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Przyczynek do teorii wzbogacania grawitacyjnego

jak sig je przedstawia w literaturze.

Abstrakt
Wyniki modelowania doswiadczalnie sprawdzonego probabilistycznego modelu rozktadu gestosci warstw w tozu osadzarki
umozliwiajg zastosowanie czesci tego modelu do obliczania wynikéw wzbogacania nieidealnego z lepszg doktadnoscig od aktualnie
stosowanych metod zwigzanych glownie z wykorzystaniem krzywych rozdziatu. W tej pracy przedstawiono teoretyczne uzasadnienie
nowej metody proponowanych obliczen znacznie rozszerzajgcych zastosowanie od lat powszechnie uzywanych sposobéw obliczen dla
wzbogacania idealnego. Stosujgc krzywe Fuerstenaua do prezentacji wynikow obliczet stwierdzono, zZe te krzywe nie sqg a-nieczute

Stowa kluczowe: wzbogacanie mineratow, modelowanie proceséw wzbogacania, krzywe wzbogacania

Wprowadzenie

Wiszystkie krzywe wzbogacalnodci i wzbogacania stoso-
wane w teorii wzbogacania idealnego s3 obrazem bilansu mas
poszczegdlnych frakcji gesto$ciowych i zawarto$ci sktadnika
uzytecznego w tych frakcjach. Rozréznienie miedzy krzywy-
mi wzbogacalnosci i krzywymi wzbogacania jest dalej rozu-
miane jak w pracy (Budryk 1949). We wzbogacaniu idealnym
obrazowanym krzywymi wzbogacalnosci gestoéci frakeji
nadawy pozostaja state. We wzbogacaniu rzeczywistym zmia-
nie ulegajg takze gestosci frakcji wirtualnej nadawy, spowo-
dowane rozproszeniem czastek nadawy rzeczywistej. Dla tego
wzbogacania istotne sg wiec trzy zmienne: gesto$¢ frakcji wir-
tualnej nadawy, udziat tej frakcji nadawy w masie calej nada-
wy i udzial skfadnika uzytecznego (lub balastu jak w przypad-
ki wegla) w jednostce masy frakeji. Tylko dla wzbogacania
idealnego sktad gesto$ciowy i popiolowy nadawy wirtualnej
jest identyczny jak nadawy rzeczywistej.

W teorii wzbogacania grawitacyjnego zauwazalna jest
duza ilo§¢ stosowanych réznych teoretycznych krzywych
wzbogacalnosci przy prawie calkowitym braku teoretycznych
krzywych wzbogacania i uzywaniu zamiast nich krzywych
rozdziatu (Tromp 1937 i Terra 1938) dla obliczen mozliwych
wynikéw wzbogacania rzeczywistego. Takie obliczenia moga
prowadzi¢ do znacznych btedéw, co pokazano w pracy (Glo-
wiak 2022). Z duzymi bledami nalezy si¢ takze liczy¢ przy
eksperymentalnych prébach wyznaczenia krzywych wzboga-
cania (Zapata 1988, Kowol 2010). Zastosowanie wirtualnych
nadaw pozwala na obliczeniowa ocene¢ nie wzbogacalno$ci
materiatu, lecz wynikow rzeczywistego wzbogacania przy wy-
braniu konkretnego rozproszenia jako miary jakosci wzboga-
cania w rzeczywistym procesie.

Opis proponowanej metody.

Przedstawiony w pracy (Glowiak 2020) probabilistyczny
model rozkladu gestosci warstw w tozu osadzarki pozwala
wzglednie doktadnie obliczy¢ sklad gestosciowy i zawarto$é
popiotlu w kazdej warstwie jak powstaje w lozu osadzarki dla
znanej charakterystyki nadawy i przyjetych dwu wskaznikow

okreélajacych rozproszenie w rzeczywistym procesie wzbo-
gacania. Podane i udowodnione takze w tej pracy twierdze-
nie o rownowaznosci rzeczywistego wzbogacania i idealnego
wzbogacania innej nadawy pozwala na przyjecie jako udzia-
tu danej frakcji w innej nadawie nazwang nadawa wirtualng
udzialu masy kazdej warstwy w masie nadawy oraz gestosci
i zawartosci popiotu w powstatych warstwach jako gestosci
frakcji i zawarto$ci w nich popiotu dla tej wirtualnej nadawy.
Fizycznym uzasadnieniem proponowanej mozliwosci jest re-
zultat podziatu nieidealnie rozwarstwionej nadawy na dwie
czg$ci dokonany idealnie i dajacy dokladnie taki sam wynik
jak idealny podzial idealnie rozwarstwionej innej nadawy,
nazwanej nadawg wirtualng. Jako idealny podzial rozwar-
stwionej nadawy jest rozumiany taki podzial, gdy cala wyod-
rebniona warstwa zostanie skierowana do jednego produktu
wzbogacania. Takie zdefiniowanie idealnego podziatu jest
wynikiem dyskretnego charakteru modelu uzywanego do ob-
liczen. Wazng zaleta proponowanej metody jest zachowanie
bez zadnych zmian wszystkich znanych w teorii i praktyce
sposobow obliczen i takze teoretycznego analizowania zjawisk
zachodzacych dla wzbogacania nieidealnego. Przeprowadze-
nie obliczen w proponowanej metodzie wymaga znajomosci
zaleznosci jakie zachodza migdzy parametrami okreslajacymi
nadawe rzeczywista i wirtualng.

Zalezno$ci migedzy parametrami nadawy rzeczywistej i wir-
tualnej

Wymagania te s3 spelnione przez ponizszy opis prze-
ksztalcen niezbednych do obliczenia charakterystyki nadawy
wirtualnej, ktdrej idealne wzbogacenie daje taki sam wynik
jak wzbogacenie rzeczywistej nadawy zachodzace przy nieze-
rowym rozproszeniu w procesie wzbogacania.

Opis ten zostanie przedstawiony z zachowaniem oznaczen
przyjetych w pracy (Glowiak2020) prezentujacej probabilistyczny
model dyskretnego rozkladu gestosci warstw w tozu osadzarki.

Celowe jest zapoznanie si¢ z tg pracg, poniewaz zawiera
ona szczegéltowsq interpretacje poje¢ z rachunku prawdopo-
dobienstwa zastosowanych dla wzbogacania grawitacyjnego,
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ktéra w niniejszej pracy nie bedzie ponownie przedstawiana.
Dla zachowania jasno$ci i spdjnosci wywodu niektdre istotne
jej fragmenty zostana jednak przytoczone.

Charakterystyka rzeczywistej nadawy podana jest w po-
staci czterech kolumnowych wektoréwI, R,UA przedstawia-
jacej wyniki empirycznego pomiaru. Wektor I przyporzadko-
wuje numery " i" kolejnym frakcjom gestosciowym nadawy od
1 do n, gdzie n jest liczbg frakcji nadawy uporzadkowanych
wedtug rosngacych gestosci. Wektor R_zestawia $rednie gesto-
$ci p_, poszczegdlnych frakcji gestosciowych nadawy, wektor
U okresla udzial masowy u, i-tej frakcji wyrazony w % catosci
masy probki nadawy, a element X, wektora A podaje $rednig
zawarto$¢ popiotu w i-tej frakcji nadawy.

Wektor kolumnowy S zmiany rozproszenia frakcji ge-
stos§ciowych nadawy umozliwia prowadzenie obliczen dla
réznych rozproszen poszczegoélnych frakcji gestosciowych
nadawy pozwalajacych na uzyskanie krzywych rozdziatu
o malejacym z gestoscig nachyleniu obserwowanych w prak-
tyce wzbogacania wegla kamiennego. Wektor ten obliczany
jest z przyjetego $redniego rozproszenia w procesie wzboga-
cania E i przyjetej funkcyjnej zaleznoéci tego rozproszenia od
gestosci frakcji gestosciowej p . wzbogacanego materiatu. Ele-
ment s, wektora S jest warto$cig rozproszenia prawdopodob-
nego frakcji nadawy o gestoéci p_. W obliczeniach uzyta jest
liniowa zaleznos¢ rozproszenia si od gestosci frakcji s, nadawy
w postaci si = E + Ep (pi -p,). W tej zaleznosci E jest rozpro-
szeniem dla frakcji o gestosci p,, iloczyn pE jest zmiang roz-
proszenia na jednostke gestosci frakcji nadawy, a p jest gesto-
$cig tej wybranej frakeji nadawy, ktorej rozproszenie wynosi
E. Wspoétczynnik p posiadajacy wymiar objetosci wlasciwej
i zmienny w zakresie 0-1 dla tych obliczen moze by¢ przyjety
jako staly o warto$ci 0,6 na podstawie pracy (Glowiak 2022a).
We wszystkich pokazanych wynikach obliczen przyjeto war-
to$¢ p,=2,0 jako przyblizony srodek zakresu zmiennosci frak-
¢ji gestosciowych nadawy.

Element p . wektora poczatkowych gestosci warstw R |
pozwalajacy iteracyjnie obliczy¢ gestosci poszczegdlnych
warstw p, jest obliczany z zaleznosci R = R, gdzie R " jest
transponowanym wektorem R , stad p__ .= p , dlakazdegoj=i.
Koniecznos¢ prowadzenia obliczen iteracyjnych wynika z za-
leznosci obliczanych prawdopodobienstw od réznicy gesto-
$ci czastki i gestosci warstwy, ktora zmienia si¢ po obliczeniu
prawdopodobienstwa z powodu zmiany gestosci tej warstwy.

Gdy gestosci powstalych warstw sg transponowanym
wektorem gestosci frakeji nadawy zachodzi wzbogacanie do-
skonate. W modelu wykorzystywanym w tych rozwazaniach
start obliczen iteracyjnych nast¢puje ze stanu idealnego roz-
warstwienia.

Jest to rezultat wybrania tatwiejszej obliczeniowo wersji,
poniewaz wynik wzbogacania nieidealnego powinien by¢ taki
sam dla startu obliczen ze stanu idealnego wymieszania jak
i ze stanu idealnego rozwarstwienia.

Element a; macierzy A modelu oznacza érednie prawdopo-
dobienstwo trafienia czastek i-tej frakeji gestosciowej nadawy
rzeczywistej o gestosci p_ do j-ej warstwy foza osadzarki o ge-
stosci p, . Dla duzej liczby czastek jest to $rednia masa czgstek
0 gestodci p, w j-ej warstwie foza osadzarki o gestoscip, .

Zapis ®(a,b,c) oznacza funkcje dystrybuanty rozkladu
normalnego zmiennej losowej a, ktdrej wartos¢ oczekiwana
wynosi b i odchylenie standardowe tej zmiennej wynosi c.

Dyskretne wartosci funkeji gestosci prawdopodobienstwa
okreslajace $rednie prawdopodobienstwo trafienia i-tej czast-
ki do j-tej warstwy wyrazone przez warto$ci dystrybuanty dla
skrajnych gestosci warstwy sa nastepujace:

a, =u[®(p,, +A.p.,.1.48265,) - D(p, - A, p,,.1.48265,)]

dlap =p .j=1i=1..n (warstwa najlzejsza) (1)

a, = u[®(p,, + A, p,, 148265) - D(p, ~ A, p,, 148265)]

dlap =p  j=ni=1l..n (warstwa najci¢isza) (2)

a; =u[D(p,; +4A.p,,.1.48265,) - D(p,, - A, p,.1.48265,)]

dlap ,<p, <p,, j=2..n-1i=1..n (pozostale warstwy) (3)

wj Fwg

Dla rozktadu normalnego:

"
Py +A5

1 I exp[—M]dr (4)

O(p,, +A%.p,148265) = ———
v V27148265, - 2(1,4826s,)°

SJ —
0= amis =48, (5)
Powyzsze wzory wynikaja wprost z definicji dystrybuan-
ty rozkladu zmiennej losowej i sa wybrang czescig zalezno$ci
podanych w pracy (Gowiak 2020).
Ograniczenie na elementy macierzy a, wynikajgce z bilan-

su mas poszczegdlnych frakcji jest nastepujace:
Jj=n

ZGZ,. =u =b, .
= dla kaz-

dego iz zakresu 1...n (6)

Dla macierzy A wielkoscia przyjeta do oceny prawdopo-
dobienstwa jest masa czastek nadawy.

Pozostale oznaczenia w powyzszych wzorach oznaczaja:
P, = P, — gestos¢ Srednig najlzejszej warstwy czyli najlzejszej
frakcji nadawy wirtualnej
Pug = Pun ~ gestos¢ $rednig najciezszej warstwy czyli najcigz-
szej frakcji nadawy wirtualnej
P, = Poq - 90 — gestos¢ teoretyczne mozliwej najlzejszej war-
stwy rozkladu normalnego o wariancji o, do ktérej prawdopo-
dobienstwo trafienia jakiejkolwiek czastki nadawy jest przyje-
te jako zerowe.
Py= Py T 90 - gesto$¢ teoretyczne mozliwej najcigzszej war-
stwy rozkldu normalnego o wariancji o, do ktoérej prawdo-
podobienstwo trafienia jakiejkolwiek czastki nadawy jest jest
przyjete jako zerowe.

Gestosci p, i p, s3 koniecznym ograniczeniem dla mozli-
wosci rozproszenia si¢ bardzo matych ilosci nadawy w nieist-
niejacych warstwach, ktére to rozproszenie powoduje utrate
bilansu masy danej frakcji nadawy.

W kazdym kroku obliczen iteracyjnych zmieniaja si¢ masy
i Srednie gesto$ci warstw, zatem musza si¢ takze zmienia¢ gra-
niczne gestosci tych warstw. Dla wykonania obliczenia tych
zmian wprowadzony jest wektor przyrostow A" ustalajacy
dolng granice zakresu gestoéci j-tej warstwy. Element A7j po-
mocniczego wektora wierszowego A~ okreéla zmianeg gestosci
j-tej warstwy przy przejsciu od $redniej gestosci tej warstwy
do minimalnej granicznej gestosci tej warstwy. Minimalna
gesto$¢ j-tej warstwy jest jednocze$nie maksymalng gestoscia
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poprzedniej warstwy j-1. Wartos$¢ tego elementu obliczana jest
z zaleznosci:

Arj = (pj_pj—l)/z (7)

Analogiczny do wektora A~ wektor przyrostow A* ustala
gorng granice zakresu gestosci j-tej warstwy. Wartos¢ tego ele-
mentu obliczana jest z zaleznoéci:

A =(p+1-p)/2 (8)

Obliczenie charakterystyki nadawy wirtualnej wzbogaca-
nia idealnego

Charakterystyka nadawy wirtualnej musi by¢ podana tak-
ze w postaci analogicznych czterech kolumnowych wektorow
Iv, UY, R*, A" oznaczonych dodatkowym gérnym indeksem
"w" przedstawiajacych wyniki obliczen. Stosowany model
podaje dane charakteryzujace warstwy w postaci wektorow
wierszowych, wigc dla utrzymania konwencji podawania
danych nadawy wirtualnej jako wektoréw kolumnowych ko-
nieczna bedzie transponowanie wektoréw uzyskanych z obli-
cze w modelu.

Stad I = J" gdzie i jest numerem frakcji nadawy wirtual-
nej, a j jest numerem warstwy toza uzyskanym z obliczenia
w modelu.

Wektor udzialow frakeji gestosciowych nadawy wirtual-
nej U" jest transponowanym wektorem mas warstw Bw ob-
liczonych w modelu. Wektor R, zestawia $rednie gestosci
p“, poszczegolnych frakeji gestosciowych nadawy wirtual-
nej rowne gesto$ciom powstatych warstw, wektor U" okresla
udzial masowy u*, frakcji nadawy wirtualnej wyrazony w %
calo$ci masy nadawy, a element \* wektora A" podaje $red-
nig zawarto$¢ popiotu w i-tej frakcji nadawy wirtualnej.

Obliczenie udzialu frakcji gestosciowej nadawy wirtualnej

Element b, wektora wierszowego Bw modelu jest sumg
element6w a; w j-tych kolumnach macierzy A. Jest to element
rozkladu brzegowego okreslajacego wzgledna zawartos$ci cza-
stek wzbogacanego materialu w poszczegdlnych warstwach
odniesiong do masy wszystkich czastek nadawy. Inaczej jest
to udzial masy czastek zgromadzonych w jednej warstwie
w calo$ci nadawy, a tych rozwazaniach oznacza udzial u", i-tej
frakcji gesto$ciowej nadawy wirtualnej.

dlaj=1.n 9)

Charakterystyki nadawy w przyjetej konwencji sg przed-
stawiane jako wektory kolumnowe wiec U* = Bw". Zatem u",
=b, dlai=j.

Obliczenie objetosci i gestosci frakceji gestosciowych warstw
nadawy wirtualnej

Element h, macierzy H modelu okresla objetos¢ zajmo-
wang w lozu przez czastki i-tej frakcji gesto$ciowej nadawy
znajdujace si¢ w j-tej warstwie. Ta macierz stuzy do obliczenia
gestosci poszczegdlnych warstw p, czyli gestosci p*, poszcze-
golnych frakeji nadawy wirtualnej dla tych rozwazan.

Elementy h, macierzy H s3 obliczane z zaleznosci:

h =%‘* (10)

Suma tych elementéw w j-tej warstwie daje objetos¢ h,
wszystkich czastek réznych gestoéci znajdujacych sie w tej
warstwie, Jest to rozklad brzegowy objetosci poszczegdlnych
warstw macierzy H.

i=

h=3

Gesto$¢ p tej warstwy w k-tym kroku obliczen iteracyj-

dlaj=1.n (11)

nych jest ilorazem masy tej warstwy bj i jej objetosci hj danej

wzorem:
bf
Py =57 dlaj=1.n
tuu welrem (12)
a
P =§ ’ dlaj = 1..n dla bez-
v =
PR
= Obliczen z macierzy A i H (13)

Gestosci p,; tworza wierszowy wektor R .

Ta gestos¢ p; w tych rozwazaniach jest obliczong gesto-
$cig p*, i-tej frakcji nadawy wirtualnej. Wektory R¥_i R s3
zwigzane zaleznoécia:

ch — RWT

Obliczenie mas i zawarto$ci popiolu w warstwach toza
Element pij macierzy P okresla mas¢ popiolu zawarta
w czastkach i-tej frakcji gestosciowej znajdujacej sie w j-tej
warstwie. Jest to macierz modelu stuzgca do obliczenia zawar-
tosci popiotu w produktach wzbogacania, gdy dokonany jest
podzial rozwarstwionego materialu na wysokosci j-tej war-
stwy, wykonany tak, Ze cala j-ta warstwa zostanie zaliczona do
produktu lekkiego (gérnego). Obliczenia zawarto$ci popiotu
w poszczegolnych klasach gesto$ciowych produktéw wzboga-
cania wykonywane sg takze na podstawie tej macierzy.
Elementy p, macierzy P s obliczane z zaleznosci:

p; = aij)\i (14)

Masa popiotu p; w j-tej warstwie jest okreslona wzorem:

P=2D dlaj=1.n (15)
i
Srednia zawarto$¢ popiotu A, w j-tej warstwie jest ilorazem
masy popiolu w warstwie i masy czastek tej warstwy i wynosi:

dlaj=1..n (16)

Zawarto$ci popiotu A, w poszczegdlnych tworzg wierszo-
wy wektor A, ktéry po transpozycji staje si¢ kolumnowym
wektorem A" zawartosci popiotu we frakcjach gesto$ciowych
nadawy wirtualnej:

A].T=AW (17)

Opis iteracyjnych obliczen w modelu

Model rozktadu gestoéci warstw w lozu osadzarki wykorzy-
stywany w cze$ci do obliczenia charakterystyki nadawy wirtualnej
jest dyskretnym modelem iteracyjnym. Szczegotowe uzasadnie-
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Rys. 1. Charakterystyki nadaw rzeczywistych
Fig. 1. Characteristics of real feeds
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Rys. 3. Charakterystyki nadaw wirtualnych
Fig. 3. Characteristics of virtual real feeds

nie dla wybranego sposobu prowadzenia obliczen iteracyjnych
podane jest w opisie wykorzystywanego modelu (Glowiak 2020).

Matematycznym kryterium zakonczenia obliczen jest
przyjecie przez wyrazenie K, wartosci bliskiej zeru lub jego
wzrostu w 3 kolejnych krokach, o ile wczeéniej nie pojawi sie
warstwa o ujemnej gestosci.

=
Ki=2m(p; —.G’J(JH))2 k=1...m k=nr kroku iteracji
=)

(18)
gdzie p, oznacza gestos¢ j-tej warstwy w k-tym kroku obliczen
iteracyjnych, a m, jest mas czastek j-tej warstwy w k-tym kroku.

Przyklady charakterystyk czesto$ci i krzywych Fuerstenaua
obliczanych nadaw rzeczywistych i wirtualnych

Podane nizej przyklady charakterystyk czesto$ci nadaw
wirtualnych sa modyfikacja tak nazywanych w pracy (Stepin-
ski 1964) zaleznosci zawartoéci popiolu we frakcjach nadawy
od udzialu tej frakeji w catej masie nadawy. Modyfikacja po-
lega na zastgpieniu zawarto$ci popiolu w produkeie gestoscia
tego produktu i w dalszej czesci tej pracy jest tak nazywana do
okreslenia zaleznoéci udziatu frakcji gestosciowej nadawy od
jej gestosci. To zastapienie mozna takze uzasadni¢ przebiegiem
procesu wzbogacania, w ktérym produkty tego procesu rézni-
cuja sie fizycznie glownie wedlug gestosci czastek, a nie wedlug
zawartosci popiotu w nich. Charakterystyki czestosci wybrano
specjalnie, poniewaz ta forma pokazania zaleznosci nie za-
wiera efektu uéredniania wyraznie widocznego, gdy zmienng
niezalezng jest wych6d skumulowany. Krzywa Fuerstenaua jest
zdefiniowana zgodnie z pracg (Drzymala 2009) jako zaleznos¢
uzysku substancji palnej i lotnej w koncentracie weglowym
od uzysku popiolu w odpadach. Zastosowanie tej krzywej do
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Rys. 2. Krzywe Fuerstenaua dla nadaw rzeczywistych
Fig. 2. Fuerstenau's curwes of real feeds
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Rys. 4. Krzywe Fuerstenaua dla nadaw wirtualnych

Fig. 4. Fuerstenau's curwes of virtual feeds

poréwnania wynikow obliczen dla nadaw wirtualnych wyni-
ka z deklarowanej w tej pracy wlasciwosci wyraznych zmian
w jej przebiegu w sytuacji, gdy zmiany te sa wynikiem réznych
sprawnosci procesu wzbogacania i malych zmian, gdy wynikaja
one tylko ze zmian sktadu densymetrycznego nasawy.
Przedstawiona w tej pracy metoda obliczen wskazuje, ze
zmiany rozproszenia w procesie wzbogacania sa réwnowaz-
ne zmianom charakterystyki nadawy, co wyraznie zaprzecza
deklarowanej w literaturze wlasno$ciom krzywej Fuerstenaua.
Podane ponizej wyniki obliczen pozwolg czytelnikowi na sa-
modzielng ocene mozliwosci przedstawianej metody obliczen
jak i zauwazonych sprzecznosci zwigzanych z ideg istnienia
krzywych a-nieczutych. Na rys. 1 przedstawiono charaktery-
styki czesto$ci pieciu przykltadowych nadaw dla wzbogacania
wegla kamiennego, a na rys. 2 krzywe Fuerstenaua obliczone
dla wzbogacania idealnego, to jest z rozproszeniem E=0 .
Pokazane na rys. 1 charakterystyki gesto$ciowe wszyst-
kich poréwnywanych nadaw rzeczywistych sg wyraznie zroz-
nicowane pod wzgledem sktadu densymetrycznego oraz tak-
ze $redniej zawarto$ci popiotu i $redniej gestosci.
Rys. 3 i 4 pokazuja zmiany jakie zachodzg przy wzbogace-
niu tych samych nadaw z rozproszeniem E=0,15.
Przedstawione wykresy wyraznie pokazuja, ze w obu
przypadkach istnieja znaczace rdznice miedzy nadawami
wirtualnymi (dla wzbogacania idealnego nadawa rzeczywista
i wirtualna sg tozsame). W tej sytuacji krzywe Fuerstenaua
obliczone dla identycznego zréznicowania nadaw rzeczywi-
stych i przedstawione na rys. 2 i 4 powinny pokazaé znaczne
pogorszenie jako$ci wzbogacania dla przypadku jak na rys. 4
w stosunku do przypadku jak na rys. 2. Tymczasem w oby-
dwu przypadkach wyraznie widoczny jest bardzo podobny
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Rys. 5. Charakterystyki nadaw wirtualnych

Fig. 5. Characteristics of virtual real feeds
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Rys. 7. Popiot frakeji nadawy wirtualnej
Fig. 7. Virtual feed fraction ash

charakter zmian tych krzywych. Ta sytuacja jest istotng przy-
czyng powstania watpliwosci co do a-nieczulosci krzywych
Fuerstenaua.

Wszystkie nadawy wirtualne pokazane na rys. 5 majg do-
kfadnie takie same $rednie zawartosci popiotu i $rednig gestos¢
czastek tej nadawy, poniewaz s wynikiem réznego wzboga-
cania jednej nadawy rzeczywistej, wiec ich wspotczynnik a
jest taki sam. To pokazuje, ze nazwa a-nieczulosci nie wyraza
dobrze sensu zjawiska jakie opisuje, poniewaz w tej sytuacji
wszystkie krzywe Fuerstenaua z rys. 6 powinny by¢ takie same.

Pokazane na rys. 6 krzywe Fuerstenaua zgodnie z ich de-
klarowang wlasciwoécia pokazuja zauwazalny spadek jakosci
wzbogacania. Jednakze zmiany te sa zbyt male aby mozna
byto je odrézni¢ od zmian generowanych przez zmiany cha-
rakterystyki nadawy widoczne wyraznie na rys 2. i 4. Jezeli
na rys. 2 naniesiono by krzywe z rys. 4 i 6. to wskazanie tych
krzywych, ktére obrazuja wzbogacane przy niskim rozprosze-
niu staje sie trudne. Zatem w takiej sytuacji znika podstawo-
wa zaleta krzywej a-nieczulej.

Rys. 7 i 8 pokazuja zwykle niezauwazany fakt, Ze zmiana
rozproszenia takze zmienia znacznie zalezno$¢ miedzy gesto-
$cig i zawartoécia popiolu nadawy wirtualnej, co jest catkowi-
cie oczywiste przy zmianie charakterystyki nadawy.

Pokazane powyzej roznice miedzy krzywymi Fuerstenaua
s wynikiem obliczenia, a wiec pozbawione sg znacznych
bledéw pomiarowych jakie musza si¢ pojawié przy ekspery-
mentalnej probie weryfikacji wynikéw podanych obliczen.
Watpliwoéci odnosénie a-nieczuto$ci krzywych Fuerstenaua
wynikajace z podanych wyzej wykreséw powinny znalezé
takze inne uzasadnienie wyjasniajace teoretycznie przyczyny
zauwazonych roznic. To uzasadnienie podane jest ponizej.
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Rys. 6. Krzywe Fuerstenaua dla nadaw wirtualnych

Fig. 6. Fuerstenau's curwes of virtual feeds
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Rys. 8. Popiot frakeji nadawy wirtualnej
Fig. 8. Virtual feed fraction ash

Teoretyczne uzasadnienie nieistnienia a-nieczulosci krzy-
wych Fuerstenaua

Istotnym powodem przypisywania a-nieczulo$ci krzy-
wym Fuerstenaua jest bledne zdefiniowanie wzbogacania ide-
alnego, powodujace z kolei narzucenie niewtasciwych wyma-
gan na statos$¢ tzw. linii odniesienia (Drzymala 2009).

W tej pracy jako wzbogacanie idealne jest rozumiane
wzbogacanie, w ktorym frakcje gesto$ciowe nadawy jak i te
same frakcje mozliwych do wyodrebnienia z produktéw
wzbogacania maja dokladne taka sama gestos¢ i sumarycz-
ng mase. Dla wzbogacania w osadzarce oznacza to, ze kazda
powstala warstwa zawiera czastki tylko jednej frakeji gesto-
$ciowej nadawy. Takie rozumienie wzbogacania idealnego
ma tez uzasadnienie w krzywych wzbogacania pokazujacych
wszystkie mozliwosci podzialu nadawy na produkty wzboga-
cania. W pracy (Drzymata 2009) jako wzbogacanie idealne
jest rozumiane wzbogacanie tak jak wyzej podano uzupelnio-
ne o wymaganie, aby jeden z dwu produktéw wzbogacania
zawieral tylko mineral, ktérego uzyskanie jest celem prowa-
dzonego procesu wzbogacania. To dodatkowe wymaganie,
moim zdaniem calkowicie niepotrzebnie zaweza rozumienie
wzbogacania idealnego wprowadzajac dodatkowy warunek
ustalajacy gesto$¢ rozdziatu i prowadzacy do zmniejszenia
liczby mozliwych wynikéw takiego wzbogacania dla réznych
nadaw. Jednoczesnie dla przypadku wzbogacania wegla ka-
miennego pojawia si¢ problem ze zdefiniowaniem jako mine-
ralu pojecia "wegiel". Ponadto z rysunkéw podanych w pracy
Drzymaly wynika, ze stalo§¢ tak wybranych linii odniesienia
wymaga dodatkowego warunku, aby nadawa idealnego wzbo-
gacania zawierala tylko dwie rézne frakcje densymetryczne
o0 zerowej i stuprocentowej zawartoéci popiotu dla przypadku
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wzbogacania wegla. To wymaganie w catkowicie nieuzasad-
niony sposob ingeruje w sktad nadawy dla tak rozumianego
wzbogacania idealnego i powoduje, ze linie odniesienia sg
wyznaczane tylko przez trzy punkty, co moze by¢ wyraznym
powodem do wyrazenia watpliwoséci co do faktycznego ist-
nienia takich linii. Tak przyjete linie idealnego wzbogacania
i idealnego mieszania trudno nazwac¢ liniami, poniewaz kaz-
da z nich skfada si¢ tylko z dwu punktéw, a ponadto jeden
z tych dwoch punktéw jest wspdlny dla obydwu prostopad-
tych linii. Podobne zdefiniowanie linii odniesienia dla innych
wymienionych w pracy Drzymaly a-nieczultych krzywych jest
istotnym powodem powatpiewania w istnienie a-nieczulto$ci
tych krzywych. Na zakonczenie trzeba zauwazy¢, ze sama idea
istnienia krzywych a-nieczulych jest wewnetrznie niespéjna.
Ta niespdjno$¢ wynika wprost z istnienia w kazdym wzboga-
caniu par nadaw: nadawy rzeczywistej wzbogacanej z rozpro-
szeniem E#0 i skojarzonej z nig nadawy wirtualnej wzbogaca-
nej z rozproszeniem E=0 czyli idealnie. Te nadawy tworzace
pary sa zawsze rozne z wyjatkiem idealnego wzbogacania
nadawy rzeczywistej. Zatem dla kazdej istniejacej krzywej
wzbogacania wykazujacej zmiennos¢ w funkcji zachodzacych
zmian rozproszenia musi istnie¢ takze zmienno$¢ wynikajaca
ze zmian charakterystyki nadawy. Jest tak dlatego, ze wszyst-
kie mozliwe nadawy wirtualne jednej nadawy rzeczywistej nie

sg takie same i majg zmiennos$¢ wynikajacg tylko ze zmienno-
$ci charakterystyki, poniewaz rozproszenie dla ich wzbogaca-
nia jest jednakowe i zerowe.

