21].

Szacuje sig, ze na terenie Amazonii funkcjonuje co naj-
mniej 2300 takich nielegalnych ,kopalni” [21, 22]. De-
graduja one na ogromng skale tereny lasow deszczowych.
Nielegalne kopalnie, ktérym obce sa dzialania fair trade,
wytwarzajg duze ilo$ci toksycznych odpadéw kopalnianych,
zrzucanych w postaci $ciekéw sa do oceandw, rzek i innych
naturalnych zbiornikéw wodnych. Tym samym wplywaja
na jakos¢ wody pitnej na ogromnym obszarze, nieraz od-
dalonym od Zrddel zatrucia o setki kilometréw. Do wody
dostaja sie takie chemikalia jak arsen, otéw, rte¢, produkty
uboczne ropy naftowej, cyjanek, a takze rdznego rodzaju
kwasy [23].
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Rys. 7. Kierunki wykorzystania zlota. Zrédto: [8]

Fig. 7. Directions of gold use. Source: [8]

Rys. 8. ,Rzeki zlota” w Peru. Zrédto: [24]

£

Fig. 8. "Rivers of gold" in Peru. Source: [24]

Skale nielegalnego wydobycia zlota w amazonskim lesie
deszczowym w Peru ujawnila Agencja kosmiczna po opubli-
kowaniu przez NASA zdj¢cia zrobionego z pokladu Miedzy-
narodowej Stacji Kosmicznej (ISS) w dniu 24 grudnia 2020
roku (Rys. 8). Uchwycone ,rzeki zlota® to w rzeczywisto$ci
doty, w ktorych przez setki lat odkladaly si¢ cenne mineraly
i nielicencjonowani gérnicy prowadzili tam wykopaliska. To
szlaki starych rzek, ktdre zostaly o$wietlone na zdjeciu odbi-
tym $wiattem stonecznym. Tak zwane ,Rzeki zlota” pokazuja
skale niszczycielskiego wydobycia ztota w regionie Madre de
Dios w potudniowo-wschodnim Peru.

Badania przeprowadzone przez Monitoring of the An-
dean Amazon Project pokazaly, ze w 2018 roku wylesienie
w wyniku wydobycia zlota zniszczylo ok. 10 tys. hektarow pe-
ruwianskiej Amazonii, a w 2019 roku rzad Peru zatrzymat go-
raczke ztota wydalajac 5 tys. gornikow [25, 26]. W 2020 roku
wylesienie siegneto poziomu ok. 4 mln ha laséw tropikalnych.

Nieekologiczne i nieetyczne pozyskiwanie rud zlota sta-
nowi ogromne zagrozenie dla bioréznorodnoéci. W poblizu
Parku Narodowego Lorentz w indonezyjskiej prowincji Papua
Zachodnia rozpoczeto intensywne wydobycie ztota i miedzi.
Eksploatacja tych zt6z doprowadzita do skazenia wéd Morza
Arafura i rzeki Ajikwa oraz wywolala §miertelne osuwiska. Na
terenie parku zgineto wiele zwierzat i roélin [23].

Etyczne wydobycie rud zlota i jego produkcja sag mozliwe.
Podstawowymi warunkami s3: wylaczenie z eksploatacji te-
renéw wykazujacych wysoka wartos¢ ekologiczng, majacych
cenny ekosystem oraz obszaréw chronionych, a takze dziala-
nie zgodne z rygorystycznymi standardami odpowiedzialne-
go gornictwa (maksymalna redukcja w procesie pozyskiwania
zlota toksycznych chemikaliow bedacych zagrozeniem za-
réwno dla $rodowiska, jak i ich zdrowia).

Nielegalne i calkowicie nieetycznie wydobywane zlo-
to trafia niestety na rynek, w tym réwniez do znanych oraz
cenionych sprzedawcéw. Dlatego weryfikacja pochodzenia
kruszcu jest niezwykle istotna. Wazne jest, by nabywcy zwra-
cali uwage na pochodzenie kupowanego kruszcu i korzystali
jedynie z tzw. etycznego zlota [21, 27].

6. Podsumowanie

Zloza zlota znajduja si¢ prawie na kazdym kontynencie.
Najcze$ciej metal ten kojarzony jest z branza jubilerska, dla
ktorej rocznie przeznaczane jest ok. 50% wydobytego zlota.
Ten hipnotyzujacy blask bizuterii opada, gdy pojawia sie¢ nie-
zmiernie wazny problem nielegalnych kopalni ztota. Ich dzia-
falnos¢ nie ma nic wspolnego z dziataniami fair trade. Nie tyl-
ko wykorzystuja one ludzi, degraduja ogromna skale terenéow
lesnych, ale rowniez wytwarzaja duze iloéci toksycznych od-
padéw kopalnianych, ktére zanieczyszczaja wody i powoduja
wyginiecie wielu gatunkéw zwierzat i roslin. Przy pozyskaniu
iloéci ztota na zaledwie jedna obraczke taka nielegalna kopal-
nia moze wygenerowa¢ do 20 ton takich odpadéw. Majac na
uwadze wzrost §wiadomosci spoteczenstwa i wigksze zaanga-
zowanie w ochrone $rodowiska, recykling wydaje si¢ dobrym
sposobem na odzysk zlota zamrozonego w produktach elek-
tronicznych. Nie wplynie to jednak na fakt, Ze w powszechnej
opinii zloto jest metalem bedacym najtwardsza z walut, od-
porng na dekoniunkture i polityczno-gospodarcze zawirowa-
nia, ma status tradycyjnego zabezpieczenia przez wahaniami
gospodarczymi. Moze warto wigc pomysle¢ o zainwestowaniu
w zloto juz teraz, gdy jeszcze jego zasoby znajduja si¢ na wy-
sokim poziomie.

This paper was supported by the AGH University of
Science and Technology [No. 16.16.100.215].
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Gold Market Analysis - Selected Aspects

Metals and precious stones are precious mineral raw materials. Precious metals include gold, silver, and platinum, while the group of
precious stones includes, among others: diamonds, rubies, emeralds, sapphires, and many others. Gold as a mineral has no significant
economic importance and as a metal, it is of little use. However, it has long been a symbol of powet, wealth, and security. This symbo-
lism is the basis of the value of this precious metal.

The article discusses selected aspects of the gold market. It presents information on the origin of gold and the location of places with
the largest gold deposits in the world. It presents the largest gold producers and leading mines, where the level of extraction accounts
for almost 12% of global gold mining. It presents possible directions for the use of gold, which is used mainly in the jewelry industry, in
dentistry, and as an investment. Additionally, the social and natural aspects of gold mining were presented. The authors pay particular
attention to illegal "mines" that do not comply with fair trade activities and whose activities degrade a large scale of rainforest areas.

Keywords: gold, metallic raw material, precious metal, deposits, mining, use, recovery, illegal mines, gold rivers
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Abstract

The effectiveness of the “T”-brand coal processing sludge, technical pyrocarbon, and their mixture as adsorbents for the decontamination
of drainage water from organic pollutants has been investigated. The contaminated water samples were collected from the ordinary car
filling/service station’s drainage system and then treated with the adsorbents. Water absorbance and chemical oxygen demand (COD)
were controlled as the water quality and decontamination effectiveness parameters.

A 4:1 mixture of coal refinery sludge and technical pyrocarbon was used as the most efficient adsorbent for mixed petrochemical and
mechanical pollution agents. It has been found that this composition effectively decontaminates water from mixed organic pollutants.
The water cleaning cartridges filled with this composition of adsorbents showed high decontamination performance eliminating about
85 % of petrochemical water pollution agents. This performance does not degrade much, and a 4 kg adsorbent load should be sufficient
to treat an amount of wastewater formed at the car filling station for at least one month.

Keywords: small urban rivers, oil-contaminated water, adsorption water treatment, mixed coal adsorbents, pyrocarbon

Introduction

A significant part of the total water contamination comes
from various low-capacity sources such as isolated local dra-
inage systems, car filling, washing and service stations, indu-
strial and agricultural storage facilities, and other objects not
connected to the centralized sewage system. The impact of
each such facility may not be serious as it does not produce
a significant amount of pollution, but when several of them
discharge their waste/drainage water into the same small ri-
ver or stream, the cumulative effect can be devastating [1-3].
Oil-containing wastewaters are especially dangerous, and the
irregular character of their discharge additionally increases
their environmental threat.

Small enterprises like car filling stations usually are not
equipped with the specific water treatment units to catch or
clean the oil components and, as a result, their wastewater
and/or drainage water are discharged to the local household
sewage system or even to the nearby water bodies without any
specific treatment. Many small urban rivers and ponds turned
into dead water bodies because of this practice [4, 5].

It should be noted that mixing and dilution of the drainage/
wastewater can bring the content of toxic compounds close to
or within the sanitary standards; however, this approach does
not decrease the total amount discharged to the river or stream
nor does it ease the anthropogenic load. Small rivers bring pol-
lutions to the larger rivers they merge with and, as the transport
network develops, this problem becomes more and more acute.

Typical car service/filling/washing station discharges 0.7
1.2 m® of untreated wastewater per day with the content of su-

spended particles 800-3000 mg/L (up to 0.3%) and 500-900
mg/L (up to 0.09%) of oil products. The maximal permissible
concentration (MPC) of these agents in the treated wastewa-
ter before discharging should be under 0.75 and 0.3 mg/L, re-
spectively [6]. Full-scale water treatment equipment cannot
be effective for cleaning such a small amount of wastewater,
while smaller mobile water treatment modules can be consi-
dered as a better solution. Given the nature of typical water
pollution agents, the mosaic surface coal-like materials sho-
uld be effective adsorbents for such modules. High adsorption
effectiveness of various coal-like materials was reported for
some individual organic pollutants [7, 8] and mixed petro-
chemical pollutions [6, 9, 10]. As found previously [6], a 4:1
mixture of coal refinery sludge and technical pyrocarbon is
quite effective in various applications designed to extract
organic water contamination agents. Both components are
readily available as by-products from the coal refinery and
organic waste incineration facilities [11]. It should also be
noted that petrochemical pollution agents are traditionally
considered to be poorly soluble in water components, which
are found in the surface layer. However, rather a significant
solubility may be reached due to other chemicals present in
the mixture. As a result, part of the petrochemical pollutants
can be transferred into the bulk of the liquid phase. This pro-
cess can be realized by the “bridging” of organic compounds
adsorbed on the adsorbent’s surface from a non-aqueous pha-
se and then desorbed to the aqueous phase [12]. Besides, the
solubility of petrochemicals can be increased because of some
detergents and surfactants co-present in the mixture, which
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Fig. 1. Sampling area scheme: Point 1 — 50 m upriver from the car filling station (CFS) wastewater/drainage water discharge point; 2 - 20 m
downriver from the discharge point; 3 - 2000 m downriver from the point of discharge; 4 - water of the river of Prut upriver from the point of
confluence; 5 - 30 m downriver from the confluence

Rys. 1. Schemat obszaru pobierania probek: Punkt 1 - 50 m w gore rzeki od punktu zrzutu $ciekow/ wod drenazowych na stacji paliw; 2 - 20 m w
dot rzeki od punktu zrzutu; 3 - 2000 m w dot rzeki od punktu zrzutu; 4 — wody rzeki Prut w gore rzeki od punktu zbiegu; 5 - 30 m w dot rzeki od

zbiegu

cause the emulsification or solubilization of petrochemicals
and result in the formation of an aqueous colloidal solution.
All these reasons should be taken into consideration while se-
lecting the most effective adsorbent, which must combine the
hydrophobic and hydrophilic surface spots.

Based on the above, a 4:1 mixture of coal sludge and tech-
nical pyrocarbon was used in this work to investigate its effec-
tiveness and the ways of its possible application to the decon-
tamination of low-scale wastewater discharges from small car
filling/washing/service facilities. The adsorption effectiveness
of both individual components was also checked to compare
it with the effectiveness of the 4:1 mixture.

Materials and experimental methods

The investigation was done with the surface water sam-
ples taken from a small river of Kalichanka near its confluence
with a larger river of Prut and from the Prut within the city li-
mits of Chernivtsi, Ukraine. A scheme of the sampling points
is shown in Fig. 1. All samples were taken in the dry weather
from the surface water in such a way as to avoid their additio-
nal pollution with the river mud and other similar materials.

The sludge with an ash content of 43.1% and a moisture
content of 15.3% obtained after refining the “T” brand coal
was used as a mosaic surface (hydrophilic/hydrophobic areas)
component, and technical pyrocarbon with an ash content of
28% and a moisture content of 1.6% obtained after pyrolysis
of mixed organic polymer waste was used as a hydrophobic
component of the adsorption composition. The component’s
(sludge/pyrocarbon) mass content in the mixture was 4:1.

The components were ground individually or as a mixture
in a ball mill with a standard set of steel grinding ball ele-
ments. Then a mixture of the particles ranging in size from
0.5 to 50 um was sieved out and used in further experiments.

Since the petrochemical pollutants and suspended par-
ticles are expected to be the most influential water conta-
mination agents, we measured the COD and absorbance of
the samples to evaluate the effectiveness of water deconta-
mination.

The absorbance (1) and COD (2) of the samples were me-
asured by the following procedures.

(1) A water sample was poured into a 10 mm cuvette, and
then its absorbance was measured by the KFK-3 photocolo-
rimeter by LOMO at the wavelength 540 nm against distilled

water. If some adsorbent had to be added, it was poured into
the water then the mixture was kept for 30 min at periodical
stirring to reach the adsorption equilibrium. Finally, the ad-
sorbent was filtered out, and the absorbance of the filtrate was
measured as described above.

(2) - expressed method. A water sample was filtered thro-
ugh the paper filter, and then 5 mL of the filtrate was poured
into a 250 mL thermal-proof flask. Then we added 5 mL of
a 0.1 N aqueous solution of potassium dichromate, stirred
the mixture, and, drop by drop, added 15 mL of concentrated
sulfuric acid at constant stirring. The solution was kept for 5
min with constant stirring, then cooled to 20°C. Finally, it was
diluted with 50 mL of distilled water and titrated by a 0.1 N
solution of Mohr’s salt against the ferroin indicator. The same
procedures were performed with a control sample containing
distilled water instead of the filtrate.

The following formula was used to calculate COD:

COD=12%((V, -V)*0.1%8*1000/ a) — 18.5,

where Vo and V — amounts (mL) of a Mohr’s salt solution used
for the titration of the samples of control and working solu-
tions, 0.1 - normality of a Mohr’s salt solution, 8 - the chem-
ical equivalent of oxygen, a — water sample amount (mL), 1.2
and 18.5 — correcting coefficient to agree the results of this
expressed and the standard arbitration experimental mea-
surements of COD.

Table 1 represents the average COD values for all sam-
pling points.

No significant changes in the pollution agents’ concen-
trations were found in samples taken in dry weather during
spring-autumn seasons. The COD of the samples varied within
+ 15% at every particular sampling point. On the other hand,
it was found that petrochemicals and suspended particles are
rather persistent agents affecting the entire area of investiga-
tion. COD does not decrease much even in 2000 m downstre-
am from the point of discharge (compare the COD of samples
2 and 3, Table 1). The influx of the Kalichanka into the Prut has
a serious negative impact, causing an increase in COD from 7.2
to 12.5 mg O/L. It should be noted that the maximal permissi-
ble value of COD in an open freshwater body must be below 5
mg O/L. So, it was exceeded even upriver from the confluence,
but downstream it became more than twice higher.
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Tab. 1. COD of the water samples (average statistical deviation less than + 15 %)

Tab. 1. ChZT prébek wody (srednie odchylenie statystyczne ponizej + 15%)

Sampling point

COD value, mg O/L 1

2 3 4 5

11.2

18.3 16.8 7.2 12.5

1.2

0.8

0.6

Absorbance

0.4

0.2

10 15 20

Weight % of the adsorbent

Fig. 2. The dependence of the samples’ absorbance on the added amount of various adsorbents. ¢ — coal refining sludge; = - technical pyrocarbon;
A _ 4:1 mixture of the sludge and pyrocarbon

Rys. 2. Zalezno$¢ absorbancji probek od dodanej iloéci réznych adsorbentéw. ¢ — mul z rafinacji wegla; = — pirocarbon techniczny; 4 - mieszanina
4:1 mulu i pirocarbonu

The following experiment was taken to evaluate the effec-
tiveness of water cleaning with a mixture of adsorbents. Ten
liters of contaminated water were placed in a plastic canister
connected to the cartridge filled with 1 kg of the mixture.
Then the water was passed through the cartridge with a flow
rate of 1 L/min. Control samples of the treated water were
taken after the cartridge and then analyzed to determine their
absorbance and COD, as described above.

Results and Discussion

As seen from the data above, the river of Kalichanka is si-
gnificantly contaminated with organic pollutants providing ad-
ditional anthropogenic load on the river of Prut. Waste/draina-
ge water discharge from the local CFS negatively contributes to
total river water contamination. Therefore, some approaches to
wastewater decontamination should be considered.

Since the absorbance of a sample depends on the content
of suspended particles, this parameter can be used to charac-
terize the effectiveness of extraction of suspended pollutants
from water. Fig. 2 represents the dependence of the samples’
absorbance on the added amount of various adsorbents.

The COD of a water sample depends mainly on the con-
tent of organic (mostly petrochemicals) pollutants. The de-
pendence of the samples’ COD on the added amounts of the
adsorbents is shown in Fig. 3. In this case, the performance of
the adsorbents mixture is also better than that of the indivi-
dual components.

As seen from Fig 2 and 3, a 4:1 composition of coal refi-
ning sludge and technical pyrocarbon is more effective than
the individual components. Therefore this composition sho-
uld be used in water-cleaning cartridges.

It is more convenient to realize any adsorption cle-
aning technology in a dynamic mode when the wastewater
to be treated is collected in some kind of pond and then is
discharged continuously through the water cleaning equip-
ment than to do that in a static mode when the wastewa-
ter is poured in some technological tank, treated, and then
discharged.

Results of the flow decontamination of water are shown
in Table 2. They embrace only the first three liters because
no changes in the water absorbance and COD were determi-
ned after passing three liters through the filtration cartridge.
It can be seen that this water cleaning method is effective
in the elimination of petrochemical water pollution agents.
COD decreases by eight times, and absorbance drops by six
times. It means that about 85% of the petrochemical pollution
is extracted from treated wastewater.

The water decontamination performance of the cartridges
slightly degrades as wastewater passes through — mostly in the
context of COD. However, within the amount of water used
in this investigation, this degradation is not crucial and does
not exceed 10% of the initial water cleaning effectiveness. The
suspended particle elimination ratio remains almost stable.
This parameter depends mostly on the mechanical fixation of
the suspended pollution inside the adsorbent layer, which has
a much higher filtration capacity than its adsorption capacity,
which is important for the elimination of dissolved petroche-
micals.

Since the maximum adsorption capacity of petrochemi-
cals on the mixed adsorbent reported in [6] is 0.15 kg/kg, and
taking into account that an average daily drainage/wastewater
discharge of such car filling/service facility is about 1000 L,
it can be seen that 30000 L of the monthly-formed wastewa-
ter consisting of 0.09% of petrochemicals will bring about 27
kg of petrochemical pollution agents to be adsorbed. Taking
into account its adsorption capacity (see above), it is obvious
that such an amount of pollutants requires only about 4 kg of
the adsorbent mixture per month. Therefore, a small pond or
underground tank can be established to collect the technolo-
gical wash-offs and drainage/wastewater from a typical CFS.
It should be equipped with a filtration cartridge filled with 4
kg of the mixed adsorbent. Filtration of the water with a flow
rate of not more than 1 L/min ensures extraction of mixed
suspended particles and organic pollutants, which leads to an
85% decrease in the COD. The expected operation time before
cartridge replacement is not shorter than one month.
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Fig. 3. The dependence of the samples’ COD on the added amount of various adsorbents. ¢ — coal refining sludge; = - technical pyrocarbon; A - 4:1
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Tab. 2. Effectiveness of wastewater treatment by the coal sludge/pyrocarbon cartridges

Tab. 2. Skutecznos¢ oczyszczania $ciekéw przez wklady z mutu weglowego i weglowodoréw ropopochodnych

Absorbance COD, mg 02/L
Adsorbing mixture Raw 1L oL 3L Raw 1L oL 3L
water water
Coal sludge/pyrocarbon 1.2 0.2 0.21 0.21 3250 420 440 450

Conclusion

A 4:1 mixture of the “T” brand coal refining sludge and
technical pyrocarbon proved its effectiveness in the deconta-
mination of wastewater from petrochemical pollutants and
mixed mechanical suspensions. Up to 85% of petrochemi-
cals can be extracted from the aqueous phase by filtration of
the regular car filling/service station’s wastewater through a
cartridge filled with this mixture. The water decontamina-
tion performance of a cartridge filled with 4 kg of adsorbing
mixture should remain sufficient for at least one month. Then

the waste adsorbent can be utilized by adding to the solid
coal-based fuel mixtures for thermal power stations or other
similar facilities.

This ecofriendly solution requires only solid industrial
waste materials allowing an enhancement of the water quality
condition in the small urban rivers often suffering from the
low-tonnage and numerous uncontrolled discharges of dra-
inage/wastewater from car filling/washing/service stations
and other similar service points.
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Skutecznos¢ niektorych kompozycji mineralnych na bazie wegla w dekontaminacji i ochronie sro-

dowiska wod matych rzek miejskich
Zbadano skutecznos¢ szlamu z przerobki wegla marki "T", pirocarbonu technicznego i ich mieszaniny jako adsorbentow do odkazania
wody drenazowej z zanieczyszczen organicznych. Zanieczyszczone probki wody zostaly pobrane z systemu odwadniajgcego zwyklej
stacji obstugi samochodéw, a nastepnie poddane dziataniu adsorbentéw. Absorpcja wody i chemiczne zapotrzebowanie tlenu (ChZT)
byly kontrolowane jako parametry jakosci wody i skutecznosci dekontaminacji.
Jako najskuteczniejszy adsorbent dla mieszanych zanieczyszczet petrochemicznych i mechanicznych zastosowano mieszaning 4:1
szlamu z rafinerii wegla i pirocarbonu technicznego. Stwierdzono, zZe kompozycja ta skutecznie odkaza wode z mieszanych zanie-
czyszczen organicznych.
Wkiady do oczyszczania wody wypelnione tg kompozycjg adsorbentéw wykazaly wysokg skutecznos¢ odkazania, eliminujgc okoto
85% petrochemicznych zanieczyszczet wody. Wydajnos¢ ta nie ulega znacznemu pogorszeniu, a 4 kg adsorbentu powinno wystarczyc
do oczyszczenia ilosci Sciekow powstajgcych na stacji benzynowej przez co najmniej miesigc.

Slowa kluczowe: male rzeki miejskie, woda zanieczyszczona olejem, adsorpcyjne uzdatnianie wody, mieszane adsorbenty weglowe,
pirocarbon
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coal before being used in thermal power plants.

Abstract
Power stations using the coal as energetically agent exhaust into the atmosphere large quantities of polluting agents having different
forms. Burning of coal involves pollution of environment by means of powders exhausted from chimneys and by means of flying
ash spoil dumps. Mechanical pollution is completed by chemical pollution produced as result of action of chemical substances in
burned gases that can be even more dangerous than the solid ones, affecting the ecological balances of areas around the energetically
complexes. In order to reduce the impact of gases onto the environment is required that in the future to be taken a range of measures
aiming to monitor the noxious gases exhausted complying the national and international environment protection laws. Also,
considering the toxicity of sulphurous gases over the flora and fauna, this paper analyses, based on original experiments, different
methods (desulphurization by flotation, magnetic desulphurization, and bacterial desulphurization) for sulphur content reduction in

Keywords: coal combustion, desulphurization, SOz content, environmental protection, mechanical processing technologies,

bacterial desulfurization of coal

1. Introduction

One of the negative aspects of coal combustion is the
generation of sulfur dioxide emissions, leading to acid rain
occurrence. Therefore, given the increasing demands in
environmental protection, there is needed a more advanced
coal desulphurization in the pre-combustion phase.

The desulphurization of the coal used in the burning pro-
cess in thermal power plants has the following advantages:
eliminates investment needed to achieve gas desulphurization
equipment, reduces the polluting elements of ash, slag and gas.

Desulfurization of coal can be carried out by flotation, gra-
vitational procedures, magnetic separation or using bacteria.

The coal is a macromolecular compound with a very com-
plex structure, the composition of which includes: C, H, O, N, S.

The element sulfur is found in coal in the following forms:

o Sulphate sulfur;

o Sulfur sulphide (pyrite and/or Marcasite);

o Organic sulfur.

Sulfur sulfate - is a minor element in the sulfur balance in
coal, rarely going above 0.2%. The presence of sulphate sulfur
is due to the oxidation of pyrite with the oxygen from atmo-
sphere or water, leading to ferrous sulphate (FeSOs). Sulfur
sulfate is found in the form of CaSOs, being brought by per-
colation water.

Sulphide sulfur - can be present as pyrite and marcasite.
In coal, the pyritic sulfur is present in different amounts and
forms, from very fine microscopic particles released into the
mass of coal, up to thick granules of few millimeters.

The vast majority of pyrite in the Jiu Valley coal is finely
disseminated into the coal mass, generally having sizes from
0.1 to 0.25mm.

Organic sulfur - is found in coal in three forms:

o sulfur in the form of -SH or H-S-S-H in a concentra-
tion of 2%, which by oxidation forms HSOs;

o sulfur in the form of C = S, which after oxidation is
removed in the form of SOz;

«  sulfur in an undefined form, highly resistant to che-
micals reagents.

Sulfur is alongside other elements, an unwanted element
in coal because by burning coal in power plants results a set of
agents, one more harmful than the other, leading to a mecha-
nical and a chemical pollution of the environment:

o mechanical pollution - represented by the particula-

tes entrained in chimneys;

«  chemical pollution - caused by the action of chemi-

cals from the combustion of coal.

Chemicals resulting from burning coal have a complex
impact on all environmental factors in their surrounding
area (atmosphere, soil, water). Air pollution with SO: is very
harmful to the human body. A concentration of 20 ppm SO2
produces coughing and irritates the eyes, this compound also
greatly affecting vegetation. On the wet leaves, sulfur dioxide
dissolves forming sulfuric acid (H2SOs) which passes through
oxidation in sulfuric acid (H2SO4) which is a harmful agent.
This occurs especially in winter, so the conifers suffer prima-
rily because they keep their leaves in winter.

Considering that by burning coal very harmful chemicals
for flora and fauna are released, there it is required a purification
of coal before burning, to reduce the sulfur content. This can be
done either by traditional methods (gravitational concentration,
flotation, and heavy media) or by chemical or biological methods.
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Fig. 1. Distribution of sulfur content in products and mining fields-mass concentration
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2. Experimental Part

The paper presents several methods tested in laboratory
and pilot phase for reducing sulfur from coal before subjected
to combustion, through various methods.

2.1. Research of desulphurization by separation processes in
hydrogravitational and hydrocentrifugal fields

Hydrogravitational concentration processes are among
the oldest concentration processes in both ore and coal. (To-
mus N., Cismasiu M.C., Deak E.S, 2014)

Hydrogravitational separation is achieved easier when
between the mineral species there is a difference of specific
weight and when they fit into a close range granulometry, plus
the difference in the form of granules.

Some examples of devices that use the water current
Reichart cones, and
among the devices that are used in centrifugal field to con-

concentration are: concentration tables,

centrate we can mention hydrocyclonage, spirals, Knelson,
Falcon or Mozley multigravitational concentrators.

The National Institute for Research and Development for
Rare and Radioactive Minerals (NIRDRRM) Bucharest and
the University of Petrosani performed experimental research
using the Mozley concentrator and the concentration tables,
on coal from different mining fields from Jiu Valley. Following
the laboratory research several conclusions can be drawn:

o weight extraction of the mass concentrate varies be-
tween 1.76 and 7.14% depending on the mining field
from which the coal originates;

o the content of sulfur in the mass concentrate is not
much different from that in the feed, is a maximum
of 2.88% for coal coming from E.M. Petrila, which
means that a small amount of sulfur less concentra-
ted in the mass concentrate; (figure 1)

o sulfur extraction in mass concentrate was calculated
based on weight extraction and the ratio of sulfur in
the concentrate and in the feed, obtaining a value be-
low 10% for all the sorts of coal analyzed; (there were
exceptions in Petrila and Lonea areas with the values
11,34% and 12.21%);

o asa general conclusion it can be said that coal desul-
furization using Gemeni concentration table for less
than 1 mm grain size coal is not justified given the
very low sulfur extraction in the concentrate.

Desulfurization tests using Mozley concentrator, which is
a device that combines the principle of the centrifugal field

with the one of the hydrogravitational concentration led to
the following conclusions:
o weight extraction of the concentrate is high enough
(between 8 and 28%) for the coal coming from Jiu
Valley Basin, but an inverse concentration of the sul-
fur is produced, this being explained by the fact that
within the apparatus concentrate there were coarse
size coal particles with lower sulfur content;
«  based on the obtained results there can be stated that
not even the Mozley concentrator gave the expected
results for coal desulphurization (figure 2.)

2.2. Coal desulphurization by flotation
Flotation is a physical-chemical process which is based on
the difference between superficial properties of the surface of
particles of coal and sterile. This method is applied to fine gra-
in classes, resulting in the reduction of pyritic sulfur content
for class + 0,074 mm size up to 90% and class -0,074 mm size
to 30%. (Krausz S., Sarbu R., Badulescu C., s.a, 2008).
The efficiency of the flotation process is influenced by the
following parameters:
o the granulometry of the material, in coal the optimal
class is from 1.17 to 0.30 mm;
o the degree of coal oxidation influences the surface
characteristics of particles;
o the characteristics of the water (particularly pH), the
optimum pH of coal is 6 -7.5;
o characteristics of reagents,
o flotation equipment used.

2.3. Magnetic desulphurization of coal
Magnetic separation was used to purify the small size coal
particles. This process is based on the difference between the
magnetic properties of coals and the associated minerals. Te-
sts on magnetic concentration were carried out at different
intensities of magnetic field. (Murray H.,1997)
After applying desulfurization by means of magnetic se-
paration, the following conclusions can be drawn:
o for the process of magnetic separation to be applied,
the tested material is necessary to be grinded down
to 1 mm and an average size of 0.3 mm
o the weight extraction of magnetic product is be-
tween 6 and 26% (the mining areas with high weight
extraction are Lonea and Petrila);
o the sulfur content in the magnetic product is as fol-
lows: 11.48% at Lupeni; 8.34% at Paroseni, 6.4% at
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Vulcan; 3.09% at Petrila; 5.85% at Lonea;

o the weight extraction of the non-magnetic product
is between 76 and 94% (higher in the western part of
the Jiu Valley and lower in the eastern part);

o the sulfur content in the non-magnetic product is
as follows: Lupeni-0,48%S; Parogeni-0,51 %S;Vul-
can-0,57% S; Petrila-1,14%S; Lonea-1,12%S;

o in the non-magnetic product there remained be-
tween 40 and 54% of the sulfur existing in the origi-
nal coal, which means that sulfur is not bound only
to pyrite, but also to non- magnetic sulfates;

o the organic sulfur which is chemically bound to the
carbon in the coal can be extracted only by chemical
or biochemical processes, after the breaking of che-
mical bonds;

o between the iron and sulfur content of the magnetic
products there is not necessarily a dependence because
iron may be present in coal also in the form of oxides
or silicates not only in the form of pyrite and marcasite.

It appears that much of the mineral impurities contained
in coal are paramagnetic and may be removed by magnetic
separation after advanced grinding to achieve the release of
the mineral constituent species.
For a more efficient desulfurization, an increase in the ma-
gnetic properties of pyrite from coal is required using various
methods. One such method is the selective wetting of the con-
stituents with a water-based ferrofluid. The component wetted by
ferrofluid and thus reported as magnetic product is, in this case,
the mineral (pyrite, clay, silica). Magnetic susceptibility of coal
will not be affected and they will form the non-magnetic frac-
tion. To separate the "magnetized” component a high gradient
magnetic separator (HGMS) was used, obtaining the following:
o the content of inorganic constituents was reduced
from 17% to 5%;

o the sulfur content of a raw coal was reduced from
1.9% to 0.7%;

o the amount of SOz emitted into the atmosphere by
the desulphurised coal combustion was three times
lower than that of raw coal combustion.

2.4. Electrical desulphurization of coal
Electrical separation tests led to the following conclusions:
e  separation is not achieved on conductive or non-
-conductive products with a significant sulfur con-
tent compared with the feed;

o during the electric field separation a division of the
feed material in two fractions is obtained; the coarse
fraction reaching in the conductive product due to
centrifugal force that prevail in comparison with the
and the fine fraction reaching in the non-conductive
product because of electrical force;

o in the non-conductive product which has a relati-
vely low weight extraction 8-15% and 10-17% sulfur
extraction, there are distributed especially fine mine-
rals from the grinding of sterile rocks in coal

« in addition to poor results in terms of reducing the
sulfur content, if one takes into account that the se-
paration in electric field requires the heating of the
material to a temperature of at least 850C the appli-
cation of this process is not justified.

2.5. Bacterial desulfurization of coal

The Jiu Valley coal is characterized by a great diversity of
total sulfur, the mineral and organic sulfur ratio being 1:1.
The sulfur content of coal is characterized by values ranging
between 1.3-2.6% for the eastern part of the coal basin and
from 2.4 to 3.3% for the western part.

The used mechanical processing methods have not given
favorable results in reducing sulfur content due to very fine
disseminated pyrite in the coal organic mass

In the first part of the research, microbiological and che-
mical analyzes of water samples collected from Lupeni mine
were performed. During these analyses a wide range of cultu-
re media were used for the following:

«  to highlight the chemoautotrophic mesophilic sulfur
and iron oxidizing bacteria (genus Thiobacillus), the
sulfate-reducing bacteria, the ferobacteria and hete-
rotrophic aerobic bacteria

o to know the microflora of mine water

o to isolate chemoautotrophic sulfur and iron oxid-
izing bacteria.

The following chemoautotrophic sulfur and iron oxid-
izing bacteria species were found after the determination:
T.thiooxidans, T.thioparus, T.neapolitanus, T.ferrooxidans,
T.denitrificans, T.novellus.

The coal used for the next step of the research came from
Lupeni mine, having a 2.81% total sulphur content. After the
research the following can be concluded:

o Lupeni coal, due to its high content of carbonates do

not provide the optimum conditions (pH of the cul-
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Tab. 1. Reducing the sulfur content of coal from the Lupeni mine, Romania, after bacterial leaching

Tab. 1. Obnizenie zawartosci siarki w weglu z kopalni Lupeni w Rumunii po tugowaniu bakteryjnym

Before leachin After leachin Desulphurization
Sulphur content (%) 9 (%) 9 degpree (%)
Total sulphur 2.81 1.79 36.3
Pyritic sulphur 0.71 0.05 92.96
Organic sulphur 4.03 1.59 60.55
Sulphur sulphate 0,15 0,07 53,33
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Fig. 3. Pyrite after a week of bacterial leaching
Rys. 3. Piryt po tygodniu wymywania bakteryjnego

ture medium tends to become neutral) for the deve-
lopment of bacteria belonging to the genus Thioba-
cillus, the sulfur was removed from the charcoal only
in a proportion of 5-25 %;

o the success of bacterial desulfurization of coal de-
pends on the composition, structure and dispersion
of the sterile in coal, especially of the alkaline one.
The reaction of coal sterile (which has the ability to
fix the sulfuric acid) and sulfuric acid resulting from
the action of bacteria, leads to the formation of alka-
line sulfates, that are not consumed by bacteria;

o to perform desulphurization is necessary to create
a culture medium for bacteria with a 2.5 pH by ad-
dition of hydrochloric acid;

o the duration of the desulphurization process is at le-
ast six days;

o by biological desulphurisation there can be removed
approx. 20% of total sulfur, and can be locked in the
form of a sulfate a percentage of 60% of the sulphide
content;

o Dbacterial desulfurization capacity gradually decre-
ases with increasing the size of coal particles;

o desorption of desulphurisation products is made
through washing with warm water.

For the desulfurization of the hard coal from Lupeni mine
by bacterial leaching means, the following were used:

o a5 liter air-lift bioreactor of the Deutsche Montan
Technology Research Institute in Essen

e 9K culture medium without FeSO4

o Thiobacillus ferooxidans from the Czechoslovak
Collection of Microorganisms in Brno

o the concentration of bacteria introduced into the
process was of 109/1 ml.

o the pH of the solution was maintained between 1.8-2.0

o the duration of bacterial leaching was 28 days

o the temperature was 28-30°C.

Petrographic analysis carried out at the Institute of Geo-
technics CAV in Prague revealed that coal from the Lupeni
mine contains 84.4% vitrinite, 13.8% liptinite and 1.4% iner-

N 10.m250kU 110E3 6871/94 L/3

Fig. 4. Pyrite after bacterial leaching
Rys. 4. Piryt po wymywaniu bakteryjnym

tinite. The mineralogical composition consists of pyrite, clay
minerals, particularly carbargilite. Pyrite is present in sphe-
roidal form, the granules located in the mass of mineral coal.
(P. Fecko, 2007).

After the bacterial leaching using Thiobacillus ferooxidans
for one month, the total sulfur content was reduced from 2.81%
to 1.79%, showing a degree of desulphurisation of 36.30%, py-
ritic sulfur being mainly reduced (92.96%) (Table 1).

Figures 3 and 4 present the image of the pyrite particle
after a week and three weeks of leaching.

Conclusions

It can be said that coal desulfurization using Gemeni con-
centration table for less than 1 mm grain size coal is not ju-
stified given the very low sulfur extraction in the concentrate;

Researches using Mozley concentrator that combines field
hydrocentrifugal at hydrogravitational revealed that even
with this type of device cannot achieve a significant reduction
of sulfur content in the desulphurized coal.

During the electric field separation a division of the feed
material in two fractions is obtained; the coarse fraction re-
aching in the conductive product due to centrifugal force and
the fine fraction reaching in the non-conductive product be-
cause of electrical force.

Desulfurization by flotation can be applied to fine grain
classes, resulting in the +0,074mm class size a pyritic sulfur
content of 90%.

Worth considering the results of the processes for desul-
furization of coal in the magnetic field performed when a re-
duction of the sulfur content in coal to 50% is obtained.

The magnetic coal desulphurization applies to small size
particles, with a reduction in the concentration of mineral
components from 17% to 5% and the sulfur content from
1.9% to 0.7%.

By biological desulphurization approximately 20% of total
sulfur can be removed.

After the bacterial leaching using Thiobacillus ferooxi-
dans for one month, the total sulfur content was reduced
from 2.81% to 1.79%, showing a degree of desulphurisation of
36.30%, pyritic sulfur being mainly reduced (92.96%).
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Czysta technologia odsiarczania wegla redukujgca emisje SO: ze spalania wegla

w elektrocieptowniach

Elektrownie wykorzystujgce wegiel jako srodek energetyczny emitujg do atmosfery duze ilosci zanieczyszczeti o réznej postaci. Spala-
nie wegla wigze si¢ z zanieczyszczeniem Srodowiska za pomocg pytow wydobywajgcych sig z kominéw oraz za pomocg lotnych hatd
popiotéw. Uzupetnieniem zanieczyszczeti mechanicznych sq zanieczyszczenia chemiczne powstajgce w wyniku dziatania substan-
cji chemicznych zawartych w spalinach, ktére mogg by¢ jeszcze bardziej niebezpieczne niz stale, naruszajgc réownowage ekologicz-
ng terendw wokét kompleksow energetycznych. W celu ograniczenia oddzialywania gazoéw na srodowisko wymagane jest podjecie
w przysztosci szeregu dziatati majgcych na celu monitorowanie emisji szkodliwych gazéw zgodnie z krajowymi i miedzynarodowymi
przepisami ochrony srodowiska.

Ponadto, biorgc pod uwage toksycznos¢ gazow siarkowych dla flory i fauny, w pracy przeanalizowano, na podstawie oryginalnych
doswiadczer, rozne metody (odsiarczanie flotacyjne, odsiarczanie magnetyczne, odsiarczanie bakteryjne) redukcji zawartosci siarki
w weglu przed zastosowaniem w elektrocieptowniach.

Stowa kluczowe: spalanie wegla, odsiarczanie, zawartos¢ SOz, ochrona srodowiska, technologie obrobki mechanicznej, Bakteryjne
odsiarczanie wegla

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society 55




56

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society



Environment and its Influence on Aquatic
Ecosystems Industrial Landscape

Sdrka KROCOVAY, Vladimir CABLIK?, Darja KUBECKOVA?,
Malgorzata KRYLOW?Y, Kamila ROUCHALOVA®

Y VSB-Technical University of Ostrava, Faculty of Safety Engineering, Lumirova 13, 1875, 703 00 Ostrava-Vyskovice, Czech Republic

2 VSB-Technical University of Ostrava, Faculty of Mining and Geology, 17. listopadu 15, 708 33 Ostrava-Poruba, Czech Republic

3 VSB-Technical University of Ostrava, Faculty of Civil Engineering, L. Podeste, 1875, 708 33 Ostrava-Poruba, Czech Republic

¥ Cracow University of Technology, Faculty of Environmental Engineering and Energy, Warszawska 24, 31-155 Cracow; Poland

% Ing; VSB - Technical University of Ostrava, Faculty of Mining and Geology; Department of Environmental Engineering; ORCID 0000-0001-6965-2662

http://doi.org/10.29227/IM-2023-02-57
Submission date: 16-11-2023 | Review date: 29-11-2023

Abstract
The environment is changing considerably with the increase of the human population. In many cases, especially in urban and industrial
agglomerations, the limit values for long-term positive sustainability are already achieved. Air and aquatic ecosystems are the most
endangered areas of the environment. Given that water is a life and its contamination endangers the health and lives of humans, fauna
and flora, the following article focuses on how to identify security risks and then eliminate them to an acceptable level using scientific

methods and technical options.

Keywords: industrial agglomerations, environment, landscape management, risk elimination

1. Introduction

Gradually, but at an unstoppable pace, the human popula-
tion is concentrated in various magapoles and industrial land-
scapes. Countryside is gradually depopulated and very often
becomes only a recreational area and a place of farming.

In agriculture, there have been major changes in the last
decades of the last and this century. Agricultural activity now
requires only a fraction of people compared to the first half of
the 20th century due to the use of modern technology and wor-
king methods. However, this change does not only bring bene-
fits, but concentrating a large number of people on a relatively
small area overloads the environment (UNFPA, 2011; Malikova
et al., 2021). The most serious of the whole range of environ-
ments of different types of regions are the aquatic ecosystems.

2. Aquatic ecosystems and industrial landscapes

Aquatic ecosystems are very fragile and vulnerable areas
of the natural environment. They tend to be highly vulnerable
due to natural phenomena or anthropogenic events (Kroc¢ova,
2017). In terms of the natural occurrence and vulnerability
of aquatic ecosystems in industrial landscapes, these systems
can be divided into the following areas:

o  Surface water,

o Groundwater.

Surface waters

Surface running or accumulated water is the primary pre-
requisite of the technical-operational function of each indu-
strial landscape. From these waters, see Figure 1., water is taken
for industrial use or the fire protection of the premises, and at
the same time the cleaned industrial wastewater is discharged.

From an environmental point of view, surface waters are
the most vulnerable natural element in an industrial landsca-
pe. Most natural effects or anthropogenic events can cause
their vulnerability, see the text in Chapter 3.

Groundwater

Depending on the geological subsoil, groundwater is also
endangered by the industrial landscape. In particular, there
are shallow aquifers of the soil environment or water leading
to more distant groundwater sources for water supply systems
at various degrees of threat, see Figure 2.

Inadequate management of hazardous substances in the
industrial landscape almost always causes contamination of
groundwater with harmful substances and consequently their
use for treatment to drinking water or for direct use for drin-
king purposes from individual wells of natural persons is en-
dangered.

3. Environmental threats in industrial agglomerations

In addition to the factors mentioned in the previous chap-
ter, there are other natural and anthropogenic hazards in the
industrial landscape that combine with each other (Kubecko-
va and Krocova, 2017).

In simple terms, the following scenarios can be conside-
red as the main security threats in the industrial landscape.

Natural influences
o floods,
o hydrological drought,
. in sloping land, landslides.

The three basic natural phenomena will tend to intensify
in the coming climate change and be the cause of a number of
emergencies. At the same time, they tend to trigger the following
anthropogenic emergencies (Krocova and Véclavik, 2017).

Anthropogenic events
o leakage of chemicals from operating systems,
o accidents of equipment leaking out of dedicated
equipment and safety corridors,
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Fig. 1. Local water flow in industrial landscape (photo Krocova S.)

Rys. 1. Lokalny przeptyw wody w krajobrazie przemystowym (fot. Krocova S.)

1. Monitoring borcholes
2. Water flow direction
3. Protective zone of water source
4. Wells

5. Water treatment plant

6. Water tank

Built-up area - industrial arca

7,

Fig. 2. Diagram of the spring and monitoring wells

Rys. 2. Schemat Zrédla i studni monitorujacych

e Gradual penetration of harmful or hazardous sub-
stances into aquatic ecosystems.

The elimination of the consequences in question is one of
the most serious and extraordinary events to be addressed by
the public administration and its specialized bodies (Kro¢ova
and Kavan, 2019). Without a timely and particularly compre-
hensive solution to the issue, the original natural environ-
ment, landscape and agricultural economy will be seriously
threatened in the coming years.

At present, there are many ecological crises in the world
that need to be given increased attention.

By selecting suitable indicators (indicators) we can iden-
tify and identify the state of the environment according to its
individual components (air, water, soil, rocks, biota) and on
the basis of observed development trends we can even assess
in advance the perspectives of further development of the
environment (Kovacova and Vackovd, 2014). In order to be
fast and efficient, solutions must be based on option is to use
the FMEA method and the security risk checklist method.
sufficient risk knowledge and appropriate methods, including
the use of an appropriate method. One of the possibilities of
solution also lie in international cooperation and can have
a multifunctional character, focusing not only on standard
protection of waters of natural origin, but also in the field of
water supply. The development of the current type of water
supply in border areas can also stimulate the development of
local infrastructure and consequently more economical use of
local territories of neighboring states. Cooperation may also
be wider than a cross-border nature (Malerova et al., 2017;
Dvofacek et al., 2022).

4. Elimination of natural and anthropogenic risks

Optimal for these systems is the use of the Failure Mode
and Effects Analysis (FMEA) method and the checklist me-
thods, which, in conjunction with other activities and tools,
create sufficient scope for analysing the risks of almost any
infrastructure System or the natural environment.

In order to achieve maximum relationships between
inputs and outputs of the task being solved, it is necessary to
work with parameters that can influence the added value and
key inputs that must be controlled in the management pro-
cess. Process control is usually carried out through a process
detailed map and is divided into individual steps, see Figure 3.

The process map, see Figure 4. must, however, be elabo-
rated into all the circuits addressed by the natural environ-
ment of the industrial landscape. With its help, the solver can,
through the use of the mind map, extensively document the
security risks of the whole system and then find ways to eli-
minate them.

A variant of Environmental FMEA is used to price
environmental impacts, it consists of environmental risk as-
sessment defined, as a process of qualitative and quantitative
analysis of the linear potentials and coefficients of potential
risks in a project, as well as the sensitivity or vulnerability
of the surrounding environment. EFMEA was developed in
response to the need to find a simpler and faster method of
assessing environmental impact than Life Cycle Assessment.
(Wisniewska, 2022). According to the idea of sustainabili-
ty, it is necessary to combine these two factors, i.e.: product
quality and environmental impact, one traditional FMEA
method is not suitable for this, so a Fuzzy QE-FMEA me-
thod based on fuzzy logic is proposed. This method is more
flexible in assessing the criticality of failures, as well as more
consistent and logical and the results obtained are more ac-
curate. This method enables failure risk assessment, ranking
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Basic definitions:

* FMEA - forms the basis for the analysis of risks occurring
in water supply systems

* Checklists - define the basic dependencies - what can happen,
what is the probability and what are the consequences

* Matrix - limits the evaluated process steps and FMEA inputs

*» Process map - defines the chronology and sequence of individual
processes of the water system

* Process control plan - is a constantly living document responding
to new facts and environments

Fig. 3. Cross-links of processes for threat analysis by aquatic ecosystems

Rys. 3. Wzajemne powigzania proceséw analizy zagrozen w ekosystemach wodnych
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Fig. 4. Schema of an alternative detailed process map to solve a task

Rys. 4. Schemat alternatywnej szczegétowej mapy procesu do rozwigzania zadania

and prioritisation based on expert opinion, expertise and
experience, analysis. (Rimantho and Hatta, 2018; Pacan and
Siwiec 2023).

Risk analysis in the process of designating and esta-
blishing protection zones for water intakes in Poland.

The European Commission, in Directive No. 2020/2184,
abbreviated as DWD - Drinking Water Directive), has inc-
luded provisions for risk assessment and risk management,
which consists of (Directive No. 2020/2184):

o risk assessment and risk management of the
catchment areas for abstraction points of water in-
tended for human consumption.

o risk assessment and risk management of the supply
system

o risk assessment of the domestic distribution systems.

It is evident from the provisions of the Directive that when
carrying out an assessment, it is necessary not only to consi-
der the current status, but also to identify trends and predict
what may happen in the future (contribute to the degradation
of natural water resources). The assessment should take into

account the possibility of future problems arising as a result of
a new o hazard (e.g. resulting from a steady upward trend in
the concentration of some substance (Directive 2020/2184).

It follows from the Directive's provisions that, when car-
rying out an assessment, it is necessary not only to consider
the current status, but also to identify trends and predict what
may happen in the future (contributing to the degradation of
natural water resources). The assessment should take into ac-
count the possibility of future problems arising as a result of a
new o hazard (e.g. resulting from a steady upward trend in the
concentration of some substance).

Based on the provisions of the 2020 DWD, the following
sequence of procedures should be adopted in the risk assess-
ment process:

o identification of natural and anthropogenic (point
and area) sources of pollution and hazardous situ-
ations and events;

e determination of the hazards (factors or water sta-
tus) and the vulnerability of the waters to their oc-
currence (including their transport in time and
space);
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o theestimation of the probability of each hazardous event
and the severity of the consequences resulting from the
hazards, and evaluation, with the aim of assigning a value
to each identified risk to enable it to be categorised, with
appropriate prioritisation (Mulik and Zimoch, 2022)

In Poland, the Water Law Act (Prawo wodne, 2017) intro-
duced regulations for the establishment of protection zones
for water intakes and imposed, inter alia, the obligation to
perform a risk analysis for underground and surface water in-
takes and to submit it to the relevant provincial governor. Risk
assessments must be carried out by water supply and sewerage
companies, but also by owners of water intakes carrying out
collective water supply tasks, as well as by individual owners
if they supply water for human consumption as part of com-
mercial, service or industrial activities or to public buildings.
(Prawo wodne 2017, Woznicka and Lidzbarski, 2022) This law
recommends (although it is not mandatory) that the method
used in the risk analyses and health risk assessments carried
out as part of the preparation of Water Safety Plans descri-
bed in the Regulation of the Minister of Health of 7 Decem-
ber 2017 on the quality of water intended for consumption
should be used to carry out a risk analysis for a water intake
(Rozporzadzenie Ministra Zdrowia, 2017). According to the
provisions of this ordinance, water and sewerage companies
and other entities supplying or using water from an individual
intake should perform a risk assessment based on the PN-EN
15975-2 standard. According to this standard, a risk mana-
gement system, is a process that includes the identification

of hazards and possible hazardous events and the assessment
and control of risks that may occur throughout the drinking
water supply chain from intake to consumer. Risk assessment
involves the process of analysing and evaluating risks by es-
timating the likelihood of hazardous events and the severity
of the consequences if they occur (Mulik and Zimoch, 2022).

The advantage of drawing up a risk analysis for an inta-
ke is that it has to be updated periodically (, which allows
necessary action to be taken if new risks emerge. The effect
of updated assessments is to introduce protection zones for
the intake, which are a safety measure. The prohibitions and
prohibitions applicable to these areas should depend on the
risk analysis carried out, which must first take into account
health and environmental aspects, as highlighted by the
World Health Organisation guidelines (WHO, 2014), follo-
wed by: economic aspects, economic sustainability (Mulik
and Zimoch, 2022).

Conclusion

The environment is the most valuable thing one can su-
stain or damage. The highest risk of damage arises especially
in industrial landscapes and urban agglomerations. In the up-
coming climate change, aquatic ecosystems are the weakest
link in the general environment. As water is life, aquatic eco-
systems must be protected to minimize the risk of almost ir-
reversible damage. This article responds to the threats and at
the same time outlines the ways and alternative processes to
minimize the threats.
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Srodowisko i jego wplyw na ekosystemy wodne krajobrazow przemystowych
Srodowisko zmienia sig znaczgco wraz ze wzrostem populacji ludzkiej. W wielu przypadkach, zwtaszcza w aglomeracjach miejskich
i przemystowych, wartosci graniczne dla dtugoterminowego pozytywnego zréwnowazonego rozwoju zostaly juz osiggnigte. Powietrze
i ekosystemy wodne sq najbardziej zagrozonymi obszarami srodowiska. Biorgc pod uwage, ze woda jest Zyciem, a jej zanieczyszczenie
zagraza zdrowiu i Zyciu ludzi, fauny i flory, ponizszy artykut koncentruje sie na tym, jak zidentyfikowaé zagrozenia dla bezpieczen-
stwa, a nastegpnie wyeliminowac je do akceptowalnego poziomu przy uzyciu metod naukowych i opcji technicznych.

Slowa kluczowe: aglomeracje przemystowe, srodowisko, zarzgdzanie krajobrazem, eliminacja ryzyka
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Abstrakt
Celem pracy bylo zwrdcenie uwagi na mozliwos¢ wykorzystania popiotéw lotnych ze spalania wegla kamiennego jako Zrédia
koncentratéw tytanu. Zrealizowane prace badawcze mialy na celu okreslenie warunkéw obrobki wstepnej popiotéw lotnych
w procesie alkalicznej aktywacji termicznej za pomocg weglanu sodu i ich wplywu na wydzielania zwigzkéw tytanu w procesach
hydrometalurgicznej obrébki. Proces przeprowadzono dla mieszanek popiotu i weglanu sodu w stosunku wagowym 1 do 1,1.
Otrzymane mieszaniny ogrzewano przez 1 godzing w temperaturze 973K, 1023K i 1083K. Po ostudzeniu i rozdrobnieniu tugowano
otrzymang pozostatos¢ poreakcyjng za pomocg kwasu chlorowodorowego i azotowego (V). Wyniki analizy chemicznej i skaningowej
analizy mikroskopowej wraz z analizg EDS i analizg rentgenowskg wykorzystano do okreslenia wlasciwosci chemicznych i fizycznych
badanych substratéw i produktow obrébki popiotu lotnego. Przeprowadzono analize mozliwosci wydzielania koncentratéw tytanu
z popiotéw lotnych powstajgcych w procesie spalania w kottach pytowych z wybranych krajowych elektrowni. Stwierdzono zaleznos¢
stezenia tytanu w otrzymanym koncentracie od temperatury prowadzenia procesu aktywacji oraz od rodzaju kwasu w procesie obrébki
hydrometalurgicznej. Zawartos¢ tytanu w otrzymanych koncentratach wynosita od 39,3% do 60,8%, co odpowiada zawartosci tego

pierwiastka w eksploatowanych obecnie rudach tytanu.

Stowa kluczowe: popioly lotne, tytan, hydrometalurgia

Wprowadzenie

Gospodarka krajow unijnych odnotowuje coraz wiekszy
deficyt surowcow mineralnych. Wymusza to podjecie nie-
zbednych rozwigzan w zakresie zapewnienia ciaglosci do-
staw tych surowcéw, a tym samym poszukiwania nowych ich
7167 lub technologii odzysku surowcéw z odpadéw. W 2020
roku tytan zostal zaliczony do grupy krytycznych surowcow
(Communication from the Commission to the European Par-
liament 2020). Kryteriami zaliczenia do tej grupy jest znacze-
nie gospodarcze i ryzyko zwiagzane z dostawami. Wykaz UE
z 2020 r. zawiera 30 surowcéw w pordéwnaniu z 27 w 2017 r.
Boksyt, lit, tytan i stront dodano do wykazu po raz pierwszy.

Tytan i stopy tytanu sg wykorzystywane w roznych ga-
teziach przemystu , np. przemysle lotniczym (silniki odrzu-
towe), wojskowym, procesach metalurgicznych itp. Cecha
wyroézniajaca go od innych metali jest jego odpornos¢ na ko-
rozje oraz najwyzszy stosunek wytrzymatos$ci mechanicznej
do masy [Encyclopedia Britannica Concise: Titanium. 2007].

Tytan zawsze wystepuje w rudach innych pierwiastkow.
Jest dziewiaty pod wzgledem wystepowania na Ziemi (0,63%),
siodmy sposrod metali [Barksdale, Jelks: The Encyclopedia of
the Chemical Elements. Skokie, Illinois: Reinhold Book Cor-
poration, 1968, s. 732-738]

Tytan otrzymywany jest mineraléw zawierajacych ten
pierwiastek, gléwnie ilmenitu (FeTiO3) i rutylu (TiO2). Me-
taliczny tytan otrzymywany jest przez przeréb rud w procesie
Krolla [Handbook of Extractive Metallurgy, Fathi Habashi
(red.), Weinham: Wiley-VCH, 1997,]. W ostatnich latach
gwaltownie wzroslo zapotrzebowanie na zwiazki chemiczne
i czysty tytan. Gléwnymi producentami tytanu s3: Australia,
RPA i Kanada. Catkowite zasoby tytanu na Ziemi szacuje si¢
na ponad 600 milionéw ton [John Emsley: Nature’s Building
Blocks: An A-Z Guide to the Elements. Oxford: Oxford Uni-

versity Press, 2001, s. 451-455]. Ze wzgledu na ograniczong
baze¢ zt6z naturalnych podejmowane sg dzialania zmierzaja-
ce do pozyskania alternatywnych zrodet tego surowca [Cha-
rewicz, 1990]. Moga nimi by¢ np. popioty lotne ze spalania
wegla kamiennego, zawierajace szereg cennych metali, w tym
réowniez tytan.

Wykorzystanie popiotéw lotnych ze spalania wegla ka-
miennego moze by¢ alternatywnym sposobem na ograni-
czenie wykorzystania zasobéw naturalnych oraz ochrony
§rodowiska, wynikajacego ze zmniejszenia negatywnych
skutkdéw unieszkodliwiania popiotéw poprzez ich sktadowa-
nie. Elektrownie oparte na weglu s3 jednym z najwiekszych
zrédet energii elektrycznej, dostarczajac okoto 39% catko-
witej energii elektrycznej wytwarzanej na $wiecie [US EIA
2014]. Wedtug danych GUS [Rocznik Statystyczny, 2019],
energetyka polska wytworzyla prawie 24 mln ton odpadéw,
z czego 19,5% stanowily popioly lotne. Zaréwno sktad mi-
neralny jak i chemiczny odpadéw energetycznych zalezy od
wielu czynnikéw, jak charakter spalania, rodzaj kotta i tem-
peratura procesu spalania. Wptywaja one zaréwno na zawar-
to$¢ poszczegdlnych pierwiastkdw w popiotach, jak i na ich
zawarto$¢ w poszczegdlnych fazach mineralnych (krystalicz-
nych lub amorficznych) popioléw. Gtéwnymi sktadnikami
popiotéw lotnych ze spalania wegla kamiennego sa: SiOo,
Al20s, Fe20s i TiOz, z mniejszymi ilo$ciami pierwiastkéw
sladowych [Blissett i in. 2014; Seredin i in. 2013; Mayfield
i in. 2013). Sklad mineralno-chemiczny ma decydujacy
wplyw na wyboér metody obrébki popiotu, celem odzysku
zawartych w nim zwigzkéw tytanu. W trakcie alkalicznej
obrébki popiolu lotnego trudno rozpuszczalny ditlenek ty-
tanu przechodzi w rozpuszczalny tytanian sodu (MITiOs
(M = Na, K, itd.], ktory jest dobrze rozpuszczalny w kwasie
chlorowodorowym i azotowym(V) [Zelazny S., Swinder i in.
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Tab. 1. Sktad chemiczny badanego popiotu lotnego, % mas

Tab. 1. Chemical composition of fly ash tested, % by weight

Na:0 Mgo Al203 Sio:2 P20s

SO

K20 Ca0O TiO2 Mns04 Fe203 LOI

1.32 2.37 28.14 51.62 0.63

0.28

3.35 3.02 1.21 0.07 6.34 2.13

2>

Rys. 1. Analiza SEM popiolu lotnego; morfologia ziren :15 keV, 450x

Fig. 1. SEM analysis of fly ash; ziren morphology :15 keV, 450x

Tab. 2. Sktad mineralogiczny popiotu lotnego oznaczonego metodg XRD

Tab. 2. Mineralogical composition of fly ash determined by XRD method

Faza

Udziat, % mas.

Kwarc

5,2

Mulit

19,1

Anhydryt

0,2

Wapien

0,2

Hematyt

0,3

Magnetyt

0,2

Maghemit

1,6

Peryklaz

0,5

Amorficzna

72,7

2017(a); Zelazny S., Swinder H., i in.2017 (b); Zelazny S.,
Swinder H., i in.. 2020].

Materialy i metody

Badaniom poddano popiél lotny pochodzacy z jednej
z polskich elektrowni spalajacych wegiel kamienny w kotlach
pytowych. Dla pobranej prébki popiotu lotnego przeprowa-
dzono analize skladu ziarnowego przy pomocy analizatora
optycznego, analize morfologiczng z zastosowaniem SEM-
-EDS oraz badania skladu chemicznego.

Zawarto$¢ gtownych sktadnikéw (SiO2, CaO, AlLOs,
Fe20s, K20, MgO, Na20, P:0s, TiOz2) okreslono metoda
spektrofotometrii fluorescencji rentgenowskiej z dyspersja
dlugosci fali. Kalibracje wykonano w oparciu o materialy
referencyjne. Oznaczanie zawartosci tytanu wykonano tech-
nika spektrometrii mas z plazma wzbudzona indukcyjnie
(ICP-MS). W badaniach zastosowano kwadrupolowy spek-
trometr mas (NexIon300s, Perkin-Elmer), wyposazony w au-
tomatyczny podajnik probek S10 (Perkin-Elmer), pompe
perystaltyczna, cykloniczng komore mgielna, rozpylacz typu
MiraMist, kwarcowy palnik, platynowe stozki, uklad optyki
jonowej, analizator kwadrupolowy oraz detektor dzialajacy
w systemie dwutrybowym. Wszystkie odczynniki zastoso-
wane w badaniach charakteryzowaly sie czystoscia cz.d.a. lub
sp.cz. Roztwory przygotowywano z uzyciem wody dejonizo-
wanej o wysokiej czystodci (Direct-Q3 UV, Millipore), o prze-
wodnosci elektrycznej wlasciwej <0,06 uS/cm. Stosowano
weglan sodu cz.d.a.,oraz kwas chlorowodorowy 35% cz.d.a.,
wode amoniakalng 25% i dihydrat kwasu szczawiowego firmy
Avantor Performance Materials Poland S.A.

W pierwszym etapie przeprowadzono aktywacje¢ popio-
tu lotnego. W tym celu mieszanine popiotu i weglanu sodu,

w stosunku wagowym 1:1,1 ogrzewano przez 1 godzing
w temperaturze 1173K. Po ostudzeniu otrzymany spiek roz-
drobniono do ziaren o $rednicy ponizej 1 mm, a nastepnie
dodano kwas chlorowodorowy w takiej ilosci, aby stosunek
wagowy kwasu do spieku wynosil 5 do 1.

W przesaczu oznaczono zawarto$s¢ wybranych metali. Do
oznaczenia zawartoéci sktadu pierwiastkowego, w tym tytanu
zastosowano metode ICP-MS ze wzbudzeniem plazmowym.
Probke analityczng przygotowano do analizy, bazujac na proce-
durze wlasnej opartej o zmodyfikowana metode opisana w pra-
cy [Swinder i in., 2017]. Po odsaczeniu wytraconej krzemionki,
do pozostalego roztworu dodawano 35% roztwoér wody amo-
niakalnej do uzyskania pH=2, a nastepnie dodano kwas szcza-
wiowy. Po odsaczeniu, wytracony osadu wyprazono w tempe-
raturze 923K przez 1 godzine. Otrzymany osad zostat poddany
badaniom, celem okreslenia zawartosci tytanu (jako TiO2).

Analize morfologiczna przeprowadzono z wykorzysta-
niem skaningowego mikroskopu elektronowego SEM firmy
HITACH SU-3500 N, wspoétpracujacego ze spektroskopem
promieniowania X z dyspersjg energii EDS UltraDry firmy
Thermo Scientific NORAN System 7. Sktad fazowy okreslano
przy pomocy rentgenowskiej dyfrakcji proszkowej (PANaly-
tical Emprean).

Wyniki badan i ich oméwienie

Sktad chemiczny badanego popiolu lotnego przedstawio-
no w tabeli 1. Dominujacg role odgrywata w nim krzemionka
(Si02), stanowigca ponad 50% mas. badanego popiotu.

W badanym popiele lotnym dominuja frakcje drobno-
ziarniste. Charakterystyka popiotu badanego, ze wzgledu na
ksztalt ziaren wykazala, ze ziarna koliste stanowig 40% obje-
toséci badanej probki (rys. 1.)
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Rys. 2. Analiza SEM-EDS probki popiotu lotnego; przyktadowe jakosciowe widmo rentgenowskie
Fig. 2. SEM-EDS analysis of fly ash sample; example qualitative X-ray spectrum

Rys. 3. T=973K, kwas chlorowodorowy
Fig. 3. T=973K, hydrochloric acid

Mass percent (norm.) Point

Rys. 4. T=973K, kwas chlorowodorowy
Fig. 4. T=973K, hydrochloric acid

Rys. 5. T=973K, kwas azotowy(V)
Fig. 5. T=973K, nitric acid(V)
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Rys. 6. T=973K, kwas azotowy(V)
Fig. 6. T=973K, nitric acid(V)
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Rys 7. T=1023K, kwas chlorowodorowy
Fig. 7. T=1023K, hydrochloric acid
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Mass percent (norm.)
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Rys. 8. T=1023K, kwas chlorowodorowy
Fig. 8. T=1023K, hydrochloric acid
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Rys. 9. T=1023K, kwas azotowy(V)
Fig. 9. T=1023K, nitric acid(V)
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Rys. 10. T=1023K, kwas azotowy(V)
Fig. 10. T=1023K, nitric acid(V)

oale i i
f t

Rys. 11. T=1083K, kwas chlorowodorowy
Fig. 11. T=1083K, hydrochloric acid
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Rys. 12. T=1083K, kwas chlorowodorowy
Fig. 12. T=1083K, hydrochloric acid

Analize chemiczng przeprowadzono z wykorzystaniem
skaningowego mikroskopu elektronowego (rys.2).

Sklad mineralny badanego popiotu przedstawiono w tabeli 2.

Zawarto$¢ tytanu w produktach otrzymanych po wypra-
zeniu osadéw wytraconych po procesie termicznej aktywacji
weglanem sodu i lugowaniem kwasem chlorowodorowym
oraz azotowym (V) przedstawiono na rysunkach 3-12.

Na rysunku 13 przedstawiono przykladowy obraz SEM
otrzymanego koncentratu tytanu.

Whioski

Wzrost temperatury aktywacji popiotu lotnego weglanem
sodu spowodowal wzrost stopnia odzysku tytanu od 39,3%
dla temperatury 973K do 60,8% dla temperatury 1083K. Prze-
cigtna zawartos$¢ tytanu w otrzymanym produkcie, w przeli-
czeniu na TiOz, wynosita 82,3%. Zastgpienie kwasu chloro-
wodorowego kwasem azotowym(V), w procesie fugowania
produktu otrzymanego w procesie termicznej aktywacji po-
piotu weglanem sodu, spowodowalo zmniejszenie zawarto$ci
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Rys. 13. Obraz SEM (maping) powierzchni otrzymanego koncentratu tytanu
Fig. 13. SEM image (mapping) of the surface of the obtained titanium concentrate

tytanu odpowiednio z 45,1% do 39,3% dla temperatury 973K Podziekowanie

oraz z 52,2% do 49,6% dla temperatury 1023K. Praca ta byla sfinansowana przez Ministerstwo Nauki
Efektem realizacji przeprowadzonych prac bylo zgtoszenie i Szkolnictwa Wyzszego RP (Dzialalno$¢ statutowa Gléwnego

w dniu 09.11.2021r. do Urz¢du Patentowego RP wynalazku pt. Instytutu Goérnictwa, zadanie nr 11182010-335).

»Sposob odzysku tytanu z popiotdéw lotnych” (P.437767).
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Obtaining titanium concentrates from fly ash

The purpose of the study was to highlight the possibility of using fly ash from coal combustion as a source of titanium concentrates.
The research work carried out was aimed at determining the conditions for pretreatment of fly ash by alkaline thermal activation with
sodium carbonate and their effect on the release of titanium compounds in the hydrometallurgical process. The process was carried out
for mixtures of ash and sodium carbonate in a weight ratio of 1 to 1.1. The resulting mixtures were heated for 1 hour at temperatures of
973K, 1023K and 1083K. After cooling and grinding, the resulting reaction residue was washed with hydrochloric acid and nitric acid
(V). The results of chemical analysis and scanning microscopic analysis, together with EDS and X-ray analysis, were used to determine
the chemical and physical properties of the tested substrates and fly ash treatment products. An analysis of the possibility of separating
titanium concentrates from fly ash generated during the combustion process in pulverized fuel boilers of selected domestic power plants
was carried out. The dependence of titanium concentration in the obtained concentrate on the temperature of the activation process
and on the type of acid in the hydrometallurgical treatment process was found. The content of titanium in the obtained concentrates
ranged from 39.3% to 60.8%, which corresponds to the content of this element in currently exploited titanium ores.

Keywords: fly ash, titanium, hydrometallurgy
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Abstract

The purpose of the system for real-time tracking of mining excavator and loader positions is to improve the management and control
of brown coal mining in opencast mines and to improve work safety.

The system calculates the wheel excavator position using data from GNSS equipment installed on the giant mining machines,
inclinometers and inertial measurement units located on each mining machine. Data are transmitted from the machines and stored in
databases on servers. Visualization of the wheel excavator movement in real time is performed in software products of KVASoftware
s.r.0., which enables work with a digital terrain model, geology of the deposit and overburden, including objects impairing safety work.
The article describes the procedure of data preparation and setting up the whole system in different levels of KVASoftvare s.r.0. software
products. It also describes in detail its use with regard to the safety of work in heavy mining operations, specifically in areas affected by
underground mining or areas dangerous due to the occurrence of tectonic deformations in the overburden and in the seam.

Keywords: bucket-wheel excavator, digital terrain model, GNSS, brown coal mining, photogrammetry, UAV, point cloud, cubic capacity

calculation, coal mining safety, tectonic deformations

1. Introduction

Brown coal mining is still an important industry in the
Czech Republic, despite a significant decline in production
over the last twenty years. 2018 over 38 million tons of brown
coal were mined [1].

Reliable supplies of domestic lignite are a balancing ele-
ment of the Czech energy sector. In recent years, lignite has
still been used to generate just over 40% of the electricity con-
sumed in the Czech Republic [2], up from 43% in 2018.

At present, lignite mining in the Czech Republic is con-
centrated in several large open pit mines in the “Mostecka
Basin” and the “Sokolov Basin” and takes place in increas-
ingly more complicated mining-geological and economic
conditions. Therefore, lignite mining companies are looking
for additional ways to better monitor, control, plan and sub-
sequently manage the procedures of bucket-wheel excavators
and make the entire mining process more technically and eco-
nomically effective.

One of the important ways of this process is to monitor the
spatial position of the bucket-wheel excavator of the mining
machines (bucket-wheel excavator and loaders). The system
for monitoring the position of the machines is deployed at
“Nastup Tusimice Mine, Bilina Mine and Sokolovska uhelnd

a.s” installation at “Vr$any” quarry is under preparation (Fig.
1). Many dozens of excavators and loaders are monitored.
According to the information available from excursions in
the past years, a similar system is used at lignite mines in Ger-
many (Mibrag) and in Poland (Belchatow). However, the sys-
tems only provide information about the location and the mined
masses [13]. They do not deal with geology or safety risks [14].

2. Basic components of the system

All mining companies in the Czech Republic are using
a digital format of map documentation for open-pit lignite
mining. At Severoceské doly a.s., a complex digital model of
the quarry is used - software from KVASoftware s.r.o. called
»Bansky model - Mining Model)". It includes not only a dig-
ital terrain model but also a digital geological model of the
coal seam and overburden layers.

The software enables the creation of maps and provides
the means for various calculations and analyses necessary for
planning and controlling the operation of the quarry. This
software is used as an environment for real-time visualization
of the position and movement of mining giant machines.

The " Bansky model - Mining Model" software is followed
by the "Technologicky model — Technology Model" software,
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Fig. 1. View of the Bilina quarry (8/2019) from the south towards the Krusné hory
Rys. 1. Widok na kamieniotom Bilina (8/2019) od potudnia w strone Krusné hory

Fig. 2. Digital terrain model including the open pit mine surroundings
Rys. 2. Cyfrowy model terenu z uwzglednieniem otoczenia kopalni odkrywkowe;j

Fig. 3. Digital terrain model reduced to the active open pit mine area

Rys. 3. Cyfrowy model terenu zredukowany do obszaru czynnej kopalni odkrywkowej

which is a reduced version of the Mining Model used for
checking the procedures of large machines for the technicians
managing the mining. An even simpler version is the " GNSS_
Rkabina - GNSS extractor Cabin" program, which is installed
on excavators, and the " GNSS_Zkabina — GNSS stacker Cab-
in" program, which is installed on the stackers. In both cases,
it is used by the drivers of the giant mining machines to main-
tain technological discipline and ensure safety work.

The system for calculating the spatial position of the

wheel consists of three basic elements [3]:

o Measuring segment (data collection) (GNSS receivers,
receivers and sensors, control unit) [11], [12],

o Communication segment (transfer of data from the
instruments to the servers and after calculations
back to the large-scale machines and to other users),

o End user segment (evaluation and user softwa-
re company. KVASoftware s.r.o. - Mining model,

Technology model, GNSS extractor Cabin, GNSS
stacker Cabin).

By surveying measurements directly on the excavator, the
parameters for the derivation of mathematical relations neces-
sary for the calculation of the spatial position of the center of
the excavator wheel axis were determined [7]. These are mainly
the distances of the individual measuring instruments (GNSS,
inclinometers, inclement speed sensors) in relation to each oth-
er and to some mechanical "nodes" of the excavator structure
[9]. Subsequently, an algorithm [8] was developed that incor-
porated the results of the measurements of the individual mea-
suring and gauging instruments and allowed calculations of the
spatial position of the wheel centre in any general position of
the excavator [10]. Somewhat more complex is the modelling
of the shape of the material to be placed on the spoil heap by
tracked stackers using the throw parabola [4].
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Fig. 4. Reduction of dimensions

Rys. 4 Redukgja liczby warstwic

R

Fig. 5. DT model
Rys. 5 Model transportu tasmowego w kopalni (DT)

3. Data preparation process and system setup

The “Bilina” (DB) and “TuSimice” (DNT) brown coal
quarries are surveyed by digital photogrammetry 10 to 12
times per a year. Until 2021, aerial photogrammetry was
used at “Severoceské doly a.s” using manned aircraft, sup-
plied by PRIMIS spol. s r. 0. The processing of measurement
images, creation of stereoscopic perception, evaluation and
creation of orthophoto maps were carried out by the mines'
employees in the software INPHO (MATCH-AT , SUMMIT
EVOLUTION, ORTO VISTA ) Since 2021, the " DRON -
MRACNO - DRON-CLOUD" method has been used for
targeting the fracture, which is a photogrammetric method
using images taken by a camera carried by an unmanned ae-
rial system (UAV) [5]. In fact the DJI M300 RTK quadcop-
ter with a DJI Zenmuse P1 camera is used. Data processing
for terrain models is performed in CARLSON software. The
transition to the new method of mapping coal blast furnac-
es has brought a series of problems. For more information,
please see Chapter 6.

The results of the photogrammetric measurements
are exported to a *.txt file, where each model line (edge,
heel, point on the platform) has its specific designation.
When using point clouds, it is practically a "manual vec-
torization" of point clouds. The *.txt file is further import-
ed into the SW Atlas (DB) or SW KVAS (DNT) environ-
ment, which can recognize the model lines in the txt file
and create sub-evaluation areas. Subsequently, the overall
digital terrain model is updated with the newly evaluated
areas. Next to be evaluated is the long-distance belt traf-
fic, which is the basis of the transport technology model
(chapter 3.2).

3.1 The digital terrain model update

In order to monitor the position of the excavator wheel
in real-time on the current state of the digital terrain mod-
el, it is necessary to import the updated terrain model from
the sw Atlas and KVAS environment into the Mining Mod-
el environment and to modify the imported data or to add
other models necessary for the operation of the excavator
wheel and loader position monitoring system. The import
will produce a digital terrain model of the brown coal quarry
and its surrounding area (Fig. 2) in GNL format. This model
is data intensive for computing technology, so it is necessary
to reduce the model to the active area of the open pit mine
(Fig. 3).

For a better visual perception on the screen, the attitude
model is rotated north to east. The refraction process is then
oriented upwards.

The last step in the preparation of the digital terrain mod-
el is to generate a triangular mesh that encloses each point on
the model. For clarity, the dimensions are reduced with the
selected differentiation (Fig. 4).

3.2 The transport belt model upgrade (DT model)

The long-distance belt-based conveyor model, the so-
called transport technology model, abbreviated DT model
(Fig. 5), contains information about the mining technology
and must also be updated. The updating is done by linking the
old belt position to the new one. When connecting or mov-
ing the passages, the connection between the individual seg-
ments must be maintained so that the overall extraction acts
as a whole and thus the flow and calculation of the extracted
masses is maintained.
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Fig. 6. Risk zones and tectonic faults

Rys. 6. Strefy ryzyka i uskoki tektoniczne

Fig. 7. Digital model of Technical Modes
Rys. 7. Numeryczny model Trybu Technicznego

Fig. 8. Planned mining processes

Rys. 8. Projekt procesu urabiania

3.3 The further updates

To complement the excavator and loader wheel tracking
system, they update the risk zones, which are areas with fre-
quent tectonic faults (Fig. 6). Separately, the “TEKTONIKA
model” is created by geologists. It is a model of the intersection
of tectonic faults with the actual and projected terrain, shown
in purple color. These zones, tectonic faults, including fractured
boreholes, are indicated by the system with a warning signal.
For safety reasons, these risks are also physically marked out
in the field with wooden stakes in the events of system failure.

The mining pit contains many unlined mine tunnels from the
era of underground mining. As there is a risk of mining equipment
or persons falling into the unmined areas, for safety reasons a mo-
del “HLUBINA - UNDERGROUND” is being created based on
old mining maps. As mining progresses, these corridors must be
plundered and then secured with wind protection objects. These
shortened mine runs must be updated in the HLUBINA model.

3.4 Technical mode
Every month, the Department of Preparation and produc-
tion of company Severoceské doly a. s. prepares the proce-

dures of wheel excavators and stackers. This is a project of the
procedures of large machines and this project is referred to
as "technical mode" (TR). These processes are based on the
digital terrain model and create the boundary of quarrying
and stacking at each stage (Fig. 7). The creation of the tech-
nical mode in the Mining Model is similar to the creation
of the digital terrain model. For clarity and to differentiate
the TR model from the digital terrain model, the TR model
is supplemented with stockpiles marks of the spoil, coal, and
embedment’s. After the technical model is created the TECH-
NICAL MODE takes data a do converts by simply copying the
data into the Mining Model directory as a so-called reference
model.

3.5 The data completion

In order for the excavator and loader tracking system to
contain complete information, it is necessary to combine the
models created into a unified dataset. The digital terrain mod-
el creates the base model, to which the models “TEKTON-
IKA, TECHNICKY MODEL a HLUBINA” are subsequently
connected. For information on the composition of the rock
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Fig. 9. Model GNSS Rkabina — GNSS extractor Cabin the current position and height of the excavator on the screen in the cab of the mining giant machine

Rys. 9. Model GNSS Rkabina — ekstraktor GNSS Kabina z aktualnym potozeniem i wysokoscig koparki na ekranie w kabinie wielkogabarytowej
maszyny gorniczej

J

Fig. 10. The driver's cabin of the mining giant machine - on the right the screen with the "GPS cab" application

Rys. 10. Kabina kierowcy wielkogabarytowejj maszyny gorniczej — po prawej stronie ekran z aplikacja ,,GPS cab”

mass, a geological model is added, which is created and up-
dated by the geology department.

THE TECHNICAL MODE model is based on a digital
terrain model, it contains many identical/similar vectors that
unnecessarily overtake too much of the computer memory.
This load is solved by deleting these vectors, taking only the
vectors representing the planned procedures (Fig. 8).

3.6 The Cabin model

In order to get all the created data onto the screens in the
cabin of the excavators or loaders, a so-called “model KABI-
NA - CABIN model” must be created (Fig. 9). This is the com-
pressed data for the “GNSS_Rkabina — GNSS extractor Cabin”
and “GNSS_Zkabina — GNSS stacker Cabin” programs. These are
the applications that help the drivers in the control of the min-
ing giant machines equipment. They display in a simplified form
information about the position of the giant mining machine, the
geological structure of the rock mass at the mining site and the
projected procedure (technical mode), including safety risk ob-
jects. Both KABINA s models are then distributed on portable
media to computers on each of the giant mining machines.

4. Applications, what the system allows

Applications have been developed in the software Min-
ing Model environment that provides the necessary tools for
controlling and managing the mining process. With wheeled
excavators, it is important to keep the dimensions and shape
mining block. In the KABINA model, the driver of the exca-
vator has tools that make it easy to keep to the specified level
of the working plain and the area of the excavation (Fig. 10).
Data on the position and height of the wheel every 5 seconds

gives him immediate feedback. This is important both for the
overall mining concept and for the dewatering of the mine
workings. Figure 9 and volume: 17.3m is the actual cut height.
This helps to maintain the prescribed cut height limit, which
has a positive effect on slope stability.

The technicians have the possibility to immediately check
the implementation of the plan - for example, the parameters
of the approved Technical Mode for the month in the "Tech-
nologicky model - Technology Model" software. Figure 11
shows the situation at the KU300.8/68 excavator on 1 Octo-
ber 2019 at 8:47 AM. It shows the initial state, i.e. the orient-
ed coal section as of 29.8.2019 (1), the Technical Regime for
October 2019 (2), the schematized position of the excavator
at 8:47 am (3) and the vertical profile of the coal seam with
the wheel position (4) in real-time. The red horizontal line in
profile (5) denotes the level of the planned excavator running
plane. The profile shows that the lowest point of the wheel is
1.6 m above the planned running plane. From the table in Fig-
ure 11, bottom right, we can read some important data about
the ongoing mining. On October 1, 2019, at 8:47 a.m., coal
was mined with a calorific value of Qr=16.7 MJ/kg and an ash
content of Ad=12.81%, which is T1 coal (in red in the profile).
The shaded grey area on the map shows where the excavator
has mined in the past (where the wheel was). Excavator min-
ing or soil placement on the spoil heap can be observed in the
spatial view (Fig. 12).

The real-time spatial tracking of the wheel excavator cen-
ter helps to accomplish one relatively brand-new task very
well. This is the creation of map documentation in connection
with payments from extracted minerals according to Act No.
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Fig. 11. Application "Technological model" for control and management of mining plan compliance - Bilina Mines, position of excavator K300.8/68
on 1 October 2019 at 8:47 AM

Rys. 11. Aplikacja ,,Model technologiczny” do kontroli i zarzadzania zgodnoscig z planem goérniczym - Kopalnia Bilina, stanowisko koparki
K300.8/68 w dniu 1 pazdziernika 2019 r. o godz. 8:47

gl
|
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Fig. 12. Excavator K300.8/68 on 1 October 2019 at 8:47 AM. in 3D
Rys. 12. Koparka K300.8/68 w dniu 1 pazdziernika 2019 r. o godzinie 8:47. w 3D

Fig. 13. The principle of digitizing the status of the coal cut - excavator KU300.40/102 on October 1, 2019 at 11:52 a.m. in 3D
Rys. 13. Zasada digitalizacji stanu urobku — koparka KU300.40/102 1 pazdziernika 2019 o godzinie 11:52 w 3D

225/2017 Coll., amending Act No. 44/1988 Coll. on the protec-
tion and use of mineral wealth (Mining Act). This Act regulates
the reimbursement from lignite extraction by opencast mining
in such a way that the partial basis of the reimbursement from
lignite extracted by opencast mining is the amount of heat con-
tained in the extracted lignite in a calendar year. The system
makes it possible to obtain the state of coal cuts exactly as of 31
December, 24:00 of the current year, by creating a vector map
at that moment from a spatially visualized model of the state
of the cut. By hovering over any point on this spatial represen-
tation of the cut (in blue in Figure 13), X, Y and Z coordinates
can be obtained and vectors of, for example, the top and bottom
edges of the cut can be created. By "evaluating” the new state
in this way, the base model can be updated at a date beyond
the standard aerial photogrammetry evaluation date and the
appropriate map documentation can be produced.

The evaluation (vectorization) of the mining line state is
similar to photogrammetric systems. The evaluator selects the

code of the line to be evaluated, for example, the upper edge of
the section, and selects the first point of the line in the digital
map (in Figure 14 in the left window). Then he switches to the
spatial view (in Figure 14, right window) and finds the points
of the upper edge. In the 2D view, a polygon of the top edge is
created with the points. It then selects the code of, for exam-
ple, the lower edge of the cut and evaluates the line. Finally, it
evaluates the points on the platform created by the excavator
procedure and the new state of the cut at the selected date and
time is evaluated.

Mining Surveying:

The driver of the giant machine can see the relations of the
mining wheel and the displayed mining lines and selected ob-
jects on the computer screen located in his cabin. Some mea-
suring activities are reduced or duplicated (safety increase):

o surveying and indicating of excavator mining pro-

cedures,
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Geology:

Fig. 14. Condition assessment of excavator KU300.40/102 on 3 October 2019 at 18:02
Rys. 14. Ocena stanu koparki KU300.40/102 w dniu 3 pazdziernika 2019 r. o godz. 18:02

surveying and indicating boreholes with abando-
ned equipment (which can damage the rubber belt
of conveyor belts),

surveying, indicating and marking certain areas of
former underground mining (e.g. chambers, shafts,
corridors),

surveying and marking tectonic lines,

the software allows us to perform approximate cal-
culations of the volumes of extracted materials.

The driver of the giant mining machine sees the relation-

ship between the wheel and the geological layers on a PC

screen located in his cabin. This allows him to better orient

himself in following the designed mining trails in the profile

descriptions (profile passport).

Production:

The Production management and back-monitoring
of production targets have been improved, essen-
tially in real-time,

An application has been developed that allows the
big rig driver to adhere much more accurately to
the designed cutting geometry, especially the he-
ight levels of the excavator working planes. At the
same time, it is possible to verify when a possible
violation of the design procedure has occurred and
therefore by which responsible employee,

The overview of the quality parameters of the cur-
rently mined coal for all excavators comes.

Geotechnics and Mining Safety

The "GNSS_Rkabina" application, which is used
by the driver of the large machine, provides infor-
mation on the current cutting height achieved in
addition to the data for technological discipline.
Compliance with this will have a positive effect on
slope stability,

The operator of the giant mining machine is also
informed of the cased boreholes, the historical deep
mining and the degree of danger of the approaching
tectonic line and applies the technological procedu-
re prescribed as adequate to ensure slope stability
and mining safety in such a case.

5. Applications and occupational safety in open pit mining
Drilled boreholes:

Boreholes with abandoned equipment (cased boreho-
les) pose a risk primarily to the mining technology, less

so to occupational safety. The rubber belt on the co-
nveyor belt can be damaged when the casing is "loaded",
or in a worse case, the excavator can be damaged.

The drilled boreholes are marked out in the field by
surveyors with wooden stakes before the excavator
proceeds.

In addition, the boreholes are displayed on the
cabin display. The excavator display changes dy-
namically according to the current position of the
excavator. When approaching a wellbore beyond a
specified limiting distance, the surroundings of the
well "flash", the current distance of the wheel from
the well begins to be displayed and an audible signal
sounds (see Figure 15).

Mining in areas affected by underground mining:

In the areas affected by underground mining, there
is a risk of equipment or persons falling into uncon-
fined/unsealed areas. A further danger is the possi-
bility of 'uploading' equipment left in the passages
of old mine workings, including in cave-in areas.
Therefore, similar to boreholes, these mine workin-
gs are marked out in the field with wooden stakes by
mining surveyors.

The corridors in the driver's excavator cabin are
shown in green as lines even with the origin and the
broken surfaces are shown as grey polygons.

Mining in tectonic fracture zones [6]:

In areas where tectonic zones are present, there is a
risk of a block of soil/dirt sliding onto the wheel ex-
cavator, damaging the wheel or the entire excavator
structure (Fig. 16).

For these areas, company SD a. s. has developed
a methodology for determining the level of risk,
which is dependent on the orientation of the tecto-
nic fault to the direction of excavator advance, fault
dip, section height, and the nature of the fault surfa-
ce. Faults can thus represent low risk, medium risk
or high risk.

If a break/fracture is assessed as high risk at the
time of designing procedures, it is necessary to take
early measures for its successful and safe removal at
the process of mining preparation.

Low-risk breaks/fractures will not cause problems
during mining.

For medium-risk break/fractures, risks can be eli-
minated without significant changes in planning
procedures. The mining technology is modified to
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improve safety, which can limit mining output at
most. It is these faults that the software alerts exca-
vator drivers to.

o The break/fracture is also defined spatially in the
software and when the wheel of excavators appro-
aches the plan area of one of the faults, it calculates
the overall risk. Subsequently, the fault plan view
will appear black on the screen, and the text "WAR-
NING: excavator mining wheel in a geological frac-
ture zone" will appear on the screen, along with the
risk value (from a value of 30 upwards). This is also
accompanied by an audible signal (Fig. 17).

6. Discussions

The real-time tracking system for excavators and loaders
has made a number of changes, usually improvements, since
2008. This has mainly been in the area of user programs fi.
KVASoftware s.r.o. All were based on the requirements of end
users. Over the years, most of the hardware components of
the system have been gradually replaced, including the indus-
trial computers with monitors in the cabs of the drivers of the
giant mining machines.

The system was adversely affected by the transition to
a new method of mapping DB and DNT velocity quadrats,
namely the transition from conventional aerial photogram-
metry to the "DRON-MRAIN" method, as mentioned in
Chapter 3.

This new method is not commonly used for large quarries
such as the “Ndastup Tusimice” or “Bilina” mines and brings us
many difficulties [7]. Small-scale colour photogrammetry im-
aging is carried out 8-10 times a year and includes scraper and
coal cuts, side shutter slopes and dumps. The areal volume is
39.4 km2 and 23.6 km2 on the DNT. Large-scale colour imag-
ing is carried out twice a year and includes in addition areas
for recultivation and pre-fiels. The large-scale LMS volume is
55,3 km2 and 45 km2 on the DNT. This method has many
disadvantages on this scale.

The first challenge is the weather. For small-scale open
pit, two days of good weather are needed for each site, or
one day with two drones. For a large-scale open pit, it is
more than double that. One day, or 2-4 hours of good weath-
er, was enough for the aircraft. If, for example, the weather
does not favour it in the autumn and winter months, there
are delays and cancellations. A further complication of this
method is the need for more than twice the number of points
in the field to achieve the necessary accuracy (Standard No.
435/1992 CBU). This increased the field measurement work

for stabilization and targeting of “VB — ELEVATION POINT”
(reference), compounded by delays in image collection work
and need to do repeating imaging during bad weather. Last
but not least, the final product - point clouds - is a disadvan-
tage. These are only useful for measurement work with "ter-
rain" (cubic volumetric measurements, excavator and loader
positions, etc.). They are completely useless for construction
object planning, utilities, etc., compared to the aerial photo-
grammetry used previously. The changes to UAVs has resulted
in an increase in measurement work in the field.

The use of two or more drones would be of great ben-
efit for successful imaging, data processing and meeting
deadlines. This would eliminate situations where contractual
conditions (deadlines) are not met, but also where imaging
deadlines are pushed back and “VB - ELEVATION POINT”
is at risk of being destroyed. This is mainly the period from
October to April when the weather is not suitable.

The new technology, on the opposite contrast, has been
very successful in imaging smaller areas from lower altitudes,
such as emergency imaging of slip areas on DB or extraordi-
nary imaging of coal stockpiles on DNT.

7. Conclusions

The real-time measurement system for determining the
position of the excavator wheel has proven its practical value
in more than fourteen years since its deployment in 2009 in
opencast brown coal mining. Currently (05/2023) the system
is deployed on all 22 excavators of Severoceské doly a.s. At the
Bilina site, 7 stackers are additionally equipped with a similar
system. The system is a great tool for drivers of giant min-
ing machines, production managers, production preparation
technicians and last but not least surveyors and geologists. In
addition, it is a great asset in the field of safety. Since 2015,
when the Tectonic Fault Risk Assessment System was imple-
mented in the Excavator Wheel Position Monitoring System
applications, there have been no landslides that have had such
a destructive impact as the K2000/101 excavator landslide on
11 May 2009. Similarly, there were no incidents related to the
occurrence of unmined mine pit areas or cased boreholes.
Even if all the precautions are taken and the system described
above is used, the risks cannot be underestimated.
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System monitorowania potozenia koparek i wielonaczyniowych wegla brunatnego

i bezpieczenstwa ich pracy

Celem systemu Sledzenia w czasie rzeczywistym pozycji koparek i tadowarek gérniczych jest usprawnienie zarzgdzania i kontroli
wydobycia wegla brunatnego w kopalniach odkrywkowych oraz poprawa bezpieczeristwa pracy. System oblicza potozenie koparki
kotowej wykorzystujgc dane z urzgdzetr GNSS zainstalowanych na gigantycznych maszynach gorniczych, inklinometréw oraz
inercyjnych jednostek pomiarowych znajdujgcych si¢ na kazdej maszynie gérniczej. Dane przesylane sq z maszyn i przechowywane
w bazach danych na serwerach. Wizualizacja ruchu koparki kotowej w czasie rzeczywistym realizowana jest w oprogramowaniu firmy
KVASoftware s.r.o., ktére umozliwia prace z cyfrowym modelem terenu, geologig ztoza i nadktadu, w tym obiektami zagrazajgcymi
bezpieczernistwu pracy. W artykule opisano procedurg przygotowania danych i konfiguracji catego systemu na réznych poziomach
KVASoftvare s.r.o. produkty oprogramowania. Szczegétowo opisano takze jego zastosowanie ze wzgledu na bezpieczeristwo pracy
w cigzkiej eksploatacji gorniczej, szczegblnie na terenach objetych eksploatacjg podziemng lub na terenach niebezpiecznych ze wzgledu
na wystepowanie deformacji tektonicznych w nadktadzie i w pokladzie.