Zaleznos$¢ wynikow wzbogacania grawitacyjnego od jako-
$ci nadawy i sprawno$ci wzbogacania jest powszechnie znana
i akceptowana. Poszukiwanie takiej szczegolnej formy poda-
nia graficznej zaleznosci funkcji dwu zmiennych, aby wplyw
jednej zmiennej byt mato widoczny w mojej ocenie nie wnosi
zadnej poznawczej wartoéci do zrozumienia zjawisk jakie ta
funkcja opisuje i a-nieczute krzywe wzbogacania s3 wlasnie
taka forma.

Whioski

Przedstawiona metoda umozliwia obliczanie wynikow
wzbogacanie nieidealnego przy uzyciu znanych metod sto-
sowanych do obliczen wzbogacania idealnego poprzez prosta
zmiang charakterystyk nadawy.

Wyniki powyzszych rozwazan pozwalaja na kwestiono-
wanie a-nieczulosci krzywych Fuerstenaua, a takze innych
krzywych a-nieczulych, do chwili przedstawienia dowoddéw
na posiadanie przez nie rzeczywistej nieczutoéci na zamiany
sktadu densymetrycznego i zawarto$ci sktadnika uzytecznego
wzbogacanego materialu.
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Contribution to the Theory of Gravitational Enrichment
The results of modeling the experimentally proven probabilistic model of layer density distribution in the jig bed enable the use of
part of this model to calculate the results enriched by the non-ideal with better accuracy than the currently used methods related
mainly to the use of separation curves. This paper presents the theoretical justification of the new method of the proposed calculations,
significantly extending the application of the commonly used calculations for ideal enrichment for many years. Using the Fuerstenau
curves to present the results of the calculations made, it was found that these curves are not a-insensitive as they are presented in the

Keywords: mineral enrichment, modeling of enrichment processes, upgrading curves
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Abstract

The article mentions a method of optimal design for the base network in horizontal displacement monitoring at hydroelectric works,
based on the average residual level of the measured values. When the target function is the weakest positional error, the obtained
result after optimizing is the unique plan that no depends on the designers and their experience. Thus, this is helpful for the production
units because they no need to have experts in designing the network. Experiment for the base network of deformation monitoring at
Song Hinh hydroelectricity shows that 44%, 50% and 60% of the initial measurement can be reduced when the average residual level
is chosen 0.5, 0.4 and 0.3, respectively. The weakest position error of the network after optimizing is 2.4 mm, 2.5 mm and 2.6 mm,
respectively, all are smaller than requirement +3.6mm. This method is mainly applied for the side-angle network that was measured
by total station, without considering the optimal design network in the priority direction.

Keywords: plane control network, optimal design, residual level, engineering surveying, positional error

1. Introduce

The plane control network for serving construction, the
base network in deformation monitoring for irrigation-hy-
droelectricity, underground works are always established at
the area with difficult measuring condition. With the high
accuracy requirement, this kind of network is designed as
the dense triangle network so it is necessary to measure a lot
of values. It takes much time and effort to measure so that
the built network gains the requirement accuracy. Therefore,
when the target function is chosen to be the weakest position
error, optimal design for this kind of network is the efficiency
solution because cutting down the measured values no affects
the accuracy, additionally, brings economic efliciency to en-
terprises.

So far, problem of optimal design in geodesy has con-
tinuously been studied and further applied for satellite mea-
surement networks (Alizadeh-Khameneh et al, 2016; Aliza-
deh-Khameneh, 2017). In the field of engineering surveying
in Vietnam, the base network in horizontal displacement
monitoring of hydropower works is measured periodic iter-
ation, it is mainly an angle - side measuring triangle network
that is established by high-precision electronic total station.
The optimal design of the plane control based on the reliabili-
ty of the network is called the type 1 design (Grafarend, E.-W.,,
1974). The residual measuring level is an indicator of the reli-
ability of the control network, the more the residual measure-
ment values in the network are, the higher the efficiency of
optimal design is and vice versa. This type of optimal design
has been widely applied in China (Chen Yonggqi et al, 1996;
Li Deren, 2012; Zhang Zhenglu et al, 2008; Zhang Zhenglu,
2001). The optimal design according to the residual level of
the measured values was researched in (Nguyen Quang Phuc,
Hoang Thi Minh Huong, 2016, Zhang Zhenglu et al, 2008).
Some recent studies on optimal design can be mentioned such

as: optimizing deformation monitoring network according to
basic edge correlations (Alizadeh-Khameneh, M.A., Sjoberg,
L.E. & Jensen A.B.O., 2016), optimal design for the deforma-
tion monitoring network (Kutoglu, H.S. & Berber, M., 2015;
Yetkin, M. & Inal, C., 2015); the basic concept on optimal de-
sign of the geodetic network (Amiri-Simkooei, A., Asgari, J.,
Zangeneh-Nejad, F. & Zaminpardaz, S., 2012), Optimal de-
sign according to cost, reliability and accuracy (M. Eshagh
and R. Kiamehr, 2007). Optimization of deformation moni-
toring networks using finite element strain analysis (M. Amin
Alizadeh-Khameneh, Mehdi Eshagh and Anna B.O. Jensen,
2018). The optimal design of the network according to two
epoch (A Amiri Simkooei va nnk, 2012), Optimal design by
the simulation method (Wojciech Pachelski, Pawetl Postek,
2016), Optimisation of Lilla Edet Landslide GPS Monitor-
ing Network (M.A. Alizadeh-Khameneh, M. Eshagh and L.E.
Sjoberg, 2015). Almost studies optimized the network ac-
cording to the basic problem and own proposal direction, no
researches have mentioned the average residual level in the
optimal design for the base network of structural horizontal
displacement monitoring. Using the average residual measur-
ing level as the indicator of reliability and the target function
chosen to be position error not only determines the number
of the measured values that can be omitted, but also ensures
to gain requirement accuracy. Moreover, the design plan for
each average residual measuring level is the unique for one
network and the network is designed without depending on
the experience of the designer. Therefore, this is the new ap-
proach that is different from the previous method.

2. The theoretical basis on optimal design

The problem about optimal design of a geodetic network
that Grafarend, E.W. (Grafarend, E.W., 1974) proposed is
shown in the general form as follows.:
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min f(X)

XeE"
g (X)>0i=12m @
h(X)=0j=12..1

where, the first expression in formula (1) is called the tar-
get function, the second and third expressions are called the
binding conditions. The nature of the optimal problem is to
find the maximum or minimum value of the target function
based on the binding conditionals to determine the optimal
solution.

2.1. The redundant observations in the geodetic control network
Geodetic networks (such as survey network, construction
network, deformation monitoring network) are only adjusted
by the method of least squares when the network has redun-
dant measured values. The redundant values in the geodetic
network (indirect network or free network) are calculated as

following (Tao Benzao, 2001):
o With the dependent network or the free network that

has enough original data, then:

r=n-t 2)

«  With the free network
r=n-k+d (3)

Where, n is total of the measured values in the network;
t and k are the necessary values and the number of missing
positioning components, d is missing number.

The average redundant measuring level is calculated ac-
cording to the formula:

=_ T
F=—

- 4)
2.2. The redundant measuring level of each observation
Assuming that the vector of measured values is L, vector
of corrections is V, vector of parameters is X, approximation
value is X » the adjusted value is X, the weight matrix is P, then

the error equation is determined as (Zhang Zhenglu, 2001):
V=AX-L (5)

In the generality adjustment problem, the adjusted values
are calculated

X=N*A"PL=Q, A"PL (6)

Where, N* is the generality inverse matrix of the system
of error equation; Q_, is the covariance matrix of parameters.

With N=ATPA. Replace in formula (5) the correction ma-
trix is obtained:

V=(AQ,,A"P-E)L )

Where E is the unit matrix.
According to the error propagation law, the covariance
matrix of correction values is calculated as:

Q,=P'-AQ A" (®)

From that, gaining:

V=-Q, PL=-RL (9)
with
R=Q, P (10)
Matrix R is called the reliability matrix of the control net-
work
Set:
',11 rll lrlw
o Ty o
R= : (11)

In this matrix, the i* element on the diagonal of the ma-
trix R is called the redundant level of the i measured value,
set:

Z (12)

Where, r is the number of redundant observation in the
network. When the weight matrix is the diagonal matrix (no
correlation among the observations), then 0<r<l1. The obser-
vations that have r=0 are the mandatory ones, The observa-
tions with r =1 are the redundant ones which no affect accura-
cy of the network even though these are no measured.

2.3. The feature of the redundant level of the observations

The internal reliability r, of the observation [ has the fol-
lowing features (Li Deren, 2012; Zhang Zhenglu et al, 2008):

(1) 0<r<I1: the smaller , is the higher the importance of
the observations. If r=0 the observation is unable to be omit-
ted. The bigger 7, is, the lower the importance of the observa-
tions, if r=1 this observation has to be measured.

(2) In a network design plan, it is necessary to pay at-
tention: In a certain grid design scheme include: graph, the
number of observations, accuracy, sensitivity, the higher the
precision of the observation is, the smaller the redundant
measuring level r, is; on the contrary, the lower the precision
of the observation is, the bigger the redundant measuring
level r, is. Thus, the redundant level of the observations (the
internal reliability) is contrary to its precision.

(3) In case of the measuring accuracy has been deter-
mined, in the network the more the measured values are, the
bigger the redundant level of the observations.

(4) With the independent network, the redundant level of
the observation no relates to the position of the benchmarks.

2.4. Relationship between the number of observations in the
plane control network and the average redundant level of the
observations

The number of observations are able to be determined
through the average redundant level, from formula (4), short-
en as follows
¢ (13)

1-F

n=

In optimal design, depending on type of network, so that
the observations have good effect, the average redundant level

14
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Fig. la. The optimal design with help of computers

Rys. 1a. Optymalizacja projektu ze wspomaganiem komputerowym

Change the average

redundant level ™

Fig. 1b. The optimal design according to the average redundant level of the measured values with the target function chosen to be the weakest
position error in the network

Rys. 1b. Optymalizacja projektéw odniesieniu do $redniego poziomu redundancji mierzonych wartosci z funkcja celu oparta o najmniejszy blad
pozycji w sieci pomiarowej

7 is in the range of [0.3, 0.5] (Zhang Zhenglu, 2008). Symbol-
izing the average redundant level that belongs to the reliability
range of [0.3, 0.5] as 7, the number of observations »’ that is
respective to the average redundant level is calculated as:

n°=7r
1-7°

(14)
3. Solving the problem of optimal design of the geodetic
control network
3.1. Solving the optimumn problems with the help of computers
At present, the optimal design of the ground control net-
work or the deformation monitoring network is mainly done
with the help of computers, in fact, this is taking advantage
of the calculation and judgment capabilities of computer in
combination with the designer's practical experience. Com-
puter helps to display design results at any time. Through
man-machine dialogue, instantly adjusting the design plan
(a. Add or remove some measurement values; b. Change the
weight of the measurement values; c. Add or remove some
control points in the network; d. Change the position of some
points in the network; e. Change the original model of the
network) until the designer satisfies with the proposed plan.
Obviously, the end result of this design method is usually not
a strictly optimal solution, but close to optimum. Moreover,
the method has a simple mathematical model, convenient and
flexible operation, the plan shows the reasonableness and fea-

sibility of the design results. This design plan is implemented
according to the process in Figure la.

3.2. Solving the optimum problems according to the average
redundant level of the observations

Based on the theoretical research, the article proposes a
process of the optimal design of the plane control network
according to the average redundant level of the measured
values, with the target function chosen to be the error of the
weakest position in the network. The process is shown in Fig-
ure 1b and includes steps as follows:

1: The initial plan is that position of points and the net-
work diagram must be designed on topographic maps and
checked in the field. This plan should include all measurable
values of the network.

2: Estimate the network according to the original design
plan, with the limit error of the weakest position, and the ac-
curacy of machines as required by the designer.

3: Comparison of the results (error of the weakest posi-
tion with the input limit error), if the plan no gains require-
ment, it is necessary to redesign.

4: When the network has enough conditions for optimi-
zation, the average redundant level is chosen smaller, cal-
culation for reducing the number of observations and the
network is re-estimated whether it achieves the initial re-
quirements.
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Fig. 2. Hinh river hydroelectricity plants (https://triphunter.vn/places/phu-yen/items/ho-thuy-dien-song-hinh)

Rys. 2. Elektrownia wodna na rzece Hinh

Fig. 3. The base network in horizontal displacement monitoring at Hinh river hydroelectricity

Rys. 3. Bazowa sie¢ kontrolno-pomiarowa dla badania przemieszczen poziomych dla elektrowni

5: If the obtained accuracy of the network is better than
the input requirement, then the average redundant level is
adjusted much smaller and the network is re-estimated until
gaining the requirements before stopping.

Comparing the optimal design method with the help
of computers and the proposed method in the article, some
comments are given as follows:

o The optimal design plan with the help of computers
has generality characteristic, which can change many
components of design plan. However, if the most
optimal plan is chosen, this may be inappropriate to
reality. Another disadvantage is without experience
expert no gaining good results after optimum.

o The optimal design method according to the average
redundant level of the observations with the target
function chosen to be the error of the weakest posi-
tion has narrower applicability. This method is done
based on the network determined before on maps
and fields. The average redundant level of the obser-
vations is chosen in the allowance range as [0.3, 0.5]
to calculate the number of unnecessary observations
that need to be omitted but still gaining the require-
ment accuracy. Moreover, this method no needs cal-
culation experts but the final results are similar to the
ones achieved from optimal design by computers

4. Experiment and discussion
4.1. Experimental area

The experiment of optimal design for the base network of
the horizontal displacement monitoring was done at the Hinh
river hydroelectric dam in Phu Yen province of Vietnam. This
is a hydroelectric project with the earth-rock dam lied on the
Hinh river in Ea Trol commune, Hinh river district. The hy-

droelectric dam is about 35 kilometres from Tuy Hoa city in
the southwest. Hinh river hydroelectricity has a capacity of 70
MW including 2 units, annual electricity output of 370 mil-
lion KWHh, started in 1993 and completed in 2001. The normal
rise water level in the reservoir is 209 m, dead water level is
196 m, total reservoir capacity is 357 million m®. The eleva-
tion of the dam crest is 215 m, the highest flood discharge
capacity is 6,952 m?/s.

The plane base network is considered as the origin to
monitor the horizontal displacement of the Hinh river hydro-
electric dam. Figure 2 is the image of hydroelectric plant and
dam, figure 3 is the diagram of the base control network for
horizontal displacement monitoring at Hinh river hydroelec-
tricity.

4.2. Data for research

The base network in horizontal displacement monitor-
ing at Hinh river hydroelectricity includes 8 points, that are
symboled from TC1 to TC8 (two points TC1 and TC7 were
defined coordinates). According to Vietnam's regulations on
the network of horizontal displacement monitoring of hy-
droelectric projects, the Hinh river hydroelectric dam is an
earth-rock dam, so the accuracy of the monitoring point is +5
mm (TCVN 9399-2012). The network of horizontal displace-
ment monitoring usually consists of 2 levels, namely the base
network and the monitoring network. Assuming the accuracy
of the 2 network levels are respectively m, and m, the influ-
ence of the monitoring network system on the accuracy of the
point P is determined as follows:
mi =mj; +my (15)

K is called the accuracy declining coefficient between two
network level, then

16
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Tab. 1. The designed angles in the base network of the horizontal displacement monitoring at Hinh river hydroelectricity

Tab. 1. Projektowane do pomiaru katy w sieci kontrolno-pomiarowej badania przemieszczen poziomych dla hydroelektrowni na rzece Hinh

Angles Angles Angles
NO ieft [ middie [ right | \° [Teft | middie | right | \° | left | middle | right
1 |TC2 | TcL | TC3 | 10| TC5 | TC3 | TCL | 19 | TC7 | TC6 TC2
2 | TC3 | TC1 | TC4 | 11| TC1 | TC3 | TC2 | 20 | TC2 | TC6 TC1
3 | TCa4 | TCI | TC5 | 12 | TC8 | TC4 | TC5 | 21 | TCL | TC6 TCs
4 | TCc5 | Tci | TCe | 13 | TC5 | T4 | TCl | 22 | TC2 | TC7 TC1
5 | TC6 | TC1 | TC7 | 14 | TC1 | TC4 | TC3 | 23 | TCL | TC7 TC6
6 | TC7 | TClL | TC2 | 15 | TC6 | TC5 | TCL | 24 | Tca | TC3 TCs
7 | TC3 | TC2 | TCL | 16| TC1 | TC5 | TC3 | 25 | TC8 | TC3 TCs
8 | TC1 | TC2 | TC6 | 17 | TC3 | TC5 | TC4 | 26 | TC5 | TC8 TC3
9 | Tc6 | TC2 | TC7 | 18 | TC4 | TC5 | TC8 | 27 | TC3 | TC8 TC4

Tab. 2. The designed sides in the base network of the horizontal displacement monitoring at Hinh river hydroelectricity

Tab. 2. Projektowane do pomiaru odlegtosci w sieci kontrolno-pomiarowej badania przemieszczen poziomych dla hydroelektrowni na rzece Hinh

Side Side Side
No the first | the end No the first | the end No f';:-‘set the end
point point point point point point
1 TC1 TC2 7 TC2 TC7 13 TC2 TC6
2 TC1 TC3 8 TC5 TC4 14 TC3 TC4
3 TC1 TC4 9 TC5 TC6 15 TC3 TC5
4 TC1 TC5 10 TC8 TC4 16 TC3 TC8
5 TC1 TC6 11 TC8 TC5
6 TC2 TC3 12 TC6 TC7
Tab. 3. The approximate coordinates of points
Tab. 3. Aproksymowane wspolirzedne punktéw sieci kontrolno-pomiarowe;j
No | Name Coordinate Coordinate No | Name Coordinate Coordinate
X (m) Y (m) X (m) Y (m)
1 TC1 1429644.5460 | 277440.1230 | 5 TCS5 1428937.2038 | 277222.4129
2 TC2 1430267.8209 | 277344.1670 | 6 TC6 1429502.2342 | 276873.8156
3 TC3 1430047.6716 | 277817.5782 | 7 TC7 1430561.2500 | 276420.7270
4 TC4 1429299.9189 | 277995.9955 | 8 TC8 1428889.8779 | 277877.6087

m, =2 (16)
K

Formula (15) can be shown as
2

m
Ly m;
K

2 _
mp =

17)

Calculated

mpK

np

1+K°

and m; =

(18)

Accuracy declining coefficient is usually chosen K=1-2,
choosing K needs to comply the characteristic of network and
accuracy of the observed equipment. In this example, formu-
las from (15) to (18) are used and K is chosen to be 2, cal-
culating m = £2.3 mm, m, = +4.5 mm. According to (TCVN
9399-2012), with the earth-rock dams, K should be chosen to
be K=1, then m=m = *3.6 mm. Because the network has high
accuracy requirement, the initial intention of using equip-
ment is electronic total station TC1700. According to specifi-
cations of machine, mean square error of angle measurement
is 1.0", mean square error of side measurement is 1+1ppm.
The initial plan includes total 43 observations, with 27 angle
measured values, 16 side measured values, which are shown
in Table 1 and Table 2.

4.3. Optimal design for networks
The base network in horizontal displacement monitoring
for hydroelectric dam is the free network. With this charac-

teristic, the network uses the average center point to be the
coordinate origin, so it is hardly affected by error of the orig-
inal data. Based on coordinates of TC1 and TC7, the approxi-
mate coordinates of other points in the network are calculated
as Table 3.

Optimum for network according to the average redundant
level of the measured values with the target function chosen
to be the weakest position error is done the following steps:

a) Estimating the accuracy of the network by the algo-
rithm of free adjustment with all measured values, the esti-
mated results are shown in Table 4.

According to the estimated results, the point that has the
weakest position error TC7, m,=2.0(mm). From formula (3),
the average redundant level of the measured value is calcu-
lated as 0.7, so the network is entirely optimal because the
average redundant level is bigger than the range [0.3,0.5]

b) To determine the number of the omitted measuring
values at each the redundant level in the range [0.3,0.5], as
well as investigate the error of the weakest position, the net-
work is designed in three plans that have the average redun-
dant level, respectively ¥=0.5; ¥=0.4 va ¥=0.3. The redundant
levels of the measured values are shown in Table 5 and per-
formed in figure 5.

The Figure 5 shows that the redundant level of almost
the angle measuring values (from number 1 to number 27) is
bigger than the redundant level of the side measuring values
(from number 28 to number 43). So after optimum, the omit-
ted measuring values are mainly angle values.
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Tab. 4. Result of estimation for the initial design network

Tab. 4. Wyniki estymacji wstepnej dla projektowanej sieci kontrolno-pomiarowej

No Name X(m) Y(m) mx(mm) | my(mm) | mp(mm)
1 TC1 1429644.546 277440.123 0.7 0.8 1.1
2 TC2 1430267.820 277344.168 1.0 0.8 1.3
3 TC3 1430047.671 277817.577 0.8 1.0 1.3
4 TC4 1429299.920 277995.994 0.8 0.9 1.2
5 TCS 1428937.206 277222.414 1.0 0.8 1.3
6 TC6 1429502.235 276873.817 0.9 1.1 1.4
7 TC7 1430561.250 276420.727 1.4 1.4 2.0
8 TC8 1428889.881 277877.607 1.0 1.1 1.4

Tab. 5. The redundant level of each measured value in the network

Tab. 5. Poziom redundancji dla kazdej mierzonej wartosci w sieci kontrolno-pomiarowej

No 1 2 3 4 5 6 7 8 9 10 11 12
T 0.80 | 0.83 | 0.94 | 0.67 | 0.81 | 0.82 | 0.76 | 0.85 | 0.78 | 0.61 | 0.71 | 0.67
No | 13 14 15 16 17 18 19 20 21 22 23 24
r 0.74 |1 0.91|0.98 | 0.96 | 0.92 | 0.86 | 0.85 | 0.88 | 0.81 | 0.94 | 0.96 | 0.91
No | 25 26 27 28 29 30 31 32 33 34 35 36
r 0.94 | 0.77 | 0.70 | 0.59 | 0.56 | 0.50 | 0.62 | 0.44 | 0.40 | 0.62 | 0.56 | 0.47
No | 37 38 39 40 41 42 43

T 0.36 | 0.40 | 0.65 | 0.54 | 0.59 | 0.71 | 0.63

The diagram of the redundant level

L.00
0.80
0.60

of each the measured value

1 3 5 7 9 11 13 15 17

the redundant measuring level

19 21 23 25

27 20 31 33 33 37 39 41 43

Number order of the measured value

Fig. 5. The diagram of the redundant level of each the measured value

Rys. 5.Wykres poziomu redundancji dla kazdej mierzonej wartosci

¢) The network optimum results with the binding condi-

tion as the weakest position error in three mentioned design

plans are shown in the table 6.

The Table 6 shows that:

The omitted measured values are usually the angle
measuring values because these have large redundant
level.

Results of estimation in three plans with £=0.5, 0.4
and 0.3 are good, error of the weakest position is
smaller than the initial target +3.6 mm.

All three plans can be used to measure in the field,
but in our opinion, the second plan with r=0.4
should be chosen so that the network has good con-
nection and no deviation in azimuth. In addition, the
measured values in the field is also affected by many
different sources of error, so the structure of network
has to be tight.

With this design plan, the initial network is omitted
23 the angle measuring values, the reality network
only needs to observe 20 the measured values includ-
ing 4 the angle measuring values (table 7), 16 the side
measuring values as the initial design, the efficiency

of the measuring volume reaches 53%. The shape of
network after optimum is shown as Figure 6.

5. Discussion

Results of the experiment of the optimal design accord-

ing to the average redundant measuring level with the target

function chosen to be the weakest position error show that:

The measuring values that are cut have the redun-
dant level from high to low;

When using this optimal design method, it is possible
to calculate quickly the number of the omitted measur-
ing values, the necessary values that are respective to
the average redundant measuring level as formula (14);
The number of the measured values before and after
optimum that are respective to each the average re-
dundant measuring level are different, the number of
the omitted values at average is approximate 50% but
the accuracy requirement of the weakest position is
still ensured the same as the initial requirement.

6. Conclusion

The base network in structural horizontal displace-
ment monitoring should be optimized because this
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Tab. 6. Table of comparing the number of the measured values and design efficiency before and after optimum

Tab. 6. Zestawienie poréwnywanej liczby warto$ci pomiarowych i projektowych wspétczynnikéw efektywnosci przed i po optymalizacji

Mean The
The square omitted
The error of | measured
average The
number Total the values L
Plan redundant number Efficiency
- of R value | weakest
measuring of sides L
level angles position
TC7(mm
D)
initials
H 0.70 27 16 43 2.0
optimum 0.5 8 16 24 2.4 19 44%
o 0.4 4 16 20 2.5 23 53%
r 0.3 2 15 17 2.6 26 60%

Tab. 7. The angular values after optimum with redundant measuring level

Tab. 7. Wartosci katow po optymalizacji z poziomem redundacji

Angle redundant Angle redundant

No left | middle | right | measuring | No left middle | right | measuring
point | point | point level point point point level
4 TCS TC1 TC6 0.673 12 TC8 TC4 TC5 0.674
10 TC5 TC3 TC1 0.610 27 TC3 TC8 TC4 0.697

Fig. 6. The base network in horizontal displacement monitoring at Hinh river hydroelectricity after optimum with

kind of network is measured iteratively, has high ac-
curacy requirement but usually uses the angle-side
network.

The average redundant measuring level is the im-
portant indicators in optimal design for network, the
number of the measured values after optimizing are
determined based on this indicator.

Optimal design according to the average redundant
level with the target function chosen to be the weak-
est position error achieves high efficiency, it is suit-

Rys. 6 . Bazowa sie¢ kontrolno-pomiarowa do badania przemieszczen poziomychdla elektrowni na rzece Hinh po optymalizacji na poziomie

able for the network with a lot of the measured value
and the angle-side network.

This method only need to determine the average val-
ue from redundant measuring level of the measured
values. The optimal result no depends on knowledge,
experience of designer but still ensure tightness and
consistence.

This optimum method has no consider the priority
direction in the design yet.
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Metoda optymalnego projektowania sieci bazowej w monitoringu deformacji konstrukcji

w elektrowni wodnej Song Hinh, Wietnam

W artykule przedstawiono metodg optymalnego projektowania sieci bazowej w monitoringu przemieszczeti poziomych elektrowni
wodnych na podstawie Sredniego poziomu rezydualnego zmierzonych wartosci. Gdy funkcjg docelowg jest najstabszy blgd pozy-
cjonowania, uzyskany wynik po optymalizacji jest unikalnym planem, ktéry nie zalezy od projektantow i ich doswiadczenia. Jest
to wigc pomocne dla jednostek produkcyjnych, poniewaz nie potrzebujg one ekspertow do projektowania sieci. Eksperyment dla
podstawowej sieci monitorowania deformacji w elektrowni wodnej Song Hinh pokazuje, ze 44%, 50% i 60% poczgtkowego pomiaru
mozna zmniejszy¢, gdy Sredni poziom pozostatosci zostanie wybrany odpowiednio 0,5, 0,4 i 0,3. Najstabszy blgd pozycji sieci po opty-
malizacji wynosi odpowiednio 2,4 mm, 2,5 mm i 2,6 mm, wszystkie sqg mniejsze niz wymagane +3,6 mm. Metode te stosuje si¢ gléwnie
dla sieci kqtéw bocznych, ktore zostaly zmierzone przez tachimetr, bez uwzglednienia optymalnej sieci projektowej w kierunku pier-
wszenistwa.

Stowa kluczowe: pozioma sie¢ kontrolna, optymalizacja projektu, poziom residuum, pomiary inzynierskie, blgd pozycji
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Abstract

Digital transformation is one of the inevitable trends in today’s world. Vietnam is one of the pioneer countries following this trend and
has launched a national digital transformation program. Digital transformation has attracted great interest from both the community
of scientists and managers in general and in the field of coal mining and other minerals. Currently, researchers have been focusing on
issues, such as the theory of digital transformation in both state and the business sector; the relationships between digital transformation
and the building of e-government or digital government, and between digital transformation and effective national administration.
In this study, the method of document-based analysis (Desk review) was used to analyze and evaluate the current situation of digital
transformation of the coal and mineral mining industry and identify achievements as well as limitations of the digital transformation
process in the coal and mineral mining industry in Vietnam.

The study presents the following issues: (1) Some general issues about digital transformation, in which the concept of digital
transformation is clarified; Meaning of digital transformation in the field of coal and mineral mining; Requirements for digital
transformation in the field of coal-mineral mining. (2) The current status of digital transformation in coal-mineral mining in
Vietnam, including applying advanced technologies in exploration and mining, and application of advanced technologies in mining

and environmental protection.

Keywords: digital transformation, coal-mineral industry, mechanization

1. Introduction
1.1. Concepts of digital transformation

Digital transformation is a component of the fourth tech-
nology revolution. From the literature review, "Digital Trans-
formation" is often seen as the process of changing from a
traditional business model to a digital one by applying new
technologies such as big data, the Internet of things (Internet
of Things - IoT), cloud computing (Cloud) to change the way
of operating, leadership, work process, and company culture.

In Vietnam, digital transformation is the integration of
digital technology into the operations of businesses and or-
ganizations to change their ways of operation, and business
models, and to provide value to customers. In other words,
it is a change in operating methods, procedures, and cul-
ture, and based on digital platforms to achieve more effective
goals(M.H.Nguyen, 2020).

Digital transformation enhances adaptability and focuses
more on data collection, processing, analysis, and useful infor-
mation to all levels of decision-making. This helps businesses
become smart, creative, and quickly and effectively adapt to
changes.

Vietnam is one of the few countries in the world that has a
strategy and plan for digital transformation. On June 3, 2020,
with the issuance of Decision 749/QD-TTg on approving the
"National digital transformation program to 2025, with orienta-
tion to 2030", the Government of Vietnam confirmed that digi-
tal transformation is an inevitable process of the country in or-
der to accelerate the modernization of the distribution system,
to improve the competitiveness of enterprises, and promote the
development of domestic and export markets. The government

has made Vietnam's vision for the year 2030, in which Viet-
nam will become a digital, stable, and prosperous country. The
country will pioneer employing new technologies and models
and changing the government’s operations fundamentally and
comprehensively in management and administration, produc-
tion, and business activities. In addition, this will make changes
in people's lifestyles and work, and allow the development of
a safe, humane, and widespread digital environment. The na-
tional digital transformation program comprises dual goals of
developing a digital government, digital economy, and digital
society and forming Vietnamese digital technology enterprises
with global competitiveness (Government of Vietnam, 2020)).

Digital transformation in the field of coal and mineral
mining is the integration and application of advanced digital
technology platforms in all fields of mining, such as manage-
ment, planning, exploration, transportation, processing and
mineral enrichment, cooperation, calling for investment,
sales, customer care,... Also, advanced technologies are ap-
plied in all stages of production and business chains of min-
ing companies, in order to optimize operations, reduce costs,
increase profits, distribute value chains, increase competitive-
ness, assure safety at work, and contribute to environmental
protection and sustainable exploitation of mineral resources.