Stowa kluczowe: koparka wielonaczyniowa, cyfrowy model terenu, GNSS, gornictwo wegla brunatnego, fotogrametria, UAV, chmura
punktow, obliczanie kubatury, bezpieczeristwo gérnictwa wegla kamiennego, deformacje tektoniczne
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Abstrakt

Aby zaspokoi¢ rosngce zapotrzebowanie Wietnamu na energie, kopalnie zwigkszajg wydobycie wegla, przez co wzrasta glebnos¢
eksploatacji i zakladane sq nowe poziomy wydobywcze na coraz wigkszych glgbokosciach. Wzrost intensywnosci i efektywnosci
wydobycia moze by¢ realizowany poprzez wydajne kompleksy Scianowe o duzej mocy elektrycznej maszyn i urzqgdzen. Warunki
klimatyczne w Wietnamie, warunki geologiczne zalegania pokladow wegla, glebokosci eksploatacji, zastosowanie maszyn o wigkszej
mocy elektrycznej, mechanizacja robét gorniczych przyczyniajg si¢ do wzrostu temperatury powietrza w podziemnych wyrobiskach
gorniczych. W celu zapewnienia wymaganych warunkow pracy gornikoéw nalezy zwiekszyc¢ efektywnosé wentylacji wyrobisk. Niestety
nie zawsze jest to niewystarczajgce dla zapewnienia wymaganych warunkow i konieczne jest zastosowanie ukladow chlodzenia
powietrza z wykorzystaniem systeméw klimatyzacji. Na zmiany temperatury powietrza w wyrobiskach gorniczych wplywa wiele
czynnikow naturalnych i technicznych oraz organizacyjnych, ktore trudno je ujgé metodami analitycznymi. Dlatego do prognozowania
temperatury zaproponowano metode opartqg na modelu sztucznej sieci neuronowej ANN, ktéra umozliwia prognozowanie
temperatury w powietrza wyrobisk Scianowych. Wyniki prognozy temperatury powietrza zostaly poréwnane z danymi pomiarowymi.
Z przeprowadzonych analiz wynika, ze dane rzeczywiste i prognozowane sq ze sobg zgodne, dlatego przedstawiona metoda moze by¢
wykorzystana jako narzedzie stuzb gérniczych w walce z zagrozeniem klimatycznym w wyrobiskach podziemnych.

Stowa Kluczowe: kopalnie antracytu, zmechanizowane systemy eksploatacji, warunki klimatyczne, prognozowanie temperatury, sztuczne

sieci neuronowe (ANNs)

1. Wprowadzenie

Zgodnie z obowigzujacymi w Wietnamie przepisami
dopuszczalna temperatura powietrza w miejscu pracy w ko-
palniach podziemnych nie powinna przekracza¢ 30°C [1,
2]. W celu osiaggniecia wymaganych przepisami warunkéow
klimatycznych w wyrobiskach goérniczych, konieczne jest
zapewnienie wymaganego rozptywu powietrza lub zastoso-
wanie urzadzen chlodniczych [3]. Jednak w warunkach ko-
pali podziemnych zapewnienie wymaganych i niezmiennych
w czasie warunkow mikroklimatu na stanowiskach pracy nie
jest mozliwe. Prognozowanie temperatury powietrza na wy-
locie ze $cian daje podstawe do zaprojektowania odpowiednio
wydajnego systemu wentylacji lub systemu chtodzenia powi-
etrza w rejonie albo na stanowiskach pracy. Efektem tego jest
wlasciwy dobdr systemdéw przewietrzania powietrza, dobdr
wlasciwych urzadzen chlodniczych oraz czujnikéw moni-
torujacych temperature i predkos¢ przeptywu powietrza.

Przedstawione w artykule badania dotycza progno-
zowania temperatury powietrza w wyrobiskach gérniczych
podziemnych kopali za pomocg réznych metod analityc-
znych. Od 1919 r. w Republice Potudniowej Afryki rozpocze-
to badania nad termodynamicznymi prawami przeptywu
powietrza w kopalni podziemnym. W swoim artykule Jappe
[4] przedstawil wyniki modelowania temperatury powietrza

w wyrobisku gérniczym, natomiast Starfield [5] zastosowal
metode roznic skonczonych do obliczenia temperatury pow-
ietrza wyrobisk podziemnych, a za pomocg modelu matem-
atycznego sporzadzono uproszczong zalezno$¢ do szybkiego
prognozowania temperatury powietrza wedlug termometru
suchego i wilgotnego. Stokes i in. [6] prognozowali tempera-
ture, wilgotno§¢ powietrza i inne parametry klimatyczne za
pomocag symulacji numerycznej. W swojej pracy Kertikov
[7] stworzyl model matematyczny temperatury i wilgot-
no$¢ powietrza w drazonym wyrobisku gorniczym. Param-
etry powietrza w wyrobiskach korytarzowych byt réwniez
prognozowane za pomoc3 oprogramowania CLIMSIM
opracowanego w Uniwersytecie w Nottingham [8]. Model
CLIMSIM zostal opracowany w celu symulacji warunkéw
klimatycznych w wyrobiskach z optywowym pradem powi-
etrza. W 2004 roku autorzy zmodyfikowali model matematy-
czny, aby prognozowa¢ warunki klimatyczne w wyrobiskach
$lepych z wentylacja odrebna [9]. Opracowano model para-
metréw $rodowiskowych i klimatycznych w wyrobiskach ko-
palnianych, ktory zapisano w jezyku C++ [10]. W modelach
prognozowania temperatury w wyrobiskach wykorzystuje si¢
zasade zachowania energii i konieczne jest uwzglednienie
zrodel ciepla, takich jak autokompresja powietrza, maszyny
i urzadzenia gérnicze oraz doplyw ciepta z gorotworu itp.
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Rys. 1. Uproszczony schemat sieci neuronowych

Fig. 1. Simplified diagram of neural networks

= Kierunek prady powietrza éwiezego
~  Kierunck prady powietrza zuzytego

"> Kierunck wybierania

T1  Tamawentylacyina

$ciana I-8-3A

Chodnik wentylacyiny Sciany 1-8-3A.

Rys. 2. Schemat przewietrzania rejonu $ciany I-8-3A pokltadu nr 8 w kopalni Vang Danh [15]

Fig. 2. Diagram of the ventilation of the I-8-3A longwall area of the No. 8 seam at the Vang Danh mine [15]

Do prognozowania temperatury powietrza wykorzystuje si¢
metody empiryczne, takie jak metoda PTO (wg GIG), meto-
da opracowana przez J. Wactawika czy metody A.F. Voro-
paeva i J. Vossa. Poniewaz, metody empiryczne nie zawsze
sie sprawdzaja, co wynika z wplywu wielu czynnikéw nat-
uralnych i technicznych i dlatego coraz czeéciej stosowang
metoda prognozowania zmian temperatury powietrza sg sie-
ci neuronowe, ktore pozwalajg pozna¢ charakter zmian tem-
peratury i okresli¢ wage réznych czynnikéw majacych wplyw
na jej warto$¢ i zmiennos¢.

Wykorzystanie sztucznych sieci neuronowych zostato zap-
roponowane po raz pierwszy przez McCulloch i Pitts w 1943
roku [11]. Sztuczne sieci neuronowe sg alternatywnymi tech-
nikami obliczeniowymi wykorzystywanymi w wielu dziedzin-
ach do predykcji oraz klasyfikacji duzych zbioréw danych, ich
analizy lub optymalizacji. W ostatnich latach metody sztucznej
inteligencji staly si¢ bardzo popularne [12]. Ta technika jest
czesto stosowana do przewidywania temperatury powietrza
w kopalniach podziemnych. Sztuczna sie¢ neuronowa (ANN
- Artificial Neural Network) opartg na nieliniowym algoryt-
mie autoregresji szeregdw czasowych z wejsciem zewnetrznym
(NARX - Nonlinear Autoregressive Exogenous) zastosowano
jako nowatorska metode prognozowania temperatury w szy-
bach wydobywczych i wentylacyjnych. Procedura przetwarza-
nia informacji, budowa i zasada dziatania ANN wzorowane sg
na funkcjonowaniu potgczen ukladu nerwowego czlowieka. Na
podstawie dostarczonych zbioréw danych wyznaczane sg wagi
poszczegdlnych czynnikéw niezaleznych. Znajac wagi i syg-
naly wejsciowe (wyniki pomiaréw - dane empiryczne), mozna
z pewnym prawdopodobienstwem wyznaczy¢ sygnal/sygnaty
wyj$ciowe. W pracy Roghanchi i Kocsis [13] przedstawiono
model ANN oparty na algorytmie NARX stuzacy do prognozy
temperatury powietrza na podszybiu.

Istnieje wiele rodzajow sieci neuronowych, rézniacych
sie strukturg, sposobem dzialania i stopniem zaawansowan-
ia. Sztuczne sieci neuronowe skladajg sie z trzech rodzajow
warstw: wejécie, ukryte (posrednie) i wyjscie. Przeptyw infor-
macji w sieci zaczyna si¢ w warstwie wejsciowej, przechodzi
przez warstwy posrednie i konczy si¢ wyj$ciowg warstwa neu-
ronowa. Na rysunku 1 przedstawiono uproszczong strukture
sieci neuronowej wielowarstwowe;j.

W zakresie podstawowej klasyfikacji mozemy wyrdznic¢
sieci z propagacja wsteczna (BPNN), sieci uogdlnionej regres-
ji (ang. Generalized Regression Neural Network - GRNN)
oraz sie¢ radialnych funkcji bazowych (ang. Radial Basis
Function Network — RBFN) [14]. Jednym z najbardziej pop-
ularnych modeli jest wielowarstwowy model perceptronu
(MLP) z algorytmem ze wsteczng propagacja bledéw. MLP
network sklada si¢ z warstwy wejéciowej, wyjsciowej, a takze
przynajmniej jednej ukrytej warstwy neuronowej.

W artykule przedstawiono zintegrowane podej$cie do
prognozowania temperatury w wyrobisku i opracowania
modelu predykcyjnego z wykorzystaniem sztucznej sieci neu-
ronowej. Artykul obejmuje analize zalezno$¢ korelacji miedzy
temperaturg powietrza na wylocie ze $cian a zmiennymi
niezalezno$ciami, takimi jak temperatura powietrza na wlocie
do $ciany (to), wilgotno$¢ wzgledna powietrza (¢), strumi-
en objetosciowy powietrza (V), moc urzadzen elektrycznych
pracujacych w wyrobisku (Q), gltebokos¢ zalegania wyro-
biska (z), wydobycie dobowe (W) i dtugos¢ wyrobiska (L).
Gléwnym celem analizy jest stworzenie dokladnych modeli
ANN stuzgcych prognozowaniu temperatury powietrza dla
$cian zmechanizowanych w warunkach wietnamskich kopali
podziemnych. Przedstawione modele ANN mogg stuzy¢ jako
narzedzie dla stuzb kopalnianych w walce z zagrozeniem kli-
matycznym w wietnamskich kopalniach podziemnych.
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Rys. 3. Wyniki pomiaréw przyjetych do analizy (dla czterech kopalni uwzglednianych w badaniu): (a) temperatury powietrza na na wlocie i
przodku, strumien powietrza; (b) moc urzadzen elektrycznych, gteboko$¢ zalegania oraz dtugos¢ wyrobisk wykorzystane i wydobycie dobowe dla
$cian zmechanizowanych
Fig. 3. Results of measurements accepted for analysis (for the four mines included in the study): (a) air temperatures at the inlet and face, air flow;
(b) power of electrical equipment, depth and length of workings used and daily output for mechanized longwalls

2. Wyniki badan wybranych $cian zmechanizowanych
w Wietnamie

Badania obejmowaly pomiary eksperymentalne w czter-
ech kopalniach w wybranych §$cianach zmechanizowanych
w Wietnamie. Do konca 2021 roku w wiekszoéci podziemnych
kopaln wegla kamiennego w Wietnamie zastosowano eksp-
loatacje zmechanizowang. Wérdd wybranych obiektéw znala-
zly si¢: Kopalnia Ha Lam, Duong Huy, Vang Danh, Quang
Hanh. W przytoczonych przykladach wyrobisk wietnamskich
kopaln, $ciany zmechanizowane byly przewietrzane syste-
mem na U. Strumien objeto$ciowy przeplywajacego powietr-
za zmienial sie od 917 do 1609 m*/min. Srednia glebokos¢
zalegania wyrobisk badanych $cian (liczona od powierzchni
terenu) zmieniata si¢ w przedziale od 174,4 do 304,6 m. Nato-
miast dobowe wydobycie wegla z tych $cian wynosito §rednio
od okoto 652 do 1954 Mg. Dlugo$¢ wyrobiska od wlotu chod-
nika transportowego do wylotu ze $ciany wynosi $rednio od
326 do 442 m. W kopalni Ha Lam Laczna moc urzadzen elek-
trycznych pracujacych w $cianie zmechanizowanej I-11-16
kopalni Ha Lam wynosita 1503 kW [15]. W Spotce Weglowej
Duong Huy w $cianie TT-11-6 tgczna moc urzadzen elektry-
cznych szacowana byta na 1389,5 kW [16], podczas gdy dla
$ciany I-8-3A w kopalni Vang Danh wynosita 1689 kW [17],
a w kopalni Quang Hanh (§ciana TT-7-10) 674 kW.

Na rysunku 2 przedstawiono przyktadowy schemat prze-
wietrzania rejonu $ciany zmechanizowanej I-8-3A w kopalni
Vang Danh. Zaznaczono na nim kierunek przeplywu powi-
etrza wraz z punktami P1 i P2 miejsca wykonywania pomi-
aréw parametrow powietrza.

W celu stworzenia modelu sztucznej sieci neuronowej
do prognozowania temperatury powietrza na wylocie ze
$cian, postuzono si¢ danymi punktéw pomiarowych P1 i P2
z wyrobisk eksploatacyjnych w czterech kopalniach: Vang

Danh ($ciana I-8-3A), Ha Lam ($ciana 11-1-16), Duong
Huy ($ciana TT-11-6) i Quang Hanh ($ciana TT-7-10). Prze-
prowadzone zostaly pomiary wentylacyjne (analogicznie jak
w kopalni Vang Danh w przedstawionych punktach P1 i P2)
obejmujgce pomiary predkoéci powietrza, pole przekroju
poprzecznego wyrobisk w celu obliczenia strumienia ob-
jeto$ciowy powietrza (V), pomiary temperatury powietrza na
wlocie to oraz na wylocie tp i pomiary wilgotno$ci wzglednej
powietrza (¢). W celu okreslenia danych wydobycia dobo-
wego (W), mocy urzadzen elektrycznych (Q), glebokosci
zalegania wyrobisk (z) i dlugo$¢ wyrobisk (L) przeprowad-
zono analize raportéow kopalnianych dotyczacych wydobycia
dziennego, dokumentéw technicznych urzadzen uzywanych
oraz dokumentéw geodezyjnych wyrobisk chodnikowych
i $cianowych. Wykorzystane dane pochodzg z okresu pomi-
arow od maja 2018 roku do wrze$nia 2020 roku. Wyniki po-
miaréw temperatury powietrza na wylocie ze $cian oraz para-
metry powietrza na wlocie, moc zrddet ciepla i gleboko$c
zalegania wyrobisk dla wszystkich 198 obserwacji przedstaw-
iono na rysunku 3.

3. Analiza korelacyjna parametrow

W artykule dokonano oceny wplywu czynnikéw tech-
nicznych i parametréw powietrza na zmiennos$¢ temperatury
powietrza na wylocie ze §cian zmechanizowanych. Na podst-
awie zebranych danych, okreslono zalezno$ci pomiedzy tem-
peraturg powietrza na wylocie, a zidentyfikowanymi para-
metrami technicznymi wyrobisk gorniczych i parametrami
termodynamicznymi powietrza. W tym celu przygotowano
macierz korelacji (tabela 1), ktora przedstawia zalezno$ci
zarébwno pomiedzy parametrami wejéciowymi jak i poszuki-
wang wartoscig temperatury powietrza opuszczajacego rejon
$ciane wydobywczej.
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Tab. 1. Macierz korelacji utworzona dla écian zmechanizowanych

Tab. 1. Correlation matrix created for mechanized walls

to ) v Q z w L t
Temperatura wlotu to 1,000
Wilgotnos¢ wzgledna ¢ | 0,245 | 1,000
Strumien wentylacyjny V | 0,002 | -0,022 | 1,000
Moc urzadzen Q 0,333 | 0,121 | 0,589 | 1,000
Glebokosé z 0,009 | 0,084 | 0,377 | 0,390 | 1,000
Wydobycie W 0,364 | 0,208 | 0,285 | 0,695 | 0,151 | 1,000
Dlugosé L 0,047 | 0,224 | 0,012 | 0,073 | 0,546 | -0,077 | 1,000
Temperatura $ciany t, 0,585 | -0,070 | -0,052 | 0,487 | 0,319 | 0,463 | 0,200 | 1,000

Jak pokazala analiza korelacji, najwiekszy wplyw na tem-
perature powietrza na wylocie ze $ciany ma zmienna tempera-
tury powietrza na wlocie (warto$¢ wspoélczynnika korelacji
na poziomie 0,585). W przypadku zalezno$ci pomiedzy tem-
peratura na wylocie a moca elektryczng urzadzen i wydoby-
ciem dobowym, wspdtczynniki korelacji sa réwniez wysokie
i wynosza odpowiednio 0,487 i 0,463. Najnizsze wspotczyn-
niki korelacji otrzymano dla wilgotnosci wzglednej powi-
etrza i strumienia objetosciowego przeplywajacego powietr-
za. Na kolejnym etapie przedstawiono zaleznosci pomiedzy
warto$cia oczekiwang a zidentyfikowanymi parametrami
niezaleznymi. Warto$ci mocy urzadzen i glebokosci zalega-
nia wyrobisk, w przeciwiefistwie do temperatury na wylocie
zmieniajg si¢ w sposob skokowy, stad tez forma graficzna nie
odzwierciedla zalezno$ci pomiedzy tymi parametrami. Na
rysunku 4 przedstawiono zaleznosci pomiedzy poszukiwang
wartoscig temperatury na wylocie, a piecioma parametrami,
ktorych wartoéci zmieniaja sie w sposéb ciagly. Wnioskow-
anie na podstawie prostych zaleznosci nie pozwala na wy-
ciagniecie wnioskéw co do charakteru zmian, dlatego w celu
poznania mechanizméw zachodzacych miedzy tymi zmien-
nymi, zastosowano metode sztucznych sieci neuronowych
ANN.

4. Modelu ANN prognozy temperatury powietrza na wy-
locie ze $cian

W celu zweryfikowania dokfadnosci przedstawionych
modeli postuzono si¢ czterema wskaznikami dopasowania,
tj.: wspolczynnik korelacji (r), $redni blad bezwzgledny (ang.
Mean Absolute Error - MAE), pierwiastek bledu $redniok-
wadratowego (ang. Root Mean Squared Error - RMSE) i $red-
ni bezwzgledny blad procentowy (ang. Mean Absolute Per-
centage Error - MAPE) [18-21]. Wskazniki obliczone zostaty
za pomocg ponizszych réwnan (1-4):

e cov(EA,EP)

ukrytych wybrano za pomoca testow statystycznych metoda
najmniejszych kwadratéow. W celu zbadano cztery wybrane
funkcje aktywacji - liniowa, styczng hiperboliczng, logisty-
czng i wykladnicza. Aby znalez¢ optymalna liczbe ukrytych
neuronéw, w modelach wykorzystano rézne liczby neuronéw
od 5 do 500 oraz przetestowano rézne kombinacje funkeji
aktywagji i liczby ukrytych neuronéw. W pracy wykorzysta-
no algorytm szkoleniowy BFGS (Broyden-Fletcher-Gold-
farb-Shanno), w ktérym dane podzielone zostaly na trzy
grupy: probki uczace (70%), testowe (15%) i walidacyjne
(15%). Na podstawie wspotczynnika korelacji wybrano pie¢
modeli, ktére opisano w tabeli 2.

W celu okreélenia jakosci dopasowania okreslono pod-
stawowe wspolczynniki opisane w poprzednim rozdziale.
Oszacowane wartosci dla kazdego z pieciu modeli przedstaw-
iono w tabeli 3.

Dla kazdego z analizowanych wynikéw najlepsze dopa-
sowanie uzyskane zostalo za pomoca modeli ANN-5 (MLP
7-247-1). Réznice pomiedzy zaproponowanymi modelami
byly mate, jednak z uwagi na najmniejsze wartosci wszyst-
kich wskaznikéw bledu oraz najwyzszy wspoélczynnik ko-
relacji, uznano, ze za pomocg tego modelu mozna uzyskac
najbardziej doktadne wartosci. Wspolczynnik dopasowania
modelu ANN-5 wynidst 0,917 przy srednim bledzie 0,31°C
i $rednim bledzie procentowym wynoszacym 1,03%. Na
rysunku 5 przedstawiono pordwnanie pomiardw rzeczy-
wistych 1 wynikéw uzyskanych na podstawie modelu ANN-5.

6. Weryfikacja prognozy temperatury powietrza na
przykladzie $ciany 11-1-17 w warunkach kopalni Ha Lam
W okresie od lutego 2020 do wrzeénia 2020 przeprowad-
zono pomiary parametréw powietrza w rejonie $ciany 11-1-
17 w kopalni Ha Lam. Srednia dlugo$¢ $ciany wynosita 106,0
m, wysoko$¢ 2,6 m. Sciana przewietrzana byla na system U.
Na rysunku 6 przedstawiono schemat przewietrzania rejonu

(1) $ciany 11-1-17 poktadu nr 11. Nachylenie podluzne $ciany

7z .JE; wynosito 0-6°. Srednia glebokos¢ eksploatacji $ciany wyn-
MAE = %Z|EAJ. —EP_,.| (2) osi ok. 243 m. Charakteryzuje si¢ ona wysoka koncentracja,
= poniewaz dobowe wydobycie wynosito srednio ok. 2080 Mg/

(3) dobe. Eksploatacja byla stosowana systemem $cianowym

podbierkowym podiuznym z zawatem stropu w $cianie 11-

(4) 1-17 w pokladzie nr 11. W tej $cianie zastosowano komplek-

gdzie cov oznacza kowariancje, ¢ to odchylenie standardowe,
n jest calkowitg liczbg obserwacji, E, to warto$¢ rzeczywista
pomiaru, a E, oznacza warto$¢ przewidywana.

W oparciu o zebrane dane, przygotowano modele sieci
neuronowych wykorzystujac pakiet Sieci neuronowe w pro-
gramie STATISTICA [22]. Funkcje aktywacji i liczbe warstw

sowga technologie zmechanizowang. Sciane wyposazono w:
o kombajn $cianowy MG150/375-W,
o obudowe zmechanizowang ZF4400/16/28,
o obudowe przejsciowa ZFG4800/18/28,
o przenoé$nik Scianowy SGZ630/264 (po i przed
obudowg).
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(d)
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Rys. 4. Analiza zalezno$ci temperatury powietrza na wylocie dla kopalni zmechanizowanych wobec parametréw: (a) temperatury powietrza na
wlocie, (b) wilgotnoséci wzglednej powietrza, (c) strumienia objetosci powietrza, (d) wydobycia dobowego, (e) diugoéci wyrobiska

Fig. 4. Analysis of the dependence of air temperature at the outlet for mechanized mines against the parameters: (a) air temperature at the inlet, (b)
relative humidity, (c) air flow rate, (d) daily extraction, (e) length of the pit

Calkowita moc elektryczna urzgdzen wynosi 903 kW. Do-
datkowo w chodniku transportowym pracowal przenosnik
tasmowy typu DSJ100/80/110, przenosnik typu SZZ630/110,
kruszarka urobku typu PLM800 i inne urzgdzenia elektryczne
o calkowitej mocy 273 kW.

Wryniki prognozy temperatury powietrza na wylocie ze
$ciany na podstawie modeli sztucznej sieci neuronowe;j przed-
stawiono na rysunku 7.

Na podstawie uzyskanych wynikéw mozna stwierdzié,
ze otrzymane wyniki prognozy temperatury powietrza na
wylocie ze $ciany z zadowalajacg dokladnoscig odzwiercied-
lajg rzeczywiste wyniki uzyskane z pomiaréw in situ. Sred-
nia odchylka wynosi 0,80°C (2,66%) natomiast najwicksza
odchytka jest rowna 1,51°C (5,10%). Przedstawiony model
ANN bedzie uczony na podstawie nowych (dodatkowych)
danych w procesie prognozowania temperatury powietrza
na wylocie ze $cian wydobywczych dla istniejacych obszaréw
w wietnamskich kopalniach, co pozwoli na jego udoskonale-
nie w przyszlosci.

6. Podsumowanie

Prognozowanie temperatury powietrza w §cianach
eksploatacyjnych jest kluczowe dla zapewnienia odpow-
iednich warunkéw na stanowiskach pracy w kopalniach
podziemnych, doboru strumienia powietrza, systemu wenty-
lacji oraz ewentualnie sposobu chlodzenia powietrza. Majac
na uwadze jak wiele czynnikow naturalnych i technicznych
wplywa na zmiany temperatury oraz ze nie zawsze metody
empiryczne sprawdzajg si¢ w prognozowaniu, zaproponowa-
no metode sztucznych sieci neuronowych ANN. Metoda ta
pozwala na rozpoznanie wzorca zmian temperatury powietr-
za w $cianowych wyrobiskach. Dlatego na przykladzie ANN,
mozna uzyska¢ wysoka dokladno$¢ modelowania zmian
temperatury oraz prognozowania, co ma kluczowe znaczenia
dla oceny warunkéw klimatycznych w podziemnych wyro-
biskach.

W zastosowanym modelu wykorzystano kilka zmiennych
oraz ograniczang ilo§¢ pomiaréw osiagajac wymagang zmi-
enno$¢ i doktadno$¢ wynikéw. Pozwala to na stwierdzenie,
ze zwiekszenie ilosci danych i wlaczenie do analizy innych
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Tab. 2. Wybrane konfiguracje modeli
Tab. 2. Selected model configurations

Numer Nazwa sieci Funkcja aktywacyjna Liczba neuronéw Funkcja aktywacyjna
modelu warstwy ukrytej ukrytych warstwy wyjsciowej
ANN-1 MLP 7-195-1 Wykladnicza 195 Logistyczna
ANN-2 MLP 7-144-1 Wykladnicza 144 Tanh
ANN-3 MLP 7-203-1 Logistyczna 203 Liniowa
ANN-4 MLP 7-123-1 Tanh 123 Tanh
ANN-5 MLP 7-247-1 Tanh 247 Liniowa

33

——Wartosci rzeczywiste
==~ANN-5 model

Temperatura powietrza na wylocie, °C

28

27

02 04 06 08 01 00 1201 40 1601 80 2002 20 2402 60
Numer obserwacji

Rys. 5. Poréwnanie pomiarow rzeczywistych i wynikoéw uzyskanych przy wykorzystaniu modelu ANN-5
Fig. 5. Comparison of actual measurements and results obtained using the ANN-5 model

Rys. 6. Schemat przewietrzania rejonu $ciany 11-1-17 w kopalni Ha Lam [15]

Fig. 6. Ventilation scheme for the area of longwall 11-1-17 in Ha Lam mine [15]

34

=e-\Wartos$¢ rzeczywista
=B~ Model ANN-5
33+

32 ¢
31
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Rys. 7. Rozklad temperatury powietrza na wylocie ze $ciany 11-1-17 w kopalni Ha Lam na podstawie pomiaréw i na podstawie wynikéw modelu
prognozowania

Fig. 7. Distribution of air temperature at the outlet of longwall 11-1-17 in Ha Lam mine based on measurements and on the results of the forecasting model
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Tab. 3. Wskazniki dokladnosci przygotowanych modeli

Tab. 3. Accuracy rates of prepared models

Numer modelu r MAE RMSE MAPE
ANN-1 0,908 0,325 0,417 1,08%
ANN-2 0,906 0,327 0,421 1,09%
ANN-3 0,908 0,324 0,418 1,08%
ANN-4 0,909 0,316 0,415 1,05%
ANN-5 0,917 0,310 0,398 1,03%

czynnikéw umozliwi uzyskanie wiekszej dokladnosci prog-
nozowania temperatury powietrza w wyrobiskach. Metoda
prognozowania jest niezwykle cenna, gdyz pozwala na wska-
zanie, ktéry z czynnikéw ma istotne wplywa na temperature
powietrza, a to pozwala na przeciwdzialanie zagrozeniom kli-
matycznym.

Na podstawie czterech wskaznikéw: wspétczynnik ko-
relacji, $redni btad bezwzgledny, pierwiastek btedu sredniok-
wadratowego i §redni bezwzgledny btad procentowy wybrano
pie¢ modeli. Model ANN-5 (MLP 7-247-1) zostal wybrany
jako najbardziej odpowiedni i skuteczny. Wykorzystujac

otrzymany model ANN-5 wykonano prognoze temperatury
powietrza na wylocie ze $ciany zmechanizowanej 11-1-17
w kopani Ha Lam. Wyniki prognozy temperatury powietr-
za na wylocie ze $cian uzyskaly zadowalajaca dokladnos¢
z $rednig odchytka 2,66%. Prognozowanie z wykorzystaniem
sztucznej sieci neuronowej daje mozliwos¢ dostosowywania
metody prognozy do coraz to nowych warunkéw gérniczych.
Jednoczesnie jest ono podstawa do opracowania pelniejszych
metod kontrolowania temperatury powietrza w warunkach
kopaln podziemnych w Wietnamie.
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Application of ANN Artificial Neural Networks to Predict Air Temperature in Longwall Workings

of Vietnamese Anthracite Mines

To meet Vietnam's growing energy demand, mines are increasing coal extraction, which results in growing depth of exploitation and
establishing new mining levels at greater depths. An increase in the intensity and efficiency of mining can be achieved through efficient
longwall complexes with high electrical power of machines and devices. Climatic conditions in Vietnam, geological conditions of coal
seams, exploitation depth, use of machines with higher electrical power, and mechanization of mining work contribute to the increase in
air temperature in underground mine workings. To ensure the required working conditions for miners, the efficiency of mine workings
ventilation should be increased. Unfortunately, this is not always sufficient to ensure the required conditions, and it is necessary to
use air cooling systems using air conditioning systems. Changes in air temperature in mining excavations are influenced by many
natural, technical, and organizational factors, which are difficult to capture using analytical methods. Therefore, a method based on
the ANN artificial neural network model was proposed for temperature forecasting, which enables forecasting the air temperature in
mechanized and non-mechanized longwall workings. The air temperature forecast results were compared with measurement data. The
analyses show that the actual and forecast data correspond with each other. Therefore, the presented method can be used as a tool for
mining services in the fight against the climate threat in underground mines.

Keywords: anthracite mines, mechanized mining systems, climatic conditions, temperature forecasting, artificial neural networks (ANNs)

86

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society




Bioaccumulation and Bioleaching of Cu, Pb, and Zn
from Mining Waste

Patrik CERMAKY, Slavomir CERNANSKY?

) Mgr. Patrik Cermak, Comenius University in Bratislava, Faculty of Natural Sciences, Department of Geochemistry, Ilkovi¢ova 6, 842 15
Bratislava; email: cermak25@uniba.sk

2 Mgr. Slavomir Ceriiansky, PhD., Comenius University in Bratislava, Faculty of Natural Sciences, Department of Environmental Ecology,
Ilkovic¢ova 6, 842 15 Bratislava

http://doi.org/10.29227/IM-2023-02-61
Submission date: 01-11-2023 | Review date: 23-11-2023

Abstract
The subject of this study was to determine the effectiveness of Aspergillus niger (Pezinok) and Neosartorya fischeri strains in bioleaching
and bioaccumulation of metals from mining waste from the Hodrusa tailings pond. The waste used in the work contained 0.10 mm
fractions weighing 1 and 2 g from different depths of the soil matrix, samples A: 10-20 cm, samples B: 20-30 cm. We focused on the
elements copper, lead and zinc with the content of individual elements (mg/kg) copper - in samples A 487 mg/kg, in samples B 115
mg/kg. Lead - samples A 1208 mg/kg, samples B 582 mg/kg. Zinc - samples A 6970 mg/kg, samples B 6808 mg/kg. We confirmed
the effectiveness of the Aspergillus niger strain in this process due to the production of organic acids (citric acid, oxalic acid, acetic
acid). In the experimental part, we found that the most effective strain in determining the efficiency of extraction and concentration of
metals in the solution after bioleaching was the Aspergillus niger strain. The Neosartorya fischeri strain appears to be most effective in
accumulating metals in solution and accumulating metals in biomass. We can justify this phenomenon due to the different properties
of the cell walls of individual fungal strains and it is necessary to keep these differences in mind when comparing biosorption properties.

Keywords: Aspergillus niger, Neosartorya fischeri, bioleaching, bioaccumulation, copper, lead, zinc

Introduction

The purpose of the study was experimental quantifica-
tion of bioleaching of Cu, Zn and Pb using microorganisms
from solid substrates of mining waste. Sub-objectives includ-
ing evaluation of extraction efficiency of selected elements,
quantification of their bioaccumulation and monitoring of
these processes using an autochthonous microbiota enriched
with Aspergillus niger and Neosartorya fischeri strains while
increasing the efficiency of leaching processes. Monitoring
and comparison of the influence of cultivation length and
the amount of material used in the bioleaching process. The
experiments are performed on native samples of flotation
sludge taken on the model subpage Hodrusa - Hamre with
the studied sludge pond (304 m. a. s. 1.), which are located
in the part of Dolné Hamre (Masarovi¢ova et al. 2000). It is
a permanent repository of flotation sludge generated during
mining activities.

Methods

The collection of the examined material took place
in the locality of Hodrusa - sludge pond, in the region of
Banska Stiavnica. A line profile was chosen for sampling in
the length range of 20 meters between the individual sam-
pling points. The samples were marked HO-1 to HO-8 (HO
- Hodrusa), while HO - 1a, 2a, 3a, 4a, 5a, 6a, 7a, 8a repre-
sented the collected substrate in the depth range from the
surface of 10 to 20 cm. Samples marked HO - 1b, 2b, 3b, 4b,
5b, 6b, 7b, 8b were taken in the depth range of 20 to 30 cm
(in both cases they were mixed samples). The top contam-
inated layer formed by plastic clay was also taken from the
samples. Sampling points are recorded on the created map
(Google Earth map base, Fig. 1), which is supplemented by

Table 1 indicating the individual coordinates of the sampling
points.

The removed substrate from the sludge was allowed to dry
at room temperature (20-22°C). The substrate was homoge-
nized after drying by stirring and sieving through a sieve (0.10
mm fraction), and the obtained material was subsequently an-
alyzed by F-AAS and HG-AAS methods. The solid samples
(biomass and substrate along with filter paper) were decom-
posed with acids (H2SOs, HNOs and HCI) at high pressure
under microwave irradiation to form a solution in which the
elements were analyzed. The results of the analysis determined
the composition of the substrate to the content of the elements
monitored by us (mg/kg) recorded in Table 2.

Preparation of cultures of microscopis fungi

We prepared slant agar with Sabouraud medium (SAB)
containing 20 g of glucose and 10 g of peptone pH 5.6 from
Himedia (India) for culturing filamentous fungi and yeasts.
We followed the standard procedure in the preparation of
cultures. After solidification, the individual tubes were inoc-
ulated with A. niger and N. fischeri strains, which we cultured
for 14 days in a dark environment at 4°C. We created two sets
of flasks into which we weighed 1 g and 2 g of substrate from
both samples for three replicates from each. We poured 50 ml
of liquid nutrient medium into the samples. The first set was
cultured for 20 days and the second for 40 days.

To calculate the extraction efficiency of individual ele-
ments (Pb, Cu, Zn) from samples of solid substrates, we used
the formula according to the study of Yang et al. (2008) used
in the calculation of leaching of As and Sb.

CLxV
metal extraction efficiency (%) = # %X 100
sXMg
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Fig. 1. Aerial view of the site where the sampling points are marked (Google Earth map background)

Rys. 1. Widok z lotu ptaka miejsca, w ktérym zaznaczono punkty poboru prébek (tlo mapy Google Earth)

Tab. 1 Designation of the samples and the coordinates of the specific sampling point

Tab. 1. Oznaczenie probek i wspétrzedne konkretnego punktu pobierania probek

Sample marking GPS coordination of the collection points
HO1 N48°27.959 " E018°45.149°
HO2 N48°27.964 ° E018°45.161°
HO3 N48°27.966 " E018°45.179
HO4 N48°27.970 " E018°45.195°
HOS5 N48°27.973 " E018°45.208
HO6 N48°27.976 " E018°45.216°
HO7 N48°27.980 " E018°45.247°
HO8 N48°27.983 ° E018°45.255 '

Tab. 2. Total content of monitored elements in individual samples

Tab. 2. Catkowita zawarto$¢ monitorowanych pierwiastkow w poszczegolnych probkach

Element contents (mg/kg) Sample A Sample B M ement uncertainty
Cu 487 115 3%
Pb 1208 528 3%
Zn 6970 6808 2%

CL is the concentration of metals in the solution after
leaching (mg/l), VL is the volume of the solution after leach-
ing (1), CS is the concentration of metals in the substrate be-
fore leaching (mg/g) and MS is the amount of substrate add-
ed (g) (Yang, 2008 ). In the analysis of samples, we used the
Student's test to determine the value of the statistical differ-
ence. The differences between the variability of the parameter
of the control sample and the experiment were able to divide
the results into 4 levels of significance. For this purpose, we
created 24 sets, with three repetitions in each set. The results
obtained represent the average of the three replicates we per-
formed for each set. We changed the following parameters
in the kits: weight of 1 or 2 g, substrate A or B, Aspergillus
niger or Neosartorya fischeri strain used, cultivation time 20
or 40 days. We observed differences in the concentrations of
individual metals after leaching into solution.

Used strains for bioleaching

Aspergillus niger Pezinok - isolated from stream sedi-
ment in the mining area in Pezinok (contamination with As,
Sb and other elements, As 363 mg/kg; Sb 93 mg/kg; Fe 82.8
mg/kg), pH (H20) = 5.30.

Neosartorya fischeri Pezinok - strain isolated from the
locality Pezinok - tailings pond (contamination with As, Sb
and other elements) pH (H20) = 6.79.

Results and discussion
For samples focusing on zinc leaching, we evaluated A.
niger for substrate B (zinc content in substrate: 6808 mg/kg)

with a culture time of 20 days at a weight of 2 g (22.53 mg/I)
as the most effective strain. Although the proportion of zinc
in this sample was slightly lower, the concentration of zinc in
the solution after leaching was higher (sample A contained:
6970 mg/kg zinc). We can substantiate this statement with
the production of acids by the A. niger strain. We can sub-
stantiate this statement thanks to several works. Golab and
Orlowska (1988) in their publication on the effectiveness of
organic acids produced by the A. niger strain in these pro-
cesses. This strain is one of the most efficient accumulators of
heavy metals (Ren et al. 2009). The leaching of these metals is
ensured by means of acids, especially citric, gluconic, oxalic
or tartaric acid. In a set of samples in which we determined
the concentration of metals in the solution after leaching
(mg/1), according to a study by Hendrich et al. (2016), the
duration of the bioleaching process should be one of the es-
sential factors that limit the amount of leached elements from
the substrate. According to their study, a longer duration of
bioleaching should ensure higher values of the yield of ele-
ments from the substrate. However, we did not confirm their
claim in our experiments. Some of our samples showed spe-
cific behavior, in which we observed that a shorter leaching
time (20 days) was more effective: Copper - in the HO-A
sample 1g for the A. niger strain as well as for the autochtho-
nous microflora. For the HO-A sample 2g as well. For sam-
ple HO-B 2g for indigenous microflora. Lead - for sample
HO-A 1g for autochthonous microflora, for sample HO-A
2g for strain A. niger, for sample HO-B 1g for strain A. niger
as well as for autochthonous microflora and in sample HO-B

88

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society



Cultivation P<g~ggl o
p<0.01 =
HO-A 2g p<0.05 = *
o330
£y
£s
5
28
sL
23
© £ 10
25
5t s e
s .
55, =mun . I i
Q
a NF AN AU
20 days 2,15 3,42 06
w40 days 2,42 3,14 0,06

Cultivation p<0.001 = ***
HO-A2g p<0.01=**
— p<0.05 =*
o 5 30
22
£52
o <
& 20
5 3
£
B0
3
3 2 ® k3 Rl L
£5, L1 - T T
©9 NF AN AU
w20 days 0,35 2,05 0,11
40 days 01 0,64 0,16
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Fig. 5. Extraction efficiency of Cu and Zn (in%) in the sample HO-B 2g
Rys. 5. Wydajnos¢ ekstrakeji Cu i Zn (w%) w probce HO-B 2g

2g for strain A niger. Zinc - for sample HO-A 2g for N. fisch-
eri strain and autochthonous microflora and sample HO-B
2g for all strains. We can justify the behavior by a study by
Boriovd et al. (2014), which points to a process taking place
over a longer period of bioleaching. Conversely, this process
may reduce the concentration of leached elements due to im-
mobilization in biomass or precipitation of metals. This im-
mobilization at high concentrations of elements in biomass is
one of the properties of microscopic fungi in the process of
bioaccumulation and biosorption. Higher leached contents
and accumulations, in case of higher batch weight, can lead
to better bioavailability of fractions for fungi (if growth el-
ements such as copper and zinc are needed). In the case of
lead, on the other hand, this can lead to increased toxicity,
which reduces the accumulation and leaching process.
When accumulating metals into the solution, we ob-
served the same trend in almost all samples. The most effec-
tive strain was N. fischeri. Differences occurred in only two
cases. For lead in the HO-A 1g sample, the A. niger strain
was more effective in both culture time horizons, and for zinc
in the HO-B 1g sample, after 40 days of cultivation, the A.
niger strain. The studies of Dursun et al. (2003) demonstrate
the effectiveness of the A. niger strain in the heavy metal bio-
sorption process. We have proved the same conclusions in

our work. Heavy metals such as copper cause inhibition of
this strain, allowing a high yield of copper accumulation. The
properties of the cell walls and their differences between the
individual fungal strains, in our case A. niger and N. fischeri,
naturally lead to different biosorbent behavior in our experi-
ment. These differences should be borne in mind when com-
paring the biosorption properties of the two strains (Littera
et al,, 2011). At the end of the experiment, we can state that
the A. niger strain was the most effective in the extraction ef-
ficiency and concentration of metals in solution. The highest
value in the extraction efficiency for copper was recorded in
the sample HO-B 2g with the value 56,81% after 40 days of
cultivation. For zinc, it was a HO-B 2g sample with a value of
16.55% after 20 days of culture. Lead had the most effective
autochthonous microflora in the HO-B sample of 1 g after
20 days of culture with a value of 22.80%. When determin-
ing the concentration of metals in the solution after leaching,
we recorded the highest value for copper (3.42 mg/l) in the
sample HO-A 2g after 20 days of cultivation. For lead, we
measured the highest value (2.05 mg/1) in the HO-A sample
of 2 g after 20 days of culture. For zinc, we recorded the high-
est value (22.53 mg/l) in the sample HO-B 2g after 20 days
of cultivation.
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Fig. 7. Accumulation of Zn into biomass (ug / g) in the sample HO-B 2g

Rys. 7. Akumulacja Zn w biomasie (ug / g) w prébce HO-B 2g
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Fig. 9. Accumulation of a solution of Pb and Zn in% in a sample HO-B 1g

Rys. 9. Akumulacja roztworu Pb i Zn w% w probce HO-B 1g

Conclusions

Based on our results, we can state that the highest con-
centration of metals found in the solution after leaching was
achieved in a shorter time horizon of cultivation. On the
contrary, a longer time reduced this value. When processing
the results, we used the Student's test to determine statistical
significance. In all three cases (Cu, Pb, Zn) it was a very high
significance for the highest measured values.

We can justify the efficiency of the A. niger strain by its
ability to produce citric, glucanic or tartaric acids. Tartaric
acid is essential in the process of bioleaching zinc, because it
is classified as a chelating agent. The formation of given acids
significantly contributed to the efficiency of copper leaching,
which we managed to prove experimentally in our work with
the help of microorganisms in the process of conversion of
contaminants, which led to partial or complete mineraliza-
tion of the pollutant.
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Bioakumulacja i biotugowanie Cu, Pb i Zn z odpadow gorniczych

Przedmiotem niniejszego badania bylo okreslenie skutecznosci szczepow Aspergillus niger (Pezinok) i Neosartorya fischeri
w biotugowaniu i bioakumulacji metali z odpadow gorniczych ze stawu osadowego Hodrusa. Odpady wykorzystane w pracy
zawieraly frakcje 0,10 mm o masie 1i 2 g z roznych glebokosci matrycy glebowej, prébki A: 10-20 cm, prébki B: 20-30 cm. Skupilismy
sie na pierwiastkach miedzi, otowiu i cynku z zawartoscig poszczegolnych pierwiastkéw (mg/kg) miedz — w prébkach A 487 mg/kg,
w prébkach B 115 mg/kg. Otow - probki A 1208 mg/kg, prébki B 582 mg/kg. Cynk - probki A 6970 mg/kg, probki B 6808 mg/kg.
Potwierdzilismy skutecznos¢ szczepu Aspergillus niger w tym procesie ze wzgledu na produkcje kwaséw organicznych (kwas cytrynowy,
kwas szczawiowy, kwas octowy). W czesci eksperymentalnej stwierdzilismy, ze najskuteczniejszym szczepem w okreslaniu wydajnosci
ekstrakcji i stezenia metali w roztworze po biotugowaniu byt szczep Aspergillus niger. Szczep Neosartorya fischeri wydaje si¢ by¢
najbardziej efektywny w akumulacji metali w roztworze i akumulacji metali w biomasie. Zjawisko to mozna uzasadnic¢ réznymi
wlasciwosciami Scian komdrkowych poszczegblnych szczepow grzybow i nalezy pamigtaé o tych réznicach przy poréwnywaniu
wlasciwosci biosorpcyjnych.

Stowa kluczowe: Aspergillus niger, Neosartorya fischeri, biotugowanie, bioakumulacja, miedz, otéw, cynk
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as propose reasonable epidemic prevention measures.