The focusing areas of digital transformation in enterprises
are proposed as a model with the aim of clarifying the levels
of digital transformation in enterprises, including (1) strategy,
(2) business model, and (3) administration model.

1.2. Inevitable requirements for businesses on the need for
digital transformation for the coal mining industry
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Fig. 1. Digital transformation model in enterprises (Ernst & Young, Digital Transformation Guidelines)

Rys. 1. Model transformacji cyfrowej w przedsigbiorstwach (Ernst & Young, Digital Transformation Guidelines)

Currently, coal mines have been exploited more and more
deeply due to the depletion of coal reserves. This leads to an
increase in the cost of fuel which is seen as the driving force
of the exploitation process and creates extra costs in transpor-
tation, ventilation, drainage, methane fire safety, etc. Besides,
deep mining still needs to improve the efficiency of the work
to ensure the safety of workers and equipment.

Another challenge is the lack of business capital and dif-
ficulty in raising investment capital. This is because mining
enterprises often need large investment capital, a long time for
having profits, and many costs incurred. Therefore, in order to
operate effectively, mining companies need to prepare a large
amount of capital to cover both short-term and long-term ex-
penses, and counterpart funds. In order to achieve the level of
coal mining output according to Decision No. 403/QD-TTg
on “Planning coal industry development to the year 2020,
with a vision to the year 2030”, all coal mining companies will
need a total investment of about 269,000 billion VND, with an
average of 17934 billion VND per year (nangluongvietnam.
vn.news/vn).

Moreover, other problems include inefficient manage-
ment of investment capital, poor assessment methods for in-
vestment projects, scattered investments, and limitations in
the development of business strategies and investment fore-
casts. These may cause a series of bad investment projects of
VIANCOMIN in subsidiaries and affiliates in recent years,
causing losses of trillions of dong, leading to a huge amount
of debt up to more than 100,000 billion VND, with an inter-
est of 12 billion VND every day (thuonghieucongluan.com.vn
and kienthuc.net.vn).

From the safety perspective, the flight altitude needs to
In recent years, labor productivity in the coal mining sector
has gradually improved but is still quite low compared to the
common level in some other countries in the region and in
the world. According to the assessment of the Intergovern-
mental panel on climate change (IPCC), Vietnam is one of the
five countries that will be most affected by climate change [3,
14]. Climate change makes the occurrence of natural disas-
ters such as storms, floods, lightning, and landslides more fre-
quent and serious, causes many difficulties in ensuring mine
safety, reduces mining productivity, and significantly increas-
es the cost of disaster prevention and recovery.

In addition, there are many other difficulties that Viet-
namese coal mining companies are facing such as increasing-
ly strict regulations of environmental protection, competition
from cheap imported coal sources, instability of price and
purchasing power of the coal consumption market, the de-
crease in the coal industry's attractiveness to labor.

To overcome the challenges posed to coal and mineral
mining companies in Vietnam, it is necessary to have quick
changes. The most important change might be the effective
application of scientific and technical advances from the
fourth industrial revolution (4.0) into each stage of the man-
agement, production, and business processes, and this is a
mandatory requirement of the nature and survival of busi-
nesses. In a study, McKinsey predicted that digital transfor-
mation in the global mining industry will reduce costs by 17%
in 2025. Therefore, it can be noted that digital transformation
is no longer an idea or vision for the future, in fact, it is a
compulsory activity for production and business enterprises
in general. Vietnamese mining companies must urgently im-
plement digital transformation to adapt to new changes in the
4th digital age.

In Vietnam, basically, the energy industry is divided into
two groups: the material and fuel industry and the electricity
industry. Furthermore, in the raw material and fuel extraction
industry, there are two main industries: the coal mining in-
dustry and the oil extraction industry. Therefore, it can be said
that the energy industry includes three main industries: the
coal mining industry, the oil and gas extraction industry, and
the electricity industry.

In the national digital transformation program, energy is
one of eight priority areas for implementation. According to
Decision No. 749 dated June 3, 2020, on approving the Na-
tional Digital Transformation Program to 2025 and orienta-
tion to 2030 of the Prime Minister, “For digital transformation
in the energy sector, priority is to be given to focusing on the
power sector towards maximizing and automating networks
for efficient power supply, connecting digital meters to im-
prove speed and billing accuracy, identifying network prob-
lems faster, helping users save energy, and detecting losses of
electrical power" Coal and mineral mining is one of the key
resource extraction sectors of the country and is managed and
exploited by Vinacomin. Therefore, digital transformation in
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this field is extremely important, contributing to improving
the production efficiency of enterprises and national econom-
ic potential.

Digital transformation brings many benefits to coal min-
ing enterprises from management to research and business.
Coal mining enterprises can optimize operating costs and
increase labor efficiency; better reach and satisfy custom-
ers; leaders make timely and more accurate decisions when
switching from the traditional model to the application model
of modern technologies.

Practical experience shows that the successful formula of
enterprise digital transformation is the combination of five
pillars: (i) Digital business culture and strategy; (ii) Connect
and optimize customer experience; (iii) Process optimization;
(iv) Technology; (v) Data analysis and management.

2. Status of digital transformation in the coal-mineral sec-
tor in today’s Vietnam

2.1. Applying advanced technologies in exploration and ex-
ploitation

a. Inevitable trend of mechanization in the exploration, ex-
ploitation, and processing of the coal- mineral industry

In order to grasp the trend and advantages of digital trans-
formation, Vinacomin has promoted the application of IT and
the application of computer software in some stages of the
chain of coal production; For example, Vinacomin’s geological
data mining and management system allow the construction
and integration of geological data into a geological data bank
(N.C.Nguyen, 2022).

Typically, VINACOMIN has applied a coal flow monitor-
ing system that provides information about coal volume and
quality to its units in a complete and intuitive way. A geologic
data bank helps to upgrade the document management and
operational management system to standardize the manage-
ment procedure of administrative documents. In addition,
they integrate digital signatures and move forward to docu-
ment interoperability throughout the group, subsidiaries, and
affiliated units, and have many other information technology
ideas. Deo Nai Coal Joint Stock Company - VINACOMIN
has conducted 34 projects of computerization, automation,
and application of information technology in production. In
particular, it is worth noting that the company employs on-
line recording and statistics software, Google Sheets. Uong
Bi Coal Joint Stock Company - VINACOMIN has deployed
a software environment for assigning daily tasks, instead of
handwritten like before, which reduces the time to do this job
from 60-120 minutes to about 10 minutes, integrating finger-
print and face recognition into the daily shift delivery process,
... (baoquangninh.com.vn)

In the context of the strong impacts of the 4.0 technology
revolution on production and business as well as all activities
of social life, the coal-mineral industry has also experienced
great efforts in facilitating innovations through constantly ap-
plying modern technologies and implementing digital trans-
formation in production, business, and coal-mineral exploita-
tion. It is confirmed that mechanization is an inevitable trend
of VINACOMIN.

- For open-pit mines

+ Completing the technical connection of mines that
have the same mineral deposits (e.g. Deo Nai — Coc Sau; and

Cao Son - Khe Cham II), developing and expanding existing
open-pit mines in the direction of increasing the stripping ra-
tio; maximizing the exploitation capacity in accordance with
the planning on dumping, transportation, and drainage, pro-
tecting the landscape and environment, actively responding
to climate change and extreme weather.

+ Basically, mechanization is undertaken at all stages of
production; systematically applying heavy mechanized equip-
ment to reduce costs, such as 130 metric ton dump trucks (Ha
Tu mine), large-diameter drills (up to 269 mm), hydraulic ex-
cavators with 12 m3 for the volume of a bucket, the transpor-
tation system combining trucks and conveyor. For example,
in Cao Son mine, the conveyor transports waste rock with a
designed capacity of up to 20 million m3/year; Improving the
quality of drilling-blasting activities to reduce the cost of rock
removal for open-pit coal mines.

+ Researching on applying new technologies and using
materials for road construction in order to utilize local ma-
terials and reduce costs of trucks’ tires; studying and testing
the automatic fuel distribution and monitoring system and in-
vesting in applying modern software to manage from design
to operation and production monitoring.

- For exploiting crude coal tar:

Over the years, VINACOMIN has made efforts to im-
plement digital transformation, constantly investing capital
to purchase equipment, and applying modern technology in
production and business, especially the group has been ap-
plying mechanized equipment in coal mining, therefore, the
volume of crude coal tar has been increasing in recent years.

According to reports of Vinacomin, the production of
crude coal tar in the period from 2017 to 2020 was presented
as follows: The total output of crude coal tar exploited from
2017 to 2010 increased. Figure 2 shows that in 2017, the total
mining output was 40,501 thousand tons, of which open-pit
coal reached 14,804 thousand tons, underground coal was
24.884 thousand tons, and other methods were 812 tons. In
2018, the total number was 42,939 thousand tons, of which
open-cast coal reached 16,281 thousand tons, underground
coal was 25,854 thousand tons, and other methods were 803
tons. In 2019, the total number was 46,9675 thousand tons,
of which open-pit coal reached 18,858 thousand tons, under-
ground coal was 27,149 thousand tons, and other methods
were 668 tons. 2019 is also a year with higher coal mining
output than 20117, 2018, and 2020. In 2020, the total min-
ing product is 44,894 thousand tons, of which open-pit coal
reaches 17,194 thousand tons, underground coal is 27 thou-
sand tons, 145 thousand tons, and the other method 555 tons.
Total coal mining product in 2020 decreased by 1,781 thou-
sand tons compared to 2019 but was still higher than those
in 2017 and 2018. In 2020, there was a decrease in the coal
mining rate due to the Covid-19 pandemic which has seri-
ously affected all areas of social life, especially in production
and business.

- For underground coal mine

In underground coal mining, the geological conditions
of mines with many faults, the complex structure of the coal
seam, and the thickness and slope angle of the seam are un-
even, making it difficult to apply mechanization. Therefore,
the rate of mechanized working tunnels (using continuous
miners) only reached 13.4% in 2018, and 15% in 2019. The
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Fig. 2. The output of exploited crude coal tar in the 2017-2020 period. (Source: The reports of VINACOMIN and DONG BAC)
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Fig. 3. Contribution rate of crude coal tar production by different exploitation methods (Source: The reports of VINACOMIN and DONG BAC)
Rys. 3. Wskaznik udziatu produkcji surowej smoty weglowej réznymi metodami eksploatacji (Zrédlo: Raporty VINACOMIN i DONG BAC)

increase in the rate of mechanization was due to the Ha Lam
Coal Joint Stock Company where there were two mechanized
working tunnels with a capacity of 1.8 million tons of coal per
year. In these two tunnels, self- advancing hydraulic ceiling
supports (including continuous miners, GK, GX, ZH frame/
chain rack, ZRY staging, XDY TLDD rack...)

Thanks to the effective application of mechanized equip-
ment, coal production and productivity of units in VINA-
COMIN increased significantly, helping VINACOMIN to
successfully achieve the objectives in production and busi-
ness, and improve business conditions, working conditions,
and ensure labor safety in coal mining.

Facing difficulties due to complex geological conditions,
deep mining, high pressure, and the potential risk of gas ex-
plosions, VINACOMIN actively took the initiative of using
technological solutions in production.

Typically, an automatic methane explosion (CH4) con-
trol system has been introduced into tunnels, helping VINA-
COMIN to master the assessment of methane content in coal
seams. As a result, a series of centralized automatic methane
monitoring systems have been put into operation in most un-
derground mines and connected to the internet for remote
monitoring.

+ Design and construction of underground coal mines
with a high degree of mechanization, and modern and heavy
equipment, including design and construction of mine shafts
(Ha Lam, Nui Beo, Khe Cham II-IV, and Mao Khe).

+ Promote the application of systematic mining mechani-
zation, especially the mechanized longwall working tunnels
with a capacity of up to 1.2 million tons/year is applied at Ha
Lam Coal Joint Stock Company; use light hydraulic ceiling
supports, combined with frame rack and chain rack; maxi-
mize applications of modern ceiling supports in areas with

suitable conditions, completely replacing wooden pillars and
heading to replace single hydraulic cylinders; use ZRY and
GM hydraulic ceiling supports in areas of medium thickness
and steep seams to replace old technologies of coal mining;
apply mechanization in most stages of transportation; pro-
moting the application of mechanization to excavate tunnels
with anchors in order to improve productivity and safety.

+ Improve the level of automation in monitoring and con-
trol of drainage pumping stations in working tunnels (applied
in Ha Lam, and Vang Danh), conveyor transport (applied in
many mines), power stations (applied in Ha Lam, and Nui
Beo), emulsifying fluid supply stations (applied in Khe Cham,
Thong Nhat), automatic ventilation systems (applied in Mao
Khe, and Thong Nhat); apply energy saving solutions, to re-
duce labor, improve production and business efficiency.

- For coal screening and processing

+ Renovating and building new coal screening and pro-
cessing plants with deep processing technology and modern
equipment suitable to the characteristics of regional coal such
as pressurized gas sedimentation machine, wheel suspension,
multi-curved sieve sloping surface... double-sealed sludge
treatment by pressing and drying system. Product quality af-
ter processing with a high recovery rate from 85-90%, waste
rock Ak>80%, and loss of finished products in processing ap-
proaches 0%.

+ New investment has been made to improve the auto-
mation system of screening and processing stages, ensuring
digitization, automation, and centralized control.

(i) For other mineral open-pit mines:

Open-pit mines such as bauxite Tan Rai, Nhan Co, Dong
Sin Quyen, Dong Ta Phoi, have been applying heavy mining
equipment and continuous transportation to reduce the cost
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of production. Applying automatic equipment monitoring
systems and researching and investing in applying software to
manage from planning to production operation.

(ii) For other mineral underground mines:

+ Using new high-productivity mining and transportation
equipment for underground mines such as lead-zinc mines in
Thai Nguyen - Bac Kan region and making new investments
in copper mines Vi Kem - Lao Cai, a tin mine southwest of
Nui Phao.

+ Applying robotics in production inspection and admin-
istration; applying energy-saving solutions to reduce costs,
and labor, and improve production and business efficiency.

(iii) For the field of mineral processing:

+ New investments in the mineral selection, refining, and
processing factories in recent years have been researched and
invested from the very beginning with advanced technology
and equipment with high levels of mechanization, automa-
tion, and IT usage for different minerals and climatic condi-
tions of each mining region.

+ During production operation, VINACOMIN has re-
searched, improved, and innovated technologies at some stag-
es to be more suitable to actual conditions, contributing to
reducing costs, and improving production and business effi-
ciency, typically as:

+ In the selection of copper, zinc, and iron ores: Re-
searched, manufactured, and put into effective use the system
of cell flotation equipment and researched to replace and use
environmentally friendly flotation agents, therefore it helps to
increase the net ore yield from 92.52% to 94.0% for iron, from
25.2% to 27.0% for copper, and from 91.8% to 92.7% for zinc
Figure 4).

+ In alumina smelting: focusing on mixing, neutralizing
materials, adjusting technologies, and regularly learning and
applying solutions to optimize production such as: improving
the process of feeding and draining the concentration system
- adjusting the solution, changing the diameter of the pipes
and plates of the separators at Lam Lam Aluminum Compa-
ny Copper; Taking advantage of the second condensate of the
condensation station for recycling, improving the filter system
for the bottom flow pumps in the red mud washing area at
Dak Nong Aluminum Company, thereby reducing the con-
sumption of raw materials (coal, sedimentation aids), improv-
ing production efficiency.

- For the field of mechanical engineering

+ VINACOMIN’s mechanical engineering has gradually
developed in the direction of modernizing repairing mechan-
ics, and developing mechanical engineering with focusing on
promoting technology research, investing in equipment to in-
crease mechanical engineering capacity, step by step master-
ing designs and technologies to manufacture imported equip-
ment and spare parts. Using modern technological equipment
in precision machining stages and gradually automating the
production stages, including specialized equipment for the
production of hydraulic cylinders; assembly of heavy trucks;
manufacture of industrial alloy chains; rolling steel for tun-
nels, specially shaped steel, and making rollers.

+ The mechanical production division of VINACOMIN
has researched and mastered the manufacturing technologies
and produced a series of key mechanical products, such as the
production of all kinds of hydraulic struts, supports, and soft

rigs (CCTL), DW, XDY, GK, ZH, GN, GM 20/30...); conveyor
belts used in the mining industry (BT, BT-VMC, BTC...); cable
car winch (TCCN), excavator (VMC E500-1, ML 01-0.15, XD-
0.32...), rake chute (SKAT), electric train (TDM, TD...), starting
verbs, explosion-proof transformers, soft starters used in un-
derground mines (KDP, TBKP, TBHDP, TKMP...), screening
equipment (vibrating screens, feeders, beaters...), spare parts
replacement equipment for repairing drilling machines, exca-
vators, automobiles especially, VINACOMIN’s mechanical en-
gineering division has linked and cooperated with design and
construction consultancy units in VINACOMIN to successful-
ly carried out the EPC project for designing, manufacturing,
construction and installation of coal screening plants, Tan Rai
bauxite ore screening plant, Nhan Co bauxite ore screening
plant, and Vang Danh 2 screening plant.

b. Achievements in mechanization in exploration, extraction,
and processing of the coal-mineral industry

In 2015, VINACOMIN employed mechanized longwall
working tunnels with a capacity of 600,000 tons/year at Ha
Lam, Duong Huy, Khe Cham Coal Companies and mecha-
nized longwall working tunnels for thin-seam coal mining with
a capacity of 180,000 tons/year at Quang Hanh Coal Compa-
ny. At the same time, the mechanization for the exploitation
of slope seams with a combination of 2ANSH ceiling supports
combined with planers and ZRY soft rigs at Mao Khe, Uong Bi,
Hong Thai Coal mines initially improved the working condi-
tions, achieved productivity, and ensured labor safety.

In 2016, the mining output by mechanization technol-
ogies of VINACOMIN reached about 1.42 million tons, ac-
counting for 7% of underground mining output. This level of
production has far exceeded previous years, nearly two times
the production level in the year 2015.

In 2017, over 14,221 billion VND was invested in upgrad-
ing the mining system. All signals and operating parameters
of each conveyor were transmitted to the control center. This
project optimized the number of workers operating the con-
veyor lines, from 45 operators/day and night of production
to 12 workers. With this system, the operator could monitor
the entire operation of the conveyor lines, and remove metal
mixed in coal. At the same time, they could identify each lo-
cation at risk of incidents to coordinate with the organization
to fix the problem as quickly as possible, ensuring safety in the
production process (THINK TANK VINASA, 2019).

VINACOMIN used 96 hydraulic ceiling supports, cutting
machines, scrapers, and conveyors for transporting coal. Af-
ter more than one year of operation, the mechanized longwall
working tunnels of Mong Duong Coal have exceeded the de-
sign capacity.

According to VINACOMIN's business result reports, in
the first 9 months of 2017, the Group's coal production by
mechanization reached 1.95 million tons, equal to 225% com-
pared to the same period in 2016. The length of the tunnels
is 8,113 m, with an increase of 22% from the plan and an in-
crease of 79.3% compared to the same period in 2016 (THINK
TANK VINASA, 2019).

In 2018, the group's coal output reached 36.95 million
tons, exceeding 4% compared to the plan at the beginning
of the year, and up 5% compared to that of 2017. Coal con-
sumption reached 40.5 million tons, an increase of 4 million
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Fig. 5. Coal output in the 2016 -2020 period (Source: The reports of VINACOMIN and DONG BAC)
Rys. 5. Wydobycie wegla w latach 2016-2020 (Zrédlo: Raporty VINACOMIN i DONG BAC)

tons compared to the 2017 plan and increased by 5 million
tons compared to that of 2017. Meanwhile, the electricity
output produced by VINACOMIN reached 9.4 billion kWh
(accounting for nearly 5% of the country's electricity output).
VINACOMIN's revenue in 2018 reached VND 121,700 bil-
lion, up 13% compared to that of 2017. Its profit reached VND
4,000 billion, up 1,000 billion compared to that of 2017.

VINACOMIN has seven mechanized lines for coal slope
seam exploitation in operation. Mining output by these lines
grew significantly, from more than 720,000 tons in 2015 to
more than 3 million tons in 2018 (accounted for 13.3% of the
total coal underground production).

In 2019, VINACOMIN's production output reached 40.5
million tons of coal and consumption reached 44 million
tons. This had been the highest output achieved by the Group
since 2014. Domestic coal consumption reached 42.95 million
tons, an increase of 8% compared to that of 2018. The coal
supply for electricity production reached 36.06 million tons,
an increase of 6.8 million tons. The Group's revenue in 2019
reached VND 131,500 billion, an increase of 9% compared to
that of 2018.

VINACOMIN's coal output has reached 40.5 million tons,
an increase of 9% compared to that of 2018 and about 6 times
higher than that of 1995 (7 million tons). Since its establish-
ment in 1995, after 25 years of development, VINACOMIN
has exploited 700 million tons and consumed 715 million tons
of coal. To achieve this output, VINACOMIN has excavated
5.2 thousand km of tunnels, 3 times the length of Vietnam,
excavated 206 km/year on average, and excavated an average
number of 3.4 billion m3 of soil and rock, with 128 million
m3/year. Total coal revenue increased from VND 1.3 trillion
in 1994 to VND 62.26 trillion in 2018; Labor productivity in

terms of crude coal tar in 2018 reached 572 tons/person per
year, an increase of 3.45 times compared to that of 1995.

VINACOMIN has strongly applied sciences and tech-
nologies in its production to increase labor productivity,
and mining output, and save the country's mineral resourc-
es. For underground mines, VINACOMIN increasingly uses
modern mining technologies, such as mechanized systems
for coal mining and mine shafts with depths from 350 to 500
meters. The total output of coal extracted by mechanization
from 2002 to the end of 2017 reached 12.75 million tons. In
2008, the rate of coal mining by mechanized systems only ac-
counted for about 3% of the total coal production, but now it
has increased to 15%. The length of tunnels in 2019 exceed-
ed 40,000 meters, reaching over 18% of the total excavation
length. Along with that, mechanization and automation are
also promoted to apply to ventilation and control of mine gas
and drainage in underground mines (ncif.gov.vn)

Currently, VINACOMIN has 10 out of 13 units investing
in automation systems for the main conveyor line from tun-
nels to outside. Thanks to the application of automation and
computerization in coal production and processing, VINA-
COMIN has saved more than 900 workers; average labor pro-
ductivity reached 714 tons of coal/person in 2019, an increase
of 12% compared to that of 2018. The economic profit thanks
to the application of automation and computerization of the
whole corporation is estimated at 260 billion VND/person.

In 2020, VINACOMIN produced 38.5 million tons of coal
and consumed 42 million tons; excavating soil and rock was
over 188 million m3, excavating nearly 255,000 m3 of tun-
nels. In 2021, planning to exploit 38.5 million tons of coal and
consume 42 million tons. The production conditions of mines
are getting deeper and deeper, production costs are increas-
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ing day by day, affecting to implementation of economic and
technical targets of VINACOMIN. However, VINACOMIN
still sets the target of coal production and consumption not
lower than 2020; to ensure an adequate supply of coal to the
households that have signed commitments with the Group.
Particularly, mechanized coal production reached 15.8% of
total coal production.

In 2020, VINACOMIN operates two light mechanized
tunnels for the first time. After more than a year of being put
into use, these systems have proved the investment efficien-
cy and opened up new prospects for the underground coal
mining field, especially in the areas of thick and conditioned
seams with complex geological conditions.

VINACOMIN used two mechanized equipment systems
for testing in the VM-L(7)-1 longwall working tunnel at -250/-
100 m level of seam 7 in Vu Mon zone of Mong Duong Coal
Joint Stock Company and the I-11-5 longwall working tunnel
at the -320/-295 m level, seam 11 of Khe Cham I zone of Ha
Long Coal Company. According to the assessment of the In-
stitute of Mining Science, up to 2020, after nearly one year of
operation, these two systems had the advantage of small size
and weight, allowing them to be transported across roads. The
tunnel’s smallest usable area was up to 8.5 m2. Its transpor-
tation and installation were more convenient. Ha Long Coal
Company took only 18 days to complete the transportation
and installation. For working tunnels in the Mong Duong coal
mine, it took 25 days for installation (equivalent to 2/3 of the
time for transporting and installing the medium and heavy
complexes of mechanized systems applied in VINACOMIN’s
mines). The coal mining output of the two tunnels was about
300,000 tons/year. Labor productivity increased 1.5-2 times
compared with that of old technologies (iemm.com.vn).

From October 2020 to now, the raw coal output of the
light mechanized working tunnel has reached 247,000 tons,
equal to 82% of the design capacity. Direct labor productivity
is from 14 to approximately 29 tons/day/person, an average of
21.5 tons/day/person. Compared with the traditional tunnels
with the same conditions in the company, the output of light
mechanized working tunnels is more than 2 times higher, la-
bor productivity increases by approximately 5 times, and costs
are reduced from 5-18% (www.vinacomin.vn).

Figure 5 shows that in 2021, VINACOMIN exploited 40.2
million tons of coal, an increase of 7% compared to 2020. Con-
suming nearly 45 million tons, an increase of 6%; in which,
domestic consumption reached nearly 43 million tons, an in-
crease of 4%, and exported 1.7 million tons of coal, an increase
of 192%. The total amount of coal in storage was 8.3 million
tons. The Group also produced 1.43 million tons of alumina
and consumed 1.45 million tons; exploiting 99.6 thousand tons
of copper concentrate; producing 10.5 billion kWh of electrici-
ty, reaching 105% of the year plan. The average salary was 12.97
million VND/person/month (ncif.gov.vn).

In 2021, VINACOMIN applied automation and comput-
erization in management to increase labor productivity and
product quality, and reduce costs. Many important missions
and tasks have been carried out on schedule, bringing high
efficiency in production, and making an important contribu-
tion to fulfilling the 2021 targets of production and business,
such as mechanized working tunnels of factory five exceeding
the design capacity of 320,000/300.000 tons/year. Specifical-

ly, on December 18, 2021, the company's coal output reached
1,561,536 tons, exceeding 101%; in which, coal mined output
reached 1,511,398 tons. Coal consumption output reached
1,554,598 tons, reaching 101% of the plan.

In the field of open-pit mining, new technologies have
been applied in mining down below the self-flowing drain-
age level, applying equipment to loosen soil and rock by the
method without blasting; drilling and blasting technology
in flooded borehole conditions; technology using excavator
equipment for combined transport. Or in the field of coal
screening, advanced screening technologies have been applied
to improve the quality of finished products, make full use of
sieved coal and bad quality coal by the technology of spinning
and self-generating suspensions. In particular, the coal in-
dustry has actively designed and manufactured technologies
and equipment to avoid dependence on foreign countries and
increase the localization rate. Notably, the successful manu-
facture of equipment and application of construction technol-
ogies for mine shafts in the Nui Beo underground coal mine
have contributed to improving the technical capacity of the
engineers, and workers in mastering issues from design, tech-
nological process, equipment manufacturing, and construc-
tion of deep mining works.

2.2. Applying advanced technologies in mining and environ-
mental protection

With the trend that coal demand has been increasing, im-
proving the quality of coal, taking advantage of resources, and
protecting the environment are the factors that coal producers
put as the top priority. The application of advanced technolo-
gies in coal mining and processing has brought initial results
in environmental protection and sustainable development.
VINACOMIN has cooperated with Viet An Environmental
Engineering Joint Stock Company Group to apply many cen-
tralized wastewater monitoring systems (Mao Khe Coal Com-
pany - VINACOMIN; Mong Duong Coal Joint Stock Com-
pany - Vinacomin), emission monitoring station (Cao Ngan
Thermal Power Company - Vinacomin: Lam Dong Alumi-
num Company Limited - VINACOMIN) in the whole VINA-
COMIN with a total of 37 wastewater monitoring stations, in-
cluding: Monitoring system centralized wastewater provides
information on the volume and quality of wastewater at the
units in a complete and intuitive manner; the VINACOMIN
wastewater data mining and management system - allows
the construction and integration of mine wastewater data
belonging to VINACOMIN into one data bank; upgrade the
document management and operation management system
to standardize the operating document management busi-
ness process, integrate digital signatures and move towards
document interoperability throughout the Group, including
subsidiaries, affiliates, and subsidiaries. subordinate units,
and many other information technology systems (H.M.Nong
et al., 2022).

- For the coal mining industry:

+Waste collection and treatment: by the end of 2020,
43 mine wastewater treatment stations (excluding domestic
wastewater treatment stations and other industrial wastewa-
ter treatment stations) have been built with a total capacity of
over 50,000 m3/h, equivalent to more than 200 million m3/
year. This ensured that mines have wastewater treatment sta-
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tions meeting environmental standards. The group built and
maintained an industrial hazardous waste treatment plant in
Quang Ninh, annually treating over 3,600 tons of hazardous
waste from its units, of which over 50% of products are treat-
ed. reused for production. Waste cinder blocks generated from
coal sifting are dumped into planned waste dumps. Ordinary
industrial solid waste and daily-life solid waste generated in
production shall be collected and treated in accordance with
regulations.

+ Rehabilitation and restoration of the environment:

Planting trees to improve and restore the environment is
now over 1,500 ha. Some typical environmental rehabilitation
and restoration areas have been completed, such as dumping
sites: Nam Deo Nai, Nam Lo Phong, Chinh Bac Nui Beo, a
part of Dong Cao Son, and Nam Khe Tam - Dong Khe Sim
dumping site. Implement the plan of planting trees with high
density to quickly green the mine waste dumps, shorten the
greening time from 5-6 years ago to 2-3 years now, contrib-
uting to limiting soil leaching. stone, reduce dust emissions,
and rapidly improve the general landscape environment,
especially in Ha Long city. From 2016 to now, VINACOM-
IN has conducted more than 10 projects to build dykes and
dams to prevent landslides and erosion, about 20 projects of
environmental rehabilitation and restoration, and nearly 40
projects of renovation and dredging of drainage systems and
sedimentation lakes. Funding for this work is deducted from
the centralized Environmental Protection Fund, environmen-
tal protection expenses, and investment costs of the unit.

+ Dust prevention: Currently, transporting coal to ports
and to power plants in Quang Ninh, Thai Nguyen, and Lang
Son is basically done by conveyors and railways to prevent the
spreading of dust, and contribute to the improvement of the
urban environmental landscape. By the end of 2020, VINA-
COMIN has utilized over 80 high- pressure dust-extinguish-
ing nebulizers (both mobile and fixed) for its mines. Using a
50 m3 mine road irrigation vehicle to improve the capacity
and efficiency of dust suppression on mine routes. Other an-
ti-dust solutions in production have been enhanced: making
hard dust covers on wagons, building car and wagon washing
stations, making dust nets for coal warehouses, and covering
coal trucks and warehouses with tarpaulins piles investing in
the additional capacity of dust suppression water trucks, anti-
dust water supply systems on waste dumps.

+ Renovation of the landscape and environment: The
landscape reclamation has been carried out at 4 concentrat-
ed warehouses and ports (KM6, Lang Khanh, Ben Can, Dien
Cong) and 6 production sites, and the same for other produc-
tion sites, new mines are built with green - clean - beautiful
criteria (Nui Beo, Ha Lam, Thanh Cong, Giap Khau); Special-
ized coal transport routes are improved to ensure drainage,
planting trees on both sides to prevent dust and noise, and
improve the landscape environment.