Abstract
The COVID-19 epidemic is gradually being pushed back in Vietnam as well as around the world, but the emergence of different
variants of the SARS COVI 2 virus remain a risk that could lead to a resurgence of the disease. Therefore, preparing sopportive
information for epidemic prevention, especially disease risk maps based on spatial data, is essential to ensure that Vietnam can live
safely with the SARS COVI virus 2. This paper presents a method for creating a COVID-19 sensitive map of Hanoi city using the
QGIS technology. From there, areas at high risk of rapid infection when there are initial cases in the community and regions at high
risk of outbreak can be identified in this map. This information helps the government plan to prioritize early vaccine coverage as well

Keywords: COVID, CVI map, QGIS, Hanoi

1. Introduction

The world is currently facing a special health problem due
to the outbreak of a new coronavirus disease called COVID-19.
This is a great threat to humanity. The virus has spread to almost
all over the world, and the impact of the pandemic is being felt
in nearly every aspect of our lives. Until now, there is no effec-
tive medicine that can be used to prevent and treat COVID-19.
Therefore, to control the transmission of the COVID 19 virus,
it is necessary to rely on community and use non-pharmaceu-
tical interventions (NPIs), such as distancing social, protecting
vulnerable groups, limiting public events and implementing
global lockdowns. These measures are primarily to minimize
the spread of COVID-19 person-to-person through social dis-
tancing (Nande, Adlam et al. 2021).

Studies conducted in the US (Amram, Amiri et al. 2020),
India (Acharya and Porwal 2020), UK (Nicodemo, Barzin et
al. 2020, Daras, Alexiou et al. 2021), Brazil (Santos, Siqueira et
al. 2020) , Bangladesh (Rahman, Islam et al. 2021), European
Union (Fu, Wang et al. 2021), Palestine (Shadeed and Alawna
2021) have shown that disease risk maps have effectively con-
tributed to improving effectiveness of epidemics prevention,
playing an important role in saving human lives as well as ef-
fectively overcoming the economic and social consequences
caused by the pandemic. Therefore, since the COVID-19 pan-
demic appeared in the world, there have been many studies
to establish disease risk maps such as COVID Vulnerability
Index Map, Pandemic Vulnerability Index Map. The purpose
of these maps is to identify high-risk locations for disease
outbreaks, and then provide the most effective and appropri-
ate adaptive methods based on population conditions, living
conditions, infrastructure, healthcare, etc. in order to avoid
human losses and maintain economic development at the
maximum possible level (Acharya and Porwal 2020).

Till now, COVID-19 risk mapping has been reported in
many nations in the world using various approaches. Accord-
ing to (Raju K, Lavanya R et al. 2020), one of tools that helps
people can understand the disease is Geographic information
systems (GIS). GIS provides a great framework for integrating
disease-specific data with population settlements, social and
healthcare facilities, and the surrounding natural environment.
It also offers data that are highly appropriate for analyzing data
and showing trends. (Sangiorgio and Parisi 2020) proposed the
multicriteria approach and GIS technology for hazard evalu-
ation of Covid-19 in urban district lockdown. Similarly, GIS-
based MCDA was utilized to establish the COVID-19 vulner-
ability map for the West Bank, Palestine (Shadeed and Alawna
2021). In addition, in order to potentially vulnerable areas of
the COVID-19 infection which can aid government organiza-
tions in maintaining disease management and preventing its
spread, (Malakar 2022) generated the COVID-19 vulnerability
map West Bengal, India through the GIS platform and an inte-
grated fuzzy MCDM approach. On the other hand, this method
also applies in constructing the COVID-19 vulnerability model
in China (Gao, Jiang et al. 2022), assessing of COVID-19 vul-
nerability risk (Wyszynski, Grudzinski et al. 2022), determin-
ing main social vulnerability indicators in the pandemic in Iran
(Moslehi, Dehdashti et al. 2023), establishing COVID-19 sus-
ceptibility mapping (Sarkar 2020).

In addition GIS-based MCDA approach, (Dahu, Alaboud
et al. 2023) confirmed the role of application satellite imaging,
remote sensing technology, and geospatial data in identifying
features and relationship that are connected to the global dis-
semination and mortality rate of COVID-19. Furethermore,
(Mehmood, Bao et al. 2022) concluded that, in the upcoming
years, the application of remote sensing technology will en-
able far more efficient monitoring and management of global
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Fig. 1. The study area (Thapa and Murayama 2008)
Rys. 1. Obszar badan (thapa i Murayama, 2008)

Tab. 1. Sources and data used in the study
Tab. 1. Zrédta i dane uzyte w badaniach

Data Description Source

Population density http://www.worldpop.org.uk/
Land cover 2019 - 2021 https://www.eorc.jaxa.j

Land cover 10m resolution Sentinel - 2, Global data 2020
Location of local markets in Hanoi City | 2019 - 2021 Google Earth

Location of local markets in Hanoi City | July 5, 2021 to September 22, 2021 | Ha Noi Center for Disease Control

pandemic risks. There are, this technology has been widely
applied in research on the COVIDS pandemic. (Kanga, Sud-
hanshu et al. 2022) used remote sensing, GIS technology and
local knowledge-based method to effectively solve the conta-
gion of COVID 19 disease in India. In consultation with the
local authorities, they spatially delineated different hazards
zones and the activities that are permitted there. Besides,
(Toulkeridis, Seqqat et al. 2022) used satellite images to ana-
lyze SARS-CoV-2 infection among susceptible populations in
Ecuador. Additionally, combination of the Bayesian network
and the GIS technology also used to build a model for analyz-
ing the vulnerable regions due to the outbreak of pandemic in
Bangkok, Thailand. This model employed to perform a sce-
nario analysis led to the discovery of strategies for vulnerabil-
ity management.

To be able to generate disease risk maps, spatial data
plays an important role, as input for models to determine
the disease risk index (Amram, Amiri et al. 2020). Based on
statistics on the location of COVID-19 cases, it is possible to
create correlations between some spatial information such
as population density, per capita income, living conditions
with risk of disease outbreak, etc. (Acharya and Porwal 2020).
This spatial information can be collected through open data
sources, or can be determined indirectly by spatial analysis
models through existing spatial data such as, distribution of
land covers, population data, etc. (Franch-Pardo, Napoletano
et al. 2020).

In Vietnam, there have been studies to determine the
location of diseases such as malaria (Bui and Pham 2016),
geographical analysis of the occurrence of diarrhea caused
by shigellosis bacteria in Vietnam (Kim, Ali et al. 2008), or
the geographical distribution of dengue fever in Hanoi City
(Thanh Toan, Hu et al. 2013). These studies show that geo-
graphic information/spatial information can contribute to
improving the effectiveness of disease prevention, protecting

people's lives, and ensuring health safety for Vietnam. In ad-
dition, GIS technology has also been proven to be effective
in zoning the risk of covid-19 epidemic to decentralize the
level of impact (Canh, Son et al. 2022). Besides, to forecast
and zone epidemic areas to be able to provide the most accu-
rate and fastest solutions, (Son, Nga et al. 2022) applied local
geographical regression models to assess the epidemic situa-
tion throughout the city focusing on areas forecasted to have
a high and very high infection risk. However, the COVID-19
epidemic is a new disease and appears rapidly, so there is al-
most no experience and not many studies using spatial data
for forecasting and identifying epidemic risks. This study fo-
cuses on using spatial data and GIS to create spatial analysis
models to for establishing the COVID-19 sensitivity maps for
Hanoi city.

2. Study area

Hanoi, the capital of the Socialist Republic of Vietnam, is
located between 20°53" to 21°23 " north latitude and between
105°44" to 106°02" east longitude. It is the political, economic,
cultural, scientific, and technical center of the whole country
(Uy and Nakagoshi 2008). Located within the Red river delta
of Northern, Ha Noi is the region with the highest density of
population in the nation with almost 22 million people living
there in an area of over 21,000 km? more than 8 million of
whom live in urban zones (General Statistics Office 2020). The
region around Hanoi is made up of plains near the southeast
coast and is bounded to the north and west by mountains and
hilly regions, including some significant national parks, such
as Ba Vi and Tam Dao (Van den Berg, Van Wijk et al. 2003).

3. Methodology and data
3.1 Used data

During the research process, data on COVID-19 infec-
tions in Hanoi during the period from July 5, 2021 to Septem-
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ber 22, 2021 was collected at the Ha Noi Center for Disease
Control (CDC Hanoi - 70 Nguyen Chi Thanh, Dong Da, Ha-
noi); At the same time, some necessary spatial data for estab-
lishing disease risk index maps are also obtained such as: land
cover data, population data and population distribution, and
local market data, commercial centers, apartments, data on
industrial parks, etc. in Hanoi city. Table 1 shows the data and
sources used in the study.

In the above data, the locations of over 3,500 FO cases in
Hanoi City (due to the lack of coordinate information, the
team had to manually perform geocoding) were used for com-
parison with the model's results.

3.2 Methodology

The principle of determining sensitive areas is based on
the number of FO cases in a specific area (after identifying the
location of the FO cases on the map). Then, the ratio between
the area with FO cases (it can be a ward or commune, a dis-
trict, a neighborhood, a residential group, etc.) and the total
area in the study area will be determined. The higher this ratio
means the greater the sensitivity of that area. In addition, for
the purpose of centralized community screening, after deter-
mining the position of FO cases on the map, the sensitivity

index of the area where FO cases live is calculated. Depend-
ing on the percentage value of this sensitivity index (it can
be an average, high or very high sensitive area), the range for
community testing can be identified (ie, the radius of the area
that needs to be tested can be determined) (Figure 2). The
COVID-19 susceptibility map is established according to the
following process:

Quantify the values that characterize the sensitivity lev-
el of each size cell 100x100m (equivalent to 01 hectare) in-
cludes the total population within a radius of 500 meters
and distance from each cell to sensitive geographical objects
that easily become centers of epidemic spread such as mar-
kets, supermarkets, apartments, industrial areas, commercial
centers, etc.

Calculate sensitive indicators for subjects such as:
population density, markets, apartment, industrial ar-
eas, shopping centrer, and supermartket on each cell based
on the number of people within 500 m in the area with
FO cases, distance from the areas where there are sensi-
tive geographical objects mentioned above to the loca-
tions of the FO cases. From there, the composite sensitivi-
ty index is determined based on the following formula
(Son, Nga et al. 2022):

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society 95



e Patient List

Search locations Q

F

Xa Song Lo

Bac Tu Liem District

Positive cases 490 Infection on day 0 F

F1 0 F2 0 g
Testsample 0 Waiting for test 0 7 &
0 Death 0 i\

Centrally quarantined 0 Isolation at home 0 =

Recovered

' Map location
@ COVID 19 testing location (23)
o Places for centralized isolation (38)%

i © Patient housing area (124)
© Hospitals, mesical centers (7)

Blockade and medical isolation
areas (24)

JHigh Very high risk
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Rys. 4. Statystyki propoagacji epidemii COVID-19 w dzielnicy Bac Tu Liem w Hanoi

Fig. 5. The risk map of COVID 19 infection in Hanoi city
Rys. 5. Mapa ryzyka infekcji COVID-19 w Hanoi

Sensitive_Index, = W, *Po_Index, + W, *Ma_Index, + 27, 2021 to September 7, 2021 (Figure 3). This map is used

W, *Ap_Index + W, *Su_Index, + W, *In_Index, + W *Sh_
Index, W

In which: W, W, W, W are the weights of sensitive
factors such as population density, market, apartment building,
supermarket, industrial area, shopping centrer respectively.

Because the collected data is not large enough, in this
study, the weight values of the above mentioned objects are
considered the same and equal to 1

The relative composite sensitivity index value is calculated
based on the following formula (Son, Nga et al. 2022):
Relative_Sensitive_Index; = 100 * % (2)

The research team used open source software Quantum
GIS (QGIS) to build spatial analysis models for establish-
ing a map of the risk of COVID-19 infection. According to
(Maitieg, Aljamel et al.), in addition to supporting all of the
features of a GIS, QGIS is an open-source, cross-platform GIS
that operates as a desktop program. Spatial data can be conve-
niently examined, modified, and analyzed by utilizing QGIS.
In order to develop the COVID-19 susceptibility map, it is
necessary to prepare base data including population density,
land cover, location of local markets in Hanoi City. Then, ad-
ing the base layer map and the vector data. The result maps are
generated by using QGIS software.

4. Results and discussion
The COVID-19 vulnerability map of Hanoi city was es-
tablished based on data collected in the period from April

to determine the risk and speed of epidemic spread in Hanoi
when the epidemic is uncontrollable. This map shows specific
information about the testing locations, centralized quaran-
tine places, the patient's home area, the locations the patients
come within 14 days and after 14 days, and the position of
the hospitals and medical centers, location of blockade and
medical quarantine area. In addition, the areas with five risk
levels display on the map including low, moderate, high, very
high, and extremely high.

In addition, data on the number of positive cases,
COVID-19 infected cases per day, F1, F2 cases, deaths, re-
covered cases, test samples and people waiting to be tested in
areas of Hanoi city is also extracted from the map (Figure 4).

In addition, based on indicators of population densi-
ty, distance to densely populated locations such as markets,
shopping centers, industrial parks, supermarkets, shopping
centre, etc., the risk map of COVID 19 infection in Hanoi city
was also established (Figure 5). On this map, the risk level is
divided into 4 levels: normal, risk, high risk, and very high
risk.

Notably, information related to the epidemic in any lo-
cation can also be accessed. Figure 6 is an example of data
search in Thanh Xuan district:

In addition to the number of FO, F1, F2 cases, etc., a spe-
cific list of each FO case in the search area is also displayed on
the map (Figure 7).

The application method for research is based on geo-
graphical factors such as population, traffic, apartments, etc.,
so the ability to detect FO is faster and more focused. In addi-
tion, the method used does not depend on the administrative
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Fig. 6. Search any area in Hanoi city

Rys. 6. Selekcja danych w obszarze miasta Hanoi

Fig. 7. Displaying the list of FO patients in the search area

Rys. 7. Lista pacjentéw grupy FO w obszarze selekcji

boundaries between two communes or neighborhoods, thus
the ability to detect FO is a larger area in one test. At the same
time, based on the risk index map and infection risk map,
the determination of testing areas is flexible, narrowed or ex-
panded depending on the actual detection of FO cases and the
residence characteristics of FO cases. Based on terrain charac-
teristics, it is possible to reduce the radius of the testing area,
thereby reducing the objects of the testing area (For example:
separated by canals, large roads, etc.), which means that the
cost of testing is reduced. However, this method requires map
data with the necessary information to determine the scope
of the testing area. Furthermore, in order to the obtained re-
sults to be highly reliable, the coordination of testing between
neighborhoods and neighborhoods and wards and wards in
adjacent areas must be tight and synchronous. Most impor-
tantly, there is a risk of missing FO cases when compared to
testing the entire neighborhood or ward.

5. Conclusion
The study proposed the method for generating a
COVID-19 sensitive map of Hanoi city using the QGIS

technology. These maps will help identify high-risk areas
for development of epidemics, thereby providing reasonable
adaptation methods based on population conditions, living
conditions, infrastructure, healthcare, etc. in the most effec-
tive way. This minimizes human losses while still maintaining
economic development at the maximum possible level. On
the other hand, researching models allows the identification
of disease risk indicators from spatial data, as well as spatial
analysis models that determine necessary information for epi-
demiological modeling such as population density, living con-
ditions, information about population demographics, age, etc.
It is also a necessary preparation to respond to the emergence
of respiratory infectious diseases as well as other infectious
diseases in the future.
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Badania nad stworzeniem modeli analizy przestrzennej na potrzeby opracowania Mapy Wskaz-

nika Podatnosci na Covid-19 w miescie Hanoi

Epidemia Covid-19 jest stopniowo wycofywana w Wietnamie, a takze na calym Swiecie, jednak pojawienie si¢ réznych wariantéw
wirusa SARS COVID 2 pozostaje ryzykiem, ktére moze doprowadzi¢ do nawrotu choroby. Dlatego przygotowanie informacji
wspomagajgcych zapobieganie epidemiom, w szczegolnosci map ryzyka choréb opartych na danych przestrzennych, jest niezbedne,
aby Wietnam magt bezpiecznie zy¢ z wirusem SARS COVID 2. W artykule przedstawiono metode tworzenia mapy miasta Hanoi
wrazliwej na COVID-19 z wykorzystaniem technologii GIS. Stamtgd na tej mapie mozna zidentyfikowa¢ obszary o wysokim ryzyku
szybkiej infekcji, gdy w spolecznosci wystgpujg pierwsze przypadki, oraz regiony o wysokim ryzyku wybuchu. Informacje te pomagajg
rzgdowi zaplanowacd priorytetowe traktowanie wczesnego objecia szczepieniami, a takze zaproponowaé rozsgdne Srodki zapobiegania
epidemii.

Stowa kluczowe: COVID, CVI mapa, QGIS, Hanoi
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Abstract
The article presents reflections on the topic of the implementation of the Europe 2020 Strategy for Poland. The strategy covers five
areas, namely research and development, education and higher education, poverty reduction and social exclusion, employment as well
as energy and climate, which have been analysed in this article. Because the provisions of the strategy should already be achieved, it is
necessary today to verify the progress of work, as well as to compare the achievements with the created plan. In order to be able to assess
the progress of the implementation of the strategic plan, it is necessary to set indicators that will make it possible to determine whether
the activities carried out facilitate the achievement of the objectives or whether they should be adjusted. In order to do it, the authors
used 4 indicators. To be able to forecast when Poland would reach the set values by 2022, the authors constructed mathematical models
with which the indicators values were forecast. The results obtained have been summarized and countermeasures have been identified
that can help eliminate detected irregularities. The successful implementation of the strategy will have a significant impact on ensuring

Poland's energy security and environmental sustainability.

Keywords: climate change, Europe 2020 Strategy, sustainable energy, ARIMA model

1. Introduction

The global economic crisis that took place in 2007-2009
meant that the European Union began to search for a strategy
that would not only enable it to overcome the crisis, but also
would be able to direct the development of member countries
on sustainable and intelligent growth (Szymanska & Zalewska,
2018; Gajewski, 2017). In order to do it, the so-called Strategy
for smart and sustainable development was created with a set
time horizon for implementation by 2020 (Rogge, 2019). In this
article, the authors set the goal of trying to verify the progress
of the implementation of tasks set by the strategy in Poland.
For each of the indicators included in the document, there were
defined the objectives that individual EU member states should
achieve (Pavese, 2012). As the set goals should already be
achieved, it is necessary to verify the progress of work and com-
pare the already achieved results with the set target. The main
postulates of the Strategy that will be analysed in this article are
the increase in resource efficiency and the promotion of tech-
nology in the use of resources in an environmentally friendly
manner (European Commission, 2020; Palova & Vaclavikova,
2017). The indicators used for this purpose are: the level of
greenhouse gas emission, share of renewable energy in gross fi-
nal energy consumption, primary energy consumption, energy
efficiency. The authors compared the level of these indicators
set for 2020 with the values obtained thanks to the forecasts
created by the authors. Thanks to this, it is possible to reliably
assess the possibilities of achieving the set goals. The data used
in the analysis were obtained from the Eurostat database.

2. Analysis of the implementation of the objectives of the
Europe 2020 Strategy

The analysed indicators were assigned to the category
Climate change and energy. The presented indicators are used
to verify the progress of the implementation of the Europe-
an Union policy in the scope of increasing energy efficiency
by 20% by 2020 (Xavier, 2019; Yaltaa & Jenal, 2009; Yaltaa &
Jenal, 2009). In addition, it was assumed that by 2030, effi-
ciency should increase by a further 7%. Achievement of this
goal will directly translate into a decrease in the value of the
energy dependence indicator on imports of energy carriers,
and at the same time reduce the level of greenhouse gas emis-
sion. The implementation of European Union provisions in
Poland is based on the National Reform Programme (NRP).
It presents the goals that Poland should achieve by 2020. The
models used in the forecasts were created using the Gretl
software. ARIMA time series models were used (Sen, Pal, &
Roy, 2016; Yaltaa & Jenal, 2009). The reliability of each model
was confirmed with information criteria AIC (Akaike crite-
rion), Hannan Qiunn criterion, BIC (Schwarz Bayesian in-
formation criterion) (Pitatowska, 2010). The accuracy of the
prediction was determined by means of the mean absolute
percentage error (MAPE), the mean absolute error (MAE),
average percentage error (Gruszczynski & Podgorska, 2007;
Myttenaere, Rossi, Grand, & Golden, 2016). Since the shap-
ing of the random component in the econometric model
informs whether the model was built correctly, it should be
confirmed that the rest of the model is white noise. In this
case it is necessary to test the appropriate hypotheses. Lack of
autocorrelation of residuals was confirmed by Durbin-Wat-
son test, the occurrence of normal distribution of residues
was verified by Jarque-Bera test. The estimation was carried
out using the Kalman filter.
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Tab. 1. Error values and information criterion for the ARIMA model (0,2,1). Source: own study

Tab. 1. Wartosci btedéw i kryterium informacyjne dla modelu ARIMA (0,2,1). Zrédlo: opracowanie wlasne
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Fig. 2. Share of renewable energy in gross final energy consumption in the years 2004-2019 (a), renewable energy consumption in Poland in the
years 2005-2019. Source: own study

Rys. 2. Udzial energii odnawialnej w konicowym zuzyciu energii brutto w latach 2004-2019 (a), zuzycie energii odnawialnej w Polsce w latach
2005-2019. Zrédto: opracowanie wlasne

2.1 Greenhouse gas emission

The amount of greenhouse gas emission in Poland tend-
ed to increase until 1989. The economic transformation that
began in the early 90s resulted in many of the enterprises that
had been created in the People's Republic of Poland being lig-
uidated (Z6ltkowski, Karpinski, Soroka, & Paradysz, 2013).
They were not adapted to functioning on the free market.
Thanks to this (despite serious social effects) it was possible
to reduce the level of greenhouse gas emission. The renewed
economic growth that took place after 1995 caused another
surge in energy demand, thereby increasing the level of green
emission (Farhani & Rejeb, 2012). Such a situation occurs pe-
riodically. Figure 1a shows time series of the greenhouse gas
emission index determined as the ratio of emission in a given
year to the base year in accordance with the Kyoto Protocol,
i.e. in 1990. It includes such greenhouse gases as carbon di-
oxide (CO2), methane (CHa4), nitrous oxide (N20), as well as
so-called F gases (fluorocarbons, perfluorocarbons, nitrogen
trifluoride (NF3) and sulphur hexafluoride (SF6)) (Mayer-
hofer, et al., 2002; Vuuren, et al., 2007).

The EU as a whole was committed to achieving at least a
20% reduction in greenhouse gas emission by 2020 compared
to the base year (1990). Already in 2017, the emission level for
EU-28 reached the set goal, as the indicator was at the level
of 78%. Its value for Poland is still 87%. Although CO2 emis-
sion constitutes about 80% of all greenhouse gas emission in
our country, and its level has long been lowered in accordance

with the requirements imposed by the Kyoto Protocol, for the
entire greenhouse gas package this situation is quite differ-
ent. The NRP document assumes that due to the downward
trend in the emission in the years 2005-2015 it will be possible
to achieve a 20% decrease in emission. However, after 2015,
greenhouse gas emission began to increase. A moving average
model was created that is going to be used to make the fore-
cast (figure 1b). It indicates that reaching the assumed 20%
level in the coming years will be very difficult. If the factors
affecting the time series do not change, one should take into
account the stabilisation of the indicator at the level of 87% in
the coming years. The factor that may currently affect the lev-
el of emissions are the restrictions related to the COVID-19
pandemic. Table 1 presents the values of the information cri-
terion and the error of the constructed model. The model is
very accurate because the error does not exceed 3%.

2.2 Renewable energy

The share of renewable energy in gross final energy con-
sumption is another indicator included in the SE2020 strategy.
Figure 2a presents the time series of the indicator in 2004-2019.
Several periods can be clearly distinguished (in the case of Po-
land). The years 2004-2007, when the indicator remained prac-
tically unchanged at just under 7%, a period of gradual increase
until 2015, when it reached 11.7% and the last two observations
(2016-2019), when the indicator began to fall again. This was
mainly due to the increase in gross final energy consumption.
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Tab. 2. Error values and information criterion for the ARIMA (1,1,0) model. Source: own study

Tab. 2. Wartosci btedéw i kryterium informacyjne dla modelu ARIMA (1,1,0). Zrédlo: opracowanie wiasne
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Rys. 4. Zuzycie energii pierwotnej w latach 1991-2019. Zrédlo: opracowanie wlasne

Despite numerous turbulences around renewable energy
that took place in the last few years, RES consumption did not
start to fall until 2018, as shown in Figure 2b. In 2019, another
amendment to the Act on renewable energy sources was made.
It contains many of the renewable energy industry's postulates
and aims at compliance of the provisions of the Europe 2020
strategy. NRP assumed that achieving the set level of partici-
pation, i.e. 15%, would be possible. However, despite the up-
ward trend of the share of renewable energy, which appeared
again in 2018, the 15% share will not be reached even by 2022.
It should also be remembered that without the support of the
State, the development of renewable energy sources will not
be viable. It is necessary to encourage investors as well as fi-
nancial support for renewable energy sources and the use of
support mechanisms, e.g. excise tax exemption (Laganowska,
2012).The share of renewable energy in Poland increased in
2005-2019 by 76 percentage points, in case of EU-28 it was an
increase of 107 percentage points. In case of the EU-28 group,
the share of renewable energy is systematically increasing. This
was also possible thanks to the Directive 2009/28/EC, which
emphasizes the promotion of renewable energy sources. EU-
28 is on its way to achieving its goal (Figure 3). The countries
that are definitely ahead in the use of renewable energy sources
are Sweden, where more than half of the energy comes from
renewable sources as well as Finland and Latvia. The created
forecast supports the hypothesis put forward. It is presented in
Figure 3. The ARIMA (1,1,0) model was used to predict future
values of the time series. Table 2 presents information criteri-
on values and model errors. It should be noted that the error
does not exceed 3,5% in this case. The forecast indicates that
until 2022 the share of renewable energy in gross final energy

consumption will remain at around 13% if no decisive action is
taken. It is also necessary to intensify activities in this regard in
relation to the target set for 2030. At present, it is a 21% share,
however, the European Commission will most likely be pushing
for the target to be moved towards 25%.

2.3 Primary energy consumption

Increasing the level of energy efficiency in the European
Union was possible mainly due to the introduction of ener-
gy-saving technologies and devices. It was also influenced by
the elimination of energy-intensive industries. Figure 4 shows
primary energy consumption in Poland and in the EU-28
countries. In case of Poland, a decrease in energy consump-
tion should be noted in the early 1990s. Since 2000, primary
energy consumption has begun to increase again. This was
related to the economic development of the country, develop-
ment of industry and creation of new companies (Asafu-Ad-
jaye, 2000).This is also indicated by GDP growth. In Poland,
this increase is still heavily dependent on energy consump-
tion. In 2017, primary energy consumption again exceeded
the consumption reduction ceiling. The target has not yet
been reached for EU-28 countries. In spite the fact that com-
paring to the base year (2005) to 2017, consumption dropped
by more than 9 percentage. In 2018, energy consumption in-
creased in many EU countries, mainly Spain, Italy, Hunga-
ry, Portugal and Romania. This is mainly due to economic
growth as well as the increasing demand for cooling and heat.
In 2019, however, there was a decrease in energy consump-
tion, but it still does not match the set target.

In this case, the ARIMA (1,1,1) model was used to cre-
ate the forecast. The forecast of primary energy consumption
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Tab. 3. Error values and information criterion for the ARIMA (1,1,1) model. Source: own study

Tab. 3. Wartosci btedéw i kryterium informacyjne dla modelu ARIMA (1,1,1). Zrédlo: opracowanie wlasne

Parameter

Value

MAPE

2,75

MAE

2,55

ME

0,40

Akaike

145,88

BIC

149,77

Hannan-Quinn

147,04

Fig. 5. Primary energy consumption with forecast until the year 2022. Source: own study

Rys. 5. Zuzycie energii pierwotnej wraz z prognoza do roku 2022. Zrédlo: opracowanie wlasne

(Figure 5, Table 3) created by the authors indicates that a de-
cline in primary energy consumption should be expected by
2020. NRP specifies that primary energy consumption should
be limited to 96 Mtoe per year in terms of climate change and
sustainable energy use. This figure is in line with the EU tar-
get. It is assumed that by 2020 this consumption will be 96.4
Mtoe. Basing on the results of the obtained forecast, it should
be stated that it is possible to reduce consumption to the spec-
ified level. The predicted value for the time series for 2020 is
96.81 Mtoe. The forecast error was less than 3%. 2020, howev-
er, may not be representative due to the so far unique changes
taking place as a result of the COVID-19 pandemic.

2.4 Energy productivity

Due to the fact that energy efficiency is measured by the
level of primary energy consumption, the article additionally
presents the level of the so-called energy productivity index
determined according to the following formula:

E = GDP/E_ (1)

where:
EP - energy productivity,
E_- energy consumption.

Energy productivity is calculated as the total value of
goods and services produced in the country expressed in
money from a unit consumed at the same time of primary
energy. The indicator measures the efficiency of energy con-
sumption and determines the degree of independence of GDP
growth from energy consumption. Eurostat sets the value of
the energy productivity index using for this purpose the gross
domestic product (GDP) and the gross inland consumption
of energy (for a given calendar year). Gross domestic energy
consumption is the total of gross domestic energy consump-
tion based on renewable energy sources, coal, natural gas and
crude oil. Energy productivity takes more factors into ac-
count than energy efficiency. This indicator does only include
energy efficiency, but also additional ways to reduce energy
costs. It might be, among others, a change of energy carrier,
the use of renewable energy sources, storage of energy from
renewable energy sources, a change of energy supplier. With-

out energy storage, renewable sources must be supported by
conventional power plants that meet energy demand during a
period of lower renewable energy production. Figure 6a pres-
ents energy productivity in the years 1995-2016 in Poland
and the European Union. Figure 6b shows productivity in Po-
land with a forecast until 2022. Energy productivity was not
included in the indicators enabling verification of the degree
of implementation of the Europe 2020 strategy. However, due
to the importance of this indicator, it was included in the ar-
ticle by the authors. Energy efficiency in Poland in 2005-2016
increased by 39%, in the EU by 28%, and over the years 1995-
2017 it is on average twice higher for the EU than for Poland.

Taking into account the target set for energy efficiency at
the level of 20% in the said period, the increase in productiv-
ity in Poland is almost twice as large. The forecast obtained
indicates that further increases in energy productivity should
be expected in Poland. In 2020, compared to the base year
2005, an increase of approximately 55 percentage points was
calculated basing on the ARIMA model (1,1,1). Energy pro-
ductivity means more production with the same or a smaller
amount of energy used. This is important from the point of
view of the country's economic efficiency. By using fewer re-
sources, it is possible to achieve the effect of reducing the cost
of producing goods and reducing the negative impact on the
environment. Energy efficiency can also be determined bas-
ing on final energy consumption. Thanks to this, energy losses
in the power supply system and deficiencies arising during
transport are excluded.

3. Conclusion

Europe 2020 is a strategy adopted on 03.03.2010 by the
European Commission. The provisions contained in the doc-
ument are to stimulate the EU's economic development. This
stimulation should support the so-called intelligent devel-
opment, i.e. economy based on innovation, knowledge and
sustainable growth, i.e. activities focused on the most optimal
and effective use of resources, the use of modern technolo-
gies, and care for environmental protection. Control over the
correct course of actions aimed at achieving the set goals is
conducted basing on the set indicators. Since the deadline for
implementing the strategy has expired, the authors decided to
analyse the stage of completion of the actions taken to imple-
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Tab. 4. Error values and information criterion for the ARIMA (1,1,1) model. Source: own study

Tab. 4. Wartosci btedéw i kryterium informacyjne dla modelu ARIMA (1,1,1). Zrédlo: opracowanie wiasne

Parameter

Value

MAPE

3.40

MAE

0.11

ME

0,11

Akaike

1931

BIC

-16,18

Hannan-Quinn

-18,63

ment the SE2020 strategy. The strategy has been devoted to
five areas of activity such as research and development, edu-
cation and higher education, reduction of poverty and social
exclusion, employment as well as energy and climate. The ar-
ticle focuses on analysing the state of implementation of the
provisions of the last of the presented areas. The following in-
dicators were analysed: the level of greenhouse gas emission,
the share of renewable energy in gross final energy consump-
tion, primary energy consumption and energy efficiency. In
addition, the authors analysed energy productivity due to the
universality and information that the indicator brings. The
authors came to the following conclusions: with reference to
the greenhouse gas emission rate - from 2015 the value of the
indicator is moving away from the desired level of 80%. This
is due to economic growth, production volume is increasing,
and more and more cars are being bought in the country. At
the same time, the goal has already been achieved for EU-28.
In case of the share of renewable energy in gross final energy
consumption, reaching the target of 15% share of energy from
renewable sources by 2020 was very difficult due to the slow
pace of development in previous years. The forecast has shown
that in the coming years this indicator will remain at the lev-
el of around 11%. If the target is not met, Poland will have
to make the so-called statistical transfer of renewable energy
from those EU countries in which a surplus has been achieved.
This unfavourable situation was caused, primarily, by the lack
of consistency of the Polish State regarding the development
of renewable energy, an unfriendly legal environment, tardi-
ness in the preparation of implementing regulations and thus
the lack of predictability of further development of renewable
energy in Poland. Primary energy consumption - the world's
energy consumption is steadily rising. This is related to the
civilizational development, population growth and the desire
to raise the standard of living. All these activities require ac-
cess to energy carriers. Observing the time series of primary
energy consumption in Poland, several periods can be distin-
guished: an increase in energy consumption until 1990, a de-
crease in consumption until 2000, and a period of re-growth
after 2000. These changes were caused by the political and

economic transformation of Poland. Economic development
requires access to energy, while coal is the basic energy carrier
in Poland. Coal burning has a negative impact on the environ-
ment. Therefore, it is necessary to use technologies aimed at
reducing greenhouse gas emission, but also those that will im-
prove energy efficiency as well as enable economical manage-
ment of available fuels and energy obtained on their basis. En-
ergy efficiency is a great way to increase energy security. The
authors additionally presented the energy productivity index
in the article. It is not only an excellent source of information
on the energy efficiency of the economy, but also the degree
of independence of GDP growth from energy consumption.
Energy productivity should therefore be seen as an energy
source from which the European Union ca benefit in the near
future. The beginnings of the implementation of the Europe
2020 strategy coincided with the period of the economic cri-
sis which went through the European Community. Problems
related to it resulted in development activities being pushed
into the background in most EU countries. The success of
implementing SE 2020 is obviously of economic importance,
but it would also have a positive impact on the opinion of the
Union as a community capable of close cooperation and ca-
pable of achieving common goals, especially after the failures
of the Lisbon Strategy. Summing up, the analysis presented
in the article, according to the authors, indicates that in the
area of climate change strategy and sustainable energy use,
the goals designated for year 2020 has not been fully achieved
especially in case of reducing greenhouse gas emission and
achieving a 15% share of renewable energy gross final energy
consumption. Since the time horizon up to 2020 does not pro-
vide the opportunity to apply appropriate countermeasures, it
is necessary to extend the deadline for implementing SE 2020
and possibly revise the goals. Therefore, a new strategy and
goals for the EU until 2030 have been set. These are mainly:
at least 32.5% improvement in energy efficiency, at least 40%
cuts in greenhouse gas emissions (from 1990 levels), at least
32% share for renewable energy. To successfully implement
SE 2020, it is necessary to build the foundations of an innova-
tive economy. The indicator proving the level of development
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of a modern economy is the financing of the R&D sphere.
Limited financing of research and development in Poland is
typical for the area analysed in the article. Financial support
in the field of development of renewable energy sources, clean
coal technologies and solutions increasing energy efficiency
would certainly speed up and enable compliance with the
strategy's provisions. For the EU, the share of internal expen-
diture on research and development in GDP was set at 3%, for
Poland it is 1.7%. Achievement of the goal will be possible in
the event of member states fulfilling the obligations they took
on. In 2017, the share of internal expenditure on research and
development in GDP in Poland was 1.03%. Achieving the 3%
level for the Community will be very difficult because in 2017
the highest level of the indicator was reached in Sweden and
amounted to 3.4%. Without an increase in funding for R&D

in a turbulent and uncertain environment and in the context
of globalization, the European Union will not be able to be-
come a leader and compete with the economies of other de-
veloped countries (Greene, 2001; Gupta & Grubb, 2000). Due
to the current situation, the trends shaping the analyzed indi-
cators may be distorted. During the pandemic, the lockdowns
mainly reduced greenhouse gas emissions, as well as primary
energy consumption. The mobility of citizens of many coun-
tries has been limited, the level of production in some indus-
tries has been temporarily limited, and the demand for ser-
vices has decreased. However, the downward trends observed
are unlikely to be sustained. After the pandemic, emissions
and energy consumption are likely to return to their previous
levels or increase due to the need to rebuild the economy and
compensate the incurred losses.
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Analiza postepow realizacji Strategii Europa 2020 w zakresie zmian klimatu i zréwnowazonego

wykorzystania energii w Polsce

Artykut przedstawia refleksje na temat realizacji Strategii Europa 2020 dla Polski. Strategia obejmuje pie¢ obszaréw, tj. badania
i rozwdj, edukacje i szkolnictwo wyzsze, ograniczanie ubdstwa i wykluczenia spolecznego, zatrudnienie oraz energig i klimat,
ktére zostaly poddane analizie w niniejszym artykule. Poniewaz zapisy strategii powinny by¢ juz zrealizowane, konieczna jest dzis
weryfikacja postepu prac, a takze porownanie osiggniec z zatozonym planem. Aby méc ocenic postepy w realizacji planu strategicznego,
konieczne jest wyznaczenie wskaznikéw, ktore pozwolg okresli¢, czy prowadzone dzialania ulatwiajg osiggniecie celéw, czy tez nalezy
je skorygowal. W tym celu autorzy postuzyli sig 4 wskaznikami. Aby méc prognozowad, kiedy Polska osiggnie wyznaczone wartosci
do 2022 r., autorzy skonstruowali modele matematyczne, za pomocg ktorych prognozowano wartosci wskaznikéw. Uzyskane wyniki
zostaly podsumowane i zidentyfikowano $rodki zaradcze, ktére mogg poméc wyeliminowacé wykryte nieprawidtowosci. Pomysine
wdrozenie strategii bedzie miato znaczgcy wplyw na zapewnienie bezpieczeristwa energetycznego Polski i zrownowazonego rozwoju
srodowiska.

Stowa kluczowe: zmiany klimatu, Europe 2020 Strategy, zréwnowazona energia, model ARIMA
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Abstract

This article analyses the current situation and processes of structural transformations in Ukraine's natural gas sector, particularly in
its western region. The constant existence of violations of the market balance between supply and demand has necessitated reforms in
the gas sector of Ukraine and its regions. From the standpoint of the unconditional importance of gas distribution companies in the
structure formation and functioning of the gas sector of the state, the relevance of the proper functioning of natural gas distribution
networks among consumers in times of war and political and economic crises will help reduce the level of potential risks, as well
as ensure the integrity of the liberalized natural gas distribution system as a whole. The methods implemented in the process of
analysing the level of efficiency of regional gas distribution systems include the methodology of expert assessments, which allowed for
a generalized assessment of the expected results, contributed to the unification of existing approaches that reflect the level of economic
and market efficiency, innovation activity, and financial stability of gas distribution companies. During the study, it was possible
to identify the level of need for comprehensive measures, including several actions-analysis of the institutional environment of the
Western Ukrainian natural gas distribution market, which includes the following joint stock companies: "Volynhaz", "Rivnehaz”,
"Ivano-Frankivskhaz", "Ternopilhaz", "Lvivhaz", "Zakarpathaz", "Hemlnytskhaz", "Chernivtsihaz". As a result of the study, it was
possible to find out that the level of supply from Western Ukrainian gas distribution companies is regularly changing; Joint stock
company "Zakarpathaz" can be considered the most promising and competitive; at the same time, Joint-stock company "Ternopilhaz"
is characterized by the lowest level of its professional activity.

Keywords: gas distribution, management of gas distribution enterprises, economic and business indicators of efficiency, distribution

efficiency, western Ukraine

1. Introduction

The national gas environment has been undergoing system-
ic structural transformation processes in the last two decades.
Chronic misbalances between the supply of gas resources and
the decline in aggregate demand that had been maturing for a
long time and came to the surface have generated the reforming
of the gas market within the regional structural units. From the
viewpoint of the importance of functioning of the gas distribu-
tion network entities that are operating in total instability and
political-economic crises, the institutional order will help to re-
duce the level of imbalance on the regional gas market, predict
retrospective institutional development in the long run, foster
investment, and promote integrity and accessibility of liberal-
ized gas distribution system of the region in general.

Functional problems with regional gas distribution mar-
kets have been the subject of domestic and foreign research
for a long time. Namely, such researchers as S. Hrubyak, M.
Korotia, N. Linchvska, O. Pavlova, and K. Pavlov [1-3] have
contributed significantly to the development of theoretical
and practical aspects of regional gas distribution markets.

Innovative issues of development at the gas distribution
companies in the context of their competitiveness increase
are addressed in the studies of M. Korotia, V. Kupchak, O.
Novosad, O. Shandrivska, L. Horal, S. Korol, O. Dzyoba [4-6].
One way to assess competitiveness is by analyzing the market
share of each gas distribution company in Western Ukraine.
A higher market share generally indicates a more competitive
position. [5, 7, 8]. It is necessary to note, that Ukraine has
significant renewable energy potential, particularly in solar,
wind, and biomass resources. The South-Eastern region is
known for its favorable conditions for solar and wind ener-
gy production. [8, 9]. However, withdrawal the fossil power
generating sources is impossible [10, 11]. It is necessary to
use different technical and technological approaches to the
management of non-renewable energy sources and do it at an
economically feasible level [12, 13].

Institutional aspects of entrepreneurship development in
gas distribution enterprises refer to the various structures,
policies, and support mechanisms put in place by govern-
ments, organizations, and societies to foster and encourage
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Tab. 1. Relative indicators of assessment of property status and efficiency of property use for the gas distribution companies in the Western Region of
Ukraine, 2017-2021
Tab. 1. Wzgledne wskazniki oceny stanu nieruchomoféci i efektywnosci wykorzystania nieruchomoéci dla spétek dystrybucji gazu w zachodnim
regionie Ukrainy, 2017-2021

Regional
gas Fixed assets Fixed assets Mobility Capital and Capital Capital Capital-labor
Year distribution operability depreciation rate current assets productivity intensity ratio (Rcl)
network ratio (Rfao) ratio (Rfad) (Rmob) ratio (Rcca) (CapProd) (Caplnt)
operator
2017 0,532 0,388 0,566 0,884 1,379 0,500 191,325
2018 0,729 0,421 0,822 3,147 6,093 0,176 327,245
2019 AT Volynhaz' 0,554 0,341 0,635 2,267 5,779 0,206 261,763
2020 0,640 0,433 0,499 1,172 4,588 0,199 237,422
2021 0,648 0,385 0,469 1,269 3,694 0,213 307,122
2017 0,586 0,418 0,580 1,751 6,139 0,143 151,978
2018 AT 0,513 0,477 0,924 4,177 11,670 0,106 210,741
2019 Zakarpathaz’ 0,577 0,379 0,876 2,872 1,283 0,768 179,692
2020 0,477 0,473 0,646 1,588 1,513 0,736 172,472
2021 0,439 0,459 0,672 1,758 0,997 0,779 276,081
2017 0,464 0,424 0,611 2,189 5,128 0,252 100,124
2018 AT 0,502 0,399 0,854 5,316 9,090 0,120 87,917
2019 | AL 0,583 0,549 0,401 1,119 1,800 0,741 76,128
2020 0,515 0,427 0,179 0,249 1,566 0,704 169,812
2021 0,571 0,514 0,313 0,328 1,040 0,660 173,979
2017 0,639 0,498 0,708 1,600 3,322 0,223 178,508
2018 0,476 0,436 0,849 3,329 7,333 0,116 197,298
2019 AT ‘Lvivhaz’ 0,507 0,000 0,878 4,354 10,163 0,099 175,144
2020 0,528 0,000 0,783 2,363 8,190 0,111 218,926
2021 0,584 0,560 0,636 2,507 6,388 0,186 264,870
2017 0,540 0,387 0,622 1,835 3,797 0,229 175,693
2018 0,480 0,396 0,816 3,156 7,955 0,139 171,319
2019 AT Rivnehaz' 0,626 0,462 0,893 3,309 7,439 0,109 180,403
2020 0,462 0,471 0,714 1,659 6,369 0,112 163,816
2021 0,529 0,537 0,493 1,331 4,372 0,196 271,208
2017 0,489 0,419 0,337 0,585 3,507 0,307 105,055
2018 AT 0,623 0,394 0,392 0,854 1,564 0,556 138,425
2019 “Temopihaz 0,465 0,480 0,407 0,984 1,518 0,537 133,446
2020 0,634 0,548 0,273 0,516 1,444 0,622 139,865
2021 0,512 0,412 0,359 0,728 1,032 0,964 159,358
2017 0,741 0,341 0,579 1,161 2,688 0,368 167,643
2018 AT 0,561 0,382 0,831 1,989 6,121 0,210 265,253
2019 Hrrel , 0,763 0,419 0,298 0,503 4,732 0,195 238,960
2020 0,511 0,348 0,503 1,510 4,899 0,206 247,303
2021 0,600 0,410 0,479 0,996 3,705 0,241 282,562
2017 0,531 0,430 0,606 1,487 3,972 0,305 216,668
2018 AT 0,666 0,468 0,750 3,101 5,930 0,129 198,118
2019 |\ ivtsihaz’ 0,648 0,425 0,271 0,563 6,626 0,142 223,456
2020 0,468 0,430 0,322 0,490 6,438 0,150 202,141
2021 0,586 0,558 0,379 0,452 6,445 0,186 195,678
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Fig. 1. Capital-labor ratio (Rcl) in years 2017-2021
Rys. 1. Stosunek kapitatu do pracy (Rcl) w latach 2017-2021

entrepreneurial activities. These institutional aspects play a
crucial role in shaping the environment within which entre-
preneurs operate and can significantly impact the success and
growth of entrepreneurial ventures. [12-14].

Meanwhile, the gap in a scientific and practical combi-
nation of institutional theory with practical terms of mod-
ernization of the gas distribution companies in the Western
Region of Ukraine (GDCWRU) hasn’'t been eliminated yet.
Ultimately, the hypothesis of stimulating the institutions of
the gas distribution networks in the Western Region that gen-
erate the respective gas distribution environment should be
developed, blending fragmentation and implementation of
classical market theories on the systemic meso-economic lev-
el. The efficiency, reliability, and security of gas distribution
will depend on that.

2. Theoretical background

Present conditions of market enhancement are charac-
terized by the planned and intersectoral instability and they
form the projected scenario of activity of the gas distribution
companies in the region.

The dynamics of economic processes and their efficiency
plays a crucial role in the implementation of the gas distribu-
tion companies’ development strategy and the generation of
their innovative and competitive ability. In a certain manner,
it creates the framework for the efficient activity of regional
gas distribution companies in the Western Region and is the
mandatory basis for the most efficient institutional plane of
their functioning [15-16].

The methods stipulating the methodologies of expert
assessments that show the grounds for subjective evalua-
tion and expected positive results constitute the dominat-
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Tab. 2. Relative indicators of the analysis of the gas distribution companies’ liquidity in the Western region of Ukraine in 2017-2021
Tab. 2. Wzgledne wskazniki analizy ptynnosci spétek dystrybucji gazu w zachodnim regionie Ukrainy w latach 2017-2021

Year | Regional gas distribution network operator CF&ZiC:e':’:)'O Quick ratio (Rquick) Cash ratio (Rcash)
2017 0.676 0.673 0.012
2018 0.841 0.840 0.013
2019 AT ‘Volynhaz' 0.709 0.704 0.007
2020 0.425 0.409 0.010
2021 0.354 0.348 0.023
2017 0.939 0.796 0.021
2018 0.358 0.326 0.013
2019 AT *Zakarpathaz’ 0.267 0.265 0.009
2020 0.567 0.555 0.031
2021 0.367 0.361 0.010
2017 0.837 0.828 0.021
2018 0.903 0.872 0.076
2019 AT ‘Ivano-Frankivskhaz’ 0.706 0.611 0.032
2020 0.230 0.194 0.037
2021 0.182 0.159 0.017
2017 0.940 0.868 0.057
2018 0.921 0.890 0.015
2019 AT *Lvivhaz’ 0.781 0.775 0.009
2020 0.490 0.477 0.009
2021 0.442 0.422 0.030
2017 0.872 0.888 0.046
2018 0.903 0.884 0.030
2019 AT ‘Rivnehaz’ 0.871 0.873 0.010
2020 0.589 0.596 0.029
2021 0.425 0.459 0.030
2017 0.527 0.459 0.010
2018 0.567 0.526 0.006
2019 AT ‘Ternopilhaz’ 0.553 0.515 0.008
2020 0.281 0.238 0.009
2021 0.234 0.169 0.006
2017 1.003 0.985 0.025
2018 0.967 0.919 0.036
2019 AT ‘Hmelnytskhaz’ 0.894 0.877 0.056
2020 0.583 0.585 0.013
2021 0.407 0.407 0.026
2017 0.514 0.515 0.046
2018 0.700 0.706 0.031
2019 AT *Chernivtsihaz’ 0.248 0.227 0.005
2020 0.164 0.138 0.012
2021 0.134 0.120 0.010

Current ratio (Rcurrent)
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Fig. 2. Cash ratio (Rcash) in years 2017-2021
Rys. 2. Wskaznik gotowki (Rcash) w latach 2017-2021

ing approach in the analysis of performance of the regional
natural gas distribution markets [16, 17]. By using Monte
Carlo simulation and forming theorems of data analyses,
decision-makers in the natural gas industry can gain a bet-
ter understanding of the uncertainties involved and make
more informed and robust decisions regarding explora-
tion, production, pricing, investment, and environmental
planning [18, 19]. Important part of the natural gas man-
agement is also comparison of its processing with syn-gas.
Gasification converts solid carbon-based materials into
syngas, while natural gas distribution involves transporting
and delivering natural gas to end-users for various energy
applications. Both processes play vital roles in the overall
energy supply chain and contribute to meeting global ener-
gy needs [20, 21]. The syn gas is the transforming the solid
state of coal to gaseous state. Both natural gas processing
and hard coal processing are essential for ensuring the sup-
ply of usable energy sources. Natural gas processing helps

remove impurities to meet safety and quality standards,
while hard coal processing enhances the energy content
and reduces environmental impacts associated with coal
combustion [22].

Consistent competitive escalations on national and re-
gional markets of natural gas distribution continuously in-
crease the level of innovative activity of the gas distribution
companies and digital transformation and foster the improve-
ment of political resilience against domestic and external
threats, thus securing the highest efficiency level of the insti-
tutional environment they operate in [23].

Existing methodological approaches to determining the
rate of performance and innovative activity of companies and
organizations offered by prominent researchers have promot-
ed the unification of approaches that represent the objective
level of economic activity, financial resilience of a company,
and its innovative activity [24, 25].
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Tab. 3. Relative indicators of the gas distribution companies’ profitability in the Western Region of Ukraine in 2017-2021

Tab. 3. Wzgledne wskazniki rentownosci spétek dystrybucji gazu w zachodnim regionie Ukrainy w latach 2017-2021

Rggio_nal gas Capital Equity
Year distribution Return on Returp on Return on Return.on payback payback
network assets equity sales margin . 3
period period
operator
2017 -0.154 -90.687 0.145 -0.164 -6.491 -0.011
2018 -0.003 -0.351 0.037 -0.003 -297.226 -2.852
2019 AT *Volynhaz’ -0.134 0.897 0.012 -0.090 -7.444 1.115
2020 -0.284 0.574 -0.057 -0.137 -3.522 1.744
2021 -0.135 0.199 -0.100 -0.071 -7.413 5.017
2017 -0.199 -1.203 -0.081 -0.122 -5.032 -0.831
2018 AT -0.015 -0.146 0.045 -0.025 -66.436 -6.831
2019 *Zakarpathaz’ -0.001 0.021 0.051 -0.017 -709.267 47.958
2020 -0.457 1.605 -1.110 -0.511 -2.188 0.623
2021 -0.666 0.714 -1.402 -0.790 -1.501 1.401
2017 -0.199 -1.203 -0.081 -0.122 -5.032 -0.831
2018 AT ‘Ivano- -0.015 -0.146 0.045 -0.025 -66.436 -6.831
2019 Frankivskhaz’ -0.001 0.021 0.051 -0.017 -709.267 47.958
2020 -0.457 1.605 -1.110 -0.511 -2.188 0.623
2021 -0.666 0.714 -1.402 -0.790 -1.501 1.401
2017 -0.125 -1.228 -0.072 -0.090 -8.029 -0.814
2018 0.000 0.000 0.046 0.000 545.235 33.027
2019 AT ‘Lvivhaz’ -0.030 -0.154 0.015 -0.043 -32.842 -6.505
2020 -0.409 2.905 -0.270 -0.321 -2.448 0.344
2021 -0.631 0.840 -0.696 -0.478 -1.584 1.191
2017 -0.112 -1.017 -0.101 -0.083 -8.918 -0.983
2018 -0.008 -0.160 0.040 -0.006 -122.283 -6.235
2019 AT 'Rivnehaz’ -0.037 -2.992 0.013 -0.027 -26.791 -0.334
2020 -0.255 1.107 -0.046 -0.106 -3.924 0.904
2021 -0.212 0.451 -0.037 -0.097 -4.723 2.217
2017 -0.113 -0.331 -0.007 -0.059 -8.885 -3.017
2018 -0.126 -0.794 -0.039 -0.131 -7.962 -1.260
2019 | AT ‘Ternopilhaz’ -0.053 -0.495 0.027 -0.063 -18.885 -2.018
2020 -0.402 2.446 -0.284 -0.386 -2.489 0.409
2021 -0.734 0.803 -1.031 -0.606 -1.363 1.246
2017 -0.03 -0.08 -0.03 -0.03 -29.02 -12.93
2018 AT -0.01 -0.04 0.05 0.00 -187.52 -25.87
2019 | . . -0.21 -0.68 0.02 -0.06 -4.72 -1.48
2020 | Hmelnytskhaz -0.25 1.40 -0.03 0.12 -4.08 0.72
2021 -0.22 0.54 -0.10 -0.12 -4.49 1.86
2017 -0.221 1.370 -0.092 -0.136 -4.532 0.730
2018 AT -0.029 0.232 0.017 -0.019 -34.241 4.308
2019 | heibat 0.491 -1.123 -0.005 0.101 2.037 -0.890
2020 | Chernivtsihaz 0.961 -1.042 -0.069 0.182 1.040 -0.959
2021 -0.955 0.565 -0.255 -0.244 -1.047 1.771

3. Research objective, methodology and data

In the course of our scientific research, we have detected the
need to implement the complex approach of a range of measures
with further orientation on foreign and domestic approaches
to the analysis of the institutional environment of the Western
regional market of natural gas distribution and eight gas distri-
bution network operators functioning on it, including [26-29]:
AT “Volynhaz’ - 7 customer service centers (CSCs) located
in Lutsk, Kovel, Kamin-Kashyrskyi, Volodymyr Volynskyi,
Ratne, Kivertsi, Horohiv;
AT ‘Rivnehaz’ - 6 CSCs located in Rivne, Zdolbuniv, Sarny,
Dubno, Berezne, Kostopil;
AT ‘Ivano-Frankivskhaz’ — 6 CSCslocated in Ivano-Frankivsk,
Kalush, Kolomyya, Nadvirna, Dolyna, Snyatyn;
AT ‘Ternopilhaz’ - noCSCs;
AT ‘Lvivhaz’ - 5 CSCs located in Lviv, Sambir, Czervonohrad,
Stryi, Pustomyty;
AT “Zakarpathaz’ — 4 CSCs located in Uzhorod, Mukachevo,
Hust, Svalyava;
AT ‘Hemlnytskhaz - 11 CSCs located in Hmelnytskyi,
Kamyanets-Podilskyi, Slavuta, Volochysk, Izyaslav, Krasyliv,
Starokostyantyniv, Bilohirya, Horodok, Polonne, Yarmolyntsi;
AT ‘Chernivtsihaz’ - 3 CSCs located in Chernivtsi, Kitsman,
Sokyryany.

It is worth considering the fact that the markets of the nat-
ural gas distribution in Ukraine and its regions are formed on
market monopoly grounds controlled directly by the National
Commission for State Regulation of Energy and Public Utili-
ties (NKREKP). Its competencies sometimes fail to meet the
corporate policy of avoiding the threats of sectoral function-
ing. Therefore, the issue should be addressed in more detail
based on the researched parameters, including [30, 31]:

Relative indicators of assessment of a company’s property sta-
tus and efficiency of the property use. This group includes 7 main
coefficients. Their main characteristics are outlined below [32]:

- fixed assets operability ratio (Rfao) is intended to detect
the share of fixed assets suitable for exploitation, which di-
rectly impacts the gas distribution company’s performance. It
is calculated the following way:

Residual value of fixed assets

Rfao =

Original cost of fixed asssets (1)

- fixed assets depreciation ratio (Rfad). It shows the cost
of fixed assets written off as operating expenditures in pre-
vious periods. Meanwhile, the growing depreciation rate is a
negative trend because the rate <0.5 is considered optimal. It
is calculated the following way:

Fixed assets depreciation

Rfad = Original cost of fixed assets’ (2)

- mobility ratio (Rmob). It indicates how quickly a com-
pany can change the structure of its assets not losing their
cost. The higher is the rate the better is the situation for the

company. It is calculated the following way:

Current assets

Rmob = , (3)

Assets

- capital and current assets ratio (Rcca). It characterizes

the level of a company’s accounting liquidity that directly im-
pacts its performance. It is calculated the following way:

Current assets

Rcca = (4)

Capital assets ’

- capital productivity (CapProd) describes the level of
business activity of a company in the context of fixed assets
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Fig. 3. Capital payback period in years 2017-2017
Rys. 3. Okres zwrotu kapitatu w latach 2017-2017

use efficiency. To put it differently, the rate determines the
volume of services granted per monetary unit (hryvnya) of fi-
nancial resources invested in fixed assets. Regarding the stan-
dard value, there is no specific figure, ‘yet, the rate should be
compared to those of the competitors™ [33].

Net sales

CapProd = (5)

Residual value of fixed assets’

- capital intensity (CapInt) is the reverse indicator to cap-
ital productivity that shows the amount of fixed assets spent
per unit of output/provided services. Meanwhile, the trend
towards the decrease in the coefficient value is considered
positive. It is calculated the following way:

Residual value of fixed assets (6)

CapiInt =

Net sales ’

— capital-labor ratio (Rcl). It characterizes the cost of fixed
production assets per employee at the company. Basically, it
is the indicator of fixed assets use efficiency that determines
the level of labor equipment with fixed production assets. It is
calculated the following way:
Residual value of fixed assets

Rcl =

- Average number of regular employees’

7)

Relative indicators of analysis of a company’s liquidity.

This group of indicators demonstrates the ability of a gas
distribution company to quickly convert assets to money.
They include the quick ratio (Rquick), current ratio (Rcur-
rent), and cash ratio (Rcash).

- quick ratio (Rquick). This indicator characterizes the
possibility to cover the liabilities of a gas distribution com-
pany by liquid assets. The optimal coefficient value ranges
within0.7-1.

Cash+ current financial investment-+promissory notes received-+accounts receivable

Rquick = )

(8)

- current ratio (Rcurrent). It is the indicator of a compa-

Current liabilities

ny’s financial capacity to cover its current liabilities by current
assets. Therefore, the main designation of this indicator is to
demonstrate the availability of hryvnyas of current assets per
each monetary unit of current liabilities. The standard value
of this indicator should be 1-3.

Current assets+Capital assets for sale
Rcurrent =

Current liabilities

' )

- cash ratio (Rcash). It provides an overall assessment
of assets liquidity, showing what share of current liabilities a
company can cover by the realization of its entire current as-
sets, including inventories.

The coefficient within 0.1-0.2 is the standard value. A low
value of the coefficient proves that a company fails to prompt-
ly repay debts if necessary. Meanwhile, high value testifies to
the problems in the company and is an indicator of an ineffi-
cient strategy of financial resources management. The indica-
tor is calculated the following way:

Cash+Current financial investment (10)
s

Rcash =

Current liabilities

Relative indicators of a company’s profitability.

Profitability is the main indicator of a company’s per-
formance because it shows the level of return on assets and
equity use. It is worth singling out the following profitability
indicators:

- return on assets (ROA). The indicator shows the income
per hryvnya of assets. There is no standard value but the high-
er is the rate the better a gas distribution company manages
its assets:

ROA = (11)

- return on equity (ROE). The coefficient shows how
much hryvnyas of profits brings one hryvnya of equity. It is
calculated the following way:

ROE = Xeeome, (12)
Equity

- return on sales (ROS). The indicator helps to assess the
efficiency of services and output realization by gas distribu-
tion companies. The higher is the rate the more successful is
the company in its activity. It is calculated the following way:

ROS = Grossprafit’ (13)
Revenues
- return on margin (ROM). It describes the ratio of profits
from sales of output/provision of services of the gas distri-
bution companies against the incurred production costs. A
higher value of the indicator is positive for a company:

Gross profit

ROM = Cost of goods sold’ (14)
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Tab. 4. Relative indicators of business activity of the gas distribution companies in the Western Region of Ukraine in 2017-2021
Tab. 4. Wzgledne wskazniki dziatalnoéci spotek dystrybucji gazu w zachodnim regionie Ukrainy w latach 2017-2021

v _ Regignal gas Total asset_ Equity C:Sr:?t Receivables_ /;cac;:';tes
ear | distribution network | turnover ratio | . . turnover ratio ;
urnover ratio turnover turnover ratio
operator (ATR) ratio (RTR) (ARTR)

2017 0.816 480.127 1.609 1.643 1.268
2018 1.325 138.047 1.801 1.831 1.466
2019 AT *Volynhaz’ 1.507 -10.058 2.110 2.146 1.487
2020 1.963 -3.964 3.351 3.571 1.518
2021 1.717 -2.537 3.258 3.544 1.282
2017 1.509 9.136 2.262 2.741 2.323
2018 0.632 6.146 2.049 2.343 0.703
2019 AT *Zakarpathaz’ 0.088 -1.308 0.320 0.332 0.081
2020 0.424 -1.487 0.661 0.715 0.803
2021 0.351 -0.376 0.535 0.558 0.477
2017 1.289 12.707 1.819 1.887 1.658
2018 AT ‘Ivano- 1.581 26.097 1.933 2.196 1.684
2019 Frankivskhaz’ 0.717 3.619 1.466 1.789 1.065
2020 1.004 -7.137 4.491 6.604 1.388
2021 0.778 -1.035 2.681 3.424 0.859
2017 1.310 5.588 1.976 2.291 2.007
2018 1.408 13.698 1.773 1.866 1.566
2019 AT 'Lvivhaz’ 1.513 -22.375 1.868 1.905 1.439
2020 2.128 -4.037 2.920 3.063 1.496
2021 1.417 -2.205 2.054 2.318 1.058
2017 1.226 11.122 1.849 1.917 1.786
2018 1.343 26.338 1.686 1.783 1.465
2019 AT ‘Rivnehaz’ 1.401 112.279 1.744 1.760 1.504
2020 2.300 -9.990 3.471 3.608 2.224
2021 2.112 -4.499 3.762 3.723 1.816
2017 1.904 5.608 5.470 6.423 3.131
2018 0.923 5.833 1.936 2.110 1.145
2019 AT ‘Ternopilhaz’ 0.861 8.058 1.743 1.902 2.686
2020 0.811 -4.936 2.476 3.045 0.919
2021 0.596 -0.652 1.333 1.914 0.644
2017 1.157 2.597 2.211 2.308 2.326
2018 1.261 9.139 1.783 1.951 1.653
2019 AT *Hmelnytskhaz’ 3.371 10.733 10.159 11.069 9.352
2020 1.927 -10.957 3.344 3.408 2.035
2021 1.706 -4.106 3.481 3.713 1.593
2017 1.489 -9.240 2.670 2.922 1.510
2018 1.590 -12.635 2.105 2.183 1.454
2019 AT *Chernivtsihaz’ 4.859 -11.118 14.875 16.562 3.735
2020 4.929 -5.343 16.644 21.584 2.948
2021 3.121 -1.845 9.035 10.942 1.527

- equity payback period (EPP). The coefficient helps to ETR = Netsales, (18)

Equity

determine the time needed to compensate the equity with

profits. The lower is the value the more efficient is the com- - current asset turnover ratio (CATR).It shows the num-

pany: ber of turnovers of current assets in a certain period and the
} amount of net sales per one hryvnya of current assets.
Equity
EPP = Net income’ (15)
CATR = Net sales (19)

Current assets’

— capital payback period (CPP).If to consider this coefhi-

cient, it characterizes the time needed to compensate all the

capital of a gas distribution company (including invested cap-

ital) with the net income of the company.
Balance

CPP =

Net income’

(16)

Relative indicators of business activity.

It is worth mentioning that business activity is the com-
plex characteristics of a company that determines its place on
the market, describes the system of business relations, and
characterizes the gas distribution company’s image and inno-
vative-investment activity, etc. Therefore, in our opinion, the
following indicators should be considered to estimate com-
petitiveness:

- total asset turnover ratio (ATR). The coefficient shows
the intensity of a company’s total capital turnover. The fact of
growing current assets on condition of the company’s profit-
ability is a positive trend.

ATR = 222 (17)

- equity turnover ratio (ETR). The coeflicient indicates
the intensity of a company’s equity turnover. Growing dynam-
ics is considered positive.

- receivables turnover ratio (RTR).It shows how much the
revenue exceeds the accounts receivable. The growing value
of this indicator confirms the fact of sales with the possibility
of deferred payment by the cost of agreements and deadlines
as well as improving payment discipline. Therefore, the fact of
dynamic growth of the indicator’s value is positive.

Net sales
RTR = i ccnss recetvatie’ (20)

- accounts payable turnover ratio (ARTR). It shows in
quantitative terms how often the debt occurs over a certain
period for a gas distribution company, which is subsequent-
ly covered by the latter. The growing value of this indicator
(coefficient) can prove the fact of improving fulfillment of
payment obligations in the process of interaction with budget
organizations, creditors, and suppliers, or declining purchases
with deferred payment.

ARTR = T (21)

Relative indicators of financial resilience. This group of
indicators demonstrates the dependence of a company’s fi-
nancial risks on borrowed capital. In particular, it means that
financial resilience indicators show the company’s ability to
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Fig. 4. Accounts payable turnover ratio (ARTR) in years 2017-2021
Rys. 4. Wskaznik rotacji zobowiazan (ARTR) w latach 2017-2021

react to the external and internal environment without de-
creasing the financial and production effects of the activity.

- autonomy ratio (coefficient of financial independence)
(AR). It reflects the share of a company’s assets generated by
its equity. The critical value of the coefficient is 0.5.
AR = Equity

Balance’

(22)

- financial dependence ratio (FDR). The indicator is in-
versely proportional to the autonomy ratio. If the indicator
grows, the share of borrowed financial resources gains impor-
tance, which confirms the loss of financial independence by a
gas distribution company. The value <2 is considered optimal
for this indicator. If the coeflicient falls to 1, it can be assumed
that the company’s operation is secured only due to owners’

resources.
Balance
FDR = ity (23)

- leverage ratio (financial risk coefficient) (LR). The coef-
ficient shows the ratio between borrowed funds and equity. It
constitutes the generalized assessment of the financial resil-
ience of a gas distribution company because it demonstrates
the amount of borrowed funds against a unit of equity.

Debt

LR = ==
Equity

(24)

- solvency ratio (coverage coeflicient) (SR). When char-
acterizing a company’s solvency, it is necessary to use the sol-
vency coeflicient (coverage coeflicient). It shows a gas distri-
bution company’s ability to cover debts by equity:

_ Equity
~ Debt

SR

> (25)

- self-financing ratio (SFR). It indicates whether a gas
distribution company has enough operating capital to secure
funding of its needs in the process of current activity.

Operating capital

SFR = \ (26)

Balance

- debt-to-equity ratio (D/E). It shows the share of balance
assets created by reliable and stable funding sources.

Debt
b/E = Equity’ 27)

Relevant indicators of regional market (region/total rate
for Ukraine). In our opinion, the positions and features of a
region against the national market in Ukraine should be con-
sidered to evaluate the key positions of a regional operator of
gas distribution networks on the natural gas market. It elim-
inates the scale effect on the market and helps to adequately
assess the indicators of each regional natural gas distribution
market. The relevant indicators of regional market are listed
below.

The specific quantity of households applying for subsidies
to buy liquefied gas or solid or liquid household fuel. The spe-
cific quantity of households with assigned subsidies to buy
liquefied gas or solid or liquid household fuel [34, 35].

The specific quantity of households having received subsi-
dies to buy liquefied gas or solid or liquid household fuel. The
specific weight of the sum of assigned subsidies to buy lique-
fied gas or solid or liquid household fuel by the type of area,
total (in urban and rural areas separately). The ratio of the av-
erage size of assigned subsidies to buy liquefied gas or solid or
liquid household fuel in a region and Ukraine (in urban and
rural areas separately). The specific weight of the sum of re-
ceived subsidies to buy liquefied gas or solid or liquid house-
hold fuel in a region (in urban and rural areas separately). The
length of the gas distribution system in an oblast against the
national rate (across the type of ownership). Capital invest-
ment by the types of industrial activity, gas, electricity, steam,
and air conditioning supply against the total amount in an
oblast, %. The growth rate of the cost and income from natural
gas. The growth rate of the cost and income from liquefied gas.

Results and discussion

Based on the methodological approaches, the integral
indicator of the “performance” of regional gas distribution
companies under research (natural gas distribution opera-
tors) was calculated.

At the first research stage, the system of analytical indi-
cators necessary to perform further calculations was select-
ed and analyzed. For this purpose, a broad range of statis-
tical and financial information regarding the activity of gas
distribution companies in the Western Region of Ukraine in
2017-2021was systematized [36-41]. For data processing, ap-
proaches were applied, which were used by authors for ana-
lyzing the economic and technical parameters in the opera-
tion of mining enterprises [42].
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Tab. 5. Relative indicators of financial resilience of the gas distribution companies in the Western Region of Ukraine in 2017-2021

Tab. 5. Wzgledne wskazniki odpornosci finansowej spétek dystrybucji gazu w zachodnim regionie Ukrainy w latach 2017-2021

Regional gas

Year distribution Autonpmy dz‘;::g::c Leverlage Solvgncy finsailgng Defbt-to».
network ratio e ratio ratio ratio ratio equity ratio
operator

2017 0.002 588.633 587.633 0.002 -0.243 0.250

2018 0.010 104.206 105.206 0.010 -0.120 0.144

2019 AT *Volynhaz’ -0.150 -6.675 -7.675 -0.130 -0.293 -0.007

2020 -0.495 -2.020 -3.020 -0.331 -0.791 -0.377

2021 -0,677 -1,478 -2,478 -0,404 -0,962 -0,489

2017 0,165 6,054 5,054 0,198 -0,043 0,290

2018 AT 0.103 9.726 8.726 0.115 0.049 0.137

2019 “Zakarpathaz’ -0.068 -14.789 -15.789 -0.063 -0.123 -0.037

2020 -0.285 -3.512 -4.512 -0.222 -0.489 -0.130

2021 -0.933 -1.071 -2.071 -0.483 -1.133 -0.790

2017 0.101 9.861 8.861 0.113 -0.138 0.153

2018 AT ‘Ivano- 0.061 16.509 15.509 0.064 -0.088 0.095

2019 Frankivskhaz’ 0.198 5.049 4.049 0.247 -0.204 0.307

2020 -0.141 -7.110 -8.110 -0.123 -0.748 0.029

2021 -0.752 -1.330 -2.330 -0.429 -1.305 -0.596

2017 0.234 4.265 3.265 0.306 -0.042 0.295

2018 0.103 9.726 8.726 0.115 -0.068 0.137

2019 AT “Lvivhaz’ -0.068 -14.789 -15.789 -0.063 -0.227 -0.037

2020 -0.527 -1.897 -2.897 -0.345 -0.757 -0.486

2021 -0.643 -1.556 -2.556 -0.391 -0.870 -0.560

2017 0.110 9.072 8.072 0.124 -0.097 0.240

2018 0.051 19.612 18.612 0.054 -0.086 0.118

2019 AT ‘Rivnehaz’ 0.012 80.161 79.161 0.013 -0.119 0.078

2020 -0.230 -4.343 -5.343 -0.187 -0.462 -0.124

2021 -0.469 -2.130 -3.130 -0.319 -0.761 -0.322

2017 0.340 2.945 1.945 0.514 -0.312 0.340

2018 0.158 6.318 5.318 0.188 -0.365 0.158

2019 | AT ‘Ternopilhaz’ 0.107 9.357 8.357 0.120 -0.399 0.107

2020 -0.164 -6.087 -7.087 -0.141 -0.724 -0.164

2021 -0.914 -1.094 -2.094 -0.478 -1.467 -0.914

2017 0.446 2.245 1.245 0.803 0.001 0.478

2018 AT 0.138 7.250 6.250 0.160 -0.024 0.269

2019 ‘Hmelnytskhaz’ 0.314 3.184 2.184 0.458 -0.039 0.629

2020 -0.176 -5.687 -6.687 -0.150 -0.413 0.011

2021 -0.415 -2.407 -3.407 -0.294 -0.714 -0.204

2017 -0.161 -6.208 -7.208 -0.139 -0.528 -0.085

2018 AT -0.126 -7.949 -8.949 -0.112 -0.324 -0.079

2019 \Chernivtsihaz’ -0.437 -2.288 -3.288 -0.304 -0.985 -0.320

2020 -0.922 -1.084 -2.084 -0.480 -1.511 -0.807

2021 -1.692 -0.591 -1.591 -0.628 -2.242 -1.588

For example, if we analyze relative indicators of property
status and efficiency of property use, the component remains

~

to be rather negative (Tablel).

Fixed assets operability ratio (Rfao). According to Table 1,
the indicator is within the optimal range (over 0.5), showing
the overall satisfactory condition of fixed assets of gas distri-
bution companies. For example, AT ‘Hemlnytskhaz’ had the
highest coefficient in 2019 (0.621), although it decreases an-
nually.

Fixed assets depreciation ratio (Rfad). The coefficient is
in inverse proportion to the fixed assets operability ratio. The
calculations show that the situation is the best for AT ‘Heml-
nytskhaz’ (0.379).

Mobility rate (Rmob). The coefficient is rather high for
AT ‘Lvivhaz’ against other oblast gas companies. Meanwhile,
it remains low for AT ‘Ivano-Frankivskhaz’ (0.279).

Capital and current assets ratio (Rcca) is about the same for
all oblast gas companies, yet, it is characterized by instability.

Capital productivity (CapProd). As it was already men-
tioned in the methodology, the best situation in terms of cap-
ital productivity among the gas distribution companies is for
Lvivhaz, where the value of the indicator is6.046, meaning
that each hryvnya invested in fixed assets brings over 6 UAH
of output or provided services. Meanwhile, the performance
in terms of using the property of AT ‘Zakarpathaz’ and AT
‘Ternopilhaz’ is quite low: the capital productivity coefficient
is 1.122 and 1.111, respectively, showing the low quality of
fixed assets management (fig. 1).

Capital intensity (Caplnt). Regarding the capital in-
tensity, AT ‘Lvivhaz’ (0.165), AT ‘Chernivtsihaz’ (0.175),
and AT ‘Rivnehaz (0.185)can be considered the leaders by
this indicator. Meanwhile, AT “Zakarpathaz’ and AT ‘Iva-

no-Frankivskhaz’ faced the problem of high production as-
sets expenditures per unit of output/provided services: 0.891
and 0.806.

Capital-labor ratio (Rcl). Assessing the level of labor
equipment with production assets, it is worth emphasizing
the following facts. AT ‘Volynhaz’ (301.379 UAH/employee)
and AT ‘Hmelnytskhaz’ (281.372 UAH/employee) have lead-
ing positions by this component. AT ‘“Ternopilhaz’ is ranked
the last — 144.537 UAH/employee.

The relative indicators of a company’s liquidity constitute
the next group of integral index indicators (Table 2).

Current ratio (Rcurrent). The optimal limits of this indi-
cator are only 0.7-1 (green color in the Table marks the op-
timal values and red color - negative values). As we can see,
all gas distribution companies had problems with current li-
quidity last 2-3 years, so the possibility for a gas distribution
company to cover its liabilities by promptly available liquid
assets is very low.

Quick ratio (Rquick). The standard value of the indicator
should be 1-3. In this case, the coefficient value is quite low
and decreases annually, showing the lack of enough hryvnyas
of current assets per each hryvnya of current liabilities.

Cash ratio (Rcash). The coefficient within 0.1-0.2 is con-
sidered the standard value of the indicator. Unfortunately,
none of the gas distribution companies adheres to the spec-
ified value, so we can assume that none of the companies
under research is capable to cover debts on time in case of
an urgent need. Changing of the cash ratio (Rcash) in years
2017-2021 is presented in fig. 2.

The third group of indicators includes the relative indica-
tors of a company’s profitability (Table 3). The situation for the
gas distribution companies is negative because their activity
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remains lossmaking. Therefore, the return on equity and eq-
uity payback period remains to be with a negative sign. The
changing of the capital payback period in years 2017 -2017 is
presented in fig. 3.

Relative indicators of business activity. General indicators
of this group are outlined in Table 4.

The changing of the accounts payable turnover ratio
(ARTR) in years 2017 - 2021 is presented in fig. 4.

For example, the received data shows that AT ‘Chernivtsi-
haz’ (3.121) remained in 2021 the most competitive by the
total asset turnover ratio. Although the value of the coefficient
declined by over 1.7 points compared to 2020. Meanwhile,
Ternopilhaz or Zakarpathaz are ranked the last: the coefficient
value is 0.596 and 0.351, respectively.

The equity turnover ratio for the companies under re-
search is of negative nature due to operating losses of the
gas distribution companies. The trend has been observed
lately.

The current assets turnover ratio shows the maximum
number of current assets turnovers in a certain period and the
maximum revenues per 1 hryvnya of current assets for such
gas distribution companies as AT ‘Hmelnytskhaz, AT ‘Rivne-
haz, and AT ‘Chernivtsihaz’. The coefficient values are3.481,
3.762, and 9.035, respectively. Meanwhile, the value of the co-
efficient for Zakarpathaz in 2021 was very low - 0.535, and
a received hryvnya of revenues didn’'t cover the hryvnya of
current resources [43, 44].

The receivables turnover ratio was the highest in the pe-
riod under research for Chernivtsihaz - 10.942 in 2021. The
economic interpretation of this indicator is the following: rev-
enues exceed the receivables 10.9 times. It indicates the facts
of sales with the possibility of deferred payment by the cost of
agreements and deadlines as well as improving payment dis-
cipline for the company. If we consider other gas distribution
companies, for example, the value of the indicator for Zakar-
pathaz is much lower - 0.558, and revenues do not cover the
receivables almost twice.

Analyzing the accounts payable turnover ratio, we can
agree that the indicator is not stable for the gas distribution
companies. For example, we can trace the negative trend for
2020-2021. It shows the deteriorating fulfillment of payment
obligations in the process of interaction with budget organi-
zations, creditors, and suppliers or declining purchases with
deferred payment [45, 46].

Relative indicators of financial resilience. This group of
coefficients estimates the dependence of a company’s financial
risks on borrowed capital.

Therefore, the calculations indicate quite an ambiguous
situation for the gas distribution companies because the com-
panies under research are lossmaking. Meanwhile, the situa-
tion regarding the indicators under research remained almost
unchanged for each gas distribution company. Changing the
debt-to-equity ratio in years 2017-2021 is presented in fig. 5.

The changing the debt-to-equity ratio in years 2017-2021
is presented in fig. 6.

Changing the average number of regular employees to
number of CSCs ratio in years 2017-2021 in fig. 7.

Having considered the calculated indicators of the posi-
tions of regional gas distribution system operators function-
ing on the Western regional natural gas market, we can see
that AT ‘Ternopilhaz’ is in the last position. It is especially
obvious by the number of households applying for subsidies
to buy liquefied gas and solid and liquid household fuel, those
with assigned subsidies, and those having received subsidies.
Indicators of CSCs performance constitute the last group of
indicators (Tables 6,7).

The analysis of GDCWRU performance results shows
that the activity of AT “Ternopilhaz’ remains quite inefficient
against the other gas distribution companies of the Western
Region.

Comparing AT ‘Ternopilhaz’ (no CSC network) with AT
‘Chernivtsihazand AT ‘Hmelnytskhaz, where the network is
maximally branched, consists of 11 CSCs, and is consistently
expanding, we can observe one of the main problems of such
result - the lack of proper service position regarding the con-
sumer sector that lies in the absence of CSCsin the structure
of AT ‘Ternopilhaz’ Thus, the population burden on the com-
pany is quite high (in the process of calculations we assumed
that AT ‘“Ternopilhaz’ had 1 CSC, which was the oblast gas
company itself).

Therefore, the complex calculation of a broad range of
indicators related to the activity of gas distribution compa-
nies operating in the Western Region of Ukraine and region-
al markets of distribution and consumption of natural gas as
well as standardization of initially formed groups of indica-
tors obtained in the process of the research bring about the
following results (Table 8).
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Tab. 6. Indicators of performance of the Customer Service Centers in the structure of regional gas distribution companies in 2017-2021. Nel
Tab. 6. Wskazniki efektywnoséci Centréw Obstugi Klienta w strukturze regionalnych spotek dystrybucji gazu w latach 2017-2021. Nel

Specific quantity of
. . - Households applying for households with assigned
Rd?gtfirl;ilti%?\s tﬁ:s:geigtni%pxbarﬂggrlgf subsidies to buy liquefied gas, subsidies to buy liquefied
Year network CSngratio thousand solid or liquid household fuel to gas, solid or liquid
operator ersonls/units number of CSCs in the region household fuel to number
P p ratio of CSCs in the region
ratio
2017 148.957 4100.000 3701.714
2018 148.714 6280.286 5975.286
2019 AT ‘Volynhaz’ 148.357 5157.143 4370.857
2020 147.900 5092.857 4112.857
2021 147.343 3585.857 2658.000
2017 314.075 5286.750 4373.750
2018 313.975 8477.250 6918.000
2019 AT ‘Zakarpathaz’ 313.825 8109.000 6878.250
2020 313.500 6105.500 5309.750
2021 312.750 4331.500 3867.500
2017 229.967 3243.500 2482.667
2018 AT ‘Ivano- 229.933 4210.667 3594.833
2019 Frankivskhaz’ 229.533 4645.333 3885.500
2020 229.133 3679.500 3207.000
2021 228.417 2724.000 225.833
2017 503.520 2724.400 2526.200
2018 503.131 4221.400 3675.400
2019 AT ‘Lvivhaz’ 502.248 4571.200 3966.200
2020 500.730 3795.000 3343.400
2021 498.743 2348.600 2174.400
2017 193.350 6031.333 3217.667
2018 193.633 7432.667 6097.833
2019 AT 'Rivnehaz’ 193.617 5784.500 5322.333
2020 193.267 5549.000 4898.500
2021 192.700 3990.667 3459.500
2017 1062.500 14815.000 12906.000
2018 1055.900 19488.000 18947.000
2019 AT ‘Ternopilhaz’ 1049.100 18457.000 16667.000
2020 1042.600 21938.000 14510.000
2021 1035.400 11648.000 8697.000
2017 117.673 2674.909 1988.364
2018 AT 116.555 3657.273 3165.636
2019 ‘Hmelnytskhaz’ 115.564 3311.545 3030.364
2020 Y 114.682 2937.091 2483.455
2021 113.773 1944.909 1649.182
2017 302.267 8577.000 7147.667
2018 AT 301.700 8337.667 9224.000
2019 \ it o 301.200 10711.000 9872.333
2020 Chernivtsinaz 300.433 10392.000 7561.000
2021 299.533 6813.000 4906.333
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Fig. 7. Debt-to-equity ratio in years 2017-2021
Rys. 7. Wskaznik zadtuzenia do kapitalu wlasnego w latach 2017-2021

Conclusion

Gas distribution refers to the process of delivering nat-
ural gas or other gases from the source (such as gas fields
or liquefied natural gas terminals) to end-users, including
residential, commercial, and industrial customers. The pur-
pose of gas distribution is to provide a reliable and efficient
supply of gas for various purposes, including heating, cook-
ing, hot water production, industrial processes, and power
generation.

Networks for gas distribution ensure a consistent sup-
ply of gas to meet the energy needs of residential, commer-
cial, and industrial consumers. Natural gas is a versatile and
widely used energy source due to its high calorific value and
relatively low environmental impact compared to other fos-
sil fuels. Gas distribution systems are designed and operat-
ed with safety as a top priority. The purpose is to ensure the

safe and reliable delivery of gas to end-users. This involves
monitoring and maintaining the integrity of pipelines, imple-
menting safety measures, conducting regular inspections, and
responding quickly to gas leaks or emergencies. The purpose
is to extend gas access to previously underserved regions,
support economic growth, and provide an alternative to other
energy sources. Expanding gas distribution networks can help
promote the use of cleaner energy sources and support the
transition to a more sustainable energy mix.

Gas distribution networks support economic develop-
ment by enabling the use of gas for various industrial ap-
plications, power generation, and heating needs. Access to
natural gas can attract businesses and industries that rely on
affordable and reliable energy sources, thus driving econom-
ic growth and job creation. Overall, the purpose of gas dis-
tribution is to deliver a clean, reliable, and affordable energy
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Tab. 7. Indicators of performance of the Customer Service Centers in the structure of regional gas distribution companies in 2017-2021. Ne2
Tab. 7. Wskazniki efektywnosci Centréow Obstugi Klienta w strukturze regionalnych spotek dystrybucji gazu w latach 2017-2021. Ne2

Re_gio_nal gas Average number of Material inputs to Return on :
Year distribution regular employees _to number of CSCs ratio, assets across Return on equity
network number of CSCs ratio, thousand UAH/units CSCs across CSCs
operator thousand persons/units
2017 203.000 76947.571 -0.022 -12.955
2018 172.286 225634.857 0.000 -0.050
2019 AT *Volynhaz' 176.429 245094.143 -0.019 0.128
2020 176.143 254630.429 -0.041 0.082
2021 176.143 211282.857 -0.019 0.028
2017 342.250 73589.750 -0.050 -0.301
2018 305.250 44982.750 -0.009 -0.037
2019 | AT ‘Zakarpathaz’ 305.250 57048.750 -0.001 0.005
2020 276.000 128027.000 -0.114 0.401
2021 251.250 117751.250 -0.167 0.178
2017 586.833 49644.333 -0.021 -0.205
2018 R 586.833 37894.000 0.000 0.005
AT ‘Ivano-
2019 Frankivskhaz 586.833 46131.167 -0.005 -0.026
2020 388.667 63265.667 -0.068 0.484
2021 378.333 75694.333 -0.105 0.140
2017 825.200 75665.000 -0.020 -0.085
2018 687.200 107768.400 -0.005 -0.051
2019 AT ‘Lvivhaz’ 682.000 976147.200 0.033 -0.492
2020 648.800 980117.000 -0.087 0.165
2021 670.800 1049888.400 -0.044 0.068
2017 266.333 149677.000 -0.019 -0.170
2018 242.333 281739.333 -0.001 -0.027
2019 AT ‘Rivnehaz’ 236.833 316935.500 -0.006 -0.499
2020 219.000 322492.000 -0.042 0.184
2021 212.500 254508.000 -0.035 0.075
2017 1588.000 127106.000 -0.113 -0.331
2018 1354.000 247760.000 -0.126 -0.794
2019 AT ‘Ternopilhaz’ 1288.000 167115.000 -0.053 -0.495
2029 1280.000 203034.000 -0.402 2.446
(]

2021 1288.000 188831.000 -0.734 0.803
2017 208.818 109483.818 -0.003 -0.007
2018 AT 167.000 206477.364 0.000 -0.004
2019 *Hmelnytskhaz’ 170.000 227653.091 -0.019 -0.061
2020 167.182 228813.545 -0.022 0.127
2021 177.273 186376.000 -0.020 0.049
2017 411.667 273575.000 -0.074 0.457
2018 AT 376.000 497107.000 -0.010 0.077
2019 \Chernivtsihaz’ 373.667 572628.667 0.164 -0.374
2020 373.667 613414.000 0.320 -0.347
2021 336.667 536946.667 -0.318 0.188
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Fig. 7. Average number of regular employees to number of CSCs ratio in years 2017-2021

Rys. 7. Sredni stosunek liczby pracownikéw etatowych do liczby POK w latach 2017-2021

source to consumers while ensuring safety, reliability, and
environmental sustainability. Additionally, gas distribution
companies require proper management based on various eco-
nomic, efficiency and clearly business indicators, as shown in
this publication.

Having analyzed the data (the results of the research) in
Table 7, the following conclusions can be made:

The positions of the gas distribution companies in the
Western Region of Ukraine change each year, in our opinion,
due to different values of their general performance indica-
tors, low innovative activity, national natural gas distribution
market condition, regional features of the gas distribution
companies’ functioning, number of regional actors on the
regional natural gas distribution market, regional tariffs at a
certain moment in time, level of pressure of financial activity
control authorities.

AT “Zakarpathaz’ can be considered the most competi-
tive in the last two years as it held the first position in 2020
and 2021.

The activity of Ternopilhaz remains challenging. It has
severely deteriorated its positions starting since 2017. In
our opinion, the causes can be the following: the lack of in-
novative solutions in the company’s activity, showing itself
in outdated approaches to professional activity on regional
natural gas distribution market, lack of initiatives offered
by the company’s management to organize and further ex-
pand the Customer Service Center network in the structure
of the company that would substantially facilitate the pro-
cess of natural gas distribution service consumption for cus-
tomers and intensify the growth of innovative activities and
approaches.
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Tab. 8. Integral value and rating indicator of the gas distribution companies’ performance in the Western Region of Ukraine

Tab. 8. Integralna wartos¢ i wskaznik oceny wynikow spotek dystrybucji gazu w zachodnim regionie Ukrainy

2017 2018 2019 2020 2021
Years Integral Rating Integral Rating Integral Rating Integral Rating Integral Rating
value indicator value indicator value indicator value indicator value indicator
AT Volynhaz' 0,007 7 0,018 2-3 0,019 13 0,02 2 0,017 4
AT Rivnehaz’ 0,009 5-6 0,017 4 0,019 13 0,019 3-5 0,015 8
AT 'Ivano-Frankivskhaz 0,014 2 0,012 7 0,014 8 0,017 7-8 0,02 2
AT Ternopilhaz’ 0,012 3 0,021 1 0,015 7 0,018 6 0,016 5-7
AT 'Lvivhaz’ 0,001 8 0,002 8 0,017 5 0,017 7-8 0,018 3
AT ‘Zakarpathaz’ 0,017 1 0,014 6 0,016 6 0,025 1 0,023 1
AT ‘Hmelnytskhaz’ 0,01 4 0,018 2-3 0,019 13 0,019 35 0,016 5-7
AT ‘Chernivtsihaz’ 0,009 5-6 0,015 5 0,018 a 0,019 35 0,016 57
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Okreslenie poziomu efektywnosci przedsiebiorstw zajmujgcych sig dystrybucjg gazu w zachodnim
obwodzie Ukrainy

W artykule dokonano analizy aktualnej sytuacji i procesow przemian strukturalnych w ukraitiskim sektorze gazu ziemnego,
szczegolnie w jego zachodnim regionie. Ciggle wystepowanie naruszeri rownowagi rynkowej pomiedzy podazq i popytem spowodowato
koniecznos¢ przeprowadzenia reform w sektorze gazowym Ukrainy i jej regionow. Z punktu widzenia bezwarunkowego znaczenia
przedsiebiorstw dystrybucji gazu w ksztattowaniu struktury i funkcjonowaniu sektora gazowego patistwa, znaczenie prawidtowego
funkcjonowania sieci dystrybucyjnych gazu ziemnego wsréd odbiorcéw w dobie wojny oraz kryzyséw polityczno-gospodarczych
pozwoli na zmniejszenie poziom potencjalnych zagrozeti, a takze zapewnié integralnos¢ zliberalizowanego systemu dystrybucji
gazu ziemnego jako catosci. Metody zastosowane w procesie analizy poziomu efektywnosci regionalnych systemow dystrybucji gazu
obejmujg metodologie ocen eksperckich, co pozwolito na uogélniong oceng oczekiwanych wynikow, przyczynito sie do ujednolicenia
istniejgcych podejsé, odzwierciedlajgcych poziom ekonomii i rynku efektywnos¢, dziatalnos¢ innowacyjna i stabilnos¢ finansowa
przedsiebiorstw zajmujgcych sie dystrybucjg gazu. W trakcie badania udato si¢ okresli¢ poziom zapotrzebowania na kompleksowe
dziatania, obejmujgce szereg dziatar — analize otoczenia instytucjonalnego zachodnio ukrairiskiego rynku dystrybucji gazu ziemnego,
w sktad ktorego wchodzg nastepujgce spétki akcyjne: ,Wolynhaz”, ,Rowniez” , ,Iwano-Frankiwsk”, ,Ternopolhaz”, ,Lwowhaz”,
»Zakarpacie”, ,Hemlnytschaz”, ,Czerniowce”. W wyniku badania stwierdzono, ze poziom dostaw z zachodnio ukraitiskich spétek
zajmujgcych sie dystrybucjq gazu regularnie si¢ zmienia; Spétke Akcyjng ,, Zakarpacie” mozna uznac za najbardziej perspektywiczng
i konkurencyjng; jednoczesnie Spotka Akcyjna ,,Ternopilhaz” charakteryzuje si¢ najnizszym poziomem swojej aktywnosci zawodowej.