+ Environmental pollution control: VINACOMIN co-
operates with Quang Ninh province to install more than 50
automatic environmental monitoring systems for coal mine
wastewater, and transmit data directly to the Department of
Natural Resources and the Environment in accordance with
the provisions of the Law on Environmental Protection. Con-
tinuing to carry out concentrated environmental monitoring
for residential areas at risk of being affected outside the man-

agement boundary to control and detect pollution risks, and
promptly direct the implementation of preventive measures.
prevent. Carrying out periodical environmental monitoring
at the member unit in accordance with the approved environ-
mental impact assessment report.

+ Climate change response: Construction of many dams
and dykes to prevent soil and rock at the bottom of dump-
ing sites. Currently, the coal mine waste dumps have basically
enough dykes as planned, preventing soil and rock from flow-
ing, ensuring safety for production and population; Building
nearly three dozen reservoirs upstream of streams for drain-
age, regularly dredging the system of rivers and streams to
reduce sedimentation and prevent flooding. Relocating hun-
dreds of households in dozens of areas at risk of dangerous
landslides and floods due to the influence of VINACOMIN's
mining areas under the Quang Ninh Provincial Master Mi-
gration Project to ensure people's safety. residence during the
rainy season.

- According to the general assessment of VINACOMIN,
environmental protection in mining has achieved the follow-
ing results:

+ In 2010, all sources of environmental pollution were
treated and controlled (water, soil, and air); By 2015, it was
to basically improve the main environmental indicators in
sensitive areas (urban areas, residential areas, tourist attrac-
tions, etc.), and all mines met environmental standards; Up
to now, VINACOMIN has fully met environmental standards
throughout the mining area.

+ VINACOMIN has done a good job in propagating, ed-
ucating, and disseminating knowledge about environmental
protection to all officers and employees, not only for units
directly involved in production but also for consulting units.

+ Up to now, VINACOMIN has made efforts to complete
more than a dozen large projects and hundreds of small and
medium projects, such as wastewater treatment works, haz-
ardous wastes, landfill rehabilitation, dredging of rivers and
streams, etc. construction of embankments and dams, new
construction of roads to avoid people's livelihood, relocation
of seaports, coal mining plants, etc. shall be deducted from
production costs, environmental funds, environmental con-
centration costs, and other expenses.

+ VINACOMIN has built a 5 to 10-year long-term plan
and roadmap for the treatment, management, and reuse
of mine wastewater, reclamation, and restoration of waste
dumps, dust treatment, capacity building environmental
management.

+ VINACOMIN has built an environmental database for
the whole industry to store and look up data.

+ VINACOMIN has strictly observed and strictly con-
trolled the implementation of processes and technical stan-
dards for safety and environment in coal exploration, mining,
transportation, processing, and use. The investor has made an
environmental impact assessment report and submitted it in
accordance with current regulations before issuing the mining
license and closing the mine under the guidance of the Minis-
try of Natural Resouces and Environment.

+ VINACOMIN has built 45 mine wastewater treatment
stations with a capacity of more than 120 million m?/year.
This is to ensure that all underground wastewater is treated
according to standards; moving many working sites and coal
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production plants out of the centers, contributing to improv-
ing the landscape environment and urban development of the
mining area. In mid-2019, VINACOMIN terminated the op-
eration of the Nam Cau Trang Coal Screening Plant (nearly 33
hectares). VINACOMIN has invested 1,600 billion VND in
the coal processing center and concentrated coal warehouse
in the Hon Gai area; dredging the Lang Khanh port channel
to serve the relocation of a new production location. In phase
1, VINACOMIN builds a screening station with a capacity of
2.5 million tons of coal/year; a system of raw coal storage with
a capacity of 48,000 tons; a closed conveyor system transport-
ing coal from Ha Lam and Hon Gai mines to the center. The
successful relocation of Nam Cau Trang Coal Screening Plant
helps VINACOMIN to completely handle the problem of dust
and noise environment affecting the surrounding urban area
and Ha Long Bay (vietcleanair.vn).

- About the mining and mineral processing industry:

In the past years, companies in the mining and miner-
al processing industry have planted trees to green the waste
dumps and closed mines, prioritizing the dumping of waste
to end each area to soon restore the environment, and protect
the landscape.

They employed a system to treat mine wastewater and
ore extraction wastewater without fully reusing it to ensure
environmental standards; built a hydrometallurgical sludge
treatment system for a zinc electrolytic plant; increased capac-
ity and scale of waste storage and treatment works to ensure
thorough collection and treatment in accordance with regu-
lations; complete installation of an automatic environmental
monitoring system for wastewater and emissions. Increase re-
cycling and reuse of waste for production and supply to other
businesses.

They also strengthened anti-dust work, planted a green
belt to prevent dust, installed high-pressure dust- extinguish-
ing foggers at primary ore depots, and rock waste dumps,
used specialized road irrigation vehicles, and strengthened
anti-dust solutions to increase dust suppression efficiency
(installation of anti-dust nets, use of modern and advanced
equipment to create less dust...). They regularly carried out
industrial cleaning and preserved the landscape and environ-
ment of the factory to ensure the thorough prevention of dust
and noise emissions affecting the area's environment.

They built a system of dikes and dams at the bottom of
waste dumps, dams of reservoirs to settle upstream soil and
rocks, and regularly dredging rivers and streams to reduce
drainage. Other activities were done, including regularly in-
specting and reinforcing tailing ore reservoir dams to ensure
safety and prevent the risk of dam overflow; formulating and
proactively implementing plans to prevent chemical leakage
and natural disasters to ensure the safety of production, pop-
ulation, and environment.

VINACOMIN has installed an anti-dust system in coal
mining. Because some areas of the company still are next to
scattered and interspersed residential areas, it is compulsory
to have the lowest level of environmental pollution. Therefore,
coal mining companies have purchased modern equipment to
increase mining productivity and reduce the amount of dust
generated in the process of mining and screening and improve
climatic and working conditions for workers.

Typically, Mao Khe Coal Company invested more than
seven billion VND to install a dust-proof system for sieve
house 56 and the route next to the tunnel’s door. The com-
pany cooperates with the local government in dredging and
clearing the Cau Lim stream, especially the section through
the residential area of Mao Khe ward, to ensure irrigation
and drainage. All underground wastewater during the mining
process of the company is pumped to two industrial wastewa-
ter treatment plants with a capacity of 1,800 m3/hour, treated
up to standards before being released into the environment,
and a part is reused in production. Domestic wastewater is
collected to two treatment stations with a capacity of 500 m3/
day, ensuring that all wastewater meets standards before be-
ing discharged into the environment. Mao Khe Coal Compa-
ny also signed a contract with Quang Ninh Center for Moni-
toring of Natural Resources and Environment to monitor the
environment, quality of wastewater, and receiving water on a
quarterly basis to promptly detect and correctly overcome the
risks of pollution (www.vinacomin.vn).

Underground mines aim to build a model of green mines,
modern mines, and high-yield mines, applying maximum
mechanization to all stages of production lines. VINACOM-
IN also completes the model of "Coal production and trade",
mixing between domestically produced coal and imported
coal with an appropriate ratio. In particular, priority is giv-
en to spending more than 7,400 billion VND on key projects,
such as exploiting coal seams below -150 m of Mao Khe mine
(Mao Khe Underground Coal Company); the II-IV mining
coal underground (Ha Long Underground Coal Company.
These projects were to increase capacity, helping the compa-
nies soon achieve the goal of a modern coal mine, with high
productivity and quality.

In addition, VINACOMIN will promote investment in
applying sciences and technologies in labor, to increase labor
productivity and product quality, reduce costs, and improve
the working environment; implementing key projects on
schedule, looking for new investment projects, resolutely not
investing in fields outside the industry; continue to implement
the VINACOMIN restructuring project for the period of 2017
- 2020 and prepare to develop the VINACOMIN restructur-
ing project for the period of 2021 - 2025 (cmsc.gov.vn).

3. Conclusions

In general, digital transformation in the field of coal and
mineral mining has made certain progress and is consistent
with the trend of digital transformation in Vietnam today
as well as in the world. Thanks to the world's 4.0 technology
platform, Vietnamese coal mining enterprises have created
many successes, such as converting from traditional mining
to a smart mining model which in turn helps to improve pro-
ductivity, labor efficiency, and safety. At the same time, dig-
ital transformation has helped the mining process to reduce
negative impacts on the environment, and ensure sustainable
development. However, although in comparison with other
products and business enterprises, the level of digital trans-
formation in the field of coal and mineral mining is still slow,
with the achievements, digital transformation in coal and
mineral mining enterprises will certainly have further devel-
opment in the future.
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Transformacja cyfrowa w sektorze wydobywczym w Wietnamie

Cyfrowa transformacja to jeden z nieuniknionych trendéw w dzisiejszym swiecie. Wietnam jest jednym z pionierskich krajow podqgzajg-
cych za tym trendem i uruchomit krajowy program transformacji cyfrowej. Transformacja cyfrowa cieszy si¢ duzym zainteresowaniem
zaréwno srodowiska naukowcéw, jak i menedzerow w ogole oraz w obszarze gornictwa wegla kamiennego i innych kopalin. Obecnie
badacze koncentrujg si¢ na takich zagadnieniach, jak teoria transformacji cyfrowej zaréwno w panistwie, jak iw sektorze biznesowym,
zwigzki miedzy transformacjg cyfrowg a budowg e-government lub cyfrowego rzqgdu oraz miedzy transformacjg cyfrowg a efektywng
administracjg paristwowg. W niniejszym opracowaniu metoda analizy dokumentow (Desk review) zostalta wykorzystana do analizy
i oceny aktualnej sytuacji transformacji cyfrowej gérnictwa wegla kamiennego i kopalin oraz identyfikacji osiggniec i ograniczeri procesu
transformaciji cyfrowej w gornictwie weglowym i mineralnym. przemyst wydobywczy mineratow w Wietnamie.

W opracowaniu przedstawiono nastepujgce zagadnienia: (1) Niektore ogolne zagadnienia dotyczgce transformacii cyfrowej, w ktorych
doprecyzowano pojecie transformacji cyfrowej; Znaczenie transformacji cyfrowej w obszarze gornictwa weglowego i mineralnego; Wy-
magania transformacji cyfrowej w obszarze gornictwa weglowo-mineralnego. (2) Aktualny stan transformaciji cyfrowej w gornictwie
weglowo-mineralnym w Wietnamie, w tym zastosowanie zaawansowanych technologii w eksploracji i wydobyciu oraz zastosowanie
zaawansowanych technologii w gérnictwie i ochronie srodowiska.

Stowa kluczowe: transformacja cyfrowa, przemyst weglowo-mineralny, mechanizacja
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Abstract

The new threat, which the SARS-COV-2 virus turned out to be two years ago, meant that mining companies had to face this challenge.
The rapidly deteriorating situation, the continuous increase in the number of coronavirus infections and the severe course of the
disease contributed to the development of new rules and procedures in the operation of mining plants. They were to guarantee all
employees, especially those working underground, a sense of peace and security, as well as ensuring the continuity of maintenance and
operation of plants.

This "unique challenge” resulted in the companies developing best practices during the pandemic, which were based primarily on
efficient and reliable internal communication shaping safe behavior of employees.

This publication presents the internal communication models developed and used by various mining companies, which shaped the
safe behavior of employees in the raw materials sector during the coronavirus pandemic. The authors compared the introduced actions
shaping safe behavior and the resulting models of internal communication during extraordinary work. A comparative analysis of the

communication tools used in individual models was made on the example of selected companies from the raw materials sector.

Keywords: safety, pandemic, motivation, communication, raw materials sector

Introduction

The uncertain economic, political, as well as environmen-
tal and social conditions of the raw materials sector, includ-
ing its ongoing transition from a traditional economy to a
low-carbon economy due to the publication by the European
Commission of the Communication on the European Green
Deal, caused many difficulties and a crisis in the raw materials
sector [1-8]. This unstable situation and the functioning of
enterprises was aggravated by the emergence in March 2020
of the epidemic threat, which turned out to be COVID-19 [9,
10]. The specificity of this virus (causing acute respiratory dis-
ease) turned out to be very dangerous, especially due to the
fact that it spread very quickly and remained on contaminated
surfaces for a long time.

Mining plants are clusters of people who have contact with
each other in many common places within the plant, which
increased the risk of infection and made it impossible to fully
comply with the spatial distance rules. Subsequent lockdowns
only aggravated the problems related to work safety in the raw
materials industry. The lack of a sense of security among min-
ers and the awareness of the existing danger in the workplace
[11-13] resulted in appropriate reactions and wide-ranging
activities of mining companies in this regard [14].

Many industries, including Polish mining and hard coal
mines, faced a "unique challenge" two years ago [15]. Ensur-
ing safe work for miners and the entire mining plant is one of
the important goals of the mining industry and is part of the
implementation of the corporate social responsibility strategy
[11, 16]. Therefore, the actions taken consisted in introducing
a number of changes to ensure the safety of employees [10,

14]. The most important issue for the companies and plants
was to maintain the continuity of production while protecting
the health of the working crews. In order to maintain the min-
ing potential and the infrastructure ensuring access to energy
resources, the minimum shift workload was planned, the con-
tacts of the work teams were limited as much as possible and
a number of safety procedures were introduced.

State of epidemic threat in mining enterprises

The first stage of the pandemic in Poland caused a lot of
disinformation, fear and panic. It was important to react fairly
quickly in the sector and in individual mining companies or
plants to ensure safe working conditions for employees and
stop the virus from spreading. Work in mining enterprises is
performed in various conditions and is associated with haz-
ards typical of their activities [17, 18]. In such specific mining
plants, on the one hand, creating a safe working environment
by the employer is extremely important, on the other hand, it
is related to work discipline and compliance with many pro-
cedures [11, 16]. Due to the new situation and the state of
epidemic threat, the companies had to reorganize the current
working conditions and create a new organizational model
appropriate to the current needs. And the preventive actions
implemented in companies and mining plants were mainly
aimed at:

o overcoming a difficult epidemiological situation,

«  minimizing the negative effects of the pandemic.

Both goals could be achieved by limiting the contacts of em-
ployees on the premises of the plant. It was difficult, however,
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Fig. 1. The stages of actions taken to combat the coronavirus. Source: own study

Rys. 1. Etapy dzialan podejmowanych na rzecz walki z koronawirusem

because the plants had to continue to operate as before with the
simultaneous reduction of the number of employees per shift
(only the minimum number of employees per shift worked) [19].

The next steps of the actions taken, both at the national
and sectoral level, are shown in Figure 1. In March 2020, a
state of emergency related to the spread of SARS-CoV-2 was
introduced in Poland. In the next step, the Chief Sanitary In-
spector together with the Minister of State Assets prepared
guidelines for the functioning of mines during an epidemic.
Then, the Chief Sanitary Inspectorate (GIS) issued recom-
mendations regarding the operation of industrial plants. The
recommendations are divided into three areas: prevention
(e.g. providing employees with personal protective equip-
ment, sanitary and hygienic instructions), limitation (e.g. us-
ing distance barriers or reducing the number of work shifts,
places for disinfection) and emergency procedures, which you
can read more about, inter alia, in related studies [19, 20].

The President of the State Mining Authority appointed
Crisis Management Teams in Underground Mining Facilities,
whose task was to detail the guidelines for safety procedures.
In turn, the Crisis Response Teams worked at the level of the
mining companies themselves. They were appointed by the
Presidents of the Management Board and worked on even
more detailed recommendations ensuring the continuity of
production and changing working conditions in order to en-
sure the safety and protection of employees.

In order for the introduced recommendations and pro-
cedures to be effective and constitute safety standards in the
period of an epidemic threat, mining plants had to provide
employees with all the necessary information on an ongoing
basis. The factors influencing the effectiveness of the actions
taken in the mining industry were primarily:

. reaction time,

. crisis management structures introduced,

o and the mobilization of the crew and mutual moti-

vation.

Safe behavior motivating tools

The situation that mining faced was so difficult because
the COVID-19 pandemic had a huge impact on society and
the economy. The fear of the infection itself and the effects
that could occur after infection with the virus made employ-
ees of mining enterprises feel threatened. The employers' task
was to provide employees with safety and a sense of mental
readiness for the work conditions. A. Gembalska-Kwiecien
defines that a person's mental readiness to act in an emergen-

cy depends primarily on full information about what has hap-
pened or is happening [21]. As mentioned earlier, one of the
factors influencing the effectiveness of the activities undertak-
en by mining enterprises was the mobilization of the work-
force. It was based on efficient internal communication, based
on broad access to information on the existing coronavirus
threat. The sources and form of the information provided de-
termine what is the scope of this knowledge of employees on a
given topic, and the knowledge of employees, according to A.
Gembalska-Kwiecien, is the most important element in for-
mulating all kinds of preventive actions [21]. In the event of
the SARS-CoV-2 virus threat, the task of mining enterprises
was to provide employees with information on:

. the virus itself,

. the current pandemic situation,

o actions taken by the companies,

o guidelines, recommendations and procedures in the

event of an employee becoming infected.

The form of transmitting the above information depend-
ed, on one hand, on effective communication with the staff,
and on the other hand, on inspiring employees to behave
properly [16]. The most difficult thing about communicating
information to employees was that there was no possibility
of face-to-face meetings. Mining companies had to use all
the internal communication tools they had so far, but also
to launch new ones in order to reach as many employees as
possible. The main tools used in internal communication by
mining companies are presented in Figure 2.

The most frequently used tools were radio broadcasts and
health and safety displays located in common places such as
staff rooms, equipment rooms or shafts, where miners spend
time preparing to work. Posters were put up, brochures and
leaflets were distributed with the most important informa-
tion. In addition, electronic communication tools were used
in the form of emails or texts with current information that
employees received before each shift. Internal communica-
tion in this extraordinary situation was supplemented with
specially created closed groups on social media, e.g. Facebook
or a special hotline in some companies, where everyone could
get information on questions bothering them, report a prob-
lem or even present proposals for anti-covid initiatives.

The changes in working conditions introduced by the
companies as well as the rules and procedures to be followed
in the event of infection with the virus made employees, fear-
ing the infection and its consequences, feel the need to adapt
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Rys. 2. Narzedzia komunikacji wewnetrznej wykorzystywane przez spotki gérnicze podczas pandemii
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Fig. 3. Answers of the respondents to the question about what the pandemic caused in their lives. Source: own study based on: [22]

Rys. 3. Odpowiedzi respondentéw na pytanie dotyczace na co miata wptyw pandemia

to changes and patterns of behavior. It is defined as the moti-
vation to work safely. It is a specific state of the human psyche,
which gives the belief that an attitude adjusting to the appli-
cable methods will reduce the risk or eliminate it completely
[21]. The research described by A. Lubosz may prove a strong
motivation to work safely [22] which show adaptive behavior
to the existing situation of workers working underground in
mining plants in liquidation. The responses of the respondents
show that the vast majority of people were "traumatized by the
pandemic” [23]. When the miners were asked what the impact
of the pandemic was in their case (Fig. 3), they all said that the
pandemic caused significant changes in their lifestyle. Almost
all of the respondents, i.e. 98%, followed the announced and
implemented guidelines. This was mainly due to the fact that
72% of miners were afraid of infecting their family and loved
ones, and 32% were certain that they would get infected with
the virus soon. Almost half of the respondents (48%) had a
problem with adapting to all restrictions and guidelines. The
whole pandemic situation, the rapidly spreading virus, and all
the lockdown restrictions introduced, resulted in:

o deterioration of the economic situation of miners

(26%),
o deterioration of the miners' physical health (24%),
o  deterioration of their mental health (14%).

Models of actions shaping safe behavior of miners - case
study on selected examples

Information was an extremely important issue in shaping
the proper, safe behavior of employees of mining enterpris-
es during the coronavirus pandemic. The rapidly changing

epidemic situation in the country meant that the guidelines,
recommendations and procedures were implemented in a
dynamic manner. It required a well-thought-out, broad in-
formation campaign among all mining crews. The actions of
the emergency response teams used various forms of commu-
nication, creating the so-called educational and information
campaigns on the SARS-CoV-2 virus. The aim of the cam-
paigns was to reach as many employees as possible with the
most important information. It was assumed that the high
frequency and repetition of messages along with their con-
tent would positively affect responsible behavior and proper
health habits of miners. The campaigns carried out used all
possible information channels, but each company conducted
the campaigns in its own way.

The conducted analysis of the available publications and
studies made it possible to compare the activities carried out
by mining companies that shape the safe behavior of miners
during the pandemic and the communication tools used by
them. The list of internal communication tools in selected
mining companies is presented in Table 1.

Most of the analyzed companies used traditional forms
and tools of communication, such as radio broadcasts or video
screens. There were also created new channels, tools to reach as
many employees as possible, the creation of which was dictated
by the new situation in which the mining industry found itself.

Polska Grupa Gornicza SA

In order to support and facilitate the rapid flow of infor-
mation between the Branches and the headquarters, PGG SA
has developed a special internet application (Figure 4a). It in-
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Tab. 1. Communication tools used by mining companies during the pandemic. Source: own study based on [16]

Tab. 1. Narzedzia komunikacji wykorzystywane przez spotki gornicze podczas pandemii

Polska Grupa Weglokoks | Spotka Restrukturyzacji ZGH
Gérnicza SA Sp. z 0.0. Kopaln SA ,Bolestaw" SA
Online portal \ v \ v
Radio broadcasts v
Printed materials v v v v
(posters, brochures)
Emails \ v v
Text messages v v
Video screens, v v v v
notice boards
Training videos \
Applications v
Online platform v

Fig. 4. Web application created for the needs of the pandemic period (a) and Planet PGG - coronavirus knowledge base (b) [16]

Rys. 4. Aplikacja internetowa utworzona na potrzeby okresu pandemii (a) oraz Planeta PGG - baza wiedzy o koronawirusie (b)

WZWIAZKU Z ZAGROZENIEM
AKAZENIA

KORONAWIRUSEM SARS.Cov-2
APARATY UCIECZKOWE
MASKIJEDNORAZOWE,

POBIERAMY POJEDYNCZ(

W ODSTEPACH MigDZY.
COWNIKAM 7

a)

Fig. 5. Posters and messages informing about correct behavior (a, b) [24]

Rys. 5. Plakaty i komunikaty informujace o prawidlowych zachowaniach (a, b)

cludes, among others, reports containing lists of people sus-
pected of being infected with SARS-CoV-2 or other covid-re-
lated events, templates of necessary documents, statistics, and
even a discussion panel for users. Necessary information or
reminders were sent to employees via e-mails or text messag-
es. These information campaigns were aimed at:
«  providing information on important decisions of the
Management Board of the Company,
« informing about the details of mass screening ac-
tions,
«  alerting employees to the risk of contamination both
at work and outside,
«  reminding about important preventative actions.

A knowledge base was added to the Company's website
in the form of educational content for employees about the
virus, e.g. Planet PGG (Figure 4b).

Employees could find information and educational con-
tent there, which included:

. current safety rules,

. current infection rates,

o health care information (night and holiday),

o recommendations for quarantine,

o epidemiological criteria during patient qualification,

o information on medical over-the-phone advice.

A very interesting idea and solution were the instructional
videos on, for example, hand washing or COVID-19 quizzes,
during which the employees (sometimes together with their
family, children), learned about interesting things, expanding
their knowledge about the virus. In addition, the Company
used traditional methods of providing information, such as:
posters, leaflets or announcements (Fig. 5), which were placed
in generally accessible places along which the crews traveled
(changing rooms, equipment rooms, passageways).

In addition, at the PGG SA IT and Telecommunications
Department, a special telephone hotline was set up and
launched for employees, where they could obtain basic infor-
mation about the epidemic and answer questions regarding,
for example, the course of the disease, prevention, test results
or personnel information.

Moreover, the Management Board of Polska Grupa Goér-
nicza SA organized psychological support for employees
during the pandemic. Psychologists were on duty 24 hours a
day and conducted consultations helping employees (mainly
miners) to cope with emotions and stress.

Weglokoks Sp. z o0.0.

In the case of the next analyzed company, Weglokoks Sp. z 0.0.,
messages related to prevention were communicated to employees
through various channels. The most frequently used include:
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Fig. 6. A notice board with information and recommendations during the pandemic period [16]

Rys. 6. Tablica ogloszen z informacjami i zaleceniami podczas okresu pandemii
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Fig. 7. Diagram of general measures to combat the coronavirus. Own study based on: [22]

Rys. 7. Schemat ogolnych dziatan na rzecz walki z koronawirusem

o  printed materials in the form of posters and bro-
chures,

o electronic media, i.e. the employee portal, e-mails,
text messages, video screens.

The purpose of this form of providing employees with
knowledge about the risk of the SARS-CoV-2 virus was main-
ly to disseminate and systematize the guidelines introduced
in the company.

Spolka Restrukturyzacji Kopaln SA

A proper information policy was a priority for SRK SA.
The services provided the crews with information about the
current covid situation and current instructions on how to be-
have during the epidemic. The company used readily available
means of communication, such as:

o direct communications,

o e-malils,

e company website,

o posters,

e notice boards.

The posters informed about the rules of conduct in the
event of a risk of infection. The campaign of hanging posters
was carried out in all Branches of the Company in generally
accessible places. Employees could also learn how to avoid the
spread of the virus, as well as what actions and steps to take
in the event of suspicion of infection. Such tools were used by
SRK SA to convey the appeal of the President of the Manage-
ment Board regarding, in particular, the rules of behavior, as
well as announcements, recommendations of ministries and
sanitary inspection. In the event of a rising threat of quaran-
tine, the frequency of repetition of this information became
high and regular.

ZGH ,,Bolestaw" SA

Also Zaktady Goérniczo-Hutnicze "Bolestaw” SA in Bu-
kowno informed about the current situation and all preven-
tive measures by putting up information posters. They were
located in generally accessible places where the crew gather
- at the entrance to the mine and steelworks, near the xe-
rographs, and on all notice boards (Fig. 6). Moreover, the Or-
ders of the President of the Management Board were placed in
the GroupWise electronic system.

Discussions

The use of the discussed tools of internal communication
had a large impact on motivating miners to act safely, causing
them not so much as to adapt to safety standards [25], but also
increase their mobilization and sense of community in the ac-
tivities carried out. The aforementioned research by A. Lubosik
also shows how three quarters of the surveyed miners complied
with the restrictions introduced in the mining plants (Fig. 7).
This shows how responsible the mining community, made up
primarily of underground miners, is. Such action strengthens
the organization, and mutual motivation (one looks at the oth-
er) strengthens the social bonds in the crew.

All respondents observed a safe distance to reduce the
risk of falling ill. Slightly less, 98%, wanting to avoid contact
with other employees, stayed at home, choosing to take out
overdue off days. 42% of the respondents used masks, and
86% used and applied disinfectants. Thanks to the collective
responsibility of the mining community and the presented
behaviors, mining companies managed to limit the growth of
infections in mines.

Conclusions
The activities of companies from the raw materials sector,
thanks to the activities shaping safe behavior and the internal
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communication models introduced during the extraordinary
work period, ensured an appropriate level of safety for their
employees, as well as the continuity of mining operations. The
most important thing was to think over the prohibitions, or-
ders, rules of conduct and pass them on to all employees of
the plant. The comparison of the models of activities shaping
safe behavior of miners shows that in this respect the com-
munication was very good. Not only were traditional internal
communication tools used (posters, notice boards, company
websites), but also, due to the needs, the message was extend-
ed to include new, previously unused methods of communi-
cation (text messages, e-mails, applications, groups on social
networks). Among the presented companies operating in the
raw materials sector, PGG SA was very active and its internal
communication model was the most developed.

It should be mentioned that the flow of information and
communication in the case of mining plants is not easy due to
the large number of people working on various shifts. For this
reason, internal communication in plants was extremely im-
portant, because, on the one hand, it depended on the man-

ner and form of its communication whether it would reach
the vast majority of employees, and on the other, whether the
employees would adapt to the current restrictions, rules and
recommendations. The solutions introduced during the pan-
demic, and above all consistency in the activities carried out
by the companies, have brought specific effects. Even when
there was a gradual unfreezing of restrictions in the country,
the level of risk for plants was determined as still high and
most of the introduced internal restrictions and solutions
protecting against COVID-19 have not ceased to be in force
at that time. Thanks to such decisions, we can say from the
point of time that the raw materials sector coped with the sit-
uation very well and this gives a good prospect for the future.
It seems that after the experience gained, the industry will be
better prepared for the occurrence of possible future crises,
and the existing preparations for such a situation will then be
put to the test.

This paper was supported by the AGH University of Sci-
ence and Technology [No. 16.16.100.215].
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Modele komunikacji wewnetrznej ksztattujgce bezpieczne zachowania pracownikow

w branzy energetycznej podczas pandemii koronawirusa

Nowe zagrozenie jakim okazat si¢ dwa lata temu wirus SARS-COV-2 spowodowal, ze spétki gérnicze musialy sprostac temu wy-
zwaniu. Pogarszajgca si¢ w duzym tempie sytuacja, ciggly wzrost liczby zakaze#n koronawirusem i cigzki przebieg choroby wply-
nely na wypracowanie nowych zasad i procedur w funkcjonowaniu zaktadéw gérniczych. Miaty one zagwarantowac wszystkim
pracownikom, a szczegélnie pracujgcym pod ziemiq, poczucie spokoju i bezpieczeristwa, a takze zapewnic cigglos¢ utrzymania
i funkcjonowania zaktadow. To ,unikalne wyzwanie” spowodowalto, ze spétki wypracowaty przez okres pandemii dobre praktyki,
ktore opieraly si¢ przede wszystkim na sprawnej i niezawodnej komunikacji wewnetrznej ksztattujgcej bezpieczne zachowania
pracownikow.

Niniejsza publikacja prezentuje wypracowane i stosowane przez rézne spotki gérnicze modele komunikacji wewnetrznej, ktére
ksztattowaly bezpieczne zachowania pracownikéw w branzy energetycznej podczas pandemii koronawirusa. Autorki dokonaty
poréwnania wprowadzonych dziatan ksztaltujgcych bezpieczne zachowania oraz powstatych modeli komunikacji wewnetrznej
podczas nadzwyczajnego trybu pracy. Analize poréwnawczg wykorzystywanych narzedzi komunikacji w poszczegdlnych mode-
lach dokonano

Stowa kluczowe: bezpieczeristwo, pandemia, motywacja, komunikacja, sektor surowcowy
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Abstract

Safety of construction needs knowledge of physical parameters as stiffness or porosity of the subsurface environment. Combination of
different geophysical methods such as electrical resistivity imaging and multichannel analysis of surface waves can provide distributions
of resistivity and shear velocity which are responsible for the underground physical parameters. Their joint interpretation can solve
individual problems of none-uniqueness of the solutions when expressing two inversion results to describe environment characteristics.
In our work, the k-means clustering method can categorize the two parameters into specific zones that can help to interpret the
geophysical data effectively. Our workflow consists of two stages in which two independent geophysical data are inverted and the
k-means clustering is applied to the two results for achieving the specified groups. The collocated geophysical data are measured in
District 9, Ho Chi Minh City, Vietnam. Matching with the geology drillhole information, the joint results generally present layered
medium with the upper zone having smaller resistivity and shear velocity values and the bottom zone of stronger stiffness.

Keywords: Electrical Resistivity Imaging, MASW, K-means Clustering

Introduction

Colocation of different geophysical data is important in
remedying non-uniqueness of solutions issue and improv-
ing accuracy of their interpretation (Le et al., 2019, Gallardo
and Meju, 2004, Le et al., 2016a, Haber and Oldenburg, 1997,
Moorkamp, 2017). Like minerals, hydrocarbon, ground water
and hydrothermal sectors, civil construction have also applied
multichannel analysis of surface wave (MASW) and electrical
resistivity imaging (ERI) survey methods for validating stiffness
of shallow underground environment (Mahajan et al., 2015).

ERI method can investigate electrical resistivity charac-
teristics of a medium for tracking variation of stiffness of soil
rock, existence of groundwater or distribution of geological
formations (Telford et al., 1990, Sharma, 1995, Hamzah et
al., 2007, Costall et al., 2018, Sikandar et al., 2010, Loke and
Barker, 1995). Besides, MASW method can produce shear
wave velocity model that can evaluate stability of soil rocks in
civil engineering. The low velocity can respond to weak areas
whereas the high one can guarantee the harder environment.

For interpreting the environment structures, geophysical
joint/cooperative inversion is used for constraining each in-
verted geophysical (Gallardo and Meju, 2004, Gallardo and
Meju, 2011, Le et al,, 2016a, Le et al., 2019). Cross-gradient
constraints or prior model constraints (Gallardo and Meju,
2004, Gallardo and Meju, 2011, Le et al., 2016a, Le et al., 2019)
can utilize their individual geometry for solving problems of
none-uniqueness of the solutions.

For enhancing data interpretation, our research purpose
is to link two geophysical parameters through using defin-
ing each lithology setting after having independent inverted
model. The two geophysical methods are electrical resistivity
imaging and multichannel analysis of surface wave (Sauvin
et al., 2011, Wisén and Christiansen, 2005, Cardarelli et al.,

2014). The method for joining two geophysical models as
resistivity and velocity is k-means clustering in which each
lithological type can be represented of one or two k-means
clusters (Le et al., 2016a, Le et al., 2019).

In our research, distribution of resistivity and shear veloc-
ity in a high-tech park, Ho Chi Minh City, Vietnam, is built
for evaluating soil foundation structures. K-means clustering
applied to the models can illustrate layers of clay and sands
with different level of stiffness in terms of their inverted geo-
physical values.

Study area

Being the east gate of Ho Chi Minh City (HCMC), Thu Duc
City plays a role as the newly emerging socioeconomic factor
connecting Ho Chi Minh City with other southeast Provinces.
Our geophysical survey including seismic and resistivity data
was conducted in the One Hub project (Fig. 1), a high-tech
park for examination of its soil foundation structures.

The subsurface geological materials of HCMC are divided
into two main lithological units as Pleistocene and Holocene
sediments (Le et al., 2020, Nguyen, 2016, Nguyen et al., 2022).
The shallow geology information of the One Hub project area
can consist of five layers: (i) the soil cover, (ii) dark gray silty
clay, being plastic flow with depth from 1.5 to 5 meter, (iii)
yellow or brown mixture of clay and sand being soft plastic,
(iv) clay or sandy clay with gray-white, yellow brown, red-
brown being plastic hard in the depth over 5 meter to over 20
meter, and (v) yellow sand, sand mixed with gravel (Nguyen
et al.,, 2022).

The survey length for collocated measurement of the elec-
trical resistivity imaging and MASW methods is 170 m. Three
drill holes was setup for understanding lithology structures
up to 30 m.
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Methodology

Our workflow focuses on three parts: (i) building electri-
cally conductivity model from geoelectric method, (ii) setting
up shear velocity model from the multichannel analysis of
surface wave method, and (iii) clustering the two models for
limited meaningful groups reflecting underground soils.

Electrical resistivity imaging: building electrically conduc-
tivity model

We would mainly use the geo-resistivity method to inves-
tigate the electrically conductivity of underground structures.
The technique needs to collect the potential differences be-
tween two points on the ground with two or more additional
electrodes after injecting an electric current into the ground
through two electrodes (Loke and Barker, 1995, Loke, 1999).
Ratio between the potential differences and the electric cur-
rent is a measurement of the electrical resistance of the soil
material known as apparent resistivity, (Loke and Barker,
1995, Loke, 1999) (Fig. 2). The 2D survey length is 170 m.
Then, the data analysis process as inversion is applied to build
the electrically resistivity model for delivering the answer to
the project about soil stability and stiffness of the interest area.

The principle of the ERT is to solve the famous relation
as known as Ohm law in calculating electrically conductivi-
ty distribution (Mufti, 1976, Akca, 2016, Telford et al., 1990,
Ghanati et al., 2020):

j=oF M
The electric field and potential difference between two
points on the ground can be related through the equation:
E = —Vo 2)

Moreover, gradient of current density versus three axes
(i.e., X, y, and z) has relationship with current as the equation
below:

7. = (£) 86— x)8(y —y)6(z — z,) 3)

where ] electrically current density, o electrically conduc-
tivity, E electric field, AV the volume. The Dirac delta func-
tion, 8(a), is shown as

lifa=0
E(a):{ﬂifa;t()

Combination of the three equations (1), (2), and (3) can
lead to the general equation (4):

Vo o, D)7y, 2)] = (5) 80— x50y — 38z — 2) (4)

Equation (4) which express the calculation of potential
difference are dependent on conductivity model if the prior
current is known play a crucial role as modeling stage in in-
version procedure (Mufti, 1976, Akca, 2016).

Inversion is minimization of the objective function for
building resistivity model after reducing difference between
the real data and synthetic data (see Fig 3) (Meju, 1994).

In our research work, the source code Elris (Akca, 2016)
is used for inverting the geoelectric data. Smooth constrain
is used in minimizing the object function presented in the
forming update model:

Am; = (JTWIW,] + AC) ' JTWS WaAd — ACm;_y) (5)

Where Am, the model update showing variation of old and
new values in a position, J the Jacobian matrix, A the damping
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factor, Ad data discrepancy, i expressing the iteration number,
W, data weighting matrix relating to the standard deviation
of data recordings, C the five-point finite difference Laplace
(Mufti, 1976, Akca, 2016).

MASW theory

Raleigh waves as surface seismic wave are often seen as
noises in conventional seismic methods as refraction or re-
flection. However, the surface waves are very useful in inves-
tigations of soil stiffness (Xia et al., 1999, Park et al., 2018).
They are created from interaction of P and S waves at ground
surface. The Raleigh equation (6) expresses their contribu-
tions as follows (Novotny, 1999):

1
Cz 2 CZE CZ
(2-%) =405 (%)

where, c is Raleigh seismic wave velocity, Vs and Vp are shear

1
2

(6)

and primary velocities, respectively.

The modelling function F (Xia et al., 1999, Schwab and
Knopoft, 1972) is responsible for building the Raleigh waves
dispersion curves in a layered earth model:

F(f, Cc, Vs, Vp, p, h) = 0 (7)

where, ¢ is known as the Raleigh velocity, f as frequency, V, as
shear velocity, V, as compressional P wave velocity, p as density,
and h as thickness.

In our paper, the active MASW mode was utilized by plac-
ing the multiple receivers (i.e., Seistronix RAS-24 geophones
(Seistronix)) along a 2D survey line with single shots. For
each shot, a seismograph is formed from vibrations measured
by 24 geophones. Geophone spacing, sampling rate and re-
cord length were set at 1 m, 0.25 ms and 1 s, respectively (Fig.
4). The source offsets were sequentially set at 5 m to the left
of the first geophone (Fig.4). A 9-kg sledgehammer was em-
ployed to knock on the metal plate to generate the seismic
waves.

Inversion procedure: Dispersion curves are extracted
from seismogram datasets measurement in the field. The
curves expressing relation between phase Raleigh velocity
versus frequency are input for the inversion procedure. Inver-
sion approach is to build the shear velocity model in terms of
reducing misfit of the synthetic and real data of phase Raleigh
velocity. Minimization of the object function (equation 7) and
shear wave velocity model can be conducted (Xia et al., 1999):

@ = [|]JAx — Ab[|WI[JAx — Ab|| + af|Ax]|? (8)
Ax = V(AZ + o) 1AUTd 9)

Where, x represents solution of shear wave velocity, b
shows measured phase Raleigh velocity, ] as Jacobian matrix
expressing the first derivative function of Raleigh velocity ver-
sus shear velocity, and a is damping factor. Ab is the difference
between the synthetic and real data of phase Raleigh velocity.
W is the covariance matrix relating measured error and W=L"
L. Ax is the difference of the initial model and updated model.
Matrixes V and A are calculated from A=L] and decomposi-
tion of A=UAVT. d=Lb. I is the unit matrix.

For updating the shear velocity model from the measured
MASW data, we have used the PS software (Park Seismic LLC,
2022) to investigate shallow underground structures. The
MASW inversion procedure follows the scheme discussed in
Fig. 3.

K-means approach

K-means, an effective clustering approach, is well-test-
ed and easily executed in many geophysical research areas
(Di Giuseppe et al., 2014, Le et al,, 2016b, Zhao et al., 2015,
Shen et al., 2005). In Lindsten et al. (2011)’s work, the idea
for K-means clustering technique was first proposed by Hugo
Steinhaus in 1957. Its main idea “minimises the sum, over all
clusters, of the within-cluster sums of point-to-cluster-cen-
troid distances” (MathWorks, 2014) and its equations are pre-
sented below (Lindsten et al., 2011, Le, 2017):
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(10)
(63))

E =Y, X0, d(xm;)

d(xipm) = (e —my) (xyy — m)"

where E, an objective function (Shen et al., 2005), is the sum
of square-errors for all data observations, x, the jth observa-
tion in the ith cluster, m, the center value or mean of the clus-
ter I, n, the total number of observations in each cluster i, and
k the number of clusters (Lindsten et al., 2011).

Four steps in the k-means approach are listed below:
Step 1: K cluster centroids is initially chosen
Step 2: Allocate new observations belong to one cluster with
the closest centroid.
Step 3: Updating the new values of the centroids from Step 2
or new centroid for each cluster is computed.
Step 4: Repeating the step 2 until the new centroids are not
changed.

The way to choose the optimal cluster of k-means algo-
rithm can follows some mathematical criterion (Davies and

Bouldin, 1979) or lithology information extracted from drill
holes (Le et al., 2016a, Le et al., 2019).

Results and discussion

We have collected the geophysical data as MASW data and
geoelectric data. Their collocated profile length is 170 meters.
Noise filters for each data are applied prior running inversion.
The inverted results are input for clustering procedure.

ERI result

The 2D ERI data was collected by the MiniSting R1 meter
manufactured by Advanced Geosciences Inc (AGI, 2022) and
using a Wenner-Schlumberger configuration (Fig.2.) (Nguyen
et al,, 2022). The first sequence of spacing factor (n) is 1 with
a minimum of electrode spacing is 10 m. The last sequence of
a spacing factor equals 7 corresponding to the median depth
of investigation about 28.5 m (Edwards, 1977).

The Elris code (Akca, 2016) follows the smoothness inver-
sion style for producing the resistivity model. The starting mod-
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el is the homogenous model with the constant value extracted
from the background resistivity as 66 Q.m. After 19 iterations,
data difference between real and synthetic data is 14.53%.

The resistivity model presents three distinct layers with
the maximum depth as 25 m. The first layer can be interpreted
as the cover with about 100 Q.m, the second layer is respon-
sible for the most conductive one, and the third layer is the
most resistive (Fig. 5).

MASW result
The analysis of the MASW-method data is conducted as
three steps (See Figs. 6, 7, and 8):

The seismic records were loaded into the PS software
(Park Seismic LLC, 2022) to display and transform the raw
data to phase velocity-frequency spectrum to get the disper-
sion images. In this study, the frequency and phase velocity
were set in the range of 0 -100 Hz and 1-800 m/s, respectively.

Manual process for picking the peaks values from the dis-
persion image is to generate the dispersion curve. This disper-
sion curve is the real data for MASW inversion approach in
building shear velocity model.

The shear wave velocity (Vs) distribution was calculated
from an iterative inversion process (Xia et al., 1999). In inver-
sion scheme, the nonlinear least square technique is needed
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to generate the 1D VS (shear wave velocity) profile in which
misfit between real and synthetic data is reduced.

The 1D MASW inversion stops after 3 iterations. The
match of the synthetic and real data is larger than 90%. The
1D model VS profile is divided into 11 layers from surface to
the depth of 26 m (Figs. 6,7,8). Their thickness values increas-
es versus depth (from 1 m to 6 m). The shear wave velocity
ranges from 200-500 m/s.

The 2D shear velocity model (see Fig. 9) is formed from 43
1D-shear velocity curve extracted from the MASW inversion.
It looks like the underground structures consists of two dis-
tinct zones as low and high shear velocity values. The low ve-
locity zone starting from surface to 15 m depth can be divided
into two sub layers while the high velocity zone is believed to
correlate with zone of the high stiffness.

Clustering of ERI and MASW result

Our purpose of using k-means clustering algorithms is to
figure out compatibility between our inverted geophysical results
(i.e., resistivity and velocity models) with lithology information
extracted from the three drill holes (BH1, BH2, and BH3).

For testing k-means clustering with these two datasets as
resistivity and velocity, we have run all 19 choices with num-
ber of k-means cluster groups ranging from 2 to 20. Then, we
also use three criteria for choosing the optima numbers (Fig.
10). The criteria Calinski-Harabsz, Davies-Bouldin (Davies
and Bouldin, 1979), and Sihouette (Matlab, 2019) prefer the
number of clusters as 9, 4, and 2, respectively.

For further interpretation about geology structures, we
have plotted the input of k-means algorithm and its clustering
results in Fig. 11. We also added one result processed from
the cluster 7. The cluster 7 is got from number of geology sed-
iments in three drill holes BH1, BH2, and BH3. The results
from indexes 7 and 9 looks similar with structures of the geo-
physical data (resistivity and velocity models).

The great compatibility between lithology and 7-clustered
image can prove that the validity of velocity and resistivity
models (Fig. 12). Boundaries of different sediment layers are
greatly matched with ones of lithology structures.

In Fig. 13, cross-plot between of two geophysical models as
resistivity and velocity presents roughly three trends. One is a
line parallel to the y axis (log10 of Resistivity), the other reflects
the middle value of tangent angle and the one is smallest angle.
It looks like there is existence of the most conductive layer with
velocity varying from medium to maximum (Fig. 11).

Conclusion

Combination of the two geophysical models can enhance
knowledge of the soil rock foundation which is useful for safe-
ty of construction. The interest environment are k-means an-
alyzed with different clustering indexes. The seven clusters are
chosen for processing. In the results, there only six lithology
within the specified depth 25 m. Interestingly, one important
conductive but average to largest velocity values exist and be-
low 20 m, one layer of being highly resistive and maximum
velocity is the most stiffness. The collocated geophysical data
are measured in District 9, Ho Chi Minh City, Vietnam. The
results reflect high stability of the soil where layers of clay and
sands with strong stiffness are homogenous.
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Zastosowanie metody klastrowania w réznych parametrach geofizycznych do badania

srodowiska podpowierzchniowego

Bezpieczetristwo konstrukcji wymaga znajomosci parametrow fizycznych, takich jak sztywnos¢ czy porowatos¢ srodowiska podpowi-
erzchniowego. Polgczenie roznych metod geofizycznych, takich jak obrazowanie rezystywnosci elektrycznej i wielokanatowa analiza
fal powierzchniowych, moze dostarczy¢ rozktady rezystywnosci i predkosci Scinania, ktére sq odpowiedzialne za parametry fizyczne
podziemnych warstw. Ich wspdlna interpretacja moze rozwigza¢ indywidualne problemy niejednoznacznosci rozwigzat przy wyraza-
niu dwdch wynikéw inwersji do opisu cech srodowiska. W naszej pracy metoda grupowania k-srednich moze podzieli¢ dwa parametry
na okreslone strefy, co moze pomdc w skutecznej interpretacji danych geofizycznych. Nasz przeplyw pracy sklada si¢ z dwoch etapow,
w ktérych dwa niezalezne dane geofizyczne sq odwracane, a grupowanie k-srednich jest stosowane do dwéch wynikow w celu uzyskania
okreslonych grup. Zebrane dane geofizyczne sq mierzone w Dystrykcie 9, Ho Chi Minh City, Wietnam. Dopasowujgc si¢ do informacji
uzyskanych z odwiertéw geologicznych, wyniki polgczer ogolnie przedstawiajg osrodek warstwowy, w ktorym gorna strefa ma mniejsze
wartosci rezystywnosci i predkosci Scinania, a dolna strefa ma wigkszq sztywnosc.

Slowa kluczowe: obrazowanie opornosci elektrycznej, MASW, grupowanie K-srednich
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Abstract
Projekty eksploracyjne to specyficzny rodzaj projektow, ktore w pierwszej fazie sq bardzo czasochtonne. Wymagajg one réwniez
duzej ilosci nakladéw inwestycyjnych, przez co tracg swojg atrakcyjnos¢ na parkietach gietdowych, w duzej mierze opartych na
spekulacjach. Poszukiwanie inwestorow w tego typu srodowisku wymaga precyzyjnie opisanej historii ztoza - traktowanego jako
projekt eksploracyjny. Charakterystyka rynkow alternatywnych pokazuje, ze istotng role w podejsciu do wyceny spélek ma forma ich
finansowania. Spotki junior mines, ze wzgledu na swoj innowacyjny charakter szukajg roznych rodzajéw finansowania, poczgwszy
od pozyskiwania kapitatu od spétek, wobec ktérych sq zalezne a skoficzywszy na emisji akcji na rynkach alternatywnych - dotyczy to
jednak najwiekszych spotek eksploracyjnych. Kazdy ze wspomnianych elementow - Zrédta finansowania, ryzyko inwestycyjne, dtugi
czas zwrotu — stanowi istotny wktad w ostateczng wycene wartosci rynkowej spotki. Dodatkowym, bardzo czesto najtrudniejszym
elementem wyceny jest ekonomiczne oszacowanie wypracowanego w obszarze eksploracji know-how, ktére bardzo czesto stanowi

o przewadze konkurencyjnej na rynku.

Slowa kluczowe: wartos¢ rynkowa, spétki gérnicze, aim londyn, rynek alternatywny

Wstep

Spotki eksploracyjne stojg przed bardzo duzym wyzwan-
iem rynkowym, ktére w czasach pandemii dotyczy niemal
wszystkich branz - gwaltowny wzrost cen surowcéw. Reak-
cja na wzrost cen wymaga inwestycji w nowoczesne tech-
nologie umozliwiajace dostarczanie zaufanych oraz wysoce
weryfikowalnych danych, ktére beda mogly usprawnic¢ i uwi-
erzytelni¢ procesy w ramach projektéw eksploracyjnych.
Zapotrzebowanie na réznego rodzaju surowce nieustannie
wzrasta i bazujac na prognozach dlugookresowych Christ-
manna, obejmujacych najblizsze trzydzie$ci lat, zapotrze-
bowanie w dalszym ciggu bedzie rosna¢ (Christmann, 2018).
W zwigzku z tym spotki junior mines moga liczy¢ na wysokie
zainteresowanie potencjalnych inwestoréw oraz korporacji
gorniczych, ktore beda chcialy poszerzy¢ swoje portfolio pro-
jektowe, tym samym realizujac strategie rozwoju o charakter-
ze poziomym. Biorgc pod uwage specyfike procesu dokapi-
talizowania spolki o charakterze innowacyjnym, inwestorzy
podchodzg do tego typu zagadnien jak do spotek typu start-
up, chcac generowaé mozliwie najwigkszg ilo$¢ zysku w moz-
liwie jak najszybszym okresie. Dzialajg oni na najwigkszych
rynkach gietdowych. Jednak specyfika spotek junior mines
wymaga nieco wiecej czasu i nakladéw. Projekty eksplora-
cyjne posiadajg swoj cykl zycia, ktéry w swoich pierwszych
fazach jest wysoce kapitalo i czasochtonny. Stad tez spotki
junior mines notowane sg na rynkach alternatywnych - ryn-
kach, na ktorych kapitalizacja oraz wielko§¢ spolek z zaloze-
nia jest nizsza niz na gléwnych parkietach gietdowych. Do
najwazniejszych z punktu widzenia spétek eksploracyjnych
rynkéw nalezg przede wszystkim londynski AIM London,
australijski ASX oraz kanadyjski TSV-X. Niniejsza publik-
acja ma na celu przyblizy¢ spotki notowane na londynskim
parkiecie, poréwnujac tym samym praktyki oraz zachowan-
ia gietdowe. Przeprowadzona zostala réwniez analiza spdtek

eksploracyjnych pod katem ich podstawowych wskaznikéw
finansowych, niezbednych do rozpoczecia prac nad analizg
mozliwoséci wyceny spétek eksploracyjnych.

Aktualny stan wiedzy

Przeprowadzono analize literaturowa zagadnien dotycza-
cych funkcjonowania spotek junior mines na gieldzie papi-
erow wartosciowych w kontekscie mozliwosci zwigkszenia
warto$ci przedsigbiorstwa i budowania dlugotrwalego modelu
oplacalno$ci inwestycyjnej projektow eksploracyjnych. Pode-
jécie do budowania wartosci uleglo zmianie biorac wzglad
na czynniki wymienione w literaturze (Wirth, Kubacki and
Napierata, 2013): stworzenie karty strategicznej, definiowanie
warto$ci zasobow niematerialnych, podejscie do marketingu
i jego wplywu na strategie¢ oraz rozwdj koncepcji spotecznej
odpowiedzialno$ci biznesu, bedacej odpowiedziag na wyzwa-
nia stojace przed przedsigbiorstwami.

Kluczowym z punktu widzenia zrozumienia problemu
byto w pierwszej kolejnosci zbadanie podstaw praktyk ek-
sploracyjnych (Wellmer, Dalheimer and Wagner, 2008) oraz
zapoznanie si¢ ze stosowanymi w praktyce metodami wycen
spotek (Damodaran, 2007).

Biorac pod uwage wspomniane czynniki zbadano réwniez
ogolna akceptowalno$¢ projektéw goérniczych (Bergeron,
2021). Analiza makro otoczenia ma znaczacy wplyw na wy-
cene spolek eksploracyjnych oraz opowies$¢, ktéra musza
przedstawi¢ potencjalnym inwestorom oraz akcjonariuszom
(Damodaran, 2017). Problem pozyskiwania kapitalu moze
dotyczy¢ przede wszystkim dwodch obszardéw. Pierwszym
z nich jest mozliwos¢ finansowania projektéw eksploracy-
jnych (Eggert, 2010) oraz mozliwoéci pozyskiwania kapitalu
przez spolki junior mines (Iddon, Hettihewa and Wright,
2013), ktére w wigkszoéci korzystaja z funduszy wewnetr-
znych spotek, ktére posiadaja juz kopalnie oraz $rodki na
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Fig. 2. Main sectors of the London AIM market and number of companies in the sector

eksploracje kolejnych z16z. Duzym wyzwaniem dla spotek ek-
sploracyjnych jest réwniez uzyskanie finansowania zewnetrz-
nego dluznego. Powodem takiego stanu jest brak aktywow
pod zabezpieczenie kredytu. Z tego powodu spotki musza
finansowa¢ si¢ w sposéb rynkowy, bedac aktywnym uczest-
nikiem obrotu akcjami. Podejmowane do tej pory proby wy-
ceny spodtek junior mines (Miranda, Brandao and Lazo Lazo,
2017) metoda opcji realnych dla charakterystyki przedsiew-
zigcia wydobywczego wskazuja na niedokladnosci wyliczen
rzedu 25%, co ma istotny wplyw procesy decyzyjne firm
eksploracyjnych. Podjeto réwniez proby stworzenia modelu
drzewa decyzyjnego dotyczacego podejmowania dalszych
prac eksploracyjnych (Guj, 2008) opartego na badaniu ryzyka
(wspotczynnika tolerancji ryzyka RT) oraz rozkladu prawdo-
podobienstwa wystapienia zdarzen w trakcie eksploracji.

Cena akgji spotki musi réwniez uwzglednia¢ miedzynaro-
dowe standardy wyceny, przyjete w réznych krajach. Literatura
(Wirth, 2006) wskazuje na zastosowanie metod poréwnawczych
oraz kosztowych w podejéciu do wyceny spoétek junior mines.

Charakterystyka spélek juniorskich wymaga elastyczne-
go podejscia do zarzadzania, tym samym dajac mozliwos¢
do wypracowania nowych, bardziej dopasowanych metod
zarzadzania finansami oraz ryzykiem. Mimo wysokiego ryz-
yka dzialalnosci spolki chetnie debiutuja na miedzynaro-
dowych parkietach, realizujac tym samym polityke generow-
ania wartoéci poprzez finansowanie obrotem akcjami. Do
najwiekszych miedzynarodowych parkietéw nalezy miedzy
innymi londynski rynek alternatywny (z ang. Alternative In-
vestment Market — AIM), ktérego charakterystyke przeanal-
izowano w kolejnym rozdziale.

Charakterystyka londynskiej gieldy

Londynska gielda alternatywna zostala zalozona dla
malych i $rednich przedsigbiorstw, ktére spelniajac szereg
kryteriow moga rozpoczaé poszukiwanie inwestoréw oraz
doradcow. Rynek zrzesza firmy z dziesieciu roznych sektoréw
gospodarki o lacznej warto$ci ponad 100 bilionéw funtéw.
Strukture grupy gietdowej przedstawiono na rysunku 1.

Proces zlozenia pierwszej publicznej oferty (z ang. Ini-
tial Public Offer - IPO) wymaga przejécia czterech gtéwnych
etapow. Pierwszy z nich to konsultacje z zespotem analitykow
London Stock Exchange, ktory analizuje nadchodzace plany
inwestycyjne, tym samym przygotowujgc zaréwno zalety oraz
wady wejscia na rynek gietdowy. Okres ten trwa zazwyczaj od
3-6 miesiecy i charakteryzuje si¢ duza ilo$cia nieformalnych
spotkan oraz dyskusji, ktore majg utatwi¢ start. Drugi etap to
czas przygotowania oraz planowania, trwajacy maksymalnie
12 miesigcy. Okres ten rozpoczyna si¢ doborem doradcow
oraz w szczegolnosci nominowanego doradce (z ang. Nom-
inated Adviser - NOMAD) - osobe, ktéra zwigzana jest za-
wodowo z bankiem inwestycyjnym. NOMAD ma za zadanie
przeprowadzenie analizy typu due diligence, pod katem zdol-
noéci finansowej wnioskodawcy. Po zatwierdzeniu i pozyty-
wnej opinii prowadzone s3 oficjalne negocjacje nad umowa
z doradca, firmg prawnicza, brokerem oraz firmg raportujaca
finanse. Przygotowywany jest réwniez harmonogram oraz
niezbedna dokumentacja, umozliwiajagca weryfikacje oraz
negocjacje pierwszego publicznego ofertowania. Trzeci etap
trwa do dwoch miesigcy, gdzie finalizowane sg dokumenty
podpisywane przez brokerdw, trwaja spotkania z inwestora-
mi oraz umieszczane s3 pierwsze ogloszenia zwigzane z pub-
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Tab. 1. Poréwnanie wymagan kwalifikowalnoéci dla spétek junior mines, spétek major mines oraz standardowych spotek notowanych na London AIM

Tab. 1. Comparison of eligibility requirements for junior mines, major mines and standard companies listed on London AIM

Major mining

Standard listed

Warunki companies (Premium Junior mines company
kwalifikowalnosci Equity) companies (AIM) (Standard Equity)
Powotanie sponsora Wymagane Wykazanie nominowanego Niewymagane

doradcy (NOMAD Rules)

Sprawdzenie wiarygodnosci
finansowej

Mozliwe wyjatki dla spotek
wydobywczych

Niewymagane

Niewymagane

Sprawdzenie wiarygodnosci
aktywow

Szczegbtowa kontrola
wiekszosci posiadanych
aktywow za okres 3 lat

Niewymagane

Niewymagane

Audyt danych historycznych

3 lata wstecz oraz audyty
sprawozdan finansowych

3 lata wstecz (jesli to
mozliwe), przeglady
okresowe nie pozniej niz 9
miesiecy od daty
ostatniego audytu

3 lata wstecz (jesli
to mozliwe),
przeglady okresowe
nie pézniej niz 9
miesiecy od daty
ostatniego audytu

Stosowanie ogdlnie
przyjetych standardéw
rachunkowosci (GAAP)

IFRS, US GAAP, Australia
lub Canadian IFRS,
Chinese GAAP

US GAAP, IFRS, Japanese

US GAAP, IFRS,
Japanese

Dystrybucja publiczna

Minimum 25% ze
wszystkich akcji

Niewymagane

Minimum 25% ze
wszystkich akcji

Zabezpieczenie kapitatu
pracujacego

Wystarczajacy kapitat
obrotowy na 12 miesiecy
od daty ogtoszenia
prospektu emisyjnego

Wystarczajacy kapitat
obrotowy na 12 miesiecy
od daty ogtoszenia
prospektu emisyjnego

Niewymagane

Zabezpieczenie ciggtosci
kadry menadzerskiej oraz
doswiadczenie

Bez wymagan

Bez wymagan

Bez wymagan

Listy gwarancyjne,
rozbudowane formy

Listy gwarancyjne oraz

Listy gwarancyjne

Sprayvozdawczoéé rjaportowania, procedury udostepnienie przegladu oraz udostepnienie
finansowa finansowe oraz przeglady . przegladu prognozy
. prognozy zyskow p
prognozy zyskéw oraz zyskow
pro-forma
Roczne
Roczne sprawozdania sprawozdania
finansowe Roczne sprawozdania finansowe
Cyklicznosc¢ raportowania Potroczne raporty finansowe Potroczne raporty
wymagan finansowe Potroczne raporty finansowe
Okresowe sprawozdania finansowe Okresowe
zarzadcze sprawozdania
zarzadcze

Kluczowe transakcje
akceptowane wstepnie
przez akcjonariuszy

W ramach ciagtych
zobowigzan wymagana
jest zgodna na znaczace
nabycia (25%) oraz zbycia
(5%) transakcji z
podmiotami powigzanymi

W przypadku
odwréconych przejeé¢

Niewymagane

licznym ofertowaniem - co najmniej dziesi¢¢ dni od daty
publikacji. W ciagu ostatnich dziesieciu dni wymagane jest
ostateczne spotkanie oraz wyslanie wszystkich dokumentow
do AIM. Catla procedura koniczy si¢ na pierwszej publicznej
emisji oraz na przygotowaniu pierwszych rezultatow, badajac
tym samym efektywnos¢ spotki w przeciagu jej pierwszych stu
dni. Skomplikowana procedura ma na celu weryfikacje spétek
ubiegajacych si¢ o publiczne ofertowanie. Jednocze$nie jest
ona uproszczona, w oparciu o wielko$¢ znajdujacych si¢ na
niej spolek. Réznorodno$¢ stanowi o atrakcyjnoéci rynkow
alternatywnych, bedacych coraz wazniejszym ogniwem fan-
cucha gieldowego.