Stowa kluczowe: dystrybucja gazu, zarzgdzanie przedsiebiorstwami zajmujgcymi sig dystrybucjg gazu, ekonomiczno-biznesowe
wskazniki efektywnosci, efektywnosé dystrybucii, zachodnia Ukraina
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Abstrakt
Problem zwigzany z cigglym wzrostem ilosci wytwarzanych odpadéw komunalnych wymaga podjecia zdecydowanych dziata
zaréwno u zZrédla (edukacja ,producentow” odpadow) jak i zwigzanych ze sposobem ich utylizacji. Jednym ze sposobow jest
przeksztatcenie termiczne odpaddéw. Dziatanie to nie rozwigzuje catkowicie problemu, gdyz w efekcie procesu termicznego powstajg
odpady wtérne. Pozwala to jednak na znaczne ograniczenie pierwotnej masy odpadéw o ok. 60-70% i objetosci o ok. 80-95%. Od
strony fizycznej odpady wtdrne stanowiq zuzle, popioly i pyly, a te - zgodnie z obowigzujgcg klasyfikacjg - w czesci zaliczane sg do
odpadéw niebezpiecznych.
W artykule przedstawiono koncepcje ich wykorzystania w technologiach gorniczych zwigzanych z wypetnianiem pustek podziemnych.
W tym celu nalezy wyselekcjonowane odpady poddac badaniom pod kgtem mozliwosci ich wykorzystania w instalacjach odzysku
odpadéw.
W pracy przedstawiono wstepne wyniki badar parametréw fizycznych wybranych odpadéw, a takze badar chemicznych zwigzanych
z ustaleniem ich sktadu. Wskazano kierunek dalszych badan parametréw ,technologicznych”, ktérych znajomos¢ bedzie niezbedna
na potrzeby zaprojektowania przyszlej instalacji odzysku odpaddw.

Stowa kluczowe: odpady komunalne, odpady wtérne, badania odpadéw, odzysk odpadow

Wstep

Problem powstawania odpaddw jest nierozerwalnym ele-
mentem towarzyszacym rozwojowi cywilizacji. Na przestrze-
ni setek, a nawet tysiecy lat, problem ten byl marginalizowany.
Dopiero rozw6j zorganizowanych osad ludzkich spowodowal,
ze — mowiac dzisiejszym jezykiem - zaczeto wdrazaé proce-
dury zwigzane z gospodarka odpadami. Poczatkowo ograni-
czalo si¢ to do gromadzenia odpadéw w pewnej odlegloéci
od osad ludzkich, jednak powstawanie zabudowy w postaci
form miejskich spowodowalo, ze pierwsze regulacje prawne
zwigzane z zachowaniem czysto$ci w obrebie miast pojawily
si¢ jeszcze w $redniowieczu.

Dzi$, w dobie dynamicznego rozwoju gospodarczego
$wiata, problem gospodarki odpadami stal si¢ problemem
globalnym. Nie ma na §wiecie panstwa, ktore w tym zakresie
nie wprowadzilo regulacji prawnych. Oczywiscie nie s3 one
identyczne we wszystkich krajach, jednak mozna zauwazy¢,
ze im bardziej rozwinigte gospodarczo panstwo, tym przepi-
sy dotyczace odpaddw sa bardziej restrykcyjne, a generalnie
sprowadzaja si¢ do wskazywania kierunkéw zagospodarowa-
nia badz utylizacji odpadéw. Jest to wprost konsekwencjg te-
goz rozwoju. Skomplikowane procesy technologiczne pozwa-
laja na uzyskanie zaawansowanych débr materialnych, ale tez
skutkujg coraz trudniejszymi do utylizacji odpadami pocho-
dzacymi z tych proceséw. W efekcie dzisiejsza cywilizacja wy-
twarza calg game odpadéw, od najprostszych po wyjatkowo
skomplikowane. I wlasnie stopien skomplikowania odpadéw
bedzie wytyczal kierunki postepowania z nimi.

Polskie prawo dzieli odpady na 20 podstawowych grup
[5]. Ostatnig, 20. grupe odpadéw stanowia odpady komunal-
ne tacznie z frakcjami gromadzonymi selektywnie. Odpady,

okre$lane mianem komunalnych, to wtasnie te, ktére towa-
rzysza cztowiekowi ,,0d zawsze”. Grupa 20. w ustawie [5] de-
finiowana jest jako odpady powstajace w gospodarstwach do-
mowych, z wylaczeniem pojazdéw wycofanych z eksploatacji,
a takze odpady niezawierajace odpadéw niebezpiecznych po-
chodzace od innych wytwércéw odpadow, ktdre ze wzgledu
na swoj charakter lub sktad sa podobne do odpadéw powsta-
jacych w gospodarstwach domowych.

Nalezy wyraznie zaznaczy¢, ze problem z zagospodarowa-
niem odpadéw komunalnych szczegoélnie nabrzmial w okresie
rewolucji przemystowej. Gwaltowny rozwoj przemystu i zwig-
zana z tym duza migracja ludzi do miast staly sie¢ przyczyna
poszukiwania nowych rozwigzan problemu utylizacji odpa-
déw komunalnych. Efektem bylo uruchomienie w latach 70.
XIX w. w Nottingham pierwszej na $wiecie spalarni odpaddéw.
Dzi$ na $wiecie funkcjonuje ok. 2 tys. spalarni odpadéw ko-
munalnych, z czego tylko w Japonii ok. 1200, ok. 500 w Euro-
pie, w tym 8 w Polsce [7].

Zrédlo powstawania odpadéw wtérnych

Spalanie odpadéw komunalnych zmieszanych (a wigc tych,
ktore nie podlegaly zbidrce selektywnej) okreslane terminem
termicznego przeksztalcania odpadéw, moze by¢ uznane w
$wietle polskiego prawa [5] jako proces unieszkodliwiania
odpadoéw, jezeli nie towarzyszy temu odzyskanie energii. Z
kolei w procesie odzysku nastepuje przeksztalcenie termiczne
z odzyskiem energii. W 2022 r. w Polsce w procesie odzysku
przeksztalcono termicznie 2,7 mln. Mg odpaddw, natomiast w
procesie unieszkodliwienia 0,1 mln Mg odpadow [5].

W procesie termicznym odpad pierwotny (tzw. wsad),
bedacy de facto mieszaning odpadéw komunalnych o zrézni-
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Tab. 1. Masa odpadéw komunalnych poddanych procesowi termicznego przeksztalcania oraz orientacyjna masa uzyskanych odpadéw wtornych.
Zrédlo: opracowanie wlasne na podst. [2]
Tab. 1. Mass of municipal waste subjected to thermal transformation and approximate mass of secondary waste obtained. Source: own elaboration
based on [2]

Masa odpadéw komunalnych Orientacyjna masa
Rok ';}lc:: : 6$aks: n:s::!?:\‘{’;: przeksztatconych termicznie uzyskanych odpadow
(odpady pierwotne) wtérnych
tys. Mg tys. Mg % tys. Mg

2013 9 474 766 8,1 268

2014 10 330 1 560 15,1 546

2015 10 864 1439 13,2 504

2016 11 654 2 266 19,4 793

2017 11 969 2922 24,4 1023

2018 12 485 3018 24,2 1 056

2019 12 753 2921 22,9 1022

2020 13117 2 822 21,5 988

2021 13 674 2873 21,0 1 006

2022 13 420 2 854 21,3 999

“) nie obejmuje uzytych sorbentéw (np. wegla aktywnego) z procesu oczyszczania spalin

Tab. 2. Przykladowy bilans masy odpadéw wtérnych powstajacych w spalarni odpadéw komunalnych. Zrédo: opracowanie wlasne na podst. [3]

Tab. 2. Example of mass balance of secondary waste generated in a municipal waste incineration plant. Source: own elaboration based on [3]

Masa odpadéw komunalnych 1000 kg
Miejsce System
powstania Komora spalania Wymiennik Uktad ocz &;zczania Emisja do
produktow P ciepta odpylania Zpalin atmosfery
- . Produkty
RodzaJ' - Popidt » Pyt ,suchego” _
produktow Zuzel N Popiét lotny . .
spalania paleniskowy z odpylania oczyszczania
spalin
Ilos$¢
produktéw 200-350 kg 20-40 kg 7-45 kg 32-80 kg 0,05 kg
spalania

cowanym skladzie ulega przeksztatceniu. W wyniku tego pro-
cesu powstaja nowe odpady, tzw. odpady wtérne. Znacznej re-
dukcji ulega masa przetwarzanych w ten sposéb odpadéw - o
ok. 60-70%, oraz ich objetos¢ — o ok. 80-95% [1]. To z kolei
przeklada si¢ na znaczne ograniczenie ilosci budowy nowych
sktadowisk odpadéw. W Tab. 1 zestawiono masy odpaddéw
zebranych, przeksztalconych termicznie (odpady pierwotne)
oraz uzyskanych odpadéw wtérnych.

Analizujac powyzsze dane mozna stwierdzié, ze ostatnie
kilka lat to w miare stabilna sytuacja, wynikajaca wprost z ilo-
$ci dziatajacych w Polsce instalacji i ich przepustowosci. W
najblizszych latach mozna si¢ spodziewaé oddania do uzyt-
kowania kolejnych instalacji, w zwigzku z czym niewatpliwie
zmieni si¢ wolumen odpadéw pierwotnych przeksztalcanych
termicznie, a co za tym idzie, takze wzro$nie wolumen odpa-
déw wtérnych.

Odpady wtorne to stala pozostalos¢ spalania w postaci
zuzli, popioléw paleniskowych oraz popiotéw lotnych. Ich
rodzaj oraz ilo$¢ w gtéwnej mierze zalezy od struktury spa-
lanych odpadéw komunalnych, charakteryzuje si¢ pewna
zmienno$cig w czasie — sezonowoscia, co jest zwigzane z po-
rami roku, w ktérych powstaja. Wplyw ma takze technologia
spalania oraz oczyszczania spalin.

Ponizej w Tab. 2 przedstawiono przykladowy bilans masy
odpadéw wtdérnych powstajacych w spalarni odpadéw komu-
nalnych. Podane wielkosci nalezy traktowac¢ jako orientacyjne.

Oproécz produktéw spalania opisanych w Tab. 2 wystepu-
ja réwniez jako odpady wszelkiego rodzaju sorbenty wyko-
rzystane w procesie oczyszczania spalin, albo w postaci ciat
stalych (np. wegiel aktywny w przypadku metody ,suche;j”)
badz szlaméw (w przypadku technologii ,,mokrej” lub ,,pét-
suchej”). Wysuszone szlamy okreslane sg jako tzw. placki fil-
tracyjne.

Kazdy produkt spalania (odpad wtdérny) podlega zaklasy-
fikowaniu do wlasciwej grupy odpadéw zgodnie z katalogiem

odpadow [4]. Klasyfikacje te w odniesieniu do odpaddéw zi-
dentyfikowanych w Tab. 2 przedstawiono w Tab. 3.

Jak wida¢ w Tab. 3, cz¢§¢ odpadéw jest kwalifikowana
jako niebezpieczne z uwagi na zawarto$¢ w nich zwigzkow
niebezpiecznych. W zdecydowanej wigkszoéci zuzle i po-
pioty paleniskowe nie sa kwalifikowane jako odpady niebez-
pieczne, dzigki czemu moga by¢ wykorzystane gospodarczo
np. Niemniej jednak przed skierowaniem ich do ponownego
wykorzystania poddaje si¢ je wstepnej obrdbce, ktdrej celem
jest separacja frakcji metalicznej. Po kilkumiesigcznym se-
zonowaniu material ten najczesciej wykorzystywany jest w
budownictwie drogowym badZz do produkcji prefabrykatow
budowlanych.

Problem stanowig zuzle, popioly paleniskowe oraz od-
pady z oczyszczania gazéw spalinowych (popioly lotne, pyly
z oczyszczania gazoéw odlotowych), ktore zawieraja znaczne
ilo$ci metali cigzkich oraz produkty niepelnego spalania (dio-
ksyny, bifenyle, wielopier§cieniowe weglowodory aromatycz-
ne itp.). Poniewaz sa to odpady zaliczane do grupy odpadéw
niebezpiecznych, w wigkszosci krajow nalezacych do UE od-
pady te kierowane sa — po wczesniejszej dodatkowej obrobcee
(immobilizacji) — na specjalnie przygotowane powierzchnio-
we skladowiska odpadéw niebezpiecznych. Alternatywnym
rozwigzaniem jest skierowanie odpadéw do podziemnych
sktadowisk odpadéw niebezpiecznych lub wypelnianie nimi
wyeksploatowanych wyrobisk podziemnych. W przypadku
polskich spalarni ta grupa odpadéw stanowi ,,tylko” ok. 4-5%
catej masy uzyskiwanych odpadéw wtérnych, jednak z uwa-
gi na swoje niebezpieczne wlasciwosci wymaga specjalnego
traktowania.

Wstepne badania niebezpiecznych odpadéw wtérnych pod
katem ich ewentualnego wykorzystania w procesie odzysku

W gérnictwie podziemnym doskonale jest znana mozli-
wos¢ wykorzystania odpadéw drobnofrakcyjnych na potrzeby
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Tab. 3. Klasyfikacja produktéw termicznego przeksztalcania odpadéw komunalnych wg katalogu odpadéw. Zrédlo: opracowanie wlasne na podst. [4]

Tab. 3. Classification of products for thermal processing of municipal waste according to the waste catalog. Source: own elaboration based on [4]

Nazwa odpadu wg Tab. aa Kod odpadu Grupa p?dgr.upy ! r?dziu'e odpadéw
Zuzle i popioty paleniskowe zawierajace
19 01 11* P N
- . . substancje niebezpieczne
Zuzel, popiot paleniskowy o - - - —
1901 12 Zuzle i popioty paleniskowe inne niz
wymienione w 19 01 11
Popi6t lotn 19 01 13* Popioty lotne zawierajace substancje niebezpieczne
P Y 1901 14 Popioty lotne inne niz wymienione w 19 01 13
. 19 01 15* Pyty z kottéw zawierajace substancje niebezpieczne
Pyt z odpylania 1901 16 Pyty z kottéw inne niz wymienione w 19 01 15
Osady filtracyjne (np. placek filtracyjny)
19 01 05* N :
z oczyszczania gazow odlotowych
Produkty oczyszczania spalin 19 01 06* Szlamy i inne odpady uwodnione
z oczyszczania gazéw odlotowych
19 01 07* Odpady state z oczyszczania gazédw odlotowych
5 . Zuzyty wegiel aktywny z oczyszczania
*
Zuzyte sorbenty (wegiel aktywny) 1901 10 gazéw odlotowych

Odpady oznaczone * (gwiazdka) oznaczajg odpady niebezpieczne

Tab. 4. Wlasnoéci fizyczne badanych odpadéw. Zrédlo: opracowanie wlasne

Tab. 4 . Physical properties of the tested waste. Source: own study

Rodzaj odpadu
Wielkos¢ Jednostka 19 01 07* 19 01 13* 19 01 15%*
., | wiasciwa Mg/m?® 2,30 - 2,55 2,60 - 2,85 2,70 - 2,79
nasypowa Mg/m? 0,30 - 0,50 0,44 - 0,91 0,85 - 1,12
Straty ia 105 °C % 0,04 - 1,14 0,03 - 0,56 0,02 - 0,21

Tab. 5. Sktad chemiczny badanych odpadéw. Zrédlo: opracowanie wlasne

Tab. 5. Chemical composition of the tested waste. Source: own study

Rodzaj odpadu

Sktadnik Jed ka 19 01 07* 19 01 13* 19 01 15%*
CaS04 % s.m. 6,16 - 14,13 9,82 - 23,82 10,11 - 28,54
CaCOs % s.m. 3,89 - 10,96 4,07 - 8,77 2,05 -5,1
CaClz % s.m. 11,31 - 14,87 n.o. n.o.
Ca0 % s.m. 16,7 - 36,7 13,8 - 20,8 11,9-16,1
NaCl % s.m. 4,73 - 12,15 0,74 - 4,58 1,99 - 3,51
KCI % s.m. 4,46 - 6,52 1,6 -4,86 2,52 - 3,95
SiO2 % s.m. 2,97 - 9,25 20,6 - 49,3 28,2 - 44,9
HCI - nierozp. % s.m. 0,63 - 3,47 5,34 - 10,57 4,41 - 5,98
CaO wolny % 14,44 - 26,2 1,4 - 4,09 1,18 - 2,75
Antymon mg/kg s.m. 226 - 386 125 - 294 250 - 279
Arsen mg/kg s.m. 6,8 - 16,4 5,74 - 8,71 8,57 -11,8
Otéw mg/kg s.m. 993 - 2250 121 - 571 408 - 637
Kadm mg/kg s.m. 85 - 223 13,0 - 34,6 35,3 -48,5
Kobalt mg/kg s.m. 4,27 - 9,66 25,8 - 49,7 22,5 -29,7
Miedz mg/kg s.m. 293 - 523 301 - 425 271 - 533
Nikiel mg/kg s.m. 12,8 - 28,6 53 - 244 45,4 - 67,5
Rtec mg/kg s.m. 6 -24 n.o. n.o.
Cynk mg/kg s.m. 4600 - 11600 3580 - 6360 4580 - 7720
pH (eluat) 12,2 -12,3 12,3-12,5 12,0 - 12,6

wypelniania pustek. Dotychczasowe doswiadczenia pochodza
z kopaln wegla kamiennego, gdzie mieszaniny powstale na
bazie drobnofrakcyjnych odpadéw pochodzacych z procesow
spalania wegla kamiennego wykorzystywane sg gtéwnie do
wypelniania zrobéw zawalowych. Dzialanie to ma z jednej
strony skutek proekologiczny - zagospodarowanie odpadow
pod ziemig a nie na powierzchni, z drugiej za§ poprawia bez-
pieczenstwo pracy w przypadku profilaktyki przeciwpozaro-
wej czy tez w przypadku zagrozenia gazowego.

Na podstawie wstepnie przeprowadzone selekcji podjeto
decyzje, ze nie wszystkie odpady ,,z gwiazdky” pokazane w Tab.
3 znajda zastosowanie w przyszlej instalacji do odzysku odpa-
dow. Z uwagi na zawarto$¢ wody nie brano pod uwage osadow
filtracyjnych (np. placek filtracyjny) z oczyszczania gazéw odlo-
towych (19 01 05*) oraz szlaméw i innych odpadéw uwodnio-
nych z oczyszczania gazéw odlotowych (19 01 06*).

Zrezygnowano ze zuzytego wegla aktywnego z oczyszcza-
nia gazéw odlotowych (19 01 10*) z uwagi na jego wlasnosci:

o hydrofobowo$¢ (material trudno zwilzalny, ,,pltywa-

jacy” na powierzchni);

o duza zawartos$¢ wegla pierwiastkowego;

o latwopalnosé;

o zmniejszanie gestosci mieszanin.

Zrezygnowano rowniez z zuzli i popioléw paleniskowych
(19 01 11*), poniewaz te odpady wymagalyby wcze$niejszej

obrobki (mielenia), ale tez z powodu mozliwosci ich wykorzy-
stania w drogowych technologiach budowlanych.
Ostatecznie do dalszych badan zakwalifikowano:
o odpady stale z oczyszczania gazéw odlotowych (19
01 07%);
«  popioly lotne zawierajace substancje niebezpieczne
(19 01 13%);
o pyly z kottéw zawierajace substancje niebezpieczne
(19 01 15%).

Badaniom wlasnosci fizycznych oraz skladu chemicz-
nego poddano odpady z wybranych instalacji termicznego
przeksztalcania odpadéw, w ktérych poszczegdlne rodzaje
odpadéw byly gromadzone w osobnych zbiornikach. Przy-
padki, w ktérych gromadzono w jednym zbiorniku dwa ro-
dzaje odpadéw pominigto. Uzyskane wyniki zestawiono w
Tab. 41 5.

Analiza danych z Tab. 5 pozwala na stwierdzenie, ze bada-
ne odpady charakteryzujg si¢ niestabilno$cia sktadu chemicz-
nego w sensie ilo§ciowym. Z duzym prawdopodobienistwem
mozna stwierdzi¢, ze jest to konsekwencja zréznicowania
komponentéw wsadowych (odpadéw komunalnych prze-
znaczonych do ich termicznego przeksztalcenia), o czym juz
wczesniej wspomniano. W tej sytuacji wszelki proby okre-
$lenia receptury wskazujacej na proporcje udzialu poszcze-
golnych odpadéw wtérnych w docelowej mieszaninie, ktora
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Rys. 1. Schemat ideowy sporzadzania mieszaniny do wypelniania wyrobisk podziemnych. Zrédlo: opracowanie wlasne

Fig. 1. Schematic diagram of preparing a mixture for filling underground workings. Source: own study
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Rys. 2. Schemat ideowy sporzadzania mieszaniny do wypelniania wyrobisk podziemnych z uwzglednieniem spoiwa. Zrédlo: opracowanie wlasne

Fig. 2. Schematic diagram of preparing a mixture for filling underground workings, including the binder. Source: own study

mialyby by¢ wypelniane pustki podziemne wydaje si¢ by¢ za-
daniem karkofomnym, lub wrecz niemozliwym.

Koncepcja odzysku odpadow

W mys$l obowiazujacego prawa [5] poprzez odzysk odpa-
doéw rozumie si¢ jakikolwiek proces, ktérego gléwnym wyni-
kiem jest to, aby odpady stuzyly uzytecznemu zastosowaniu
przez zastgpienie innych materiatéw, ktére w przeciwnym
przypadku zostalyby uzyte do spelnienia danej funkeji, lub
w wyniku ktérego odpady sa przygotowywane do spetnienia
takiej funkcji w danym zakladzie lub ogélnie w gospodarce. Z
kolei pod pojeciem unieszkodliwiania odpadéw rozumie sie
proces niebedacy odzyskiem, nawet jezeli wtornym skutkiem
takiego procesu jest odzysk substancji lub energii.

Jak wida¢, pojecia odzysku i unieszkodliwiania wzajemnie
sie wykluczaja, wobec czego nie mozna réwnoczeénie prowadzi¢
odzysku odpadoéw i ich unieszkodliwiania. Zamyst wykorzysta-
nia odpadéw wtérnych z procesu spalania do wypelniania wy-
robisk podziemnych w zwiazku z tym bedzie procesem odzysku
odpadoéw. Tego typu procesy realizowane sg w nieczynnych wy-
robiskach kopaln soli m. in. w Niemczech, Austrii, Danii [6].

Wypelnianie pustek podziemnych (np. w postaci wyeks-
ploatowanych komér solnych) przy wykorzystaniu odpadow
wtornych z instalacji termicznego przeksztalcania odpadow
komunalnych otwiera nowy rozdzial badan. Wiadomo, ze
konieczne bedzie opracowanie technologii oraz instalacji do
odzysku odpadéw. Réwnoczeénie oczekuje sie, ze wypelnione
odpowiednio dobrang mieszaning wyrobiska komorowe beda
mialy w znacznym stopniu ograniczone mozliwosci konwer-
gencji, co poprzez analogie z kopaln wegla kamiennego czy
rud metali mozna przyréwna¢ do utwardzonej podsadzki hy-
draulicznej.

Wybor kopaln soli jako miejsca do deponowania od-
padéw niebezpiecznych nie jest wyborem przypadkowym.

Zgodnie z aktualng wiedzg jest to optymalne rozwiagzanie dla
tego typu dzialan. Wynika to ze specyfiki gérotworu solnego,
co réwniez jest szeroko opisane w literaturze branzowej, za-
réwno polsko-, jak i obcojezycznej. Niewatpliwymi zaletami
goérotworu solnego s3 m. in. jego wiadciwosci reologiczne i
zwigzana z tym powolna konwergencja wyrobisk, jednorod-
nos¢, szczelnoéé, brak spekan, brak zaburzen tektonicznych,
czy brak zjawisk w postaci tapan.

W warunkach polskich aktualnie istnieje mozliwo$é
wdrozenia procesu odzysku odpadéw w Kopalni Soli ,,Ktoda-
wa’, w kawernach Inowroctawskich Kopalni Soli, a w przyszto-
$ci w ztozu solnym w ZG ,,Polkowice-Sieroszowice”. Wymaga
to wczesniejszego przeprowadzenia odpowiednich badan,
ktére beda mialy na celu wskazanie odpowiednich receptur
mieszanin odpadéw wtérnych. Nie bez znaczenia jest forma
takiej mieszaniny, ktéra moze przybiera¢ posta¢ od rzadkiej
zawiesiny po forme pasty. Generalnie - w zaleznosci od cha-
rakteru wypelnianych wyrobisk — chodzi o ograniczenie badz
catkowita eliminacje powstawania odciekéw z mieszaniny
wypelniajacej. Podstawowym zalozeniem jest to, ze baza dla
majacej powsta¢ mieszaniny bedzie solanka o nasyceniu NaCl
co najmniej na poziomie 90%, co oznacza, ze w kazdym dem3
roztworu bedzie rozpuszczone co najmniej 290 g NaCl. Uzy-
skanie solanki o wskazanym nasyceniu bedzie mozliwe po-
przez wykorzystanie odpadéw solnych pochodzacych z pro-
cesu przerobki soli kamiennej. Dzialanie to jest niewatpliwie
ukierunkowane na odzysk lub unieszkodliwienie odpadow
solnych i jest niejako wartoscia dodang w ramach omawia-
nych proceséw. Krok ten podyktowany jest tym, ze docelo-
wa mieszanina wypelniajaca pustki poeksploatacyjne bedzie
miata bezpo$redni kontakt z gérotworem solnym. Poniewaz
istnieje realne przypuszczenie, ze zaprojektowana mieszanina
wypelniajaca moze emitowa¢ pewne iloéci tzw. cieczy nadosa-
dowej (cho¢ najbardziej pozadanym efektem bylby jej brak),
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konieczne jest zabezpieczenie si¢ przed efektem tugowania
gorotworu przez te ciecz. W przypadku zastosowania wody
stodkiej w sktadzie mieszaniny wypelniajacej, proces fugowa-
nia gérotworu bylby nieunikniony i trudny do kontroli.

Wstepna koncepcje wykorzystania badanych odpadéw do
wytwarzania mieszaniny wypelniajacej przedstawiono na Rys.
1. Na tym etapie nie okresla si¢ proporcji poszczegdlnych od-
padéw w mieszaninie, jak rowniez ilo$ci solanki niezbednej
do jej wytworzenia.

Analiza wynikow badan przestawionych w Tab. 5 pozwala
na stwierdzenie, ze z uwagi na niestabilnos¢ sktadu chemicz-
nego poszczegdlnych grup odpadéw uzyskanie mieszaniny
samozestalajacej si¢ moze by¢ co najmniej trudne. W zwiazku
z tym nalezy liczy¢ si¢ z koniecznoécig uzupelnienia receptu-
ry mieszaniny o skltadnik majacy cechy spoiwa. Takim sklad-
nikiem moze by¢ np. cement badZ odpady poprodukcyjne z
procesu produkeji cementu. Nie pozbawiona sensu wydaje si¢
by¢ tez mozliwo$¢ wykorzystania REA-gipsow, ktérych duze
ilo$ci pozyskiwane sa w procesach odsiarczania spalin. Wow-
czas schemat pokazany na Rys. 1 nalezy uzupetni¢ o dodatko-
wy skltadnik (spoiwo), co pokazano na Rys. 2.

Proponowany kierunek dalszych badan

Celem instalacji odzysku odpadéw jest wypelnienie wska-
zanych pustek podziemnych mieszaning sporzadzona na bazie
niebezpiecznych odpadéw wtérnych oraz solanki, a w razie
potrzeby uzupelnionej spoiwem. Od sporzadzonej mieszani-
ny oczekuje si¢ okreslonych cech fizycznych, ktére w pierwszej
fazie pozwola na jej hydrotransport do miejsc docelowych, a
nastgpnie ich zestalenia (zwigzania), najlepiej bez odciekéow.
Nalezy sie spodziewa¢, ze wypelnione w ten sposob zbgdne wy-
robiska zachowaja swoja statecznos¢ poprzez istotne ogranicze-
nie konwergencji, co w konsekwencji przetozy si¢ na ochrong
powierzchni w zasiggu oddzialywania tych wyrobisk.

Przygotowana mieszanina do wypelniania pustek pod-
ziemnych bedzie przemieszczana w technologii hydrotrans-
portu, tzn. rurociggami z wykorzystaniem ukladu pompo-
wego. Aby bylo to mozliwe, mieszanina musi mie¢ postaé
uplynniong, ale z uwzglednieniem maksymalnego ograni-
czenia mozliwoéci pojawienia si¢ cieczy nadosadowej. W
zwigzku z tym przewiduje si¢, Ze mieszanina bedzie miata
postaé pasty. ROwnocze$nie nalezy mie¢ na uwadze fakt, ze
od mieszaniny bedzie si¢ wymagalo pewnych wlasciwosci
wiazacych, w zwiazku z czym moment poczatku wigzania
nie moze nastapi¢ wczeéniej, niz mieszanina znajdzie si¢ w
miejscu docelowym. W tym miejscu pojawia si¢ wspomniany
problem cieczy nadosadowej. Optymalnym rozwigzaniem jest
sytuacja, w ktorej cala ciecz zostanie wykorzystana w proce-
sie wigzania i nie pojawi si¢ jako ciecz nadosadowa. Z uwagi
na efektywno$¢ wypelniania pustek podziemnych waznym
momentem jest czas zakonczenia procesu wigzania. W tym
momencie transportowana pasta staje si¢ cialem statym, ktore
bedzie si¢ charakteryzowalo wytrzymaloscig na $ciskanie, a to
z kolei przeklada si¢ na $cisliwo$¢ materialu wypelniajacego
pustke. Jednak ten parametr (Scisliwos$¢) bylby istotny, gdy-
by pustki podziemne byly w 100% wypelnione mieszanina.

Szacuje sig, ze realne jest wypelnienie pustek w ok. 70-80%.
Oczywiscie majac na uwadze wlasnosci reologiczne gérotwo-
ru solnego mozna si¢ spodziewa¢, ze w przysztosci dojdzie
do pelnego zacis$niecia pustki niewypelnionej mieszanina, ale
biorac pod uwage do$wiadczenia krajowego i $wiatowego gor-
nictwa solnego, procesy te mozna liczy¢ w setkach lat. Podsu-
mowaniem moze by¢ badanie nasigkliwo$ci rozumianej jako
zmiana wytrzymalosci na §ciskanie w wyniku dzialania wody/
solanki w okre§lonym czasie. Badanie to moze wydawa¢ sie¢
zbedne z punktu widzenia kopalni soli, gdyz nie przewiduje
si¢, aby do wypelnionych pustek wdarla si¢ woda czy solanka.
Niemniej jednak nalezy zalozy¢ taki wariant jako potencjalnie
katastrofalny.

Podsumowujac mozna stwierdzi¢, ze z punktu widzenia
technologii oraz celu, ktéremu ma stuzy¢ odzysk niebezpiecz-
nych odpadéw wtornych z instalacji termicznego przeksztal-
cania odpadéw komunalnych, nalezy przeprowadzi¢ badania
nastepujacych parametrow:

. rozlewnos$é;

»  badanie wlasnosci reologicznych mieszaniny;

o okreslenie poczatku wigzania mieszaniny;

. okreslenie konica wigzania mieszaniny;

o wytrzymalo$¢ na $ciskanie;

. $cisliwos$é;

o nasigkliwos¢.

Podsumowanie

Mozna sie spodziewa¢d, ze w najblizszych latach nastapi
wzrost ilo$ci odpadéw komunalnych poddawanych prze-
ksztalceniu termicznemu w specjalnie dedykowanych insta-
lacjach. W efekcie otrzymywane sg kolejne odpady (wtérne),
w tym niebezpieczne. Niewatpliwg zaleta ITPO jest znaczna
redukcja masy i objetosci tych odpadéw w stosunku do tzw.
wsadu, niemniej jednak pojawia si¢ problem ich zagospoda-
rowania. Problem stanowia grupy odpadéw niebezpiecznych,
ktére wymagaja odpowiedniego postepowania. Istnieje moz-
liwo$¢ stworzenia instalacji odzysku tych odpadéw na potrze-
by wypelniania pustek podziemnych w kopalniach soli.

W Polsce od kilku lat prowadzone sa badania w tym kie-
runku, na razie w skali laboratoryjnej. Wstepne badania wy-
kazaly, ze badane odpady od strony fizycznej sa mniej wiecej
stabilne, natomiast od strony ich skltadu chemicznego do-
strzega sie duzy rozrzut zawartosci poszczegolnych zwigzkoéw
chemicznych i pierwiastkéw. Wynika to z duzego zréznicowa-
nia przetwarzanych odpadéw komunalnych, ktére stanowia
trudng do przewidzenia niewiadoma. To z kolei uniemozli-
wia stworzenia jednoznacznej receptury odpowiedniej mie-
szaniny, ktora znalaztaby zastosowanie w instalacji odzysku
odpadow.

Znajac oczekiwania wobec przysztej mieszaniny, koniecz-
nym jest kontynuowanie badan, szczegélnie pod katem jej
parametréw mechaniczno-wytrzymatosciowych. Zapropono-
wany program badan powinien da¢ odpowiedz, na ile zmien-
no$¢ sktadu chemicznego odpadéw wtérnych ma wplyw na
te parametry.
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Possibility of Using Secondary Waste from Thermal Processing of Municipal Waste

The problem related to the continuous increase in the amount of municipal waste generated requires taking decisive actions both at the
source (education of waste "producers”) and related to the method of its disposal. One way is to thermally transform waste. This action
does not completely solve the problem because the thermal process produces secondary waste. However, this allows for a significant
reduction in the original weight of waste by approximately 60-70% and the volume by approximately 80-95%. From the physical side,
secondary waste consists of slags, ashes and dust, and these — according to the current classification — are partly classified as hazardous
waste. The article presents the concept of their use in mining technologies related to filling underground voids. For this purpose,
selected waste should be tested for the possibility of its use in waste recovery installations. The paper presents preliminary results of
testing the physical parameters of selected waste, as well as chemical tests related to determining their composition. A direction for
further research on "technological” parameters was indicated, the knowledge of which will be necessary for the design of a future waste
recovery installation.

Keywords: municipal waste, secondary waste, waste testing, waste recovery
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Cd, Cr, Co, Fe, Ni) from waste from desanding.

Abstract
The study concerns evaluating the physical and chemical properties of sand from sand separators of wastewater treatment plants in
terms of requirements for construction aggregates. Thus, an analysis of the physical properties of sand was carried out, i.e. its moisture
content, bulk density, and grain density, as well as an analysis of the chemical composition of sand. The intention of the research is to
find an alternative to the dwindling supply of this type of raw material, which is essential for the construction sector. It is currently
estimated that within 20 years there will be a shortage of sand of suitable quality for use in construction. The article presents the results
of physicochemical tests and leachability of selected harmful substances (B, E N-NH4*, Cl, SO+*) and heavy metals (Ba, Zn, Cu, Pb,

Keywords: municipal wastewater treatment, waste, sand, desanding, reuse

1. Introduction

Municipal waste treatment plants are a set of facilities and
processes that are used to purify domestic sewage or mixes of
domestic sewage with industrial wastewater or stormwaters
and meltwaters. The process of treatment of municipal waste is
accompanied by the generation of waste. The waste generated
during the technological processes may be divided into three
types: screenings, content of sand separators and stabilized mu-
nicipal sewage sludge [1, 2]. Each of the waste types must be
managed according to the binding legal regulations. The waste
generated in the process of waste treatment is a financial burden
for the waste treatment plant. However, after proper treatment,
it may constitute a valuable raw material. Sand from desanding
is generated in the waste treatment process in two places: as a
content of sand separators and as a result of the separation of
impurities from cleaning of the sewerage (2, 3].

A common practice in waste treatment plants is handing
over low-quality waste to external companies for purifica-
tion from the excessive organic particles and management. If
the waste meets the requirements specified in the order [4,
5] it ends its life cycle in the landfill. From the legal point of
view, there is one more possible way - losing the waste sta-
tus [6, 7]. Such a solution may be interesting, especially in
the case of such a valuable waste as sand from desanding. In
construction, sand is used as a component of standard con-
crete, mortar, plaster mortar, etc. The aggregate which is to
be used in the construction industry must meet a number of
requirements. One of them is an impact on the environment.
The environmental aspect related to the use of sand from de-
sanding as a recycling aggregate requires the determination of
the leachability of harmful substances and heavy metals [8].

It assumes that the wastes/side products of one process be-
come the raw material of another process. On one hand, such an
attitude allows a reduction in the amount of waste. On the other
hand, it helps lower significantly the costs of obtaining natural
resources [9, 10]. Such a business model may become a solution
in the acquisition of construction materials which are produced
through power and material-consuming methods. Natural re-
sources used in the construction industry such as sand, water or
clay are not renewable. Once they are used, they are not suitable
for recycling. At the same time, their availability decreases year
by year. It is estimated that within 20 years the resources of sand
of appropriate quality which can be used in the construction
may be depleted. More and more the construction industry is
forced to assume an ecological approach based on sustainable
development. One of the directions of green construction is use
of the recycled aggregate for the production of concrete. Over
time, such a solution may gain its followers, due to its economic
and ecological aspects.

Analysing RILEM [11] guidelines, sand from desanding
may be classified as a third category of recycled aggregate —
RCAC III. These are materials with at least 80% of the natural
aggregate and a maximum of 20% of the recycled aggregate
[11]. It needs to be underlined that the concrete based on the
recycled aggregate handed over for use will be in contact with
all the elements of the natural environment, especially with
the soil and surface waters.

The purpose of the article is to evaluate the possibilities
of using sand generated in the waste treatment plant in the
construction industry. The issue dealt with in the article may
form an alternative for the depleting sand resources which is
an indispensable aggregate in the construction industry.
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Tab. 1. Permissible limiting values for the leachability [4, 5] and the highest permissible value for other polluting substances [8]

Tab. 1. Dopuszczalne graniczne warto$ci wymywania [4, 5] oraz najwyzsze dopuszczalne wartoéci dla pozostalych substancji zanieczyszczajacych [8]

Criteria for landfills [4, 5], mg/kg The maximum
Properties Symbol R non-hazardous hazardous permissible value
inert waste waste waste [8], mg/I
pH pH - min. 6 - 6.0 -9.0
Chloride cl 800 15 000 25 000 1000
Sulphate S04 1000 20 000 50 000 500
Phosphorus P - - - 2
Potassium K - - - 80
Calcium Ca - - - -
Sodium Na - - - 800
Fluoride F 10 150 500 25
Barium Ba 20 100 300 2
Zinc Zn 4 50 200 2
Copper Cu 2 50 100 0.5
Lead Pb 0.5 10 50 0.5
Cadmium Cd 0.04 1 5 -
Chrome Cr 0.5 10 70 0.1
Cobalt Co - - - 1
Iron Fe - - - 10
Nickel Ni 0.4 10 40 0.5
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Fig.1. Circular economy business models based on a circular model [2, 9, 10]
Rys. 1. Model kotowy GOZ [2, 9, 10]

2. Materials and Methodology
2.1. Materials
The analysed material was a waste of code 19 08 02 [12].
This is the content of the sand separator. The waste is produ-
ced in the process of the mechanical treatment of waste as a
result of sedimentation of the mineral suspension. Analysed
sands (S) came from three municipal waste treatment plants:
o Municipal sewage treatment plant 1, which has a ma-
ximum daily capacity of 124 000 m*/d.
o Municipal sewage treatment plant 2 is a plant with a
maximum daily capacity of 84 000 m?/d.
o Municipal sewage treatment plant 3 with a maxi-
mum daily capacity of 29 575 m*/d.

Analysed sands (19 08 02) were not classified as dangero-
us waste. Sand_1 (S_1) was relatively homogenous with mi-
nor contaminations, i.e. small stones, fragments of glass and
fragments of plastics. Dark yellow colour, neutral scent.

Sand_2 (S_2) is characterized by a dark yellow colour and
neutral scent. The sand was relatively homogenous. It was
contaminated with mineral and organic fractions: small pe-
bbles, seeds, stems, fruit stones, glass and pieces of plastic.

Sand_3 (S_3) had a black colour and unpleasant smell -
faecal. Moreover, during storage, it underwent rotting.

2.2. Methods
As a first testing step, the water content in the taken samples
was determined according to the standard PN-EN 15934 [13].

Bulk density was also tested according to the standard PN-EN
1097-3 [14]. In order to obtain testing material of appropriate
graining, the sand was dried out at the temperature of 105°C,
cooled and screened through the sieves. Material prepared
in such a way underwent the selected physical and chemical
analyses. The loss on ignition of dry mass was determined in
accordance with standard PN-EN 15935 [15]. Tested samples
were also tested for the total content of organic carbon (TOC) -
PN-Z-15011-3 [16] and ammonium nitrogen [17].

The aqueous extracts were prepared according to the stan-
dard PN-EN 12457-2 [18].

From the sampled waste an aqueous extract was prepa-
red with a liquid-solid ratio of L/S = 10 1/kg. Elution liquid
was distilled water of pH 6.9 and conductivity of 61.18 uS/cm.
Then, the prepared sample was shaken in a laboratory shaker
for 24 hours and afterwards filtrated. Analysis of the aqueo-
us extracts from the tested sands covered several determina-
tions. The pH of the solutions was determined with the use of
Elmetron CPC-501 device in accordance with the standard
PN-Z-15011-3[16]. The content of chlorides was determined
with Mohr method with the use of silver nitrate (V) as a ti-
tration reagent and potassium chromate (VI) as an indicator
(PN-ISO 9297) [19]. The determination of the sulphates (VI)
(SO4+*) was performed with a gravimetric method with ba-
rium chloride according to the standard PN-ISO 9280 [20].
Determination of the content of sodium, calcium, potassium,
lithium and barium in aqueous extracts from sands was per-
formed through flame emission spectroscopy following stan-
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Fig. 1. Tested sand from desanding (S_1) a) raw fraction, b) fraction below 2 mm, c) fraction above 2 mm, d) analytical fraction

Rys. 1. Badany piasek z piaskownika (S_1) a) frakcja surowa, b) frakcja ponizej 2 mm, c) frakcja powyzej 2 mm, d) frakcja analityczna
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Fig. 2. Tested sand from desanding (S_2) a) raw fraction, b) fraction below 2 mm, c) fraction above 2 mm, d) analytical fraction

Rys. 2. Badany piasek z piaskownika (S_2) a) frakcja surowa, b) frakcja ponizej 2 mm, c) frakcja powyzej 2 mm, d) frakcja analityczna
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Fig. 3. Tested sand from desanding (S_3) a) raw fraction, b) fraction below 2 mm, c) fraction above 2 mm, d) analytical fraction

Rys. 3. Badany piasek z piaskownika (S_3) a) frakcja surowa, b) frakcja ponizej 2 mm, c) frakcja powyzej 2 mm, d) frakcja analityczna

Tab. 2. Basic physicochemical properties of tested sands from desanding

Tab. 2. Podstawowe wlasciwosci fizykochemiczne badanych piaskow z piaskownikéw

Properties Symbol Unit S_1 S_2 S_3
Moisture total Mr % 15.93 13.50 30.32
Dry matter DM % 84.07 86.50 69.68
Moisture analytical Ma % 0.44 0.74 0.84
Bulk density pn kg/dm? 1.38 1.33 0.85
Degradable organic DoS % 1.21 3.79 8.21
substances
Total organic carbon TOC % 0.57 1.78 3.86
Ammonium nitrogen N - NHs* mg/kg 23.47 log** 182.20

*blq -values below the limit of quantification, **loq - the limit of quantification

dard PN-ISO 9964-3 [21]. Phosphorus was determined with
the spectrophotometric method with ammonium molybda-
te and tin(II) chloride as reductors (PN-EN ISO 6878:2006)
[22]. Photometric determination of fluorides was performed
with the use of 1,8-Dihydroxy-2-(4-sulfophenylazo)naphtha-
lene-3,6- disulfonic acid (SPADNS) [23]. For the evaluation
of the content of heavy metals in aqueous extracts atomic
absorption spectrometer AVANTA PM from GBC company
was used which allows the determination of the elements with
flame atomic absorption spectroscopy.

3. Results and Discussion

Table 2 presents the results which picture the basic physi-
co-chemical properties of tested sands from desanding. Tested
sands differed in the degree of leachability and dehydration.
Sample S_3 contained approximately 30% of water, whereas
samples S_1 and S_2 contained half of this water. According
to the report RILEM [11] minimum density of recycled ag-

gregate RCAC III in a dry state equals 2.400 kg/dm®. Tested
waste sands had lower density which may limit their reuse
in the construction industry. However, the content of organic
carbon (TOC) for samples S_1 and S_2 did not exceed 2% of
the sand mass. Sample S_3 contained approximately 4% of or-
ganic carbon. Total organic carbon in tested samples did not
exceed the permissible values for waste other than hazardous
and neutral deposited in landfills (TOC<5%) and for hazar-
dous waste (TOC<6%) [4, 5].

Fig. 4 presents a simple grain size distribution chart of
tested sands. After drying, the sands were mechanically sie-
ved into two fractions: above 2 mm and below 2 mm. An im-
portant parameter of aggregates used for the production of
concrete is the so-called sand point. This is a percentage of
fraction 0,063-2 mm in the total amount of the aggregate. The
sand point for standard sand used in the construction indu-
stry reaches 100%. Tested samples had the sand point of about
95.2%, 90.4% and 57.3%.
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Fig. 4. Simple grain size distribution scheme of tested sand a) S_1,b) S_2,¢) S_3
Rys. 4. Uproszczony sktad granulometryczny badanych piaskéw, a) S_1,b) S_2,¢) S_3
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Fig. 5. Loss on ignition (LOI), a) temp. 440°C, b) temp. 600°C
Rys. 5. Loss on ignition (LOI), a) temp. 440°C, b) temp. 600°C

Tab. 3. Results of leachability of contaminants from tested sands expressed in mg/kg and mg/I (except for pH)
Tab. 3. Wyniki badann wymywalnosci zanieczyszczen z badanych piaskow wyrazone w mg/kg oraz mg/l (z wyjatkiem pH)

Properties Symbol s_1 S_2 S_3
mg/kg [ mg/l | mg/kg [ mg/l | mg/kg | mg/I

pH pH 7.0 7.3 6.6
Chloride Cl- 69.12 6.91 691.20 69.12 115.20 11.52
Sulphate S04- 1508.47 150.85 442.94 44.29 809.09 80.91
Phosphorus P 1.31 0.13 blg* blg* 13.07 1.31
Potassium K 23.90 2.39 24.20 2.42 147.80 14.78
Calcium Ca 223.60 22.36 174.90 17.49 198.80 19.88
Sodium Na 20.80 2.08 24.90 2.49 39.40 3.94
Fluoride F 7.56 0.76 4.00 0.40 12.41 1.24
Barium Ba 0.60 0.06 blg* blg* 45.60 4.56
Ammonium nitrogen N - NH4* 23.47 2.35 log** log** 182.20 18.22
Zinc Zn 1.00 0.10 1.10 0.11 3.50 0.35
Copper Cu 0.60 0.06 0.80 0.08 blg* blg*
Lead Pb 0.05 0.005 0.50 0.05 0.20 0.02
Cadmium Cd 0.10 0.01 0.20 0.02 blg* blg*
Chrome Cr 0.30 0.03 0.20 0.02 0.40 0.04
Cobalt Co 0.20 0.02 0.40 0.04 blg* blg*
Iron Fe blg* blg* blg* blg* 1.30 0.13
Nickel Ni blg* blg* blg* blg* blg* blg*

*blg —values below the limit of quantification, **loq - the limit of quantification

Fig. 5 presents the results of the content of organic sub- for sulphates in tested samples did not exceed the acceptable
levels for depositing in landfills of waste other than hazardous
or neutral.

An exception is sample S_1 for which the sulphates le-

stances (LOI). The content of organic particles was determi-
ned through the ignition method at the temperatures of 440°C
and 600°C. The temperature of 440°C was selected based on

the scientific literature [24]. Tested sands varied in the content
of organic particles. In the case of samples S_1 and S_2, it was
noted that the loss on ignition (LOI in 600°C) met the crite-
ria for depositing in the landfills other than hazardous and
neutral (LOI<8%) [4, 5]. However, the sample S_3 does not
meet the requirement that allows for depositing in landfills of
hazardous waste (LOI<10%) [4, 5].

Table 3 presents the scope of leachability of selected con-
taminants from the tested sands, which may pose a potential
nuisance to the environment. The obtained results of leacha-
bility of hazardous substances and heavy metals from the te-
sted sands were compared to the highest permissible values
for the contaminants specified in the order [8] and permissi-
ble limiting values of contaminants that allow for depositing
of waste in the landfills specified in order [5, 6]. The leachabi-
lity of chlorides does not exceed the permissible levels stipu-
lated in the discussed legal regulations. The leachability level

vel exceeds the permissible values for neutral landfills. In the
case of sample S_3 the highest leachability was achieved for
barium and ammonium nitrogen. Their levels exceeded the
permissible values.

Furthermore, in aqueous extracts obtained from the te-
sted sands the content of the heavy metals was determined,
i.e.: zing, lead, copper, cadmium, chrome, cobalt, iron, man-
ganese and nickel. The obtained concentrations of heavy me-
tals in aqueous extracts were compared with the permissible
values for wastes destined for landfills other than hazardous
and neutral and for hazardous wastes. It needs to be underli-
ned that the content of heavy metals leachable from the tested
sands did not exceed the permissible values for the discussed
cases.

Analysing the obtained results and based on the perfor-
med determinations we may state that sands S_1 and S_2
meet the binding requirements and their reuse can be consi-
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dered. However, the results for sand S_3 show that out of all
the tested substances barium and ammonium nitrogen exceed
the limits specified in legal regulations.

4. Conclusions

Growing demand for sand for construction may in the
near future lead to an ecological catastrophe. Wasteful explo-
itation of such precious resources as sand causes large damage
to the natural environment.

Evaluating tested sands S_1 and S_2 in light of environ-
mental impact, we may state that the obtained levels of le-
achability of hazardous substances and heavy metals do not
pose any potential damage to the natural environment. There
are objections concerning the use of sand S_3 whose results
do not meet the two parameters specified in the binding legal
regulations.

In the context of the reuse in construction, the tested
sands should undergo a careful washout which would decre-
ase the amount of contaminants and result in a significant
improvement in the quality of this aggregate. This simple pro-
cedure would increase the possibility of using the tested sand
in the construction industry to a wider extent.

The presented results are preliminary tests. In further te-
sts, the sand will undergo the toxicity tests and microbiologi-
cal evaluation, including the determination of the indicator
bacteria and selected pathogens.
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Badanie i ocena wlasciwosci fizykochemicznych zawartosci piaskownikow

W artykule dokonano oceny wlasciwosci fizykochemicznych piasku z piaskownikow oczyszczalni Sciekow pod kgtem wymagati
stawianych kruszywom budowlanym. W zwigzku z tym przeprowadzono analize wlasciwosci fizycznych piasku: wilgotnosé, gestos¢
nasypowg, a takze analize sktadu chemicznego piasku i poziom wymywalnosci substanciji szkodliwych oraz metali ciezkich. Celem
bada bylo znalezienie alternatywy dla malejgcej zasobéw tego cennego surowca, niezbednego dla sektora budowlanego. Obecnie
szacuje sig, ze w ciggu 20 lat zabraknie piasku odpowiedniej jakosci do wykorzystania w budownictwie. W artykule przedstawiono
wyniki badat fizykochemicznych oraz wymywalnosci wybranych substancji szkodliwych (B F, N-NH4", Cl, SO+*) i metali cigzkich
(Ba, Zn, Cu, Pb, Cd, Cr, Co, Fe, Ni) z zawartosci piaskownika.

Stowa kluczowe: oczyszczalnie sciekow komunalnych, odpady, piasek, piaskownik, ponowne wykorzystanie
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Abstrakt

W artykule przedstawione zostaly wyniki analizy zagrozeti hatasem w zakladach przerobki mechanicznej kopaln wegla kamiennego
w okresie od 2003 do 2022 roku. Przeanalizowano zapadalnos¢ na choroby zawodowe w gornictwie wegla kamiennego ogétem
i zaktadach przerébki wegla oraz zapadalnos¢ na choroby zawodowe, ktérych przyczyng byt hatas. Przeanalizowano takze liczby
stanowisk pracy zagrozonych halasem w zakladach przerobki w analizowanym okresie. Ze wzgledu na dynamiczne zmiany
organizacyjne w polskim gornictwie weglowym w okresie prowadzonej analizy skutkujgce zmniejszong liczbg kopaln, zakltadow
przerobki mechanicznej wegla, a tym samym liczbg stanowisk pracy w tych zaktadach oraz zmniejszeniem wydobycia wegla o blisko
50% zaproponowano wskaznik oceny stanu zagrozenia hatasem WTH na stanowiskach pracy odniesiony do sumarycznej ilosci
wegla wzbogacanego w zaktadach przerdbki w poszczegolnych latach. Najnizszg wartos¢ tego wskaznika wynoszgcg 4,4 (1/min Mg)
odnotowano w 2004 roku, a wartos¢ najwyzszg 8,6 (1/mln Mg) w roku 2022.

Stowa kluczowe: gérnictwo, zaklad przerdbezy, zagrozenie hatasem

1. Wprowadzenie

Halasem nazywamy kazdy niepozadany, nieprzyjemny,
ucigzliwy i szkodliwy dzwigk dzialajacy na organ stuchu czto-
wieka. Hatlas, ze wzgledu na jego natezenia, moze by¢ row-
niez niebezpieczny dla zdrowia cztowieka.

W roku 2022 w polskim przemysle zatrudnionych bylo 2
892 472 0s6b, z czego w warunkach zagrozonych hatasem za-
trudnionych bylto 181 854 osob, co stanowi 6,2%. Natomiast
w sektorze gérnictwo i wydobywanie w warunkach zagro-
zonych halasem zatrudnionych bylo 21 569 o0séb przy za-
trudnieniu ogétem w tym sektorze 133 034. Tak wiec w przy-
padku tego sektora gospodarki odsetek osob zatrudnionych
w warunkach zagrozonych halasem stanowi 16,2%. Jest drugi
sektor przemyslu po przetworstwie przemystowym, w kto-
rym w warunkach zagrozonych halasem pracuje 75,4%. Tak
wiec w tych dwoch sektorach polskiego przemystu zatrudnio-
nych jest w warunkach zagrozonych hatasem facznie 91,6%
ogotu osob [21].

Konsekwencjg pracy w warunkach szkodliwych sg cho-
roby zawodowe. W tabeli 1 przedstawiono dane dotyczace
analizy zachorowan na chorobe zawodowa spowodowang
hatasem w latach 2003-2022 [2-17], a na rys.1 procentowe
udziaty liczby choréb zawodowych spowodowanych hatasem
do ogdlnej liczby orzeczonych choréb zawodowych w gornic-
twie ogotem i w zaktadach przerdbki mechanicznej.

Z przedstawionych danych wynika, ze choroby zawodo-
we ktérych przyczyng jest hatas sg w zakladach przerdbki
mechanicznej ponad sze$¢ razy czeéciej orzekane jak w calym
sektorze gornictwie wegla kamiennego.

Wyniki analizy przedstawionej w tabeli i na rysunku wy-
kazaly, ze zaréwno w gornictwie jak i zakladach przerébki
mechanicznej w okresie wykonywanej analizy nastapil spa-
dek liczby orzeczonych choréb zawodowych spowodowa-
nych hatasem. Wykazano takze, ze procentowy udzial choréb
zawodowych spowodowanych hatasem w zakltadach przerdb-
ki jest ponad szes¢ razy wigkszy niz calym sektorze gornic-

twa wegla kamiennego. Prezentowane dane wskazujg na to,
ze w przypadku gornictwa ogétem procentowy udziat liczby
chorob zawodowych spowodowanych hatasem ma tendencje
malejacg, natomiast w przypadku zakladéw przerdbki me-
chanicznej tendencja ta jest rosnaca.

Spadek zachorowalno$ci, ktéry zaobserwowano wynika
z poprawy skuteczno$ci walki z halasem polegajacej na sto-
sowaniu metod technicznych i administracyjno-prawnych.

Do metod technicznych zaliczy¢ nalezy:

o ograniczenie emisji Zrodet hatasu,

o ograniczenie transmisji wibroakustycznej,

o aktywna redukcja hatasu,

o  ograniczenie immisji polegajacej na osobistej ochro-

nie pracownika.

Do metod administracyjnych zalicza si¢ ustawy, przepisy,
zarzgdzenia, normatywy i normy oraz wlasciwg organizacje
pracy w zaktadzie.

Warunki jakie spelnia¢ powinien klimat akustyczny
w $rodowisku pracy definiujg odpowiednie rozporzadzenia
[18]. Z tych aktéw prawnych wynika sie, ze ze wzgledu na
ochrone stuchu dopuszczalne wartoéci hatasu w $rodowisku
pracy wynosza:

o 85 dB - w odniesieniu do 8-godzinnego dobowego

wymiaru czasu pracy,

o 115 dB - maksymalny poziom dzwieku A,

o 135dB - szczytowy poziom dzwieku C.

W analizach i ocenach klimatu akustycznego na stanowi-
skach pracy operuje si¢ pojeciem najwyzszego dopuszczalne-
go stezenia (NDS). Jest to warto$¢ srednia wazona stezenia,
ktérego oddzialywanie na pracownika w ciggu 8-godzinnego
dobowego i przecigtnego tygodniowego wymiaru czasu pracy
przez okres jego aktywnoéci zawodowej nie powinno spowo-
dowa¢ ujemnych zmian w jego stanie zdrowia oraz w stanie
zdrowia jego przyszlych pokolen [19].
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Tab. 1. Choroby zawodowe w gérnictwie ogétem i zaktadach przerobki mechanicznej spowodowane halasem w latach 2003-2022. Zrédto: opracow-
anie wlasne na podstawie 2-17

Tab. 1. Occupational diseases in mining in general and in mechanical processing plants caused by noise from 2003 to 2022. Source: own elaboration
based on 2-17

Rok Gornictwo ogdtem Zaktady przerébki mechanicznej wegla
Year Total minin: Coal preparation plants
1 2 3 1 2 3
2003 194 774 25,1 16 26 61,5
2004 132 655 20,1 13 15 86,7
2007 57 608 9,4 5 8 62,5
2008 75 610 12,3 5 7 71,4
2009 74 546 13,5 5 10 50,0
2010 71 671 10,6 4 7 57,1
2011 42 611 6,2 4 10 60,0
2012 36 502 7,2 3 7 27,3
2015 23 326 7,1 2 3 66,7
2016 27 488 5,5 3 3 100
2017 23 288 8,0 0 0 0
2018 23 254 9,1 1 1 100
2019 7 300 2,3 2 2 100
2020 14 387 3,6 2 2 100
2021 10 277 3,6 1 1 100
2022 10 381 2,6 1 4 25,0
Srednio / Medium 9,1 Srednio / Medium 60,5

1 - liczba choréb zawodowych spowodowanych hatasem w danym roku / number of noise-related

occupational diseases in a given year; 2 - sumaryczna liczba choréb zawodowych orzeczonych w

danym roku / total number of occupational diseases diagnosed in a given year; 3 — procent chor6b

zawodowych, ktérych przyczyng byt hatas do ogdlnej liczby orzeczonych chordb / percentage of

occupational diseases caused by noise to the total number of diseases diagnosed.

W latach 2005, 2006, 2013 i 2014 brak danych / In 2005, 2006, 2013 and 2014 no data available

100

Ri

i

y=0.7635x + 60.273
4

l | l y=H1.1056x + 19835
- ] Re=0.7087
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W % gornictwo ogdtem W% zaklady przerobki

Rys. 1. Procentowe udzialy liczby choréb zawodowych spowodowanych hatasem w gérnictwie ogétem i w zakladach przerdbki. Zrodo: opracowanie wlasne

Fig. 1. Percentages of the number of occupational diseases caused by noise in mining in general and in processing plants. Source: own elaboration

2. Identyfikacja zagrozen halasem w zakladach przerébki
mechanicznej kopaln wegla kamiennego

Analizie zagrozen halasem w zakladach przerdbki me-
chanicznej kopaln wegla kamiennego poddano lata 2003-2022.
W tym okresie nastgpowaly dynamiczne zmiany organizacyjne
w polskim gérnictwie weglowym. W roku 2003 czynnych bylo
bowiem 41 kopaln [20]. W kazdej kopalni funkcjonowat zaktad
przerdbki mechanicznej wzbogacajac wegiel w réznym zakresie.
W roku 2022 czynnych byto tylko 20 kopaln. Prowadzily one
dziatalno$¢ 30 ruchach, praktycznie odpowiadajacym dawnym
kopalniom [1]. Istotnie wigc zmniejszyla si¢ liczba zakladow
przerdbki mechanicznej wegla, a tym samym liczba stanowisk
pracy. W okresie tym zmniejszylo si¢ tez o blisko 50% wydoby-
cie wegla [22], co pokazano na rys. 2.

Informacje o zagrozeniach hatasem na stanowiskach
pracy w zakladach przerébki mechanicznej zaczerpnigto
z ,Raportéw rocznych o stanie podstawowych zagrozen nat-
uralnych i technicznych w gérnictwie wegla kamiennego” [2-
17], rocznika wydawanego przez Gléwny Instytut Gornictwa.
Informacje o liczbie stanowisk zagrozonych hatasem w latach
2003 do 2022 pokazano na rys. 3.

Ze wzgledu na dynamike zmian organizacyjnych w anal-
izowanym okresie identyfikacja catkowitej liczby stanowisk

w ciagach technologicznych wszystkich zakltadéw przerébki
byla praktycznie niemozliwa. Z tego wzgledu do oceny sta-
nu zagrozen hatasem na stanowiskach pracy przyjety zostat
wskaznik WZH, ktéry odnoszony jest do sumarycznej ilos-
ci wegla wzbogacanego w zakladach przerébki w poszcze-
golnych latach. Pozwala on, jak si¢ wydaje, na obiektywna
ocen¢ dynamiki stanu zagrozenia hatasem w tych zakladach
przy zaistnialych zmianach w ich liczbie. Wskaznik zagroze-
nia hatasem WZH wyznaczano z nast¢pujacej zaleznosci:

WZH=H/W (1/mlnMg)

gdzie: H -liczba stanowisk pracy zagrozonych halasem
w danym roku kalendarzowym,-; W - wydobycie wegla
w danym roku kalendarzowym, mln Mg.

Wielkosci obliczonych wskaznikéw zagrozenia hatasem
WZH w poszczegélnych latach podano w tabeli 2. Graficzny
obraz zmian tego wskaznika prezentuje rys. 4.

3. Dyskusja wynikow przeprowadzonej analizy
Analizowany okres od 2003 do 2022 roku byt, jak wspo-
mniano wyzej, okresem dynamicznych zmian strukturalnych
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Rys. 2. Zmiany wydobycia wegla kamiennego w Polsce lata 2003-2022 Zrédlo: opracowanie wlasne na podstawie 22

Fig. 2. Changes in hard coal extraction in Poland 2003-2022. Source: own elaboration based on 22
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Rys. 3. Liczba stanowisk pracy zagrozonych hatasem w zakladach przerobki mechanicznej kopalt wegla kamiennego. Zrédto: opracowanie whasne na podstawie 2-17

Fig. 3. Number of noise-prone workplaces in coal mine mechanical processing plants. Source: own elaboration based on 2-17

Tab. 2. Wydobycie wegla kamiennego w Polsce w latach 2003-2022 i wskaznik WZH zagrozenia hatasem na stanowiskach pracy w zakladach
przerébki mechanicznej kopaln wegla kamiennego. Zrédto: opracowanie wlasne

Tab. 2. Hard coal extraction in Poland in the years 2003-2022 and the WZH index of noise pollution at workplaces in mechanical processing plants of
hard coal mines. Source: own elaboration

yeoakr 2003 2004 2007 2008 2009 2010 2011 2012
Wydobycie,
Extraction 101,1 100,5 87,4 83,7 77,5 76,2 75,7 79,2
min Mg
WZH
1/min Mg 47 4.4 5.4 6,1 7,2 7.4 7,6 6,6
Rok
v:ar 2015 2016 2017 2018 2019 2020 2021 2022
Wydobycie,
Extraction 72,2 70,4 65,5 63,4 61,6 54,4 55,0 52,8
min Mg
WZH
1/min Mg 73 7.5 7.5 7,5 6,6 7,4 7,6 8,6

w gornictwie wegla kamiennego, ktére zwigzane byly z istot-
nym zmniejszeniem liczby kopaln wegla kamiennego, a tym
samym ich zakladow przerébczych oraz ze zmniejszeniem
wydobycia tego surowca. Tak wiec zaréwno w przypadku wy-
dobycia wegla w polskich kopalniach jak i liczby stanowisk
pracy w zakltadach przerébki mechanicznej zagrozonych hata-
sem wystapily trendy spadkowe. Jednak trend spadkowy wy-
dobycia wegla mial charakterem monotoniczny i wieksza sita
spadku. W przypadku stanowisk pracy zagrozonych hatasem
sifa spadku byta znacznie mniejsza, a liczby tych stanowisk
w poszczegolnych latach wykazywaly znaczne réznice. W po-
czatkowym okresie, w latach 2003 do 2007 byly nieco nizsze
(w granicach ok. 450-480), aby w latach 2009-2011 osiggna¢
warto$ci maksymalne (w granicach ok. 570-580) i w latach
2019-2021 powréci¢ do wartosci nieco powyzej 400.
Natomiast wskaznik WZH, przyjety do oceny stanu zagro-
zenia halasem na stanowiskach pracy w zakladach przerdb-
czych wegla kamiennego, odniesiony do sumarycznej ilosci
wegla wzbogacanego w tych zakladach, wykazal trend wzno-

szacy z do$¢ znaczng sita wzrostu. Najnizsza warto$¢ tego
wskaznika wynoszacg 4,4 (1/mln Mg) odnotowano w 2004
roku, a warto$¢ najwyzsza 8,6 (1/mln Mg) w roku 2022.

Stan taki uzna¢ nalezy za wysoce niezadawalajacy. Wska-
zuje on na konieczno$¢ zaréwno dalszych poglebionych jego
analiz jak i podejmowania dziatan prowadzacych do jego po-
prawy. Celem tych dziatan powinno by¢ ograniczenie emisji
hatasu generowanego przez maszyny i urzadzenia pracujace
w ciggach technologicznych. Koniecznym jest tutaj doskona-
lenie metod technicznych poprawiajacych komfort akustycz-
ny $rodowiska pracy.

Przeprowadzone analiza wykazala réwniez, Ze mimo
nieznacznego zmniejszenia liczby stanowisk pracy zagrozo-
nych hatasem i wyraznego wzrostu wskaznika WZH znacznie
zmniejszyta si¢ liczba choréb zawodowych spowodowanych
hatasem w zaktadach przerobki mechanicznej wegla. W roku
2003 liczba ta wyniosta 16, w roku 2004 - 13, a w latach 2021
12022 zanotowano po jednym takim przypadku. Moze to by¢
konsekwencja poprawnego zdiagnozowania klimatu aku-
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Rys. 4. Wskaznik WZH zagrozenia hatasem na stanowiskach pracy w zakladach przerdbki mechanicznej kopali wegla kamiennego w latach
2003-2022. Zrédto: opracowanie wlasne

Fig. 4. WZH index of noise hazard at workplaces in coal mine mechanical processing plants for the period 2003-2022. Source: own elaboration

stycznego $rodowiska pracy i konsekwentnego stosowania
u osob pracujacych w nim odpowiednich indywidualnych
$rodkéw ochrony stuchu. Obecnie istnieje bowiem boga-
ta oferta takich ochronnikéw stuchu, ktérych skuteczno$é

wzrasta, a wladciwoéci sg stale doskonalone. Jednak stosowa-
nie indywidualnych $rodkéw ochrony stuchu powinno by¢
ostatnim dzialaniem na drodze do poprawy komfortu pracy
w $rodowisku maszyn i urzadzen emitujacych halas.
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Analysis of Noise Pollution at Mechanical Coal Processing Plants
This article presents the results of an analysis of noise hazards in coal mine preparation plants from 2003 to 2022. The incidence of
occupational diseases in coal mining in general and in coal preparation plants and the incidence of occupational diseases caused by
noise were analysed. The number of noise-prone workplaces in the preparation plants during the analysed period was also analysed.
Due to dynamic organisational changes in the Polish coal mining in the analysed period, which resulted in a reduced number of mines,
coal preparation plants, and thus the number of workplaces in these plants, as well as a decrease in coal extraction by almost 50%,
an indicator for the assessment of the state of noise pollution at workplaces was proposed, related to the total volume of coal enriched
in the preparation plants in the individual years. The lowest value of this indicator of 4.4 (1/mln Mg) was recorded in 2004 and the

highest value of 8.6 (1/mln Mg) in 2022.

Keywords: mining, processing plant, noise pollution
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Abstract
The paper focuses on validating data collection methods for surveying stockpiles, critical in industries like construction and mining,
ranging from traditional manual approaches to advanced technologies such as LiDAR and drones. The study assesses accuracy and
reliability, considering factors like equipment precision and data processing. It examines various measurement techniques and devices,
comparing their accuracy, usability, and results. This work underscores the importance of reliable data in fostering efficiency and

sustainability across industries.

Keywords: stockpiles, laser scanning, drone, iPhone, measuring, volume calculation

Introduction

Accurate measurement of stockpiles is crucial for vari-
ous industries, including construction, mining, and agricul-
ture. The reliability of these measurements depends largely
on the data collection methods employed during surveys.
Ensuring the validation of these methods is imperative
to guarantee the precision and credibility of the gathered
information.

Stockpile measurement plays a pivotal role in inventory
management, resource planning, and regulatory compliance
for organizations dealing with bulk materials. The methods
employed for data collection range from traditional manu-
al measurements to advanced technologies such as LIDAR
(Light Detection and Ranging), drones or mobile phones.
Each method comes with its own set of advantages and lim-
itations, making it essential to scrutinize their accuracy and
reliability.

This exploration into the validation of data collec-
tion methods for surveying stockpiles aims to address
the challenges associated with ensuring the precision and
consistency of measurements. It involves assessing the ac-
curacy of measurements stockpile materials by different
methods.

By comprehensively validating these data collection
methods, industries can enhance their decision-making pro-
cesses, optimize resource utilization, and meet regulatory re-
quirements with confidence. This topic not only contributes
to the advancement of stockpile measurement techniques but
also underscores the significance of reliable data in fostering
efficiency and sustainability in various sectors.

Tested area
As a tested area we chose a Packing plant - STRABAG,
who allowed us to use the premises for the measuring. There
are eleven piles of gravel of various sizes as seen in the Figure 2.
To collect data were chosen four methods. Laser scanning
method, unmanned aerial vehicles (UAV - drone), mobile
mapping and photogrammetric method using iPhone.

Methods of data collection

The laser scanning method is a technology based on the
non-contact determination of spatial coordinates of objects,
suitable for subsequent 3D modeling and visualization of
buildings, especially for more complex and extensive struc-
tures. It is widely used in various areas, encompassing the
scanning of interiors, exteriors, historical buildings, under-
ground spaces, and many other objects. The primary advan-
tages of this method are its high speed and accuracy. The out-
put of this technique is a point cloud, which can be used to
create a 3D model of the building.

Drones are unmanned aerial vehicles (UAVs) equipped
with cameras, sensors, and other tools used for collecting
data from the environment. They have become invaluable
tools for scientists and researchers because they can gather
data in areas that are difficult to access or too dangerous for
humans.

Mobile mapping utilizes various vehicles such as cars,
ships, railcars, drones, and others as carriers for scanners.
The collected data may come from multiple cameras, diverse
sensors, different times, depths, or viewpoints. Through reg-
istration, we can compare and integrate data obtained from
these varied measurements. The equipment includes an In-
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Fig. 1. Tested stockpiles

Rys. 1. Badane zwatowiska

Fig. 2. Tested stockpiles — point clouds

Rys. 2. Badane zwalowiska chmura punktow

Fig. 3. Leica RTC360
Rys. 3. Skaner laserowy Leica RTC360

ertial Navigation System (INS), which comprises an Inertial
Measurement Unit (IMU) and a GNSS receiver determining
the device's position for field measurements. When operat-
ing inside buildings, the use of Simultaneous Localization
and Mapping (SLAM) technology becomes necessary. The
IMU, typically consisting of three accelerometers and three
gyroscopes (for all three axes in space), determines tilts and
accelerations. These parameters are then used in calculating
the coordinates of measured points. The IMU provides the
necessary data for determining the motion trajectory, refined
further using GNSS or SLAM.

The photogrammetric method using an iPhone involves
installing an application for collecting photos with an auto-
matic calculation of cubic volumes.

Used devices

e Leica RTC360

This highly automated and innovative solution for cap-
turing data in 3D reality effectively combines the powerful
RTC360 3D laser scanner with the Leica Cyclone FIELD 360
application. This application enables the automatic re-regis-
tration of scans in real-time directly in the field. The Leica

Fig. 4. DJI Mavic 3
Rys. 4. Dron DJI Mavic 3

Fig. 5. Geo SLAM ZEB Horizon
Rys. 5. Skaner reczny Geo SLAM ZEB Horizon

Cyclone REGISTER 360 software is then employed for fast
processing into the final cloud (Figure 3).

. DJI - Mavic 3

The DJI drone is equipped with a photogrammetric
camera and an RTK receiver, enabling the rapid and pre-
cise creation of 2D maps, 3D models, or point clouds. This
drone provides advanced settings for flight parameters, and
the RTK module ensures an accuracy of 1 cm or 1.5 cm
and beyond. Additionally, the Mavic 3 comes with built-in
GPS, offering a maximum flight time of forty-six minutes
(Figure 4).

e Geo SLAM ZEB Horizon

It is characterized by its long range, speed, and high accu-
racy. With a range of up to 100 meters, the ability to capture
300,000 points per second, and achieve 6mm relative accu-
racy, the ZEB-HORIZON proves to be excellent for outdoor
applications. Its lightweight and compact design also make it
well-suited for indoor surveys. The processing is automatic
and very user-friendly (Figure 5).
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Fig. 6. iPhone SE - installed application
Rys. 6. Aplikacja w telefonie IPhone SE
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o iPhone SE - application Stockpile report for volume Data collection and processing
calculation The data collection took place in the selected terri-
With this application, it is possible to calculate timely and tory, as shown in Figure 2. Identical points were strate-
accurate stockpile volumes and tonnage using data collected by gically placed, measured by a total station, and subse-
an iPhone. The installed app utilizes real-time automated cam- quently used for data collection and processing in laser
eras, and the post-processing of data is automatic (Figure 6). scanning, drone flying, and mobile mapping methods. Uti-

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society 143



data posomoessing

difficul
At et iy e e ] e sty celasheay el
aiicaion proomesing s
Tramble bussines
canter -
connacion,
geaning, Trimbie
dassiiication, bussines
mesh, voiums center  draw pohgon | probabhythe
cakulation of point noonine | siockpie most offine
T errestrial laser clouds Zhisits 16 solufion plans accurate exemal
scanning deskiop | adustments | method 1-2 doud
software | report edifing percent
subect
know ledge
Esluation 3 - 3 3 - 1 | 28
FoedD, Fropsler -
upload data
(phoos and
coordnaes) o the
choud for X
cabulafon PoadD, | draw polygon
solufon: PRetD, F'w_Pel:r - Sm;:ile s 12 .
Photogrametry - simpl plans werygood, 1-2 enine
dron Pacpeler bEnse 1o0e upload of | adustments percent aplicafion
daE othe  report pre-
PIX4D doud wapared
w”
N R i
Sochpile repart -
uphoad dsts
(photos and
coordnats) o the mors
choud for ) compise
~aiculston Swoockpilerep | draw polgon | shapes -
o D ortcom sochpile  messure from
Photog mmetry SOIUJ:;ETSD' 05 e simpk plane a high online
mabile phone - upkoad of | adpstments | desiafioneor | aplication
daE othe reportpre-  notatall 34

doud oreoared percent

(hodinocani
mezi 34}
- . W

connechon,
dieaning,
dassification,
mesh, volume GEOS-L:‘W
caiculaton of point na onine
clouds saluten pobgon
: P siochpile o offine
Lo o Zhisits 156 software P i st
scanning SLAM Volume - . percent
adustments doud
HMEws -
; repoirt edifing
VOLUMES pluz.
subgct
know ledge

Ewluation a - a a - Fl | 25

Fig. 8. Comparison of individual methods - processing

Rys. 8. Poréwnanie stosowanych metod - obliczenia

Stodk pile C"Ef;' E{Ej}?ﬂ LTEEEEEE: | Mauic2 Mavic 3 GeaSLAM Elz:;'!;;ﬂ Site volume
name e i Fix4D.cloud [m3 | Propeller [ma] [m3] E— [ma]

1 1224 1268 1208 133 = 1 269
2 =89 1082 1074 1081 1115 1105 1 28]
3 ] = o5 =7 = £
2 597 579 202 oz 207 550 581
5 501 o0z 947] 541 Dan 1288 1 050
8 a0 982 1 000 1008 o67] 872 oeg)
7 230 238 228 EES 2] 243
B GE i 723 S = 718 GE
9 =5 1000 1020 1042 1010 1022 51
10 3E53 3604 3728 3781 3782 3887 3814
11 B 10 o) o)

Completed 301 90 540 94 941 5525 Sery

Fig. 9. Volume results

Rys. 9. Poréwnanie uzyskanych objetosci

144 Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society



lizing identical points ensures compactness and processing
accuracy.

Before the measurement, individual devices were com-
pared based on measurement time, purchase price, difficulty
of data collection, and resistance to weather effects, and were
rated from 1 to 5. The results can be seen in Figure 7.

Upon completion of data collection using all selected meth-
ods, processing was carried out using various software. For the
Leica RTC360, Cloud Compare, and Trimble Business Centre
(TBC) were employed. Data from the Mavic 3 drone were pro-
cessed in Pix4D Cloud and Propeller, while GeoSLAM utilized
automatic processing in its own software. The application on
the iPhone is also automatic after data collection.

Following the processing of all data, the cubic volumes
of individual stockpiles were calculated, and the results were
compared. A comprehensive comparison and evaluation of
data processing collection took place, considering factors
such as data collection time, processing application price
(user licenses), processing difficulty, volume calculation diffi-
culty, accuracy, and data-sharing possibilities. The results are
presented in Figure 8.

Evaluation of the methods

After evaluating and comparing individual methods in
terms of data collection speed, processing efficiency, and result
accuracy, the laser scanning method emerges as the most accu-
rate. However, this method, despite its precision, involves a lon-
ger data collection and semi-automatic processing compared

to using an iPhone application. Although the data collection is
rapid with the iPhone app, and the processing is automatic, the
difference in the achieved results is not significant.

The conventional method of measuring stockpile volume
involves the use of battens and a measuring wheel. Results in-
dicate that the laser scanning method deviates by 1.5 percent
from the average, the UAV method by 1 percent, mobile map-
ping by 4 percent, and manual surveying with a measuring
wheel by 7 percent from the standard deviation.

The findings highlight the advantages of both photo-
grammetric methods over the classical measurement method,
which is widely used today.

The laser scanning method (TLS) proves to be the most
expensive. While data acquisition speed is moderately fast, the
semi-automatic processing, maintaining overlap between indi-
vidual scanner positions, requires the expertise of a surveyor.

The mobile mapping method is the most expensive re-
garding equipment acquisition. The data acquisition process
is very fast and can only be performed by a trained worker,
with the processing being semi-automatic.

Using a drone is moderately expensive, with a very fast
data acquisition process that requires a trained worker. The
processing, however, is automatic.

The Stockpile Report on iPhone is an extremely cost-ef-
fective option. Data acquisition is moderately fast, and the
processing is automatic. The accuracy is surprisingly satisfac-
tory, meeting the required precision for measuring stockpile
volume.
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W artykule skupiono si¢ na walidacji metod gromadzenia danych do badania sktadéw, kluczowych w branzach takich jak budownictwo
i gérnictwo, poczgwszy od tradycyjnych metod recznych po zaawansowane technologie, takie jak LiDAR i drony. W badaniu oceniano
dokladno$¢ i niezawodnos¢, biorge pod uwage takie czynniki, jak precyzja sprzetu i przetwarzanie danych. W artykule opisano
badanie réznych technik i urzqgdzeni pomiarowych, porownujgc ich dokladnosé, uzytecznosé i wyniki. Praca ta podkresla znaczenie

Walidacja metod pozyskiwania geodezyjnych danych pomiarowych sktadowisk

wiarygodnych danych dla wspierania wydajnosci i zréwnowazonego rozwoju w réznych branzach.
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Abstract
This article deals with the possibilities of cadastral map correction in an undermined area. The cadastral area of Muglinov in the
municipality of Ostrava was chosen as a model area. The problem of inaccuracy of maps is caused by the influence of undermining
and historical development.
From the technical point of view, the way of correction consisting in surveying a larger number of identical points, using the coordinates
of the position of the change points from the period after the withdrawal of mining influences and transformation by blocks using
Jung’s up-transformation in the way used in the restoration of the cadastral register by reworking seems to be feasible and provides

good results.

Keywords: cadastral map correction, undermining, identical points, transformation

Introduction

When considering the solution for the correction of the
cadastral map in the cadastral district of Muglinov, it is neces-
sary to assess and realize not only how the maps were created
in the cadastral district of Muglinov but also in the surround-
ing cadastral districts, according to [1], triangulation work in
Ostrava was started as early as 1924 and continued in 1927,
when triangulation points of the second to fourth order were
determined. In 1926, Professor Semerad carried out triangula-
tion in the east of the Ostrava Region for Orlova and Karvina,
and in 1932, this was extended to include the so-called district
triangulation, which was carried out by the then measurement
authorities. Both of these triangulations were taken over by
the former triangulation office of the Ministry of Finance. The
triangulation work was then continued in 1935 and in 1941
and 1942 when triangulation to the fifth order was carried out
in the entire Ostrava headland, which was then formed by the
borders of the Protectorate of Bohemia and Moravia.

When calculating the coordinates of the triangulation
points, inconsistencies in the coordinates of the given trian-
gulation points were detected, making the calculations diffi-
cult. The cause of these discrepancies was, therefore, sought,
and it was found that the orientations made on the triangula-
tion points showed large deviations, which suggested move-
ments of these points and, therefore, movements of the soil.
The magnitude of the movements and their direction were
explained in detail by Ing. Vladimir Forman in [2].

In 1949, it was decided that a new triangulation would be
carried out in the areas where Professor Semerad’s triangula-

tion (1926) and the district triangulation (1932) had been car-
ried out because it was in these areas that the greatest surface
displacement was observed.

The trigonometric network was newly spread over the
area at a distance of triangulation points averaging 2 km. This
removed the deficiency of the 1926 grid, where 500 m long
sides were interspersed with sides of several kilometres. The
original triangulation points were preserved in the landscape
and in the triangulation documentation, as the polygon mea-
surements were linked to them. The new triangulation points
were numbered with connecting numbers, and new triangula-
tion sheets were created for them. The triangulation network
in the western part of the Ostrava Basin was rebuilt in a sim-
ilar way in 1950.

As can be seen from [1], in 1950, the whole of the then
Ostrava-Karvina Coalfield was newly triangulated since tri-
angulations were originally carried out in this area in 1924,
1929, 1932, 1935, 1944, and 1949, as already described above,
and these lacked any internal connection with each other. It
was found that after the alignment of the triangulation points,
the mean error of the alignment increased on average by 62%,
which was due to the fact that the original network, as men-
tioned above, was built in 6 stages between 1924 and 1949
using disparate bases, often independent of each other and
with different accuracy; these triangulations were carried out
by several offices, which were taken over into a single trigo-
nometric network from 1927 onwards and recalculated in it.

According to [2], the triangulations had different densi-
ties of points, and the position of these points was changed
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by subsequent undermining; some were completely lost, and
others had to be relocated due to mining or construction ac-
tivities, which affected their accuracy. For example, one tri-
angulation point was relocated twice — once because of the
expansion of a spoil heap and the second time because of the
high-voltage lines. It was relocated by up to 250 m, with a
deviation of 10 cm at this new location. Therefore, the trian-
gulation was carried out again in 1944, but only in the terri-
tory of the so-called Protectorate of Bohemia and Moravia.
However, the cadastral districts of Muglinov, Hrusov, and
Hefmanice were already part of the so-called German Reich,
not the Protectorate; therefore, the new triangulation was not
carried out in these cadastral districts in 1944. It can, there-
fore, be concluded that these are cadastral districts with simi-
lar historical development, and the correction of the cadastral
maps should be carried out in these cadastral districts using
the same method.

Map development in the Muglinov cadastral district and
surrounding cadastral districts

The Muglinov cadastral district

The map at a scale of 1:2880, St. Stephen’s coordinate system,
created in 1836

The map at a scale of 1:2000, according to Instruction A, cre-
ated in 1942

The EN map at a scale of 1:2000, as a result of the reambula-
tion, created in 1972

The map at a scale of 1:1000, DCM (hereinafter also referred
to as the digital cadastral map), created in 2000

The Hru$ov cadastral district
The map at a scale of 1:2880, St. Stephen’s coordinate system,
created in 1836

The map at a scale of 1:1000, according to Instruction A, cre-
ated in 1934
The map at a scale of 1:1000, DCM, created in 2000

The Hefmanice cadastral district

The map at a scale of 1:2880, St. Stephen’s coordinate system,
created in 1836

The map at a scale of 1:2000, according to Instruction A, cre-
ated in 1946

The map at a scale of 1:2000, created in 1972

The map at a scale of 1:1000, DCM, created in 2003

The technicians thus measured continuously in these ca-
dastral districts in the field only during the creation of the
map, according to Instruction A, i.e. in the years 1934-1946,
after which the actual field measurements were not carried
out during the reworking of the maps.

From the above, it can be further stated that the cadastral
boundary between the cadastral district designated for the
cadastral map correction, i.e. Muglinov, and the cadastral dis-
trict of Slezska Ostrava, Moravskd Ostrava and Pfivoz is more
accurate, since in these three cadastral districts, the DCM was
created only in 2010, 2014, and 2016 in a procedure that con-
siders the specifics of the territory more. This fact will have
to be further taken into account when implementing the map
correction using the transformation.

Correcting the map

The reasons for the correction of the cadastral map in
the cadastral district of Muglinov are mainly due to the fact
that this cadastral district is located in the territory of un-
dermining, i.e. in the territory of mining activity. During the
preparation of the district cadastral map in 2000, the surveyed
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Fig. 4 The DCM after transformation
Rys. 4. DCM po transformacji

points originating from the long-term maintenance of the ca-
dastral map and the map of the real estate registration, as well
as from the maintenance of the analogue cadastral map, were
used. However, 22 years have elapsed since the creation of the
DCM, during which time these points have shifted due to un-
dermining. In view of this fact, the result of the field measure-
ments (position coordinates) does not currently correspond
to the current DCM (image coordinates). The question was
what approach should be taken to limit the further increase in
the number of points for which different image and position
coordinates are registered in the cadastre of real estate.

Legislative framework

Therefore, we first dealt with the possibility of modifying
the current legislation, namely the search for an economical-
ly acceptable way to improve the conditions of cadastral map
keeping in the areas affected by the deep mining of coal de-
posits. Deep mining is associated with mining damages and

has an impact on the surface. These effects continue to rever-
berate for some time after the end of mining., according to the
materials available to us from the Czech Mining Authority, all
mining areas in the Ostrava part of the Coalfield have now
been closed. Since the 1930s and 1940s, problems with the
stability of points in the trigonometric network in the Ostrava
Region have been described in specialist journals. Similarly,
the land cadastre maps that were created in this period as a re-
sult of the new mapping, according to Instruction A were also
affected. These are influenced by two factors: firstly, the inho-
mogeneity of the original trigonometric network and detailed
position point field from the time of the map’s creation with
today’s latest realisation of the trigonometric network from
the late 1980s and early 1990s, and secondly, local movements
due to the formation of subsidence basins.

Unfortunately, at present, the existing legislation on these
possibilities is very scarce. The only regulation is found in [3]
prov. § 95 “Areas in which, due to human or natural activities,
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for example by undermining or landslide, there are shifts in
the terrain that make it impossible to comply with the accura-
cy of the cadastral map established by this decree, shall be an-
nounced by the Cadastral Office and published by the Office
on its website. In these areas, when marking the changes, the
homogeneity of the detailed geometric basis shall be checked
on selected identical points”

However, this single provision alone is currently insuffi-
cient for further consideration or work on remedial mapping
in undermined areas and would need to be amended. It does
not take into account the fact that mining has now ceased in
most areas; some areas have long since calmed down, so it
would be possible to correct or start correcting the existing
maps in these areas.

The problem is, therefore, the legislative framework for
the solution. Although it is obvious that the optimal option
would be the gradual renewal of the documentation by new
mapping, it would be very difficult to implement the gradual
renewal of the documentation by new mapping in 60 cadas-
tral districts of urban and industrial character. This would
require a significant increase in the capacity of the Cadastral
Office or the allocation of substantial resources for this work.

It was, therefore, proposed to amend Section 95 [3], which
should read as follows:

§ 95

(1) Areas in which, due to human or natural activity, for ex-
ample, by undermining or landslide, there are shifts in the
terrain that make it impossible to comply with the accura-
cy of the cadastral map established by this Decree, shall be
declared by the Cadastral Office and published by the Office
on its website. In these areas, when marking the changes, the
homogeneity of the geometric basis of the detailed measure-
ment with the cadastral map position is checked at selected
identical points.

The following paragraph (2) is inserted after paragraph (1):
(2) “In areas where displacements caused by human activity
have already ceased, i.e., for example, the receding of mining
influences, the Cadastral office may check the homogeneity of
the cadastral map with the geodetic foundations using GNSS
technology and a network of permanent stations. In the event
of failure to meet the accuracy criterion referred to in point
13.7 of the Annex to this Decree at the control measurement
points, the Cadastral Office may correct the cadastral map by
means of transformation.”

However, this proposed amendment has not yet been im-
plemented.

Work procedure for cadastral map correction in the Mugli-
nov cadastral district

At present, within the revision of the cadastre of real es-
tate in the Muglinov cadastral district, we have worked on
the correction of the DCM in this cadastral district and in
the neighbouring similarly affected cadastral districts, i.e. the
cadastral districts of Hru$ov and Hefmanice. From the tech-
nical point of view, the way consisting in surveying a larger
number of identical points, using the position coordinates
for the change points from the period after the withdrawal of
mining influences and transformation by blocks using Jung’s
re-transformation in the way used in the restoration of the ca-
dastral documentation by reworking the fathom maps seems
to be feasible and provides good results. With an appropriate
choice of blocks, only minor changes in the areas occur, cor-
responding to the fact that the existing DCM contains double
coordinates for most points.

In the first phase, the technical department of the Cadas-
tral Office for the Moravian-Silesian Region (hereinafter re-
ferred to as the “TD”) surveyed a total of 1,030 points in the
record of detailed changes surveying (hereinafter referred to
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as the “RDCS”) No. 2827,, according to the selection made by
our workplace, i.e. the Ostrava Cadastral Workplace (herein-
after referred to as the “Ostrava KW?), thus obtaining identi-
cal survey points.

DCM map - purple points, blue points targeted in the
RDCS No. 2827 by TD, the measurements show that the iden-
tical survey points (blue) show significant deviations from the
display of the corresponding points in the DCM from 2000.

By successively selecting points from the original 1030,
we ensured the exclusion of points that would cause defor-
mation, points with a large deviation in the key, points with a
significant deviation between the point focused in the RDCS
and the point in the DCM, some points could not be correctly
identified.

The individual deviations were colour-coded, according
to the resolution given above, and then the subsidence con-
tour lines were plotted on the map, with the expectation that
the magnitude of the deviations would correspond to the
subsidence magnitude, confirming the hypothesis that the
magnitude of the deviation is dependent on the subsidence
magnitude. However, this idea was not validated in practice.

Comparison of the DCM map position results after simi-
larity and affine transformation.

In view of the similar direction of the arrows of deviation,
the question arises whether there is any systemic influence in
the cadastral district.

In order to assess the impact of the redetermination of
the system of the unified trigonometric cadastral network
(S-JTSK), the evolution of S-JTSK coordinates was request-
ed from the Land Surveyor’s Office at least from the period
1930-1950, then 1960-1975, before the renewal of the trig-
onometric network and after its renewal in 1990 for seven
points.

The point of the basic geodetic control (BGC) No. 45
should correctly lie in the middle of the church (in the so-
called “poppy head” of the church); however, on the given
DCM, it does not lie there, it is displaced. This fact probably
has its historical origin in the period of World War II, when
the cadastral district of Moravska Ostrava belonged to the
countries of the so-called Protectorate of Bohemia and Mora-
via, whereas the cadastral districts of Muglinov, Hru$ov and
Hetfmanice were already part of the so-called German Em-
pire, not the Protectorate of Bohemia and Moravia. Therefore,
anew triangulation was carried out in these cadastral districts
in 1944.

As was already mentioned, during the triangulation pro-
cess, this was not interconnected between the neighbouring
cadastral districts, i.e. Moravskd Ostrava was not intercon-
nected with the surroundings, the triangulation was not cor-
rect, short and long sides were alternated, and many inac-
curacies were created. The triangulation on the edges of the
cadastral district had worse accuracy.

Since Hefmanice was a so-called living area, the comple-
tion and redetermination of the fundamental horizontal con-
trol was completed here in 1990. In the creation of the DCM
by reworking the analogue map made, according to Instruc-
tion A, the original detailed horizontal control linked to the
trigonometric network from the 1940s was used. The basic
geodetic control is then taken from the current database of
the Land Surveyor’s Office. In this case, it is a new triangula-
tion point surveying completed in 1990. The example of the
point described above documents the reliability of the DCM
created using the original data without modifying it to be ho-
mogeneous with today’s geodetic control.

Due to the nature of the territory, it is not possible to use
the method of correction used previously in other territories,
i.e. to find a larger number of preserved original polygon
points from the time of mapping, according to Instruction
A and to re-survey them, since they are not preserved in the
territory.

The source points were the coordinates from the 1940s,
and the target points were today’s ones — the basic geodetic
control. The base point of the geodetic control in the current
map is located at the edge of the church, not in the middle
of the church’s poppy head because nobody took care of it
during the digitisation. The geodetic control of the time of the
original map was used for the whole reworking, i.e. according
to instruction A. From the above, it follows that the current
DCM is not correct with S-JTSK.