Glowne sektory londynskiej alternatywnej gieldy
Wspomniana réznorodnos¢ dotyczy dziesigciu gtéwnych
segmentow rynku. Najwiekszym z nich jest rynek spoétek fi-

nansowych oraz firm przemystowych. Trzecim w kolejnosci
jest rynek zwiazany z eksploracja oraz gornictwem. Gléwne
sektory rynku przedstawiono na rysunku 2.

Ponadto indeks sumy wartoéci rynkowej wszystkich
spotek notowanych na AIM London wynosi 1250,30 GBP,
z czego 14,3% nalezy do sektoréw wydobywczych. Okoto
65% wszystkich spolek w sektorze Basic Materials stanow-
ia spolki typu juniors, stanowigc okoto 10% wartosci catego
rynku AIM.

Zainteresowanie firm mozliwo$cig znalezienia po-
tencjalnych inwestoréw projektow eksploracyjnych wzras-
ta z kazdym rokiem. Stad wynika réwniez potrzeba coraz
dokladniejszej mozliwosci wyceny spdtek ze wspomnianego
sektora. Bedac w obrocie publicznym decyzje inwestycyjne
podejmowane sg wraz z doradcg, ktory bez niezbednej wiedzy
o projektach eksploracyjnych, moze stanowi¢ o dodatkowym
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Fig. 4. Classification of exploration companies by market capitalization value

Rys. 5. Czesto$¢ wystepowania spotek eksploracyjnych w wybranych przedziatach warto$ci kapitalizacji rynkowej dla catego rynku AIM London

Fig. 5. Frequency of exploration companies in selected market capitalization value ranges for the entire AIM London market

anies listed on AIM - small eap

freq. of junior mines eomp:

market capitalization (mil. G8°)

Rys. 6. Czestos¢ wystepowania spotek eksploracyjnych w wybranych przedziatach kapitalizacji rynkowej dla segmentu o niskiej wartosci do 20 mln GBP

Fig. 6. Frequency of exploration companies in selected market capitalization ranges for low-value segment up to £20 mln
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Rys. 7. Czestos¢ wystepowania spolek eksploracyjnych w wybranych przedziatach kapitalizacji rynkowej dla segmentu o $redniej wartosci od 20-100 min GBP

Fig. 7. Frequency of exploration companies in selected market capitalization ranges for the segment with an average value from £20-100 mln

ryzku, ktére odbiloby sie na cenie oraz mozliwosciach in-
westycyjnych spotki.

Poréwnanie wymagan dla spélek typu juniors ze standar-
dowymi spétkami gietldowymi

W ramach dzialan na londynskiej gietdzie wypracowano
efektywne mechanizmy elastycznego zarzadzania portfelami
inwestycyjnymi. Zarzadzanie poprzez weryfikacje wstepna
umozliwia dokladng analize spétki ubiegajacej sie o IPO. Tym
samym spo6tka musi liczy¢ sie ze spelnieniem kryteriéw, za-
wartych w tabeli 1.

Poza wymienionymi w tabeli warunkami kwalifikowal-
noéci spétki gornicze, w szczegdlnoéci badane spotki eksplora-
cyjne, muszg spetni¢ specyficzne dla swojej branzy warunki

zwigzane z przygotowaniem dokumentacji ztoza, zgodnej ze
standardami, w szczegoélnosci australijskimi, kanadyjskimi,
amerykanskimi oraz poludniowo-afrykafdskimi. Ponadto
warunki te muszg zosta¢ sprawdzone zaréwno przez spec-
jaliste z branzy jak réwniez przez nominowanego doradce.
W przypadku inwestycji dotyczacych aktywoéw strategic-
znych, w kwocie powyzej dziesieciu tysiecy funtéw, infor-
macja ta musi zosta¢ przekazana odpowiednim organom na
szczeblu samorzagdowym lub innym organom regulacyjnym
- ma to przede wszystkim zwiazek z ryzykiem, jakim obarc-
zone s3 badania eksploracyjne. Tym samym juz na poczatku
gietldowej drogi spotki gérnicze — w szczegolnosci spotki ek-
sploracyjne — musza zabezpieczy¢ swdj kapital obrotowy na
dwanascie miesiecy od daty ogloszenia prospektu emisyjnego.
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Tab. 2. Poré6wnanie parametréw wartoéci rynkowej dla dziesigciu spolek o najwyzszej kapitalizacji w sektorze do 20 mln GBP

Tab. 2. Comparison of market value parameters for the ten companies with the highest capitalization in the sector up to £20 mln

Company Current Enterprise
name price Total Cash Total Debt Market Cap Value Book Value
KEFI Gold 0,77 948 000 2468000 | 19729700 | 21249700 | 23105 701
and Copper
Capital
Moals 9,60 1199 612 16 553952 | 15354340 | 2 069 244
J?,'I‘iazga 6,30 5004 000 16291927 | 11287927 | 6982254
Wig‘oﬁ’g”e 9,30 4995 808 16 162936 | 11 167 128 | 4 344 875
Thor Mining 0,70 783 000 10 000 14 023 940 | 13 250 940 | 16 027 360
Bluebird
Merchant 2,25 81 872 353 300 14 004 428 | 14 275856 | 25519 179
Ventures
Limited
ECR Minerals 1,30 3957 799 13234 780 | 9276 981 | 7 126 420
Panthera 11,75 481 147 12327630 | 11846483 | 2203236
Resources
Goldplat 7,05 3 459 000 436 000 12133614 | 9110614 | 14 973 396
Galileo 1,10 3530 724 12011450 | 8480726 | 10 919 500
Resources

Tab. 3. Poréwnanie parametrow wartosci rynkowej dla dziesieciu spotek o najwyzszej kapitalizacji w sektorze od 20-100 min GBP

Tab. 3. Comparison of market value parameters for the ten companies with the highest capitalization in the sector from £20-100 mln

Company Cur_rent Total Cash Total Debt Market Cap Enterprise Book Value
name price Value
Altus 58,40 6 486 641 50 924 68516 048 | 62 080 331 | 20 648 672
Strategies
Tirupati 80,00 6412114 1230723 69 250 640 | 64 069 249 | 16 360 463
Graphite
Gem
Diamonds 49,43 33929000 | 20502000 | 69459864 | 56 032864 | 173 677 776
Limited
Savannah
oo 4,50 9725 328 6477 75969 424 | 66 250 573 | 28 712 320
BN'I‘i‘:iJ:gV 8,73 5246 915 20 896 86 000 648 | 80 774 629 | 33077 171
Rainbow Rare
Earths 16,75 573 000 1976 000 86 098 824 | 87 501 824 | 12 001 653
Limited
shanta Sold 8,64 24839000 | 5389000 | 90517248 | 71067248 | 167 721 595
Trident 36,05 8 107 000 90 698 912 | 82591 912 | 81 264 216
Royalties
Bﬁi‘r’“ﬁ‘“g'f 15,25 3883 749 9053 92403 088 | 88528392 | 14 970 798
Ferro-Alloy
Resources 25,73 8 158 000 1419 000 97176 288 | 90 437 288 | 12841 018
Limited

Determinanty wartosci rynkowej oraz wartosci ksiegowej

Ceny akcji oraz ich warto$¢ s3 pochodnymi wielu decyzji

rzutujacymi rowniez na warto$¢ przedsigbiorstwa. W ujeciu
rynkowym warto$¢ uzalezniona jest od trzech gltéwnych
czynnikow:

o Wartosci kapitalizacji rynkowej — podstawowej mi-
ary wartosci spotki notowanej na gieldzie. Zalezy
ona od ceny akgji oraz jej tacznej ilosci. Warto$¢ ka-
pitalizacji rynkowej odzwierciedla wartoé¢ kapitalu
wlasnego - jednej z dwdch metod finansowania dz-
ialalnodci.

o Warto$ci zadluzenia - sumy zobowigzan krétko
i dlugoterminowych wobec wierzycieli — bankéw
oraz innych instytucji.

o Wartosci stanu gotowki — korekty dla wartoéci za-
dluzenia - najbardziej ptynny czynnik, ktéry ob-
niza kwote przedsiebiorstwa z racji mozliwosci na-
jszybszego wykorzystania tych $rodkéw do splaty
zadluzenia.

Suma wartosci kapitalizacji rynkowej oraz wartosci za-
dluzenia pomniejszona o stan gotéwki (lub ekwiwalentow
w postaci zbywalnych papieréw wartosciowych) definiuje
rynkowg warto$¢.

Enterprise Value (EV)=Market Capitalization+Total Debt-To-
tal Cash

W ujeciu ksiegowym warto$¢ definiowana jest jako roznica
pomiedzy calkowita warto$cia aktywow a catkowitg wartoscia
zadluzenia. Warto$¢ ksiegowa oparta jest na bilansie firmy
- ustalana na podstawie pierwotnego kosztu zaplaconego za
nabycie skfadnika aktywoéw, pomniejszona o amortyzacje.
Book Value (BV)=Total Assets-Total Liabilities

Z punktu widzenia rynkowego réznica pomiedzy war-
toscig ksiegowa oraz warto$cig rynkowsa wskazuje na pozi-
om przeszacowania lub niedoszacowania realnej wartos-
ci spotki. Roznica ta nazywana jest rynkowa wartoécia
dodang (MVA).

Market Value Added (MVA)=Book Value-Enterprise Value

Nadwyzka wartoéci ksiegowej nad wartoécia rynkowa
(MVA > 0) moze $wiadczy¢ o niedoszacowaniu wartosci na
rynku, sytuacja odwrotna (MVA< 0) méwi o przeszacowaniu
warto$ci na rynku — tym samym o wysokim stopniu zaufania
do wynikéw oraz planéw spotki.

Klasyfikacja gérniczych spolek eksploracyjnych ze wzgledu
na wartos¢ kapitalizacji rynkowej

Wspomniane wymagania powoduja, ze spotki z duza os-
trozno$cig wchodza na gielde. Jednoczeénie dzieki wysokim
barierom wejécia, upatruja one szanse na pozyskanie finanso-
wania na dalsze prace geologiczne.
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Rys. 8. Czesto$¢ wystepowania spotek eksploracyjnych w wybranych przedziatach kapitalizacji rynkowej dla segmentu o wysokiej wartosci — powyzej 100 min GBP

Fig. 8. Frequency of exploration companies in selected market capitalization ranges for the high-value segment - above £100 mln

Tab. 4. Poréwnanie parametréw wartosci rynkowej dla dziesieciu spotek o najwyzszej kapitalizacji w sektorze powyzej 100 mln GBP

Tab. 4. Comparison of market value parameters for the ten companies with the highest capitalization in the sector above £100 mln

Company Current Enterprise
name price Total Cash Total Debt Market Cap Value Book Value
Tharisa 125,89 | 92 355000 | 36850 000 | 366 206 496 | 310 701 496 | 444 427 087
J“b"(‘ffoz";ta's 15,46 19713298 | 9340623 | 375503968 | 365131293 | 143 349 934
Ce';,f:;és'a 231,21 | 50743000 | 61 688000 | 406 996 832 | 417 941 832 | 392 540 228
Tasﬁkm"it':"j"es 152,50 | 242 055008 | 540 059 008 | 449 266 528 | 747 270 528 | 345 858 408
Ff:s’;r:fc’fs 477,78 | 56543000 | 130 873 000 | 453 518 336 | 527 848 336 | 813 101 852
SolGold 25,65 | 87039848 | 110 711 880 | 588 364 800 | 612 036 832 | 328 016 246
Atalaya Mining | 426,00 | 140 927 008 | 57 663 000 | 588 885 376 | 505 621 368 | 459 081 756
H°Pjihnsif]2”d 120,98 | 256 928 992 | 209 808 992 | 621 707 776 | 574 587 776 | 753 342 216
Eurasia Mining 24,99 16 067 991 550 501 | 713 104 640 | 697 587 240 | 22 828 481
Petropavlovsk 18,34 | 36536 000 | 576 566 016 | 725 822 656 | 1 265 852 672 | 708 351 333

Tab. 5. Poréwnanie $rednich parametréw warto$ci rynkowej dla sektoréw przemystowych (GBP)

Tab. 5. Comparison of average market value parameters for industrial sectors (GBP)

Industry c“’.re“t Total Cash Total Debt Market Cap Enterprise Book Value
price Value
Gold 52,80 | 20185499 | 59580411 | 97 145396 | 136 540 308 | 109 207 065
Precious Metals 1 1 > 127 022 131 128 2
& Mining 30,06 | 34019371 | 3879507 7022884 | 131798 585 8274 749
I"dgsﬁ,lri’;mgta's 41,78 18478 133 | 20578835 | 99831533 | 101932234 | 77 270 258

Kapitalizacja rynkowa jako jeden z podstawowych para-
metréow ustalanych na rynku poprzez ceny akcji oraz ich
ilo$¢, odwzorowuje w najbardziej zblizony sposéb wahania
rynkowe. Z tego powodu wskaznik ten postuzyl do zdetermi-
nowania podziatu, zaprezentowanego na rysunku 4.

Podzial ten obejmuje trzy podstawowe grupy: spotki
o niskiej kapitalizacji rynkowej ktérej wartoé¢ nie przekrac-
za 20 milionéw funtéw, spotki o §redniej kapitalizacji, ktorej
warto$¢ nie przekracza 100 milionéw funtéw oraz spotki
o wysokim poziomie kapitalizacji, przekraczajacym 100 mil-
ionéw funtéw. Zidentyfikowano facznie 112 spétek eksplora-
cyjnych oraz przypisano je do dziesieciu przedzialow kapital-
izacji rynkowej co przedstawiono na rysunku 5.

Okoto 75% spotek miesci sie w przedziale od 0 do 100
milionéw funtéw generujac jedynie 20% catkowitej war-
tosci kapitalizacji rynku junior mines. Zatem spotki z seg-
mentu o wysokiej kapitalizacji (Large Cap) generuja az
80% wartosci kapitalizacji rynkowej catego rynku spolek
eksploracyjnych.

Spotki o niskiej wartosci kapitalizacji rynkowej
Zidentyfikowano 42 spotki o kapitalizacji rynkowej
ponizej 20 milionéw funtéw - gdzie 24 spotki mieszcza sie
w przedziale od 0 - 10 milionéw funtéw. Histogram z przed-
ziatami warto$ci kapitalizacji zaprezentowano na rysunku 6.
Zbadano dziesi¢¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spotek w tej kategorii i zestawiono je w tabeli 2.

Ceny akcji oscyluja w przedziale od 0,70 - 11,75 GBP.
Sredni poziom gotowki wynosi 2 444 096 GBP. Zbadano
réwniez $rednig warto$¢ rynkowa oraz ksiggows, ktore wyno-
sza kolejno: 12 530 070 GBP oraz 11 327 117 GBP.

Dla poréwnania, $rednie wartosci dla calego segmentu
spolek o najnizszej kapitalizacji rynkowej wynosza:

. Srednia cena akeji: 8,01 GBP/share

«  Sredni poziom gotéwki: 1 408 301 GBP

«  Srednia warto$¢ rynkowa: 7 352 644 GBP

«  Srednia wartos¢ ksiegowa: 7 559 892 GBP

Spotki o sredniej wartosci kapitalizacji rynkowej

Zidentyfikowano 41 spdlek o kapitalizacji rynkowej mieszczacej
si¢ w przedziale od 20 do 100 milionéw funtéw. Histogram z przed-
zialami wartosci kapitalizacji zaprezentowano na rys. 7.

Zbadano dziesie¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spolek w tej kategorii i zestawiono je w tabeli 3.

Ceny akcji oscyluja w przedziale od 4,50-80 GBP. Sredni
poziom gotéwki wynosi 10 736 075 GBP. Zbadano réwniez
$rednig wartoé¢ rynkowa oraz ksiegowa, ktére wynosza kolej-
no: 74 933 431 GBP oraz 56 127 568 GBP.

Dla poréwnania, $rednie wartosci dla calego segmentu
spotek o sredniej kapitalizacji rynkowej wynosza:

B Srednia cena akcji: 22,58 GBP/share

«  Sredni poziom gotéwki: 8 480 788 GBP

o Srednia warto$¢ rynkowa: 58 493 774 GBP

o Srednia warto$¢ ksiegowa: 38 262 698 GBP
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Rys. 9. Czesto$¢ wystepowania spotek eksploracyjnych w wybranych przedziatach wartoéci kapitalizacji rynkowej dla segmentu zlota

Fig. 9. Frequency of exploration companies in selected market capitalization value ranges for the gold segment

Tab. 6. Por6wnanie parametréw wartosci rynkowej dla dziesieciu spotek o najwyzszej kapitalizacji w sektorze ztota

Tab. 6. Comparison of market value parameters for the ten companies with the highest capitalization in the gold sector

Curren Total Enterprise
Company name t price Cash Total Debt Market Cap Value Book Value
Shanta Gold 8,64 24 839 5389000 | 90517248 | 71067248 | 167 721 595
Limited 000
AEX Gold Inc. 34,70 372%;52 780698 | 62167132 | 25095602 | 49 764 821
Anglo Asian 105,90 | 36640 2061000 | 121141128 | 86562128 | 123772 144
Mining 000
Chaarat Gold 24 608
Holdinge Limited | 1912 000 52553000 | 131798336 | 159743336 | 83418848
Caledonia Mining | g1 g | 13213 636000 | 116085064 | 103508064 | 159 138 585
Corporation 000
Pure Gl"r:‘i Mining | 3 45 2‘:)05(?4 130961 000 | 174 809 312 | 281 266 312 84 266 496
Pan African 35133
Rasoureas 17,85 200 73910 096 | 344 284 032 | 383060728 | 283 464 508
Resolute Mining 18,75 75702 | 354987008 | 207 108 752 | 456 393 760 | 632 551 881
Limited 000
Hochschild Mining | 120,98 25599228 209 808 992 | 621707 776 | 574 587 776 | 753 342 216
Petropaviovsk | 18,34 3%5036 576 566 016 | 725822 656 | 1265852672 | 708 351 333

B B
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Rys. 10. Czestos¢ wystepowania spotek eksploracyjnych w wybranych przedziatach wartosci kapitalizacji rynkowej dla segmentu gornictwa metali przemystowych

Fig. 10. Frequency of exploration companies in selected market capitalization value ranges for the industrial metals mining segment

Tab. 7. Poréwnanie parametréw wartosci rynkowej dla dziesieciu spotek o najwyzszej kapitalizacji w sektorze gérnictwa metali przemystowych

Tab. 7. Comparison of market value parameters for the ten companies with the highest capitalization in the industrial metals mining sector

Company name c“'.’e“t Total Cash Total Debt | Market Cap Enterprise Book Value
price Value

Capital Limited 88,20 51000 180 | 53 684 376 | 167 628 512 | 170 312 708 | 163 447 307

GrIEI:wiTeIgmg 89,90 | 25143000 43000 | 156383744 | 131 283 744 | 245 969 531

Pensana 89,97 16 787 592 - 200 861 632 | 184 074 040 | 37 283 418

Hl\fl’lﬂ(z;:g‘ltse 6,13 18257 410 | 27977 174 | 233 085296 | 242 805 060 | 76 047 401

Bacanora Lithium 67,32 130749984 | 30219760 | 260620 592 | 160 090 368 | 165 307 496

Adriatic Metals 135,00 20 836 984 11 690 161 | 359 198 560 | 350 051 737 | 59 600 350

Base Resources

phsergn 16,15 | 64 925000 41 000 206 198 688 | 141 314 688 | 322 774 736
J“b"gfog';ta's 1546 | 19713298 | 9340623 | 375503 968 | 365 131 293 | 143 349 934
Kenmare 477,78 | 56543000 | 130873 000 | 453 518 336 | 527 848 336 | 813 101 852
Resources
SolGold 25,65 | 87039848 | 110 711 880 | 588 364 800 | 612 036 832 | 328 016 246

Spotki o wysokiej wartosci kapitalizacji rynkowej
Zidentyfikowano 29 spolek o kapitalizacji rynkowej
powyzej 100 milionéw funtéw. Histogram z przedzialami
wartosci kapitalizacji zaprezentowano na rysunku 8.
Zbadano dziesi¢¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spotek w tej kategorii i zestawiono je w tabeli 4.

Ceny akgji oscyluja w przedziale od 15,46-477,78 GBP.
Sredni poziom gotéwki wynosi 99 890 915 GBP. Zbadano
réwniez $rednig warto$¢ rynkowg oraz ksiegowa, ktore wyno-
szg kolejno: 602 457 937 GBP oraz 441 089 754 GBP.

Dla poréwnania, $rednie wartoéci dla calego segmentu
spotek o wysokiej kapitalizacji rynkowej wynosza:
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Rys. 11. Czesto$¢ wystepowania spdtek eksploracyjnych w wybranych przedziatach wartosci kapitalizacji rynkowej dla segmentu gornictwa metali ziem rzadkich

Fig. 11. Frequency of exploration companies in selected market capitalization value ranges for the rare earth mining segment

Tab. 8. Poréwnanie parametréw wartoéci rynkowej dla pieciu spotek o najwyzszej kapitalizacji w sektorze gornictwa metali ziem rzadkich

Tab. 8. Comparison of market value parameters for the five companies with the highest capitalization in the rare earth mining sector

Company Cur_rent Total Cash Total Debt Market Cap Enterprise Book Value
name price Value
Pe”ii%iatgjfnds 72,00 | 147 700 000 | 431 300 000 | 139 825 440 | 423 425 440 | 450 742 842
Sylvania
Platinum 90,67 | 106135432 | 283607 | 247 504 576 | 141 652751 | 244 321 568
Limited
Eurasia Mining 24,99 16 067 991 550 591 | 713 104 640 | 697 587 240 | 22 828 481
Gemfields
Group Limited 15,25 | 67305000 | 42634000 | 181159 328 | 156 488 328 | 432 441 224
Tharisa 125,89 | 92 355000 | 36 850 000 | 366 206 496 | 310 701 496 | 444 427 087

o Srednia cena akcji: 124,72 GBP/share

«  Sredni poziom gotéwki: 66 779 668 GBP

«  Srednia warto$¢ rynkowa: 354 122 407 GBP
«  Srednia warto$¢ ksiegowa: 294 343 460 GBP

Klasyfikacja gérniczych spoétek eksploracyjnych ze wzgledu
na sektor przemystowy

Analizowane spotki sklasyfikowano réowniez ze wzgledu
na eksplorowane surowce, badajac tym samym warto$¢ spotek
w poszczegdlnych segmentach biznesowych. Na AIM London
wyodrebni¢ mozna segmenty, sklasyfikowane w tabeli 5.

Sektor ztota jest liderem, jesli chodzi o spotki eksploracyjne.
Srednia cena akcji wynosi 14 GBP, éredni stan gotéwki na pozio-
mie 4 702 995 GBP a wartos$¢ rynkowa 38 398 920 GBP. Rynek
ma zaufanie do danych dotyczacych eksploracji zfota generujac
nadwyzke wartosci rynkowej nad wartoscia ksiggowa.

Spotki w sektorze eksploracji metali ziem rzadkich oraz
metali szlachetnych warte sg $rednio 131 798 585 GBP, przy
cenie 30,06 GBP/share. Natomiast spdotki w sektorze ek-
sploracji metali przemystowych warte sg srednio 101 932 234
GBP, przy cenie 41,78 GBP/share.

Sektor zlota (Gold Sector)

Zidentyfikowano 33 spolki w sektorze spdtek zajmujacych
sie eksploracja zlota. Histogram z przedzialami wartosci kap-
italizacji zaprezentowano na rysunku 9.

Zbadano dziesig¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spotek w tej kategorii i zestawiono je w tabeli 6.

Ceny akcji oscyluja w przedziale od 8,64-910 GBP. Sredni
poziom gotéwki wynosi 56 595 662 GBP. Zbadano réwniez
$rednig warto$¢ rynkowa oraz ksiegowa, ktore wynosza kolej-
no: 340 713 763 GBP oraz 304 579 243 GBP.

Dla pordéwnania, $rednie wartosci dla calego segmentu
spolek o wysokiej kapitalizacji rynkowej wynosza:

B Srednia cena akeji: 52,80 GBP/share

«  Sredni poziom gotéwki: 20 185 499 GBP

o  Srednia warto$¢ rynkowa: 136 540 308 GBP

o Srednia warto$¢ ksiegowa: 109 207 065 GBP

Sektor gornictwa metali przemystowych (Industry Mining Sector)

Zidentyfikowano 65 spotek w sektorze spotek zajmujacych
si¢ eksploracja metali przemyslowych. Histogram z przed-
ziatami warto$ci kapitalizacji zaprezentowano na rysunku 10.

Zbadano dziesig¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spotek w tej kategorii i zestawiono je w tabeli 7.

Ceny akcji oscyluja w przedziale od 6,13-477,78 GBP.
Sredni poziom gotéwki wynosi 49 099 630 GBP. Zbadano
réwniez srednig warto$¢ rynkowa oraz ksiggowa, ktore wyno-
szg kolejno: 288 494 881 GBP oraz 235 489 827 GBP.

Dla poréwnania, $rednie wartosci dla calego segmentu
spotek o wysokiej kapitalizacji rynkowej wynosza:

o Srednia cena akgji: 41,78 GBP/share

o Sredni poziom gotéwki: 18 478 133 GBP

o Srednia warto$¢ rynkowa: 101 932 234 GBP

o Srednia warto$¢ ksiegowa: 77 270 258 GBP

Sektor gornictwa kruszcow drogocennych (Precious Mining
Sector)

Zidentyfikowano 14 spdtek w sektorze spdtek zajmuja-
cych si¢ eksploracjg metali ziem rzadkich. Histogram z przed-
ziatami wartosci kapitalizacji zaprezentowano na rysunku 11.

Zbadano dziesig¢ najwiekszych pod wzgledem kapitalizacji
rynkowej spotek w tej kategorii i zestawiono je w tabeli 8.

Ceny akgeji oscyluja w przedziale od 15,25-125,89 GBP.
Sredni poziom gotéwki wynosi 85 912 685 GBP. Zbadano
réwniez srednig warto$¢ rynkowa oraz ksiggows, ktore wyno-
szg kolejno: 345 971 051 GBP oraz 318 952 240 GBP.

Dla poréwnania, $rednie wartosci dla calego segmentu
spolek o wysokiej kapitalizacji rynkowej wynosza:

«  Srednia cena akgji: 30,06 GBP/share

«  Sredni poziom gotéwki: 34 019 371 GBP

«  Srednia warto$¢ rynkowa: 131 798 585 GBP

o Srednia warto$¢ ksiegowa: 128 274 749 GBP

Podsumowanie i wnioski
Warto$¢ spoélek eksploracyjnych zostala przedstawiona
dla dwdch roznych klasyfikacji: ze wzgledu na wartos¢ kap-
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Rys. 12. Poréwnanie $rednich wartosci spétek nalezacych do réznych przedzialéw kapitalizacji w ujeciu wartoéci rynkowej, wartoéci ksiegowej oraz
kapitalizacji rynkowej
Fig. 12. Comparison of average values of companies belonging to different capitalization brackets in terms of market value, book value and market
capitalization
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Rys. 13. Poréwnanie $rednich warto$ci spétek nalezacych do roéznych segmentéw przemystowych w ujeciu wartosci rynkowej, wartosci ksiegowej
oraz kapitalizacji rynkowej
Fig. 13. Comparison of average values of companies belonging to different industrial segments in terms of market value, book value and market
capitalization

italizacji rynkowej oraz ze wzgledu na eksplorowane zasoby.

Wyniki analizy spélek pod katem kapitalizacji wyrazono
na rysunku 12.

Spoltki eksploracyjne sklasyfikowane w trzech grupach
réznig si¢ przede wszystkim skalg prowadzonej dzialalnosci.
Spotki o niskiej kapitalizacji wyceniane sg srednio 30-50 kro-
tnie nizej niz spolki z grupy spotek o wysokiej kapitalizacji.
Ponadto nachylenie wykresu w kierunku wartosci rynkowej
wskazuje na zaufanie inwestoréw do spotek o $redniej oraz
duzej kapitalizacji. Spotki o niskim poziomie kapitalizacji
wyceniane sg praktycznie po cenie aktywow, czyli wartosci
ksiegowej.

Natomiast analiza spdlek pod katem eksplorowanych
zasob6w zostala wyrazona na rysunku 13.

Spotki eksploracyjne sklasyfikowane ze wzgledu na ek-
splorowane zloze sg zréznicowane w umiarkowanym stopniu.
Maksymalna réznica siega rzedu 50 milionéw funtéw i jest to
réznica pomiedzy spétkami z segmentu eksploracji ztota oraz
eksploracji metali przemystowych. Réwniez w tym przypad-
ku wykres wyraznie skierowany jest w strone wartosci ryn-
kowej, zwlaszcza dla spélek eksplorujacych zloto oraz kruszce
przemystowe w wyniku czego otrzymujemy rynkows war-
to$¢ dodang na ujemnym poziomie (MVA< 0). W przypad-
ku sektora firm eksplorujacych zloza metali ziem rzadkich
oraz szlachetnych sa to spotki, ktorych warto$¢ ksiegowa jest

bardzo bliska wartoéci rynkowej. Ponadto spétki te generuja
najwigksza warto$¢ kapitalizacji na calym rynku.

Warto$¢ spélek junior mines na rynku alternatywnym
AIM London to opowies$¢, ktora posiada kilka najwaznie-
jszych watkow. Zostaly polaczone w trakcie przeprowad-
zonych badan. Pierwszym z nich jest proces pierwszej oferty
publicznej IPO - proces wieloetapowy, ktéry kosztuje spotki
sporo czasu i wysitku, jednoczeénie umozliwiajac pozyski-
wanie kapitalu na pierwsze, kosztowne etapy prac - watek
ten mowi nam o miejscu akeji. Drugi watek rozpoczyna sie
juz w trakcie dzialalno$ci spotki, ktora realizujac konkretne
projekty eksploracyjne (projekty zwigzane z eksploatacja zto-
ta, metali przemyslowych lub metali szlachetnych) zaczyna
inwestowa¢ w konkretne pozycje zaliczane do bilansu, ra-
chunku zyskow i strat oraz przeplywow pienieznych - z tych
dokumentéw wynika warto$¢ ksiggowa spotki — watek ten sta-
nowi podstawe postawionego problemu badawczego. Watek
trzeci jest uzupelnieniem watku drugiego - méwi on o war-
toséci spotki w ujeciu rynkowym, uwzgledniajacej codzienng
dynamike rynku oraz zadluzenie pomniejszone o najptynnie-
jsze elementy bilansowe — gotéwke oraz ekwiwalenty gotowki.
W efekcie w watku czwartym uzyskujemy informacje o ryn-
kowej warto$ci dodanej — roznicy pomiedzy wartoécig ksie-
gowa a wartoscig rynkowg, ktora w kontek$cie dalszych badan
moze stanowi¢ podstawe do ustalenia poziomu przeszacow-
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ania lub niedoszacowania wartosci spoltek juniorskich. Cata poréwnanie wartosci ksiggowej oraz rynkowej - ukazujac
historia o wartosci spotek zostata podzielona na dwie $ciez- pelny obraz rynku spoélek eksploracyjnych na londynskim
ki - histori¢ o warto$ci kapitalizacji rynkowej oraz historig parkiecie.

sektoréw przemystowych — umozliwiajagc w ostatnim etapie
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Market value of mining exploration companies listed on AIM London
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in this type of environment requires a precisely described history of the deposit - treated as an exploration project. The characteristics of
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Abstract
Berbesti mining basin, located in the area of the Getic Subcarpathians, is part of the Central Heating Power Plant (CHPP) Govora, in
fact representing the mining division, and has four open pits: Alunu, Oltet, Panga, and West Berbesti.
Given that, at least in Europe, there is the issue of giving up energy production based on the burning of fossil fuels, especially coal, the
four open pits will be in operation for a relatively short period of time, and one of the major problems related to the exploitation of
lignite deposits is that of the post-closure stability of the lands in the influence area.
The research was conducted in such a way as to take into account in the stability analysis the factors and natural causes that
predispose the lands in the Getic Subcarpathians to landslides, factors and anthropogenic causes (lignite mining) and the effect of their
concomitant action.
These stability analyzes took into account different hypotheses related to the geometry of the final slopes and the influence of external
factors. Also, a predictive analysis of the long-term stability of the lands (especially the final slopes of the open pits — as they were
designed) was carried out, taking into account the behavior over time of the disturbed rocks. Based on the results obtained, after a
series of statistical processing, a risk analysis was performed, using a methodology developed by a part of the research team.
It should be noted from the outset that the research focused on the West Berbesti and Panga mining perimeters, as the lignite mining
activity will be completed by the end of 2022 (at most).
However, taking into account the similar conditions (geology, morphology, tectonics, seismic zoning, weather and climatic conditions,
applied exploitation methods), the research team considers that a significant part of the conclusions and recommendations contained
in this study can be considered valid and for the rest of the active perimeters (Alunu and Oltet open pits).
In this context, the study ends with a series of conclusions on the stability of land in the Berbesti mining basin (West Berbesti and
Panga perimeters) at the time of cessation of productive activities and recommendations that once put into practice will ensure long-

term land stability.