Therefore, another transformation was carried out using
7 triangulation points in the cadastral district of Hefmanice
from 1942.

The displacement between the points alone is 1.85m. This
transformation confirms the assumption that the current
point of the detailed geodetic control, which was given by the
post-1990 coordinates, actually lies off-centre of the church
because the entire DCM was reworked based on the basis of
the creation of the land cadastre map in 1942. The above im-
age shows that the given DCM map in the cadastral district of
Hefmanice after this transformation to only 7 points corre-
sponds better to the current orthophoto.

Conclusion

In conclusion, it can be stated that during the preparation
of this article, a search was carried out in professional journals
from the 1930s to the present day, mainly using the Geoportal
of the Land Surveyor’s Office, but there are not many articles
on this topic.

This article focuses mainly on the problems of the geodet-
ic basis, and the findings presented in it will be furthermore a
basis for the work on map correction in the undermined area,
especially in the selection of blocks for correction, selection
of identical points or selection of the transformation method.
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Korekta map katastralnych na obszarze po eksploatacji gorniczej
W artykule oméwiono mozliwosci korekty mapy katastralnej na terenie pogorniczym. Jako obszar modelowy wybrano obszar
katastralny Muglinov w gminie Ostrawa. Problem niedoktadnosci map wynika z wplywu podziemnej eksploatacji gorniczej i rozwoju
historycznego.
Z technicznego punktu widzenia sposéb korekcji, polegajgcy na pomiarze wigkszej liczby identycznych punktow, wykorzystaniu
wspolrzednych polozenia punktow przemieszczonych z okresu po ustgpieniu wplywow gorniczych i przeksztatceniu blokami
z wykorzystaniem transformacji Junga, w sposob zastosowany przy przywracaniu rejestru katastralnego poprzez przetworzenie

wydaje si¢ wykonalny i daje dobre rezultaty.

Stowa kluczowe korekta mapy katastralnej, tereny pogérnicze, punkty identyczne, transformacja
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Abstract
Various solutions for the management of rubber waste from used tires are known. We encounter in particular tests of concrete
mixtures and the finished product, in the literature. These tests are describing rheological, mechanical and durability properties,
mainly. However, the high toxicity of rubber waste from car tires requires that such concrete be tested in terms of ecotoxicology. The
paper presents the results of research on the use of three different SBR granulates as fillers in mortars with a slag or CEM IV cement
binder. The focus was on the immobilization of harmful compounds from rubber granules in the binder mass. It was assumed that
the construction product using mortar with rubber granules would be in contact with water. The mass share of granulates in mortars
was 4.7%. The grain size of the granulates was up to 4 mm, mainly 1-3 mm. A decrease in the strength of mortars with the addition
of granulates and no leaching of polycyclic aromatic hydrocarbons from mortars was demonstrated. The metals from the mortars were

absorbed by the rubber, most probably. The strength of slag mortars was greater than cement mortars.

Keywords: CEM 1V, activated slag mortar, SBR rubber granulate, PAHs, toxicity, leaching

1. Introduction

Used car tires are a huge ecological problem due to their
increasing quantity. Tires are made from rugged, hard-wear-
ing rubber, so disposing of them is a major environmental
challenge. They cannot be easily recycled, are difficult to
reuse, break down into crumbs causing an increase in the
content of microplastics in the environment [1-5]. Pilking-
ton [2] emphasizes that the United States alone disposes of
246 million to 300 million used tires each year. Globally, the
problem is quantified at between 1 billion and 1.8 billion used
tires every year. This makes up between 2% and 3% of all the
waste collected on Earth [2]. This problem will increase as the
world's population grows - especially as the growing middle
class population in poorer countries creates a larger market
for personal transportation [2]. According to the report of
the World Bank (2019) entitled “What a Waste 2.0: A Global
Snapshot of Solid Waste Management to 2050” [6] an increase
in waste generation of up to 70% was expected by 2050. From
2.01 billion tons in 2016, a total of 3.4 billion tons of annual
waste was projected for the year 2050. Thus, the problem of
tire waste disposal is quite serious. Due to the growing prob-
lem with waste tires worldwide, researchers are now focused
on preparing rubberized concrete a widely used, greener con-
struction material [2,3,7]. They combine with various binders
shredded used tires as aggregate in varying degrees of filling
and grinding, depending on the desired properties and desig-
nation [8]. Tire-derived aggregates (TDA) have been gaining
more and more popularity in recent years [9]. Studies give
different results. First research on rubberized concrete in
the 1990s [8] found that the addition of rubber to a concrete

mixture decreased the material’s flexural and compressive
strengths. It was also shown that cracking in concrete oc-
curred more frequently than in conventional concrete due to
the poor adhesion between rubber materials and other com-
ponents of the concrete [2].

On the other hand, researchers found that, compared with
conventional concrete, rubberized concrete displayed high
toughness, a good capacity for plastic energy, strong durability,
low porosity, abrasion resistance, and low density. Recent ad-
vances in rubberized concrete studies (9-16) have found that, it
displays better crack resistance than conventional concrete. This
kind of concrete is also more resistant to tensile stresses than
conventional concrete, and is relatively flexible, which means it
can withstand heavy impacts more effectively [2,10]. Moreover
it was also found that mechanical strength of concrete with the
addition of rubber is improved by the use of silica fume [11]. An
exemplary studies on the durability of concrete with the addi-
tion of rubber have shown that with 7.5% of the addition, less
chloride penetration is obtained [9]. In most cases, concrete with
rubber granulate was tested for strength, sorption and durability
characteristics. Researchers were focusing on the effectiveness of
binding the rubber to the binder as well [12-17].

However, there are few works that pay attention to the
interaction of this concrete with the natural environment.
Such concrete can be in contact with groundwater, rainwater,
technological water, which can cause leaching of various com-
pounds from it. This concrete will then be stored as demoli-
tion waste in landfills or used to strengthen the ground.

An example all-season van tire contains approximately 30
types of synthetic and 8 natural rubbers, 8 types of carbon
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Tab. 1. Grain size of SBR granules, fraction share and photos of granulates on graph paper

Tab. 1. Uziarnienie granulatéw SBR, udziat frakgji i fotografie granulatéw na papierze milimetrowym

Fraction share,
SBR type mm Particle size distribution and cumulative size distribution
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black and 40 different chemicals, waxes, oils, pigments, silica
and clays [1,17-20]. According to ETRMA [19], tires contain
an exemplary composition: rubber/elastomers (48%), carbon
black (22%), metal (15%), additives (8%), textiles (5%), zinc
oxide (1% passenger tires or 2% truck and off-road tyres),
sulfur (1%). Ultimately, the tire consists of rubber, which ac-

counts for about 70-80% of the tire weight, steel and textile
fibers [21].

Literature data indicate that in recycled tire granulates
there may be chemicals that are toxic to human health and
the environment [22-30]. Their source may be raw materi-
als of inadequate quality used to produce rubber mixtures or
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Tab. 2. Chemical composition of cement and slag, %mas [*ND - not detected]

Tab. 2. Sktad chemiczny cementu i Zuzla, %mas [*ND - nie wykryto]

Component GGBFS CEM IV
SiO2 40.43 32.99
CaO 43.27 34.88
Al203 7.88 15.05
Na20 0.46 0.41
Fe,03 0.81 4.57
MgO 6.97 1.56
K20 0.29 1.66
TiO2 0.28 ND
MnO 0.16 ND
P20s 0.02 ND
Cr20s 0.01 ND
ZrOz <0.01 ND

Tab. 3. Composition of mortar mixtures and volumes of SBR granules

Tab. 3. Sktad mieszanek zapraw i objetoéci granulatow SBR

Mortar | CEM1V, g Water, g Sand, g | Granulate, g | Granulate type | Bulk volume of granules, ml
GK-A 450 225 1350 0 - -

GK-C 450 225 1350 100 SBR-C 175

GK-D 450 225 1350 100 SBR-D 160

GK-F 450 225 1350 100 SBR-F 200
Mortar | GGBFS, g | Activating water, g | Sand, g | Granulate, g | Granulate type | Bulk volume of granules, ml
GK-A’ 450 240 1350 0 - -

GK-C’ 450 240 1350 100 SBR-C 175

GK-D’ 450 240 1350 100 SBR-D 160

GK-F" 450 240 1350 100 SBR-F 200

Tab. 4. Concentration of PAHs and leachability of zinc from SBR granulates, mg/kg [*ND - not detected]

Tab. 4. Zawartos¢ wwa i wymywalno$¢ cynku z granulatéw sbr, mg/kg [*ND - nie wykryto]

R PAHs content .
Gr € BghiP Phenanthrene Fluoranthene PYR Naphthalene Zn leachability
SBR-C 4.67 2.14 7.32 16.4 0.000 2.38
SBR-D 2.64 ND ND 8.56 0.683 1.43
SBR-F 4.84 1.50 6.09 19.6 0.538 2.66

contamination of the rubber vulcanization process or tire re-
cycling [31-33]. These substances include polycyclic aromatic
hydrocarbons (PAHs) and heavy metals such as Pb, Cd, Hg,
Cr, Zn and Sn. PAHs, Pb, Cd i Hg are classified according to
Regulation (EC) No. 1272/2008 of the European Parliament
and of the Council (EC) No. 1272/2008 - CLP, as substances
that are carcinogenic and posing a threat to the aquatic envi-
ronment [34].

The mentioned substances may be washed out and released
into the environment with groundwater. After entering the en-
vironment, they do not biodegrade, accumulate in living organ-
isms and may negatively affect their organs and systems [35].
Exemplary leaching tests carried out by Grynkiewicz-Bylina et
al. [1] of 84 samples of rubber granulate taken from the surface
of sports fields or delivered by recyclers in Poland indicated the
excessive content of PAHs (polycyclic aromatic hydrocarbons)
specified in the REACH Regulation [36].

Due to the lack of legal regulations specifying the crite-
ria for assessing cement and slag mortars with rubber granu-
lates in this work included criteria for admitting inert waste
to landfills for heavy metals, including permissible limit val-
ues for their leaching set out in the Council Decision of 19
December 2002 [37]. The permissible leaching limits are as
follows: Hg: 0.01 mg/kg; total Cr: 0.5 mg/kg; Zn: 4 mg/kg; Cd:
0.04 mg/kg; Pb: 0.5 mg/kg.

Harmful substances may also be present in blastfurnance
slag, as indicated by research conducted by Giergiczna et. al [38].

For the above reasons, there is a belief that concrete with
granulate is dangerous.

The gaps in testing the ecotoxicology of concrete with
TDA are the reason for creating stereotypes that prevent the

use of such concrete in construction. De Maeijer et al. [17]
after a detailed study of the literature in the field, noticed that
there is little research on the ecotoxicological impact of rub-
ber granulate, which represents a huge gap in knowledge.

A leaching study of 8 concrete mixtures with rubber
granulate by Kardos and Durham [39] indicated that the con-
centration of both leached metals and volatile organic com-
pounds was below acceptable limits. These concrete mixtures
was made of Portland cement with fly ash and chemical ad-
mixtures. Other studies indicate that the reaction of the en-
vironment in which the rubber granulate is located can have
a large impact on leaching. For example, trace metals can be
more easily extracted from rubber under acidic conditions,
and the amount of dissolved organic carbon increased signifi-
cantly under alkaline conditions [17].

Therefore, it was decided that further tests of hardened
mixtures of building binders with the use of these granules
must be subjected to leaching tests of toxic chemical sub-
stances. The complex microstructure of the binder matrix can
immobilize toxic metals [17,39].

In this work CEM IV and activated granulated blast fur-
nace slag (GBFS) was used as a binders as a less emissive, to
increase the ecological index on both sides. It is true that cur-
rently in Europe there is a trend of liquidation of blast furnace
processes, but this research on a global scale is up to date.

Work [40] presents research using slag and tire granules
in concrete, however, slag was used as a 20% binder substitute,
and the basic binder was Ordinary Portland Cement (OPC).
Akram et al. [40] replaced the natural aggregate with rubber
granulate in the amount of 5, 10, 20 and 30% of the concrete
volume. They investigated rheological, mechanical and dura-
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Fig. 1. The sum of PAHs concentration in granulates (SBR-C to SBR-F), mg/kg
Rys. 1. Suma zawarto$ci WWA w granulatach (SBR-C do SBR-F), mg/kg
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Fig. 2. Results of bending strength of cement mortars (G-KA to GK-F) and slag mortars (GK-A' to GK-F')
Rys. 2. Wytrzymalos¢ na zginanie zapraw cementowych (G-KA do GK-F) i zuzlowych (GKA do GK-F’)

bility properties. They found that the strength decreases with
the increase in the granule content due to the low cohesion of
the rubber with the cement paste, and that the use of slag in-
creased the resistance to acid attack. They calculated also that
concrete with slag and rubber granules can be more efficient:
it reduces workability, reduces flow, has lower CO2 emission,
lower costs, lower energy and water requirements. The exem-
plary strength of the samples tested at day 28 increased from
11.6% to 23.2, 34.8 and 39.5% with an increase in the degree
of replacement from 5% to 10, 20 and 30%, respectively, rela-
tive to the not modified concrete samples with CEM I without
rubber granules.

In work [41], in turn, the influence of the addition of
styrene-butadiene copolymer (SBR) on the early hydration
of cement was investigated. Studies have shown that the SBR
copolymer delays the setting of cement.

2, Materials and Methods

The research began with verifying the type of material
used to make samples of ground black rubber granules (GK-
C, GK-D and GK-F) obtained from the recycler. For this pur-
pose, the identification of plastic in rubber granules was carried
out using the pyrolytic thermal desorption method coupled
with gas chromatography with mass spectrometry detection
(TD-Pyr GC-MS) according to [42], based on the presence of
fragmentation products. This method was chosen, because it al-
lows the identification of organic compounds directly from the
sample without the long-term and labor-intensive preparation
process, required in other methods, such as Raman microscopy
(RM) or Fourier transform infrared spectroscopy (FTIR) [43].

The content of 15 PAHs was determined in the granulate
samples: benzo[a]pyrene BaP, dibenz[a,h]anthracene DBA-

hA, benzo[e]pyrene BeP, benz[a]anthracene BaA, chrysene
CHR, benzo[b]fluoranthene BbFA, benzol[j]fluoranthene
BjFA, benzo[k]fluoranthene BKFA, indeno[1,2,3-cd]pyrene
IcdP, benzo[ghi]perylene BghiP, phenanthrene, anthracene,
fluoranthene, pyrene and naphthalene. The determination
was performed by gas chromatography with tandem mass
spectrometry (GC-MS/MS) using a gas chromatograph cou-
pled with a GCMS/MS/7890B/7000C mass detector. This
method was selected due to the high sensitivity and selectiv-
ity achieved for low levels of PAHs using GC-MS/MS com-
pared to other commonly used analytical techniques such as
high-performance liquid chromatography (HPLC) combined
with a UV, fluorescence or diode-array detector (DAD).

The grain size analysis of 3 types of rubber granulates was
performed on the basis of the ISO 13320:2009 [44] laser dif-
fraction method. This method is applicable to particle sizes
ranging from 0.1 um to 3 mm. The study was conducted in
isopropanol using a Horiba LA-300 device. The results are
presented in Table 1.

The ground granulated blast furnace slag had a specific
surface area of 3850 cm2/g according to Blaine. The use of slag
as a binder required the use of an alkaline activator, which
was sodium metasilicate in an amount of 5% in relation to the
weight of the slag, as in [45]. Using X-ray diffraction, it was
confirmed that the slag contained approximately 98% of the
amorphous phase. The cement marked CEM IV/B(V)32.5N
is a pozzolanic cement, according to EN-197-1, with normal
early strength, consisting of clinker (40-60%), silica fly ash
(max. 55%) and gypsum (3-5%).

To determine chemical composition of cement and
GGBFS grounded to a grain size less than 100 pm and dried
at 105°C to constant weight, the X-ray fluorescence method
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Fig. 3. Results of compressive strength of cement mortars (G-KA to GK-F) and slag mortars (GK-A' to GK-F')
Rys. 3. Wytrzymalos¢ na $ciskanie zapraw cementowych (G-KA do GK-F) i zuzlowych (GKA® do GK-F’)

Fig. 4. 4x4 cm fracture of the GK-D cement mortar beam after bending strength test with visible black SBR-D rubber granules

Rys. 4. Przetam zaprawy cementowej GK-D po badaniu wytrzymatosci na zginanie z widocznymi czarnymi granulami gumowymi SBR-D

(XRF) was used, according to PN-EN ISO 12677:2011 [46].
The chemical composition analysis was performed using a
MagiX PW2424 spectrometer produced by PANalytical. The
chemical composition of cement and slag is given in Table 2.

Then, mortar mixtures were made with the composition
given in Table 3, using distilled water and standard sand with
the trade name Kwarcmix (PN-EN 196-1).

The rubber granulate was mixed with sand first, and then
the procedure was followed according to the rules of PN-EN
196-1. Bars measuring 4x4x16 cm were formed. Mortars
marked "A" did not contain granulates, and the remaining
mortars contained SBR granules with similar grain sizes,
and each of them was added to the mortar in the same mass
quantity. The bulk volumes of the granulates were different,
as shown in Table 3. After demoulding, the mortar bars were
conditioned at a temperature of 20+2°C and protected against
moisture loss. The strength test was carried out in accordance
with the standard [47]. Cement mortars were tested after 28
days, and slag mortars were tested after 14 days.

The leachability of harmful substances was tested for
granules and for mortars after 2 months of hardening.

The leachability of the following metals was determined
in the granulates: Hg, total chromium (Cr) and hexavalent
(Cr(VI)), Zn, Cd, Sn and Pb. The leachability of 15 PAHs was
determined in mortars. Content of PAHs in granulates was
tested, as well.

Shredded samples of SBR granulates and mortars were dy-
namically washed with deionized water according to PN-EN
12457-4:2006 [48]. The pH value of the water used for leach-
ing did not exceed 6.7.

Determination of leachability of elements: total Cr, Zn,
Cd, Sn, Pb from mortars was carried out by the inductively
coupled plasma mass spectrometry (ICP-MS) method with
the use of Agilent 7900 ICP-MS. This method is characterized
by a low limit of quantification and high selectivity, which

enables the simultaneous determination of many elements
in complex matrices, such as trace amounts of rare earth ele-
ments (REE) in waste [49].

The leachability of Cr(VI) from rubber granules was de-
termined by high-performance liquid chromatography with
inductively coupled plasma mass spectrometry (HPLC-ICP-
MS) using Agilent 7700 Series ICP-MS with Agilent 1260 In-
finity series HPLC.

Cold-vapor atomic absorption spectroscopy (CV-AAS)
with the Perkin Elmer FIMS 100 mercury analyser was select-
ed for the Hg leaching study due to the use of a unique tech-
nique of mercury vapour measurement at room temperature.

The leachability of PAHs from mortars was determined
by gas chromatography with tandem mass spectrometry [GC-
MS/MS] used to determine the PAH content in granulates,
as well.

3. Results

Plastic identification results. The tests carried out using
the TD-Pyr GC-MS method showed in granulate samples
the presence of: 1,3-butadiene, toluene (TO), 4-vinylicyclo-
hexene (D), styrene (S), a-methylstyrene, C12H18 (B trim-
er), C12H14 (SB hybrid dimer), C16H12 (SBB hybrid dimer),
which are SBR fragmentation products. Therefore, based on
the obtained test results, it was found that the used granulates
are SBR, i.e. styrene-butadiene rubber used for the produc-
tion of tires in the vulcanization process.

The results of testing the PAH content in rubber granu-
lates given in Table 4, include values other than zero only. The
sums of PAHs content in granulates are shown in Figure 1.
Analyzing the above results, it can be concluded that the test-
ed granulates contained 3 to 5 PAHs (BghiP, phenanthrene,
fluoranthene, PYR, naphthalene). The highest total PAH con-
tent was recorded for SBR-F granules (32.6 mg/kg) and the
lowest for SBR-D granules (11.9 mg/kg).

Inzynieria Mineralna — Lipiec - Grudzieti 2023 July - December — Journal of the Polish Mineral Engineering Society

157



Tab. 5. Leachability of metals from mortars, mg/kg [*nd - not detected]

Tab. 5. Wymywalno$¢ metali z zapraw, mg/kg [*nd - nie wykryto]

Mortar Hg Cr(VD Criotal Zn Cd Sn Pb
GK-A | 0.00100 | 0.000080 | 0.0233 nd nd nd 0.0767
GK-C | 0.00095 nd nd nd nd nd 0.0367
GK-D nd nd nd nd nd nd 0.0333
GK-F nd nd nd nd nd nd 0.0433
GK-A' - nd nd 0.283 nd nd nd
GK-C' - nd nd nd nd nd nd
GK-D' - nd nd nd nd nd nd
GK-F' - nd nd nd nd nd nd

The results of testing the grain size of rubber granulates
are presented in Table 1. As can be seen, the granulate called
SBR-C has the largest granulation, and SBR-F the smallest
granulation, and therefore the largest specific surface, which
could not be determined due to the no stiffness of the matrix.
SBR-D and SBR-F granules have dimensions in the range of
1.0-2.0 mm (approx. 80%), while SBR-C granules had dimen-
sions of 1.0-4.0 mm (90%).

When comparing the chemical composition of cement
and slag, one can notice a great similarity in composition.
There was slightly more aluminum in the cement, by about
7%, while the slag binder contained more magnesium, silicon
and sodium (due to the use of an activator after mixing).

The results of the mortar strength test are presented in
Figure 2 and Figure 3. Slag mortars have the prime symbol.
The research shows that although the hardening time of ce-
ment mortars was longer, they obtained lower strength than
slag mortars. The addition of granules in the amount of 7.4%
by mass compared to the mixture, contributed to a reduc-
tion in flexural and compressive strength for each mixture.
Bending strength of slag mortars decreased by about 20-40%
and the compressive strength by about 20-36%. In turn, in
the case of cement mortars, the bending strength decreased
by approximately 18-80% and the compressive strength by
approximately 40-70%. It should be additionally empha-
sized that after breaking the bars, it was difficult to separate
its halves. This proves good adhesion of rubber granules to
binders.

The quality of the granules had a significant impact on the
mechanical properties of mortars. Granules made of rubber
with the highest density (SBR-D) and the smallest grain size
variation had the lowest bending strength value. Probably due
to their compact microstructure, they were least consistent
with the binder matrix. In contrast to SBR-C granules, the
grain size of which was more varied and included even a 3-4
mm fraction. The cement mortar that achieved the highest
strength, both in bending and compression, was the one us-
ing the smallest granules (SBR-F). This was most likely due to
their large number and the most developed specific surface.
However, the slag mortar worked best with SBR-C granules,
and this mixture (GK-C') achieved the highest strength values
of all mixtures with SBR granules.

Figure 4 shows a photo of an exemplary fracture of the
GK-D cement mortar beam with visible rubber granules.

The results of the leachability of harmful substances from
granules and mortars are presented in Tables 4 and 5.

Despite many tests described in the point above, Tables
4 and 5 include only those values that were partly different
from zero in a given series of determinations. In the remain-

ing examinations, the compounds were not detected or were
at the detection level. The most frequently leached metal from
SBR granules was zinc, which is the first to be responsible for
the increased toxicity of leachates from used tire granules
[17] because it is used as a vulcanization activator. Among
determined metals: total Cr, Zn, Cd, Sn, Pb, Cr(VI) and Hg,
only Zn was washed from the granulates, and additionally
Hg, Cr(VI), total Cr and Pb were washed from the mortars.
Therefore, these elements came from binders.

Referring the obtained test results to the permissible limit
values for metal leaching for inert waste permitted for storage
in inert waste landfills [37], no exceedances were found for
mortars.

It should be noted here, the work focuses on investigating
the toxicity caused by the rubber granulates, and the results
show that the granulates contributed to the reduction the
leachability of metals. This was most likely due to the sorption
properties of the granules. Only mercury present in the ce-
ment mortar GK-A was also present in the mortar with gran-
ules (GK-C). The amount of Pb washed from cement mortars
was reduced by approximately 60-40% thanks to the use of
rubber granules.

PAHs contained in SBR granules, including BghiP,
phenanthrene, fluoranthene, PYR, naphthalene, were not
washed out of the mortars.

4. Summary

The key feature of rubberized concrete is its huge poten-
tial for environmental benefit. There are few solutions avail-
able for the growing tire waste problem. Thus the rubberized
concrete may be a viable way to close this large waste loop.
Granulated concrete has a number of desirable properties
such as lower density, higher durability and higher impact re-
sistance compared to conventional concrete. The flexibility of
concrete with rubber granulate dedicates it to impact-absorb-
ing applications. So it can be used as shock absorber in road
construction and as earthquake wave damper in buildings [6].
Concrete with rubber granules is also a good sound absorber.
Rubber granulate concrete is very well suited for the produc-
tion of footings and slabs, which, for example, in Australia
makes up 40% of all concrete consumption [2].

Test results indicate that the granules in the mixture
reduce the strength, which in turn will require the use of a
higher-strength binder. Therefore, each time the design of
concrete should be individually approached depending on its
application.

We also need to work on special methods of preparing gran-
ules to optimize a composition of such kind of concrete and its
manufacturing processes. Pretreating of rubber particles with
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chemical or mechanical treatments could improve cohesion with
concrete particles and result in a stronger final material.

In a further stage of research, it is also planned to check
the effectiveness of sorption of salts and mineral impurities
in external plasters thanks to the addition of SBR or EPDM
granules. It is also assumed to check the impact of granules
in the mortar on the environment during a fire. Another re-
search goal is to examine odorous compounds released from
granulates and mortars containing granulates. To confirm the
lack of ecotoxicity of mortars with rubber granules containing
PAHs, due to the low solubility of these compounds in deion-
ized water, which is the standard leaching liquid, it is planned,
as part of further research, to leach them using a liquid simu-
lating the chemical composition of the liquid in pores of mor-
tars, i.e. strong bases and water activating the slag.

5. Conclusions

The results of the tests confirm the possibility of using
rubber granulates in construction mortars. The mortars are
not harmful to the environment. SBR granules make the mor-
tar matrix coherent and do not separate under the influence
of external forces.

The use of a filler in the form of rubber granules, in the
amount of 4.7% of the total mass, reduced the strength of both
cement and slag mortars. Slag mortars were characterized by
greater durability.

Granules, not much different at first glance, turned out to
have different properties. Therefore, rubber granulate collected
even from one recycler cannot be treated in the same way due
to different processing methods, types of tires and their wear.
This is visible in the case of SBR-C granulate, which cooper-
ated best with the slag binder, obtaining the highest strength,
and in the case of SBR-F granulate, which provided the highest
strength in the cement binder, but only in bending.

The aim of the study was to check the toxicity of rubber
granules, but metals contained in the cement binder were ab-
sorbed by the granules. The mortars themselves turned out to
be non-toxic. This allows us to claim that the granules con-
tribute to increase environmental friendliness of mortars with
rubber granules.

Conducting chemical analyzes for toxicity assessment pur-
poses requires the use of advanced analytical techniques char-
acterized by high sensitivity and low detection limits, due to the
trace amounts of the chemical substances being determined.

Polycyclic aromatic hydrocarbons present in the SBR
granulates were not detected in the mortar filtrates.

The lowest content of PAHs in SBR-D granules and the low-
est strength of mortars with this granulate suggest the existence
of a relationship. These relationships cannot be ruled out, but
they cannot be confirmed at this stage of research, as well.
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Badania zapraw cementowych i zuzlowych z granulatami gumowymi SBR pod wzgledem

ekotoksykologicznosci i wytrzymatosci
Znane sq rézne rozwigzania zagospodarowania odpadow gumowych pochodzgcych ze zuzytych opon, w literaturze napotykamy
w szczegblnosci na badania mieszanek betonowych i juz gotowego wyrobu. Sg to badania opisujgce glownie wlasciwosci reologiczne,
mechaniczne i trwalosciowe.
Jednak duza toksyczno$¢é gumowych odpadéw z opon samochodowych nakazuje badac taki beton pod wzgledem ekotoksykologicznym.
W pracy przedstawiono wyniki badan nad uzyciem 3 réznych granulatéw jako wypelniaczy zapraw ze spoiwem zuzlowym lub
cementowym CEM IV. Skupiono si¢ na immobilizacji szkodliwych zwigzkéw z granul gumowych w masie spoiwa. Zatozono, ze
wyréb budowlany z uzyciem zaprawy z granulatem gumowym bedzie mial kontakt z wodg. Masowy udzial granulatow w zaprawach
wynosit 4,7%. Uziarnienie granulatéw wynosito do 4 mm, gléwnie 1-3 mm.
Wykazano spadek wytrzymalosci zapraw z dodatkiem granulatow oraz brak wymywania wielopierscieniowych weglowodoréw
aromatycznych z zapraw. Metale z zapraw zostaly zasorbowane przez gume, w wigkszosci przypadkow.

Stowa kluczowe granulat gumowy SBR, WWA, toksycznosé, wymywanie, CEM 1V, zuzel
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reasonable epidemic prevention measures.

Abstract
The COVID-19 epidemic is gradually being pushed back in Vietnam as well as around the world, but the

emergence of different variants of the SARS COVI 2 virus remain a visk that could lead to a resurgence of the disease
. Therefore, preparing sopportive information for epidemic prevention, especially disease risk maps based on spatial
data, is essential to ensure that Vietnam can live safely with the SARS COVI virus 2. This paper presents a method
for creating a COVID-19 sensitive map of Hanoi city using the QGIS technology. From there, areas at high risk of
rapid infection when there are initial cases in the community and regions at high risk of outbreak can be identified in

this map. This information helps the government plan to prioritize early vaccine coverage as well as propose

Keywords: COVID, CVI map, QGIS, Hanoi.

1. Introduction

The world is currently facing a special health
problem due to the outbreak of a new coronavirus disease
called COVID-19. This is a great threat to humanity. The
virus has spread to almost all over the world, and the
impact of the pandemic is being felt in nearly every aspect
of our lives. Until now, there is no effective medicine that
can be used to prevent and treat COVID-19. Therefore, to
control the transmission of the COVID 19 virus, it is
necessary to rely on community and use non-
pharmaceutical interventions (NPIs), such as distancing
social, protecting vulnerable groups, limiting public
events and implementing global lockdowns. These
measures are primarily to minimize the spread of
COVID-19 person-to-person through social distancing
(Nande, Adlam et al. 2021).

Studies conducted in the US (Amram, Amiri et

al. 2020), India (Acharya and Porwal 2020), UK
(Nicodemo, Barzin et al. 2020, Daras, Alexiou et al.
2021), Brazil (Santos, Siqueira et al. 2020) , Bangladesh
(Rahman, Islam et al. 2021), European Union (Fu, Wang
et al. 2021), Palestine (Shadeed and Alawna 2021) have
shown that disease risk maps have effectively contributed
to improving effectiveness of epidemics prevention,
playing an important role in saving human lives as well as
effectively overcoming the economic and social
consequences caused by the pandemic. Therefore, since
the COVID-19 pandemic appeared in the world, there
have been many studies to establish disease risk maps
such as COVID Vulnerability Index Map, Pandemic
Vulnerability Index Map. The purpose of these maps is to
identify high-risk locations for disease outbreaks, and
then provide the most effective and appropriate adaptive

methods based on population conditions, living

Inzynieria Mineralna — Lipiec - Grudzier 2023 July — December — Journal of the Polish Mineral Engineering Society 169


http://doi.org/

conditions, infrastructure, healthcare, etc. in order to
avoid human losses and maintain economic development
at the maximum possible level (Acharya and Porwal
2020).

Till now, COVID-19 risk mapping has been
reported in many nations in the world using various
approaches. According to (Raju K, Lavanya R et al.
2020), one of tools that helps people can understand the
disease is Geographic information systems (GIS). GIS
provide a great framework for integrating disease-specific
data with population settlements, social and healthcare
facilities, and the surrounding natural environment. It also
offers data that are highly appropriate for analyzing data
and showing trends. (Sangiorgio and Parisi 2020)
proposed the multicriteria approach and GIS technology
for hazard evaluation of Covid-19 in urban district
lockdown. Similarly, GIS-based MCDA was utilized to
establish the COVID-19 vulnerability map for the West
Bank, Palestine (Shadeed and Alawna 2021). In addition,
in order to potentially vulnerable areas of the COVID-19
infection which can aid government organizations in
maintaining disease management and preventing its
spread, (Malakar 2022) generated the COVID-19
vulnerability map West Bengal, India through the GIS
platform and an integrated fuzzy MCDM approach. On
the other hand, this method also applies in constructing
the COVID-19 vulnerability model in China (Gao, Jiang
et al. 2022), assessing of COVID-19 vulnerability risk
(Wyszynski, Grudzinski et al. 2022), determining main
social vulnerability indicators in the pandemic in Iran
(Moslehi, Dehdashti et al. 2023), establishing COVID-19
susceptibility mapping (Sarkar 2020)

In addition GIS-based MCDA approach, (Dahu,
Alaboud et al. 2023) confirmed the role of application
satellite imaging, remote sensing technology, and
geospatial data in identifying features and relationship
that are connected to the global dissemination and
mortality rate of COVID-19. Furethermore, (Mehmood,
Bao et al. 2022) concluded that, in the upcoming years,
the application of remote sensing technology will enable
far more efficient monitoring and management of global
pandemic risks. There are, this technology has been
widely applied in research on the COVIDS pandemic.
(Kanga, Sudhanshu et al. 2022) used remote sensing, GIS
technology and local knowledge-based method to
effectively solve the contagion of COVID 19 disease in
India. In consultation with the local authorities, they
spatially delineated different hazards zones and the

activities that are permitted there. Besides, (Toulkeridis,
Seqqat et al. 2022) used satellite images to analyze
SARS-CoV-2 infection among susceptible populations in
Ecuador. Additionlly, combination of the Bayesian
network and the GIS technology also used to build a
model for analyzing the vulneratble regions due to the
outbreak of pandemic in Bangkok, Thailand. This model
employed to perform a scenario analysis led to the
discovery of strategies for vulnerability management.

To be able to generate disease risk maps, spatial
data plays an important role, as input for models to
determine the disease risk index (Amram, Amiri et al.
2020). Based on statistics on the location of COVID-19
cases, it is possible to create correlations between some
spatial information such as population density, per capita
income, living conditions with risk of disease outbreak,
etc. (Acharya and Porwal 2020). This spatial information
can be collected through open data sources, or can be
determined indirectly by spatial analysis models through
existing spatial data such as, distribution of land covers,
population data, etc. (Franch-Pardo, Napoletano et al.
2020).

In Vietnam, there have been studies to determine
the location of diseases such as malaria (Bui and Pham
2016), geographical analysis of the occurrence of diarrhea
caused by shigellosis bacteria in Vietham (Kim, Ali et al.
2008), or the geographical distribution of dengue fever in
Hanoi City (Thanh Toan, Hu et al. 2013). These studies
show that geographic information/spatial information can
contribute to improving the effectiveness of disease
prevention, protecting people's lives, and ensuring health
safety for Vietnam. In addition, GIS technology has also
been proven to be effective in zoning the risk of covid-19
epidemic to decentralize the level of impact (Canh, Son et
al. 2022). Besides, to forecast and zone epidemic areas to
be able to provide the most accurate and fastest solutions,
(Son, Nga et al. 2022) applied local geographical
regression models to assess the epidemic situation
throughout the city focusing on areas forecasted to have a
high and very high infection risk. However, the COVID-
19 epidemic is a new disease and appears rapidly, so there
is almost no experience and not many studies using
spatial data for forecasting and identifying epidemic risks.
This study focuses on using spatial data and GIS to create
spatial analysis models to for establishing the COVID-19
sensitivity maps for Hanoi city.

2. Study area
Hanoi, the capital of the Socialist Republic of
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Vietnam, is located between 20°53’ to 21°23' north
latitude and between 105°44' to 106°02’ east longitude. It
is the political, economic, cultural, scientific, and
technical center of the whole country (Uy and Nakagoshi
2008). Located within the Red river delta of Northern, Ha
Noi is the region with the highest density of population in
the nation with almost 22 million people living there in an
area of over 21,000 km? more than 8 million of whom
live in urban zones (General Statistics Office 2020). The
region around Hanoi is made up of plains near the
southeast coast and is bounded to the north and west by
mountains and hilly regions, including some significant
national parks, such as Ba Vi and Tam Dao (Van den
Berg, Van Wijk et al. 2003).
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Figure 1. The study area (Thapa and Murayama
2008)
Rys.1 Obszar badan (thapa i Murayama, 2008)

3. Methodology and data
3.1 Used data

During the research process, data on
COVID-19 infections in Hanoi during the period
from July 5, 2021 to September 22, 2021 was
collected at the Ha Noi Center for Disease Control
(CDC Hanoi - 70 Nguyen Chi Thanh, Dong Da,
Hanoi); At the same time, some necessary spatial
data for establishing disease risk index maps are also
obtained such as: land cover data, population data
and population distribution, and local market data,

commercial centers, apartments, data on industrial
parks, etc. in Hanoi city. Table 1 shows the data and
sources used in the study
Table 1. Sources and data used in the study
Tabela 1 Zrédta i dane uzyte w badaniach

Data Description Source

Population density (http://www.wo
rldpop.org.uk/)

Land cover 2019 - 2021 | https://www.eor
c.jaxa.jp/

Land cover 10m Sentinel - 2,

resolution Global data

2020

Location of local | 2019 - 2021 Google Earth

markets in Hanoi

City

Location of local | July 5, 2021 | Ha Noi Center

markets in Hanoi | to September | for Disease

City 22,2021 Control

In the above data, the locations of over 3,500 FO
cases in Hanoi City (due to the lack of coordinate
information, the team had to manually perform
geocoding) were used for comparison with the model's
results.

3.2 Methodology

The principle of determining sensitive areas is
based on the number of FO cases in a specific area (after
identifying the location of the FO cases on the map).
Then, the ratio between the area with FO cases (it can be a
ward or commune, a district, a neighborhood, a residential
group, etc.) and the total area in the study area will be
determined. The higher this ratio means the greater the
sensitivity of that area. In addition, for the purpose of
centralized community screening, after determining the
position of FO cases on the map, the sensitivity index of
the area where FO cases live is calculated. Depending on
the percentage value of this sensitivity index (it can be an
average, high or very high sensitive area), the range for
community testing can be identified (ie, the radius of the
area that needs to be tested can be determined) (Figure 2).
The COVID-19 susceptibility map is established
according to the following process:

Quantify the values
sensitivity level of each size cell 100x100m (equivalent to
01 hectare) includes the total population within a radius of
500 meters and distance from each cell to sensitive
geographical objects that easily become centers of

that characterize the
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epidemic spread such as markets, supermarkets,
apartments, industrial areas, commercial centers, etc.
Calculate sensitive indicators for subjects such
as: population density, markets, apartment, industrial
areas, shopping centrer, and supermartket on each cell
based on the number of people within 500 m in the area
with FO cases, distance from the areas where there are
sensitive geographical objects mentioned above to the
locations of the FO cases. From there, the composite
sensitivity index is determined based on the following

formula (Son, Nga et al. 2022):

=
”h ’% Look up on the map
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Distance fo Market under 200 m Rz 150 m
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Number of FO cases above 5. R2 150 m
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hhﬂﬂu .

The First Test

The Thid Test

ThoSeord et o o
ho e of Nurwmymaumm

Figure 2. Focused community screening testing
Rys.2. Skoncentrowane badania przesiewowe
spotecznosci

Sensitive_Index; = Wpo*Po_Index; +
Wi*Ma_Index; + Wap*Ap_Index; + Wg,*Su_Index; +
W, *In_Index; + Wsp*Sh_Index; @

In which: W, Wy, Wap, Wy, are the weights of
sensitive factors such as population density, market,
apartment  building, supermarket, industrial area,
shopping centrer respectively.

Because the collected data is not large enough, in
this study, the weight values of the above mentioned
objects are considered the same and equal to 1

The relative composite sensitivity index value is
calculated based on the following formula (Son, Nga et
al. 2022):

Sensitive_Indexi

Relative_Sensitive_Index; = 100 *

)

The research team used open source software
Quantum GIS (QGIS) to build spatial analysis models for
establishing a map of the risk of COVID-19 infection.
According to (Maitieg, Aljamel et al.), in addition to
supporting all of the features of a GIS, QGIS is an open-
source, cross-platform GIS that operates as a desktop
program. Spatial data can be conveniently examined,
modified, and analyzed by utilizing QGIS. In order to

Max_of_Sensitive_Index

develop the COVID-19 susceptibility map, it is necessary
to prepare base data including population density, land
cover, location of local markets in Hanoi City. Then,
ading the base layer map and the vector data. The result
maps are generated by using QGIS software.
4. Results and discussion

The COVID-19 vulnerability map of Hanoi city
was established based on data collected in the period from
April 27, 2021 to September 7, 2021 (Figure 3). This map
is used to determine the risk and speed of epidemic spread
in Hanoi when the epidemic is uncontrollable. This map
shows specific information about the testing locations,
centralized quarantine places, the patient's home area, the
locations the patients come within 14 days and after 14
days, and the position of the hospitals and medical
centers, location of blockade and medical quarantine area.
In addition, the areas with five risk levels display on the
map including low, moderate, high, very high, and
extremely high.

: i
= ommmmmnm "“7‘
7| COVID-19 Infection risk map (vector)
| Boundares of Hanol City o
| District Boundaries

| Ward Boundaries

<1 COVID-19 Infacton risk map

/| OpenStreetMap Background

K «h

Hung Yén

Figure 3. COVID-19 Vulnerability Map of Hanoi city
Rys.3. Mapa podatnosci na COVID -19 dla miasta Hanoi

In addition, data on the number of positive cases,
COVID-19 infected cases per day, F1, F2 cases, deaths,
recovered cases, test samples and people waiting to be
tested in areas of Hanoi city is also extracted from the
map (Figure 4).
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e Patient List

Search locations Q

7 Necessary information
Xa Song Lo

Bac Tu Liem District

Positive cases 490 [nfection on day 0
F1 0 F2 0
Test sample 0 Waiting for test 0
Recovered 0 Death 0
Centrally quarantined 0 Isolation at home 0

Map location
¢ COVID 19 testing location (23)
©) Places for centralized isolation (38)@
@ Patient housing area (124)

° Hospitals, mesical centers (7)
Blockade and medical isolation
areas (24)

Figure 4. Statistics on the COVID-19 epidemic in Bac Tu
Liem district, Hanoi city
Rys.4. Statystyki propoagacji epidemii COVID-19 w
dzielnicy Bac Tu Liem w Hanoi

High| Very high risk

In addition, based on indicators of population
density, distance to densely populated locations such as
markets, shopping centers, industrial parks, supermarkets,
shopping centre, etc., the risk map of COVID 19 infection
in Hanoi city was also established (Figure 5). On this
map, the risk level is divided into 4 levels: normal, risk,
high risk, and very high risk.

© Patient list [ Necessary infomation

Huyén
Luang'Son

Very high risk

= Normal

Figure 5. The risk map of COVID 19 infection in Hanoi
city
Rys.5. Mapa ryzyka infekcji COVID-19 w Hanoi
Notably, information related to the epidemic in
any location can also be accessed. Figure 6 is an example
of data search in Thanh Xuan district:

information

32/76 An Duong

68/6 Ngoc Thuy, Long Bien
22 Kim Quan, Long Bien
33/158/111 Ngoc Ha, Ba Dinh

G7, Thanh Xuan Nam
29/P2 Tmperial Plaza, 360 Giai Phong

Normal - High risk

Very high risk

Figure 6. Search any area in Hanoi city
Rys.6. Selekcja danych w obszarze miasta Hanoi

In addition to the number of FO, F1, F2 cases,
etc., a specific list of each FO case in the search area is
also displayed on the map (Figure 7).

° te x |4 v - 8 x
«

c s v 200

Search Patieat Code
BNTT1200(F1994 642
Cases in Dong Da District

BN11120V1986.643
Cases in Doag Da District

BNTT12XXH2017_644
Cases in Doug Da District
BN11120F1963.645
Cases in Dong Da District

BNTI12XK1961_646
Cases in Dong Da District

BN1112XXT1995.647
Cases in Dong Da District

BNT11200K1989_648

2 igure 7. Displaying the list of FO patients in the search

ST S area
ys.7. Lista pacjentéw grupy FO w obszarze selekcji

The application method for research is based on

“'geogra:pﬁical factors such as population, traffic,

apart['ii_gnj[s, etc., so the ability to detect FO is faster and

more focused. In addition, the method used does not

engd, on the administrative boundaries between two
communes or neighborhoods, thus the ability to detect FO

is a larger area in one test. At the same time, based on the

risk index map and infection risk map, the determination
of testing areas is flexible, narrowed or expanded
depending on the actual detection of FO cases and the
residence characteristics of FO cases. Based on terrain
characteristics, it is possible to reduce the radius of the
testing area, thereby reducing the objects of the testing
area (For example: separated by canals, large roads, etc.),
which means that the cost of testing is reduced. However,
this method requires map data with the necessary
information to determine the scope of the testing area.
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Furthermore, in order to the obtained results to be highly
reliable, the testing
neighborhoods and neighborhoods and wards and wards
in adjacent areas must be tight and synchronous. Most
importantly, there is a risk of missing FO cases when
compared to testing the entire neighborhood or ward.
5. Conclusion

The study proposed the method for generating a
COVID-19 sensitive map of Hanoi city using the QGIS
technology. These maps will help identify high-risk areas
for development of epidemics, thereby providing
reasonable adaptation methods based on population
conditions, living conditions, infrastructure, healthcare,
etc. in the most effective way. This minimizes human
losses while still maintaining economic development at
the maximum possible level. On the other hand,
researching models allows the identification of disease
risk indicators from spatial data, as well as spatial
analysis models that determine necessary information for
epidemiological modeling such as population density,

coordination  of between

living conditions, information about population
demographics, age, etc. It is also a necessary preparation
to respond to the emergence of respiratory infectious

diseases as well as other infectious diseases in the future.
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Badania nad stworzeniem modeli analizy przestrzennej na potrzeby opracowania Mapy WskaZnika

Podatnosci na Covid-19 W miescie Hanoi
Epidemia Covid-19 jest stopniowo wycofywana w Wietnamie, a takze na catym $wiecie, jednak pojawienie sig réznych
wariantow wirusa SARS COVID 2 pozostaje ryzykiem, ktore moze doprowadzi¢ do nawrotu choroby. Dlatego
przygotowanie informacji wspomagajqcych zapobieganie epidemiom, w szczegolnosci map ryzyka chordb opartych na
danych przestrzennych, jest niezbedne, aby Wietnam mogt bezpiecznie zyé z wirusem SARS COVID 2. W artykule
przedstawiono metode tworzenia mapy miasta Hanoi wrazliwej na COVID-19 z wykorzystaniem technologii GIS.
Stamtqd na tej mapie mozna zidentyfikowac obszary o wysokim ryzyku szybkiej infekcji, gdy w spolecznosci wystepujg
pierwsze przypadki, oraz regiony o wysokim ryzyku wybuchu. Informacje te pomagajq rzqdowi zaplanowad
priorytetowe traktowanie wczesnego objecia szczepieniami, a takze zaproponowac rozsqdne srodki zapobiegania
epidemii
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