Keywords: Berbesti mining basin, CHPP Govora, lignite, open pit, sliding risk, stability

1. Introduction (short presentation of Berbesti mining basin)

Berbesti mining basin is geographically located in the Getic
Plateau, along the parallel of 45° north latitude, at the confluence
of Gorj and Valcea counties, being bounded on the west by the
Gilort river, and on the east by the Bistrita river (Dican, 2011).

Berbesti mining basin has a length of over 45 km and an
inclined development of 2.5-5 km. The lignite deposit was
divided into four mining perimeters: Gilort-Amaradia, Am-
aradia-Tardia, Taraia-Cernisoara, and Cernisoara-Bistrita.
Within each mining perimeter, several mining fields have
been outlined, these being the object of exploitation of some
underground mines (closed at present) and open pits. Access
to the mining perimeters can be done both by car and by rail
(Fodor and Dican, 2013).

The geological formations present in the Berbesti min-
ing basin are made up of rocks belonging to the Pliocene and
Quaternary, the Pliocene having the greatest development,
being represented by: Pontian, Dacian, and Romanian (fig. 1).

The coal (productive) horizon is located in the Upper
Dacian (Parscovian) and has a thickness that decreases, from
south to north, from 150 to 60 m. Lithologically, it consists
of a complex of sands, clays and marls, in which six layers
of lignite numbered from I to VI are interspersed (fig. 1),
found both in the drillings and in the outcrops from the
northern part of the exploitation perimeters (Dican, 2014;
Chirits, 2019).

The transition from the Upper Dacian to the Romanian is
delimited by the presence of a lumachelle level with a thick-
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Fig. 1. Longitudinal geological section through the Berbesti mining basin (Dican, 2014)

Rys. 1. Podtuzny przekroj geologiczny przez zaglebie gornicze Berbesti (Dican, 2014)

Tab. 1. Open pits and waste dumps within Berbesti mining basin (Chirita, 2019)

Tab. 1. Odkrywki i haldy odpadéw w obrebie zaglebia gorniczego Berbesti (Chirita, 2019)

Occupied Stored
. Waste surface volume
Open pit dump ha] [mil. m3] Status
2018 | Designed |2018|Designed
g'llt’:t‘; perimeter (2 open pits: Alunu and |10 o 198 | 490.5 [47.5| 210 | Active
West Berbesti Interior 129 188 21.1 76.8 Active
Panga Interior 99.5 171 53.5 95.5 Active
Tab. 2. Physico-mechanical properties of slope rocks
Tab. 2. Wiasciwodci fizyko-mechaniczne skat zboczowych
Volumetric weight, Cohesion, Internal friction angle,
Rock type [daN/m>] c [°1
Yv [daN/cm?] @
Yellow-brown clay 1843 0.31 10
Sandy marl 1933 0.45 21
Lignite 1187 1.10 26.5

ness of 1.5-2 m. The Romanian is represented by an alterna-
tion of gray, gray-green, or yellowish clayey sands, sometimes
with reddish areas, of varied granulation, with torrential sed-
imentation and gray, green, or blackish clays, between which
are interspersed 2-3 thin layers of lignite numbered VII, VIII,
and IX (fig. 1) (Fodor and Dican, 2013).

After cessation of mining activity and the closure of the
open pits, they become remaining gaps, thus changing the
morphology of the region, and by the accumulation of rain
and/or groundwater forms puddles, swamps, or open pit lakes
that can increase the risk associated with land instability.

The waste dumps, generally positive forms of anthropo-
genic relief, are made up of heterogeneous rocks devoid of
trophic substances necessary for plant growth and develop-
ment and therefore cannot be considered soils. Due to their
heterogeneity and relatively high degree of loosening are of-
ten prone to landslides.

Table 1 shows the centralized situation of the active open
pits and waste dumps belonging to the Berbesti mining basin.

Next, the open pits in which mining economic activities
are currently carried out in the Berbesti mining basin, respec-
tively: Alunu, Oltet, West Berbesti and Panga, as well as the
active waste dumps, are briefly presented.

1.1 Open pits

The Alunu, Oltet, West Berbesti, and Panga open pits are
located in the western part of Vélcea County. The currently
mined lignite seams are no. I (with a maximum thickness
of over 5 m), no. II and sporadically no. III (in Panga open

pit). The operating method is "the method of transporting the
overburden to the internal dump and partial transhipment",
and the technology used is "the technology of excavation,
transport and dumping in continuous flux" (***, 2021).

1.2 Interior waste dumps

They are located in the excavated area of the open pits,
having the shape and dimensions of the foundation corre-
sponding to the base of the open pit.

e Alunu interior waste dump - has the foundation
in the form of a monocline with E-W direction
and N-S inclination, between 3-5°, being made up
of marly-clayey rocks with coal intercalations, the
clayey rocks being represented by a gray to blackish
greasy clay, plastic, with low compressibility (***,
2021);

o West Berbesti interior waste dump - has a stable
foundation consisting of gray marls with coal in-
clusions, with a general slope of 4-5° from north to
south. Most of the first step of the dump was built by
direct deposition of the waste rocks from the over-
burden (***, 2021);

o Panga interior waste dump - has a stable foundation
consisting of gray marls with coal inclusions, with
a general slope of 4-5° from east to west on half of
the extension and an identical slope, of 4-5°, but in-
clined from west to east, on the other half. Most of
the first step of the dump was built by direct deposi-
tion (transhipment) (***, 2021).
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Fig. 2. Longitudinal sections through the open pits: a - Berbesti West; b — Panga (***, 2021)

Rys. 2. Przekroje podiuzne przez odkrywki: a — Berbesti West; b - Panga (***, 2021)

2. Stability analysis of the designed slopes
2.1 Conditions for performing stability analyzes

As we have mentioned since the introduction, the stability
analyzes for the designed situation at the end of the activity
(end of 2022), refers to 2 open pits out of the four active in
the Berbesti mining basin (West Berbesti and Panga). For the
Alunu and Oltet open pits, it is expected that the lignite min-
ing activity will continue until 2025 (at least).

In order to perform stability studies and determine the
geometry of the steps that ensure the long-term stability of the
slopes (post-closure), the following were completed:

o Study of documentation (***, 2019; ***, 2021) (de-
scription of the deposit, geotechnical drillings, sit-
uation plans, longitudinal and cross sections, strati-
graphic columns);

o Sampling campaigns of overburden rocks and lignite
from open pits slopes and dumps. Following the field
trips some findings were made: geometric non-uni-
formity of the excavation fronts caused by the mor-
phology of the terrain; phenomena of fragmentation
and detachment of rocks from slopes in conditions
of low humidity and tendencies of plastic flow of clay
from the top of the step in conditions of saturation;
local slides affecting the stability of the whole step,
with variable magnitude depending on the structure
of the massif and the hydrometeorological condi-
tions; given the current geometry (December 2021)
of the excavation fronts, the risk of massive land-
slides, involving large volumes of rocks and affecting
the safety of equipment and personnel is relatively
low; the difficulties in ensuring a relatively uniform
geometry of the excavation fronts will be accentuated
as they advance (taking into account the morphology
of the terrain); it will be necessary to design appro-
priate operating technologies so that the geometry of
the slopes will ensure their stability;

o Discussions with the representatives of CHPP Govora,
regarding the working technologies, the projected works
for the year 2022, problems of stability of the working
slopes and of the lateral slopes encountered so far;

o Theslopes of the open pits in the Berbesti mining ba-
sin are essentially made up of clayey, marly, and san-

dy rocks and different combinations of them. Based
on the sections from the documentation (***, 2021),
and completed with field observations, the litholog-
ical sequence is as follows: a layer of yellow-brown
clay, with a thickness between 5-15 m; a layer of
sandy marl with a thickness between 3-4 m; layer
no. II of lignite with a thickness between 2.6-5 m;
an intercalation of sandy marl between the layers of
lignite, with a thickness between 0.3-1.5 m; the no.
I layer of lignite with a thickness between 2.3-3.2 m
(maximum 5 m in Panga open pit, respectively 5.4 m
in West Berbesti open pit); a layer of sandy marl that
represents the bed of the first layer of lignite;

o Carrying out laboratory tests on samples taken from
the field and determining the physical and mechani-
cal characteristics of the rocks;

o Collaboration with another specialized laboratory to
confirm the results and expand the database for sta-
tistical processing;

o Analysis, comparison and statistical processing of
data obtained in laboratories and those obtained
from technical documentation.

Stability analyzes were performed using the Slide geo-
technical software, in which the calculation sections were
modeled.

2.2 Stability analysis results for the designed final slopes

Table 2 shows the physical-mechanical characteristics of
the rocks in the structure of the analyzed steps (resulted from
statistical processing) used in stability calculations.

The situation of the final slopes of the two open pits (West
Berbesti and Panga) and of the Berbesti interior dump, as it
was designed at the end of 2022, is presented in figure 2.

As can be seen from the two longitudinal sections, the
final slopes designed for the two open pits have a uniform
geometry (steps with a height of 10 or 15 m and slope angles
of 63° and 41° for West Berbesti open pit and steps with 25 m
high and 54° slope angles for Panga open pit).

Interior waste dumps:

o Inthe case of the West Berbesti dump - its steps, 6 in

number, were designed with heights between 10 and
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Tab. 3. Results of the stability analysis for the final slopes (designed)
Tab. 3. Wyniki analizy statecznosci zboczy konicowych (projektowych)

Geometry F F F Fsa
Slope H a Rock type s'_ . sz 3 (M-
Fellenius Bisho Janbu
@ | ( ) | (Bishop) | (Janbu) | o)
T1 Yellow-brown clays 1.101 1.114 1.149 1.151
West 10 63
Berbesti Strata (6 m clay/4 m marl) 1.540 1.547 1.548 1.548
T2 Yellow-brown clays 1.073 1.103 1.081 1.100
West ) 15 41 Strata (11 m clay/4 m 1351 1.377 1.356 1375
Berbesti marl)
T3 Yellow-brown clays 0.658 0.664 0.666 0.667
Panga N ,Snt;?r)a (21 m clay/4 m 0.930 0933 | 0938 | 0.946

20 m, some of them having a maximum horizontal
inclination of 5° towards the base of the open pit. It
should be noted that, under the designed conditions,
a remaining gap will result, located between the final
steps of the interior dump and those of the open pit,
with a variable depth, and which will most likely be
filled with water;

o In the case of Panga interior dump, the designed
situation at the end of the activity shows that it will
be twinned with the final steps of the open pit. This
will be done by pushing the dumped material with
bulldozers, after withdrawing the mining equipment
from the work fronts, towards the final steps of the
open pit. In this way, the formation of a remnant gap
is avoided and any problems related to its filling with
water are prevented.

2.2.1. Stability analyzes for the final steps of the open pits

Given the designed situations at the end of the activity
and those presented in the previous paragraph (related to
the degree of knowledge of stratigraphy and the stratigraphic
structure adopted in the stability analysis of working slopes),
for the final slopes of the two open pits stability analyzes were
performed for the following situations:

«  slopes made entirely of yellow-brown clays;

o slopes composed partly of sandy marls (4 m) and

partly of yellow-brown clays.

The heights considered for the final steps are 10, 15, and
25 m, according to the sections made on the designed situa-
tion plans, and the values of the physical-mechanical charac-
teristics are those presented in table 2.

The results of these analyzes, performed by means of
four procedures (Fellenius, Bishop simplified, Janbu simpli-
fied, and Morgenstern-Price) recommended by the literature
(Hoek and Bray, 1981; Marinescu, 1988; Rotunjanu, 2005;
Lazér and Faur, 2015), are presented in table 3 and figure 3.

In the case of final slopes made exclusively of yellow-brown
clays, even in conditions of lower slope angles, the minimum
values determined for the stability factor (by Fellenius' proce-
dure) indicate that the stability reserve is of 10% for slopes with
a height of 10 m, respectively 7.3% for slopes with a height of 15
m and a sub-unit one for slopes with a height of 25 m (slopes
below the equilibrium limit). In other words, we are dealing
with either unstable slopes or close to the equilibrium limit,
which is why, in order to ensure long-term stability, a resizing is
required. This resizing is presented in Chapter 3.

For the steps excavated in both the clay and the marl layers,
for the slopes with heights of 10 and 15 m, the values of the

stability factor indicate stability reserves of 35 and 54%. These
stability reserves can be considered as covering, but, as will be
presented in the rest of the paper, when we talk about long-term
stability, even these values cannot be considered sufficient.

In the case of slopes with a height of 25 m, the minimum
value determined (by the Fellenius procedure) is subunit, ie the
slopes are below the equilibrium limit (landslides can occur).

Another aspect is related to the position of the sliding sur-
faces in the case of slopes made of yellow-brown clays and
sandy marls, with heights of 15 and 25 m. Thus in these situ-
ations, as can be seen in figure 3.d, the surfaces of minimum
resistance materialize only through the layer of yellow-brown
clay. This observation leads us to keep in mind that, depend-
ing on the angle of the slope, the height of the steps excavated
in clays can not exceed 9-12 m, or if the designed height of
the steps is maintained, it will be necessary to reduce the final
slope angles.

2.2.2. Stability analyzes for the final steps of Berbesti West in-
terior dump

The stability analyzes were performed for each of the 6
steps designed in conditions of natural humidity of the stored
rocks, and because it is very probable that a water accumula-
tion will form in the remaining gap, this hypothesis was also
taken into account. Basically, in this case, the first step of the
dump becomes submerged and the material saturated.

The physical-mechanical characteristics of the dumped
material were taken from a geotechnical study made avail-
able to the research team by the representatives of CHPP
Govora (***, 2021) (table 4). This study aimed to determine
the load-bearing capacity of the rocks in the base of the open
pits, in the conditions of the expansion of the dump areas. In
order to determine the effective pressure exerted by dumps,
geotechnical drilling was performed through the dump’s body
and the average characteristics of the deposited heteroge-
neous mixture were determined.

In the case of the steps of the West Berbesti interior dump,
following the stability analyzes, it can be concluded that they
have a sufficient stability reserve. Therefore, given the medi-
um-term stability, all the steps analyzed can be considered
stable, and in the case of the need to ensure long-term stabil-
ity, ie Fs > 2, four of them (Tr1, Tr2, Tr3, and Tr5) require a
resizing (Chapter 3).

In the conditions in which the first step is submerged, and
in the body of the dump the pore pressure is manifested, a
stability factor of 2,448 is obtained, superior to the one ob-
tained under normal conditions (with the material at natural
humidity and without the presence of water accumulation in
the remaining gap).
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Fig. 3. Stability analyzes for slopes of: a - 10 m made of clays; b — 15 m made of clays; ¢ — 25 m made of clays; d — 25 m made up of clays and sandy marls

Rys. 3. Analizy statecznosci skarp: a — 10 m wykonanych z itéw; b - 15 m z gliny; ¢ — 25 m z gliny; d - 25 m zbudowane z itéw i piaszczystych margli

This result is in accordance with the theory that, under
the conditions of submerged slopes, the water exerts a hydro-
static pressure on the slope behaving like a supporting prism
(Rotunjanu, 2005; Lazédr and Faur, 2015) and is sustained by
the results of previous studies published by the research team
in specialized journals (Lazar et al., 2019; Apostu et al., 2021).

However, as previous studies (Lazdr et al., 2019; Apostu
et al,, 2021) have shown, during the filling of the remaining
gap with water, especially if the flooding occurs exclusively by
natural means, due to the relatively long time required to raise
the water level, the rocks initially unsaturated in the dump are
in contact with water for a longer period. These conditions
allow the rapid saturation of the rocks and the increase of the
hydrostatic level in the body of the dump (due to the capillary
pores that allow the water to rise in the body of the dump),
without being counteracted by the hydrostatic pressure exert-
ed on the slopes by the water in the lake. Such a situation leads
to an initial decrease in the stability factor, increasing the risk
of negative geomechanical phenomena, such as landslides or
liquefaction of the deposited material.

Theperiodinwhichthisdecreaseinthestabilityfactoris
observed is limited in time, and can be counteracted by accel-
erating the rate of filling the remaining gap with water. This
acceleration can be achieved through adductions (Lazar et
al., 2019). The flooding process itself and the behavior of the
dump during this period must be monitored, at least through
observations, so that it can be intervened if there are signs of
loss of stability (superficial landslides, plastic flows, abnormal
settlements, tension cracks, etc.).

3. Determining the stable geometry of the slopes
The recommended value of the stability factor depends on
the designed operating life of the slopes. In this regard, the
following values are recommended (Rotunjanu, 2005):
o Fs=1.1-1.2 - for short periods of existence, up to 1 year;
o Fs=12-1.5 - for average periods of existence, up to
20 years;
o Fs =1.5-2 - for long periods of existence, over 20
years;

o Fs =3 - for very long periods of existence, of the or-
der of centuries.

An important role in the formation and development of
landslides is played by the rheological behavior of the rocks,
materialized under two essential aspects: the slow flow (creep)
of the lands in time, respectively their long-term resistance,
which is reduced in time in close relation with deformation
(Marinescu, 1988).

Slope slides can be defined as three-phase rheological
processes (Todorescu, 1986):

o slow flow, characterized by successive local failures
and the formation of the sliding surface, which can
last as long as there is no movement in the slope;

o the actual slide, respectively a very large displace-
ment in a very short time;

. stabilized slide, which is characterized by small dis-
placements and local landslides.

In general, it is found that under the condition that only
structural cohesion is considered to be maintained over time,
taking into account Maslov's second criterion (Maslov, 1977;
1984) and the thixotropic behavior of clay rocks, the stability
coefficient is reduced by about 25%.

Because the waste dumps are made up of loose rocks (at
least immediately after cessation of mining activity) and store
large volumes of waste rocks and their slides endanger all ob-
jectives in their influence area, to ensure long-term stability,
we took into account a stability coefficient, also recommend-
ed by the literature (Rotunjanu, 2005), of 2. This is a covering
value even in the conditions of the deterioration in time of the
resistance characteristics.

For the final slopes of the open pits, where the rocks are
close to the natural state of the massif, we considered that a
value of 1.8 of the stability coefficient is sufficient.

In these conditions, to determine the stable geometry we
used the grapho-analytical procedure of E. Hoek (Hoek and
Bray, 1981) which proved its viability in many cases of stabil-
ity analysis and design of the geometric elements of slopes.
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Tab. 4. Physico-mechanical properties of rocks

Tab. 4. Fizyko-mechaniczne wlasciwosci skat

Volumetric weight, Cohesion, Internal friction angle,
Rock type [daN/m?] c [°]
Yv [daN/cm?] @
Mixture of dumped rocks 1827 0.21 21.6
Foundation (sandy marls) 1933 0.45 21
Tab. 5. Stability analyzes of dump steps
Tab. 5. Analizy statecznosci stopni zrzutowych
Slope Geometry Rock type Fs1 Fs2 Fs3 Fsa
P H (m) a (°) Yp (Fellenius) | (Bishop) (Janbu) (M-P)
Tr1 13.50 27 1.623 1.719 1.656 1.715
Tr2 15.00 45 1.294 1.375 1.311 1.373
Tr3 16.50 29 Mixture of 1.884 2.142 1.895 2.142
Tr4 16.00 28 dumped 2.413 2.772 2.413 2.772
Tr5 16.33 31 rocks 1.953 2.214 1.971 2.215
Tré 10,00 18 2.311 2.588 2.385 2.586
Trl submerged 13.50 27 2.448 2.600 2.516 2.598

The hypothesis on which this procedure is based is that the
landslide of the dump slopes occurs after a circular surface.

Starting from the factors influencing the stability of the
slopes, Hoek graphically shows the correlations that exist be-
tween the functions “X” (of the slope angle, a) and “Y” (of the
slope height, H), in correlation with the geotechnical charac-
teristics of the rocks (yv, ¢, ¢) and the slope safety or stability
factor. The functions X and Y have the expressions (Hoek and
Bray, 1981): X =a-12-¢;Y=yv-H/c.

To obtain a required value for the stability coefficient Fs
= 2 for the steps of the interior dump and Fs = 1.8 for the
final slopes of the open pits, the resizing procedure can follow
either the determination of the angle of the slope for given
heights or the determination of the maximum height of the
slope for given slope angles.

In this regard, the geometric elements were determined to
ensure a stability reserve appropriate to the situation in which
the designed heights is maintained (achieved), with the help
of the graph and calculation relations being determined the
allowable slope angles.

For different heights H - of the slope and the geotechnical
characteristics of the deposited rocks, the function Y is calcu-
lated, and from the points of intersection of its value with the
curve of the stability coefficient Fs = 1.8, respectively 2, the
value of the function X of the slope angle a is obtained on the
abscissa axis, from which its size is determined.

The values of the physical and geotechnical characteris-
tics considered in the calculations are those in tables 2 and 4,
and for the slopes formed by the combination of clay + sandy
marl, the weighted average values were calculated. The results
obtained are shown in table 6.

Based on these data, it results that in the conditions of the de-
signed heights of the final slopes of West Berbesti Vest and Panga
open pits, respectively of West Berbesti interior dump, in order
to ensure the imposed stability reserve, it is recommended in all
cases to reduce the existing (initially designed) slope angles.

It can be seen that the lowest values of the calculated slope
angle (necessary to ensure long-term stability), while main-
taining the designed height of the steps, are those for the final
steps of the open pits, excavated exclusively in clay, with h =
25 m (designed for Panga open pit) and with h = 15 m (part of
the steps designed for West Berbesti open pit).

A reduced value of the permissible slope angle (12.11°)
under the imposed conditions is also obtained for slopes par-
tially excavated in clay and sandy marl, also for slopes with a
height of 25 m (designed for the Panga open pit).

In these conditions, it is recommended to adopt the solu-
tion with the division of the final steps of the open pits (those
of 15 and 25 m excavated exclusively in clays and those of 25
m excavated in clays and sandy marls) in substeps, in which
those excavated in clays do not exceed 10 m in hight. Such
an approach would make it possible to achieve slope angles
with values between 21.5° and 24°. These slope angles can be
obtained by using for the final modeling of some classic exca-
vators (power shovel).

For the final steps with a height of 10 m (part of the steps
designed for the West Berbesti open pit) a reduction of the
slope angle from 63° to 24° is required, for the slopes exca-
vated exclusively in clays, and from 41° to 33.28°, for slopes
excavated in clay and sandy marls. The final modeling can also
be done with the help of classic excavators.

In the case of the steps of the interior dump, which re-
quire a resizing (Tr1-Tr3 and Tr5), the slope angles neces-
sary to achieve long-term stability (while maintaining the
designed heights) are between 20° and 23.42°. These angles
can be achieved a little easier than in the case of the open
pits steps, and bulldozers can be used for the final modeling.
This backdrop operation with bulldozers is facilitated by the
condition of the deposited material (loose condition), and can
be performed in the most advantageous variant, ie by pushing
the material from top to bottom.

It is mentioned that these slope angles are well below the
value of the natural slope angle of the deposited rocks, a0 =
35° 2 37° (%%, 2021).

4. Determination of the sliding risk for different assump-
tions
4.1 Working methodology

Sliding risk assessment analysis is required in particular
in conditions of instability of the final slopes. The risk is de-
fined as the product of the probability of landslides and the
vulnerability of existing anthropogenic and natural objectives
in the influence area of the landslide R = V x Pr (where: R
- landslide risk; V - vulnerability - vulnerability of objec-
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Fig. 4. Stability analyzes for the West Berbesti interior dump: a — Tr2 (Fs1 = 1,294); b - Tr1 in the conditions of flooding of the remaining gap
(submerged) (Fs1 = 2,448)

Rys. 4. Analizy statecznoéci sktadowiska wewnetrznego West Berbesti: a — Tr2 (Fs1 = 1,294); b — Tr1 w warunkach zalania pozostalej luki (zanur-
zony) (Fs1 = 2448)

Tab. 6. Results of slope angle resizing calculations

Tab . 6. Wyniki obliczen zmiany wielkosci kata nachylenia

Slope Height (designed),

Slope angle (determined),

H, [m] a, [°]
Final slopes of open pits excavated exclusively in clays (Fs=1.8)
T1 10 24
T2 15 17
T3 25 9
Final slopes of open pits excavated part in clays and part in sandy-marls (Fs=1.8)
T1 10 33.28
T2 15 21.56
T3 25 12.11
Final slopes of West Berbesti interior dump (Fs=2)
Trl 13.50 23.42
Tr2 15.00 20.92
Tr3 16.50 20.42
Tr5 16.33 20.02

tives in the area depending on the technical condition of the
slopes; Pr - sliding probability) (Lazar et al., 2015; Apostu et
al,, 2021).

In order to evaluate the risk of landslides in the different
hypotheses considered in this study, we used a methodology
developed by part of the members of the research team (Lazar
et al,, 2015), verified in the completion of master and doctoral
thesis, as well as in other scientific articles (Apostu et al., 2021).

Thus, within the methodology, in a first stage, a classifica-
tion of rock massifs/deposits was elaborated according to the
nature of the objectives located in the area of influence and
the characteristics of the environment. Based on this, the vul-
nerability classes of the objectives in the area were established
according to the technical condition of the in situ and waste
dumps slopes (table 7).

According to the 2015 study (Lazar et al., 2015), based
on complex statistical processing, the probability of landslides
was determined, after which a graph was constructed showing
the dependence between the stability coefficient determined
after the analyzes and the sliding probability (fig. 5).

In the present study, this graph was used to determine the
probability of sliding, the stability coefficient being known for
the situations analyzed in the previous chapter.

Based on existing models in the literature (US ACE, 1997;
Gibson, 2011), the following scale has been established for de-
fining the sliding probability:

o Pr=1fortherange 0 + 15% > very low sliding prob-

ability; the slope will almost certainly not slide;

o Pr=2fortherange 15+ 35% - reduced sliding prob-

ability; the slope is unlikely to slide;

e Pr =3 for the interval 35 + 65% > average sliding

probability; whether or not the balance is lost is
equally likely;

o Pr=4for the interval 65 + 85% - high sliding proba-
bility; it is very likely that the slope will slide;

o Pr =5 for the range > 85% > very high probability of
sliding; the slope will almost certainly slide.

Following the scale for defining the sliding probability,
each step (of the open pits and interior waste dump) was given
the appropriate score. With the help of the calculation rela-
tionship, the risk of sliding is determined for the final slopes
(initially designed and after resizing the slope angle) of the
West Berbesti and Panga open pits, respectively of the West
Berbesti interior dump.

Considering the 5 classes of vulnerability, respectively 5
classes of probability, for the evaluation of the sliding risk the
following scale was established (Lazar et al., 2015): R = 1 > very
low sliding risk; R = 2 + 4 > low risk of sliding; R =5 + 9 > av-
erage risk of sliding; R = 10 + 15 - high risk of sliding; R = 16
+ 24 > very high risk of sliding; R = 25 > extreme sliding risk.

4.2 Slide risk assessment

The first stage to be completed involves the inclusion of
natural and anthropogenic objectives in the influence area of
the two open pits and the interior dump in one of the 5 cate-
gories contained in table 7.

For this classification, we used the satellite images pre-
sented in figure 6, supplemented with those found during
field visits and details of the situation plans.

According to table 7 and figure 6, we classified open pits,
as well as the interior dump (post-closure) in the vulnerability
categories (table 8).

For the open pits slopes, taking into account the stability
analyzes and field observations, it was considered that we are
dealing with “rock masses that can enter in dangerous move-
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Tab. 7. Vulnerability of rock masses/deposits according to the nature of the objectives in the area of influence [modified after (Lazar et al., 2015)]

Tab. 7. Wrazliwo$¢ mas skalnych/zt6z w zaleznoéci od charakteru celéw w obszarze oddziatywania zmodyfikowana za [Lazir et al., 2015]

Stability degree

- Nature of

objectives in the

influence area

- Environmental characteristics

1. — Households, social constructions
- Forests, water courses/lakes,
high value terrains

2. — Industrial constructions and
installations, high traffic routes,
- Arable land, forests, water
courses, productive land

3. - Low traffic routes, reduced
pedestrian access

- Wooded pastures with varying
degrees of consistency, limited water
resources, low value land

4. - Areas without buildings, with
sporadic access by people

- Brownfield, unproductive lands,
bushy pastures

1. Massive/rock
deposits with
significant volume
and active
displacements

V=3
Average
vulnerability

3. Massive-rock
2. Massive/rock deposits with 4. Massiverrock
deposits which can movements that can be o o
5 L deposits stabilized,
enter into dangerous | limited by .
landslides are not
movements due to arrangements/
EA probable
some factors exploitation
technology
Average
vulnerability
Average
vulnerability
Average Very reduced
vulnerability vulnerability
Very reduced Very reduced
vulnerability vulnerability

Corelation between Pr and Fs

Stability coefficient Fs
IS

(3 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Sliding probability Pr (%)

R?=0.9619

Fig. 5. Correlation between sliding probability (Pr) and stability coefficient (Fs) (Lazir et al., 2015)

Rys. 5. Korelacja mi¢dzy prawdopodobienstwem poslizgu (Pr) a wspdtczynnikiem statecznosci (Fs) [Lazar et al., 2015]

ments due to some factors’, and for the interior dump with
“moving rock deposits which can be limited by arrangements
or by the technology of exploitation”

Based on the values obtained as a result of the inclusion
in the vulnerability categories according to the nature of the
objectives in the area of influence, an average value of the vul-
nerability was determined (table 8).

In the last step, based on those shown in Table 8, and tak-
ing into account the probability of sliding of the final slopes
(determined from the stability analyzes presented in Chapter
2 and using the graph in figure 5), the risk of sliding was cal-
culated, using the relation presented at the beginning of this
chapter (table 9).

Framing the slopes in the risk classes and returning to the
results of the stability analyzes, the following can be stated:

o for the final designed slopes of the two open pits, the
calculated risk is 10.5, which corresponds to a high
risk of sliding;

o for the slopes originally designed for the West Ber-
besti interior dump:

o for the first two steps, the calculated risk is equal to
7.5, which corresponds to an average sliding risk;

o for the rest of the steps, the calculated risk is equal
to 5, which also corresponds to an average risk of
sliding.

o for the final slopes of the open pits, after the reduc-
tion of the slope angle, in the conditions of main-
taining the designed heights and imposing a stability

coeflicient, the calculated risk decreases from 10.5 to
7. This reduction, passes the risk from high to aver-
age category;

B for steps Trl - Tr3 and Tr5, even after resizing the
slope angle, under the conditions of a imposed sta-
bility coeflicient of 2, the calculated value of the risk
is 5, ie it implies an average risk of sliding;

o  for the step Trl of the interior dump, in the condi-
tions in which it is submerged and a possible land-
slide would produce a flood wave that would affect
the downstream households, the calculated risk has a
value of 8, ie an average risk.

Therefore, when we consider the displacement of a volume
of water and its movement to the downstream areas where
the individual households of the locals are located, although
we fall into the same risk class (average), the calculated value
increases to 8, compared to 5, provided if the slide would not
have such an effect.

The general conclusion that emerges from the landslide
risk assessment is that, even after the design of retrofit works
(which aimed to reduce the slope angles, while maintaining
the originally designed heights) the risk of landslide is me-
dium. Only in the case of the final steps of the open pits was
a lower risk class than the initial one, otherwise the classifi-
cation in the category of the average risk of sliding is main-
tained.
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Google Earth

a

b

Fig. 6. The lands from the influence area of the open pits: a — West Berbesti; b — Panga (***, 2022)
Rys. 6. Tereny z obszaru oddzialywania odkrywek: a - West Berbesti; b — Panga (***, 2022)

Tab. 8. The nature of the objectives and the vulnerability of the land in the influence areas

Tab. 8. Charakter celéw i wrazliwo$¢ gruntéw na obszarach oddziatywania

Objectives in the influence area and environmental components
Open . Average
pit/waste Natural ".at”.’a' Anthropic An.thr?p|c vulnerability:
s objectives P objectives _
dump objectives (V1) objectives (v2) Vm =
(V1+V2)/2
Roads with
West Berbesti Arable |ands, limited traffic or
s forests, water N
open pit (post- curees 4 restricted 3 3.5
closure) ! movement of
productive land
people
Orchards, . F_{oads W't.h
Panga open pit forests, water limited t_rafﬁc or
: 4 restricted 3 3.5
(post-closure) curses, movement of
productive land
people
Industrial
. constructions
wv;l:tsé gs::s%gt Brownfield, 1 and installations, 4 2.5
the end of 2022) unproductive high tr_afﬁ_c
communication
routes
* West Berbesti Arable lands, Households,
waste dump water curses, 4 social 4 4
(post-closure) productive land constructions
* We point out that, although the interior dump may slide into the remaining gap of the open pit (area of no
value in terms of natural or anthropogenic objectives) and theoretically could not cause damage, the
situation changes after the flood of the remaining gap. In this situation, a possible large landslide would
dislodge an important volume of water that would move through the NE part of the perimeter, through the
valley that separates the open pit from the West Berbesti exterior dump. As individual households are
located along this valley, the volume of water displaced would behave like a flood wave, being able to
endanger not only goods but also the lives of the inhabitants of the area. For this reason, we considered the
anthropic objectives in the area of influence as social housing and constructions, and the natural ones as
arable, productive lands.

Tab. 9. Determining the risk of landslides

Tab. 9. Okreélanie zagrozenia osuwiskami

Vulnerability Probability -
Slope v Pr [%] | Pr Risk
Final slopes, West Berbesti open pit (initially designed)
Clay 47.5 3 10.5
T1 (10 m) Clay +Marl 37 3 10.5
T2 (15 m) Clay 3.5 48 3 10.5
Clay +Marl 41 3 10.5
Final slopes, Panga open pit (initially designed)
Clay 61.5 3 10.5
T3 (25m) Clay +Marl 3.5 525 3 105
Final slopes, West Berbesti interior dump (initially designed)
Trl Natural state 35 3 7.5
Tr2 Natural state 42.5 3 7.5
Tr3 Natural state 30 2 5
Tr4 Natural state 2.5 22 2 5
Tr5 Natural state 29 2 5
Tré Natural state 23.5 2 5
Trl submerged Saturated 21.5 2 5
Final slopes, West Berbesti open pit (after resizing the slope angle)
T1 (10 m) Clay or Clay 3.5 32% 2 7
T2 (15 m) Substeps 3.5 32% 7
Final slopes, Panga open pit (after resizing the slope angle)
T3 (25 m) Substeps 3.5 \ 32 ] 2 | 7
Final slopes, West Berbesti interior dump (after resizing the slope angle)
Trl - Tr3, Tr5** Natural state 2.5 28%*xx 2 5
Trl submerged Saturated Qoo 21.5 2 8
* Value corresponding to an imposed stability coefficient Fs = 1,8; ** For the Tr4 and Tr6 steps no resizing
was required, the stability coefficient for the initially designed situation being Fs > 2; *** Value corresponding
to an imposed stability coefficient Fs = 2; **** In the event of a landslide-induced flood wave.

Inzynieria Mineralna — Lipiec - Grudzieti 2022 July - December — Journal of the Polish Mineral Engineering Society



5. Final conclusions and recommendations

The stability analyzes performed for the designed situ-
ation at the end of the extractive activity in the two open pits
(West Berbesti and Panga) showed that the slopes excavated
exclusively in clays are unstable or at equilibrium limit, while
the slopes excavated in clays and marls have satisfactory re-
serves of stability for average period of existence (less than 20
years) for slopes of 10 and 15 m, and are unstable for slopes
of 25 m.

In order to ensure the conditions of long-term stabil-
ity (over 20 years) it was necessary to perform some resizing
calculations, in this sense being used the grapho-analytical
procedure of Hoek.

Through the resizing calculations for the final slopes of
the open pits and the interior dump it was concluded that, in
order to maintain the current designed heights and to ensure
long-term stability, it is necessary to reduce the slope angles
to values between 20 and 24° (except for an open pit slope, the
10 m slope made of clay and marl, where the slope angle can
slightly exceed 33°).

Under these conditions, it is necessary to restore the
designed situation plans at the end of the activity, taking into
account the elements of resizing the final slopes in order to
ensure long-term stability.

In the influence area of the open pits (post closure)
arable lands, orchards, forested areas, and watercourses were
identified. Only in the conditions in which we considered as
possible a slide of the internal dump towards the remaining
and flooded gap of the West Berbesti Vest open pit, which in
turn would generate a flood wave, were also identified indi-
vidual households located in the extended area of influence.

The lands in the influence area, taking into account
the objectives in the area and the technical condition of the
slopes, fall into vulnerability classes 1, 3 and 4 (or between
2.5 and 4 as an average value), and the sliding probability falls
into classes 2 and 3.

After performing the resizing calculations, the stabil-
ity factor being imposed (1.8 for the final slopes of the open
pits and minimum 2 for the final slopes of the interior dump),
the probability of a landslide becomes 2 for all the analyzed
slopes.

After performing the resizing calculations, the final
slopes of the open pits pass into a lower risk class, namely that
of an average risks.

For the final slopes of the interior dump the risk of
sliding is average both for the situation initially designed and
after the resizing of the slope angles.

It is observed that in case of a landslide in the interior
dump, capable of producing a flood wave, although the risk
remains in the average category, the calculated value increases
from 5 to 8.

The fact that the calculated risks, both for the slopes of
the two open pits and for the interior dump, after resizing do
not fall into the low risk class (they remain in the average cat-
egory), leads us to the conclusion that land stability depends
to a large extent on the natural conditions (geology, hydrol-
ogy, hydrogeology, tectonics, etc.) and natural factors (mor-
pho-structural processes, seismicity, freeze-thaw cycles, etc.)
characteristic of the region, the mining activity being able to
start at an accelerated pace and aggravate the geomorpholog-
ical processes specific to the investigated area.

It is recommended the post-closure monitoring of the
area, both by direct observations (in the field), by classical
topographic measurements, but also by means of the latest
technology such as: GPS, satellite observations, drone pho-
togametry, LIDAR etc.

Elaboration of intervention plans in case of signs pre-
ceding the triggering of landslides but also in case of occur-
rence of such phenomena.

Regularly informing the inhabitants of the direct and
extended influence areas about the situation regarding the
stability/instability of the lands and the risks involved.

Revegetation of the slopes as soon as possible, by grass-
ing in a first phase, in order to reduce the amount of water
coming from the precipitations that infiltrate in the final
slopes (especially of the interior dump), in the conditions in
which, as it was shown, this has an unfavorable influence on
the physical-mechanical characteristics of the rocks and can
favor the triggering of different types of landslides.

Establishing the final destination of the lands released
from technological tasks and carrying out the designed eco-
logical rehabilitation works (afforestation, tree plantations,
restoration of agricultural lands, etc.).

Source of financing: The research on the basis of which
this article was written was funded by the University of
Petrosani through the university scientific research contract
no. 6444/07.10.2021.
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Ocena stanu stabilnosci i ryzyka wystgpienia osuwisk w zagtebiu gorniczym Berbesti (Rumunia)

po zamknigciu kopalni

Zaglebie Gornicze Berbesti, potozone na obszarze Podkarpacia Getyckiego, jest czescig Zaglebia Centralnego (EC) Govora, posiada
cztery odkrywki: Alunu, Oltef, Panga i West Berbesti. Biorgc pod uwage, ze w Europie istnieje koncepcja rezygnacji z produkcji energii
w oparciu o spalanie paliw kopalnych, zwlaszcza wegla, relatywnie krotko funkcjonowaé bedg cztery odkrywki. Jednym z gtéwnych
probleméw zwigzanych z eksploatacjg z16z wegla brunatnego jest stabilno$¢ gruntéw na obszarze gérniczym po zamknieciu
eksploatacji. Badania przeprowadzono w taki sposéb, aby uwzgledni¢ w analizie statecznosci czynniki i przyczyny naturalne,
tenedencje terenéw Podkarpacia Getyckiego do osuwisk, czynnikéw i przyczyn antropogenicznych (wydobycie wegla brunatnego) oraz
skutkow oddziatywan towarzyszgcych. Analizy statecznosci uwzglednialy rézne hipotezy zwigzane z geometrig zboczy i wplywem
czynnikéw zewnetrznych. Przeprowadzono takze analize predykcyjng diugoterminowej stabilnosci gruntow (zwlaszcza koricowych
zboczy odkrywek) z uwzglednieniem zachowania sig gruntéw w czasie. Na podstawie uzyskanych wynikéw, po wykonaniu serii analiz
statystycznych przeprowadzono analize ryzyka, wykorzystujgc metodologie opracowang przez czes¢ zespotu badawczego. Na wstepie
nalezy zaznaczyc, ze badania koncentrowaly si¢ na obszarach wydobywczych West Berbesti i Panga, poniewaz wydobycie wegla
brunatnego zostanie zakoticzone do korica 2022 roku. Biorgc jednak pod uwage podobne warunki (geologia, morfologia, tektonika,
strefy sejsmiczne, warunki pogodowe i klimatyczne, zastosowanych metod eksploatacji), zesp6t badawczy uwaza, ze znaczna czes¢
zawartych wnioskéw i rekomendacji w tym badaniu mozna uznaé za wazne i dla pozostatych obszaréw czynnych (odkrywki Alunu
i Oltet). W tym kontekscie opracowanie koviczy sig szeregiem wnioskdw dotyczgcych stabilnosci gruntow w zaglebiu gérniczym Berbesti
(zachodnie Berbesti i obwéd Panga) w momencie zaprzestania dziatalnosci produkcyjnej oraz zalecenia, ktore po wprowadzeniu
w zycie zapewniq dlugoterminowgq stabilnos¢ gruntow.

Stowa kluczowe: zaglebie wydobywcze Berbesti, elektrocieptownia Govora, wegiel brunatny, odkrywka, ryzyko, osuwiska, statecznos¢
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Abstract
The paper brings original contributions in the particularly complex field of copper recovery from industrial wastewater. The purpose
of this experimental research is to recover copper metal powder from wastewater with low copper ion content, by the method of
cementation using a scrap iron electrode and to calculate the yield of copper cementation, influenced by the following parameters:
initial concentrations of copper ions, pH values and contact time. Recipes were experimentally studied by the cementation method for
the recovery of copper from industrially used solutions using iron waste, without consumption of other reagents or energy. Work recipes
were designed and one chose three different concentrations: for each solution of prepared concentration: 0.5% CuSO,, 1% CuSO, and
3% CuSO,, and one performed laboratory experiments at two types of pH (natural pH obtained by dissolving CuSO,*5H,0 in water,
pH=2 (adjustment with 0.1 M sulfuric acid solution). The optimal conditions for each recipe have been identified, based on the
experimental data obtained from the monitoring of each experiment, to the WTW Multi 350i multiparameter and AAS ZEEnit 700
Analytik Jena spectrometer. The calculation of the yield of obtaining copper powder for each day of the experiment and for each recipe
together, the other experimental data led us to the conclusion that the optimal variant for our study is: concentration of 0.5%, at an

initial pH of 3.6 after 3 days of experiment and yield of 95.23%.

Keywords: recovery of copper; wastewater treatment; copper cementation method

Introduction

Copper is one of the most valuable and widely used metals
in the industry. It is an essential metal for organisms, but in
excessive concentrations it can be very toxic for both humans
and animals (Pefia M.M., Lee J., Thiele D.]., 1999). Copper
is a heavy metal found in large quantities in wastewater due
to its various applications in industrial sectors, such as the
manufacture of printed circuit boards, the metal finishing in-
dustry, galvanizing, electrolysis, painting, wood preservation,
printing operations, etc. Copper can reach the environment
from mines, farms, industrial installations through wastewa-
ter discharged into rivers, lakes, but also from natural sources,
such as: volcanoes, degraded vegetation, forest fires (Mubarak
A., 2006). Copper was the first metal used in undetermined
amounts by man. The oldest craftsmen who worked with cop-
per soon found that it is easy to form into sheets with a ham-
mer and sheets in turn worked into other shapes that became
more and more complex as their skill increased.

Through the project (https://umfcd.ro/cercetare...SARS-
COV-2) PN-III-P2-2.1-SOL-2020-2-0208 Development of
innovative solutions for the protection of personnel (exposed
professionally) and the population against contamination
with the virus SARS-CoV-2, studies of impregnation of cotton
or medical equipment made of cotton fabric. Various impreg-
nation recipes were used that allowed to obtain "in situ" the
nanoparticles of copper and zinc oxides for the impregnation
of cotton fabrics, in different concentrations and ratios. The
stability of the impregnation of the nanoparticles was con-
firmed by chemical analysis and analysis by scanning tissues

of the tissues after 1, 3 or 5 washes. It has proved to be a good
enough stability and it is expected that even after 10 washes an
amount of about 40-50% of the initially impregnated amount
will still be fixed on the fabric. The washes involve a pH-neu-
tral detergent for 30-50 minutes at a temperature of 30-40°C
((https://umfcd.ro/cercetare...SARS-COV-2) PN-III-P2-2.1-
SOL-2020-2-0208).

Copper is present in normal human serum (the liquid
part of the blood) at concentrations of 120 -140 pg/l. Signs
of toxicity will be observed if the copper concentration in-
creases significantly above this level. All copper compounds
are potentially toxic. Thus, man can be exposed to copper by
breathing air, drinking water, food he consumes, by skin con-
tact with copper or its compounds (Solomon E, 2009).

The use of copper to kill algae, fungi and mollusks proves
to be very toxic to aquatic organisms. In fact, copper is one of
the most toxic metals to aquatic organisms and ecosystems.
Copper recovery from wastewater is achieved by various
methods, such as bioadsorption, ion exchange, membrane
filtration, reverse osmosis, chemical precipitation, electro-
chemical processes, photocatalysis, cementation (Gunatilake
S.K., 2015).

Each of these methods has its own advantages and disad-
vantages. Unfortunately, some of these methods are difficult to
use widely or expensive to apply. The use of the cementation
method for the recovery of copper from metallic wastewater
can be considered as a relatively simple, inexpensive and envi-
ronmentally friendly method. Contamination of metal-treat-
ed water is a serious problem for many industrial sectors.
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Fig. 1. Samples 3 solutions of different concentrations of CuSO, prepared for analysis

Rys. 1. Prébki 3 roztwordw o roznych stezeniach CuSO, przygotowany do analizy

Tab. 1. Physico-chemical parameters of synthetic CuSO, solutions

Tab. 1. Parametry fizykochemiczne roztworu syntetycznego CuSO,

CuS04 S Salinity
concentration pH initial ORP (mV) EC (pS/cm) | TDS (mg/l) (%o)

3.6 + 178.6 2480 1588 1.3
0.5%

2 + 269 4570 2970.5 2.4
1% 3.4 + 189.3 4250 2762.5 2.3

2 + 267.6 6190 4023.5 3.4
3% 3.0 +211.3 10290 6688.5 5.8

2 + 267.9 11910 7741.5 6.8

Tab. 2. Cu** values determined on the AAS ZEEnit 700 spectrometer
Tab. 2. Wartoéci Cu’* wyznaczone na spektrometrze AAS ZEEnit 700
Time CuS040.5% | CuSO4 0.5% CuS04 1% CuS04 1% CuS04 3% CuS0. 3%
hours pH=2.0 pH=3.6 pH=2.0 pH=3.4 pH=2.0 pH=3.0
0 2092.19 2092.19 4184.38 4184.38 12553.14 12553.14
24 628.66 627.33 3187.86 3177.44 4841.17 4601.41
48 488.31 487.35 626.92 623.33 4654.42 1749.41
72 182.26 140.15 483.41 481.71 1841.82 952.12
96 32.81 16.84 91.76 181.65 323.8 904.85
120 10.14 6.51 16.03 19.41 175.5 310.04
There are many different techniques used to treat wastewater Eguipment used

to reduce metal content. A common technique involves rais-
ing the pH of the wastewater to an alkaline level to induce
precipitation of the metal. Although this method reduces the
metal content of wastewater, the resulting solid sludge will
require additional treatment (Moscatello N., Swayambhu G.,
Jones G.H., Jiale Xu, Ning Dai, Pfeifer B.A., 2018).

Unlike organic contaminants, heavy metals are not biode-
gradable and tend to accumulate in living organisms and many
of their ions are known to be toxic or carcinogenic (Fenglian
Fu, Qi Wang, 2011). Copper has many practical uses in our so-
ciety and is often found in coins, electric cables and pipes. How-
ever, too much copper can cause adverse health effects.

Materials and Methods

Cementation consists in the precipitation of metals from
a solution of its salts by another electropositive metal (sacri-
ficial metal) by spontaneous electrochemical reduction to its
metallic state (Peng C., Liu Y., BiJ., Xu H., Ahmed A.S., 2011).
The cementation method has several advantages, such as the
recovery of metals in relatively pure metallic form, simple
control requirements, low energy consumption and is gener-
ally a low cost process (Nassef E., El-Taweel Y.A., 2015). Ce-
mentation of copper on iron is done by a series of short-cir-
cuited electrochemical cells, in which electrons reduce the
transfer of Cu2+ from the iron surface through the growing
copper deposit. Copper ions are reduced from the surface of
the copper deposit. Iron, which supplies electrons, is oxidized
in the anodic places on its surface (EL-Ashtoukhy E.S.Z., Ab-
del AM.H., 2013). However, it seems that cementing using
an iron electrode is the simplest and most reasonable method
for recovering copper. Therefore, it produces copper metallic
sediments, which are suitable for metallurgical processes.

Determination of physico-chemical parameters

Using the WTW Multi 350i multiparameter, the following
physico-chemical parameters were measured:

o electrical conductivity (EC);

o total dissolved solids (TDS);

. salinity;

« pH;

o  redox potential (ORP).

Before the analyzes were performed, the apparatus was
calibrated using standard solutions for pH and conductivity.

Determination of heavy metals

Heavy metals were analyzed by flame atomic absorption
spectrometry (AAS-F) using the AAS ZEEnit 700 Analytik
Jena apparatus. The device allows the analysis of the follow-
ing heavy metals: Ni, Cd, Cr, Pb, Zn, Cu, Fe, using the lamp
specific to each metal. The detection limit of the method is
between 0.01-0.08 mg/l, depending on the metal. Prior to
analysis, the water samples were acidified to pH 2 (using 65%
HNO,) and filtered.

Cementation method-use of iron electrode

Procedure: studying the scientific information presented
in the specialized articles, regarding the cementation method
for the recovery of copper from used solutions, one observes
the following:

o the mode of work is specific to a laboratory work
(small amounts of used copper solutions 0.1-10 1,
using continuous mixing and sometimes heating).

o the influence of the pH of the used copper solution
on the recovery yield or efficiency (natural pH was
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Fig. 2. Samples with the amount of copper deposited on the iron, from different days of the experiment

Rys. 2. Probki z iloécig miedzi osadzonej na zelazie w roznych dniach doswiadczen

Tab. 3. Yield values for the 3 solutions
Tab. 3. Wartoéci wydajnosci dla 3 roztworéw

Concentration H Optime time Noptimal
(%) P (days)

3.6 3 95.23

0.5 2 3 85.71

1 3.4 3 76.2

2 4 97.62

3 3 3 86.83

2 4 96.4

helped with 0.1 M H,SO, solution up to pH 2).

o the working method designed for the experimental
part simplifies the laboratory equipment (without
agitation, without heating, with initial pH adjust-
ment of CuSO, solutions prepared in the laboratory
at a pH of 2, Fig. 1.) and one sought to identify the
optimal conditions for copper deposition in a rea-
sonable time.

One prepared 3 solutions of different concentrations of
CuSO4 of 0.5%, 1%, 3% by dissolving the calculated amounts
of CuSO4*5H20 for 250 ml volumetric flasks (stock solu-
tions), (Table I) and the parameters were measured with mul-
tiparameter WTW Multi 350i.

One monitored day by day, the changes of previously mea-
sured parameters, with WTWMulti350i but also the amount
of copper deposited (Fig. 2.), along with determining the daily
concentration of copper ions remaining in solution at AAS
ZEEnit 700 spectrometer, so one could calculate the efficiency
and daily efficiency of experiments (Table 2).

Results

One started the experiment by preparing 3 solutions of
different concentrations, of 0.5% CuSO4, 1%, 3% by dissolv-
ing the calculated amounts of CuSO,*5H,O for 250 ml rated
flasks. One monitored the changes in previously measured pa-
rameters with WTW Multi 350i but also the amount of cop-
per deposited, along with determining the daily concentra-
tion of copper ions remaining in solution at the AAS ZEEnit
700 spectrometer, so one could calculate the daily efficiency
and effectiveness of our experiments.

For each concentration solution prepared: 0.5% CuSO,,
1% CuSO, and 3% CuSO, were performed laboratory experi-
ments at 2 different pH:

a) the natural pH obtained by dissolving CuSO, in water;

b) pH=2 (adjustment with 0.1 M sulfuric acid solution).

The variation of salinity is observed, for the 3% pH 2 solu-
tion, which is fluctuating, reaching 6.8%o. The variation of the
concentration of copper ions is observed, for the 3% solution
(12553.14 mg /1) at pH 2, which is decreasing, reaching 175.5
mg/l. It is observed that after 4 days from the experiment, the
concentration of copper ions reaches 323.8 mg/l, which gives
us the possibility to identify an optimal time for the experi-
ment (Fig. 3.).

The synthesis yield is defined as the ratio between the
practical mass obtained by copper powder (dry) and the ter-
rorist mass (Caltaru M., Badicioiu M., 2007).

It is observed that after 4 days the copper recovery effi-
ciency stabilizes at 96.4%. It should be noted that after the first
day of the experiment (24h), the yield is almost 89% (Fig. 4).
Which demonstrates the effectiveness of the iron waste used
in the cementation method.

Table 3 shows yields over 95%, for all 3 optimal variants,
but the time to obtain the optimal yield will differentiate the
overall optimal variant, which one propose to be: concentra-
tion of 0.5%, at an initial pH of 3.6 after 3 days of experiment
and yield of 95.23%.

Discussion
The resultated obtained for the variation of pH, EC, salin-
ity, copper ion concentration and yield is the follow:
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Fig. 3. Samples with the amount of copper deposited on the iron, from different days of the experiment

Rys. 3. Probki z iloécig miedzi osadzonej na zelazie z réznych dni do$wiadczenia

Fig. 4. The amount of copper powder obtained after one day of experiment

Rys. 4. Tlo$¢ proszku miedzi uzyskanego po jednym dniu do$wiadczenia

0.5 % copper sulphate solution of initial pH=3.6

The pH variation for the 5 days of the experiment is fluc-
tuating, falling between 3.6-4.1 with an average of 3.88 (note
that pH=4.1 is obtained after 4 days). The variation of the EC
(uS/cm) for the 5 days of the experiment is increasing, rang-
ing between 2480-2860 pS/cm, with an average of 2693.3 uS/
cm (note that EC = 2860 uS/cm is obtained after 5 days). The
variation of salinity (%o) for the 5 days of the experiment is
increasing, ranging between 1.3-1.5%o, with an average of
1.4%o (note that S=1.5%o is obtained after 5 days). The varia-
tion of the copper ion concentration (mg/l) for the 5 days of
the experiment is decreasing from 2092.19 mg/l to 6.51 mg/1
(on the 5th day) which demonstrates that in these conditions
the method cementation also helps us in solving the prob-
lem of the concentration of copper ions in the used industrial
solution because after 5 days it reaches ovals below 10 mg/1 (a
decrease of about 322 times). The calculated synthesis yield is
95.23% after 3 days of experiment.

0.5 % copper sulfate solution at adjusted pH=2

The pH variation for the 5 days of the experiment is in-
creasing, ranging between 2-3.8 with an average of 3.35 (note
that pH=3.8 is obtained after 3 days). The variation of the EC
(uS/cm) for the 5 days of the experiment is decreasing starting
from 4570-2960 uS/cm, with an average of 3370 uS/cm (note
that EC = 2960 pS/cm is obtained after 2 days). The variation
of salinity (%o) for the 5 days of the experiment is decreas-
ing, starting from 2.4-1.5 %o, with an average of 1.7%o (note
that S = 1.5 %o is obtained after 2 days). The variation of the
concentration of copper ions (mg/l) for the 5 days of the ex-
periment is decreasing from 2092.19 mg/l to 10.14 mg/1 (on
the 5th day), which demonstrates that in these conditions the
cementation method also helps us in solving the problem of
the concentration of copper ions in the used industrial solu-
tion because after 5 days it reaches a value of about 10 mg/1 (a
decrease of about 209 times). The calculated synthesis yield is
85.71% after 3 days of experiment.

Analyzing the data obtained for the two pH at the 0.5%
CusSO, solution, it is observed that the optimal conditions
for cementation would be for the initial pH=3.6, because the
yield is 95.23%, after 3 days of experiment.

1% copper sulphate solution at initial pH=3.4

The pH variation for the 5 days of the experiment is fluc-
tuating, falling between 3.4-3.77 with an average of 3.61 (note
that pH=3.77 is obtained after 3 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is increasing,
ranging between 4250-5040 uS/cm, with an average of 4691
uS/cm (note that EC = 5040 pS/cm is obtained after 5 days).
The variation of salinity (%o) for the 5 days of the experiment
is increasing, falling between 2.3-2.7%o, with an average of
2.51%o (note that S = 2.7%o is obtained after 5 days). The vari-
ation of the concentration of copper ions (mg/1), for the 5 days
of the experiment is decreasing from 4184.38 mg/l to 19.41
mg/l (on the 5th day) which proves that in these conditions
the cementation method it also helps us in solving the prob-
lem of the concentration of copper ions in the used industrial
solution because after 5 days it reaches a value below 20 mg/1
(a decrease of about 215 times). The calculated synthesis yield
is 76.2% after 3 days of experiment.

1% copper sulphate solution at adjusted pH=2

The pH variation for the 5 days of the experiment is in-
creasing, ranging between 2-3.65 with an average of 3.12
(note that pH=3.65 is obtained after 5 days). The variation of
the EC (uS/cm) for the 5 days of the experiment is decreasing
starting from 6190-5480 pS/cm, with an average of 5383.3 uS/
cm (note that EC = 5480 uS/cm is obtained after 5 days). The
variation of salinity (%o) for the 5 days of the experiment is
decreasing, starting from 3.5-3%o, with an average of 2.9%o
(note that S=3%o is obtained after 5 days). The variation of the
copper ion concentration (mg/l) for the 5 days of the exper-
iment is decreasing from 4184.38 mg/l to 16.03 mg/l (in the
5th day) which proves that under these conditions the meth-
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od cementation also helps us in solving the problem of the
concentration of copper ions in the used industrial solution
because after 5 days it reaches a value of about 16 mg/1 (a de-
crease of about 261 times). The calculated synthesis yield is
97.62% after 4 days of experiment.

Analyzing the data obtained for the two pH at the 1%
CusO, solution, it is observed that the optimal conditions for
cementation would be for adjusted pH=2, because the yield is
97.62%, after 4 days of experiment.

Solution 3% copper sulfate initial pH=3

The pH variation for the 5 days of the experiment is fluc-
tuating ranging from 3-3.75 with an average of 3.42 (note that
pH=3.75 is get after 2 days). The variation of the EC (uS/cm)
for the 5 days of the experiment is fluctuating, falling between
10290-11980 puS/cm, with an average of 11418 uS/cm (note
EC = 11980 uS/cm is obtained after 5 days). The variation of
salinity (%o) for the 5 days of the experiment is increasing,
falling between 5.8-6.9%o, with an average of 6.46%o (note
that $=6.9%o is obtained after 3 days). The variation of the
copper ion concentration (mg/l) for the 5 days of the exper-
iment is decreasing from 12553.14 mg/l to 310.04 mg/l (on
the 5th day) which demonstrates that under these conditions
the method cementation also helps us in solving the problem
of copper ion concentration in the industrialized solution be-
cause after 5 days it reaches a value of 310 mg/1 (a decrease of
about 40 times). The calculated synthesis yield is 86.83% after
3 days of experiment.

3% copper sulphate solution at adjusted pH=2
The pH variation for the 5 days of the experiment is in-
creasing, falling between 2-3.43 with an average of 2.96 (note

that pH=3.43 is obtained after 4 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is fluctuating
starting from 11910-11960 puS/cm, with an average of 11421
uS/cm (note that EC = 11960 pS/cm is obtained after 5 days).
The variation of salinity (%o) for the 5 days.

Conclusions

The cementation method can recover copper from indus-
trial waste solutions. This study aimed to make a number of
original contributions to the particularly complex field of re-
covery of copper from industrial wastewater by the method
of cementation.

The best known reaction for obtaining copper in the lab-
oratory is between iron and copper sulfate. This can be used
to obtain copper by depositing it on the piece of metal iron
inserted in the industrial water.

95.23% vyield of obtaining copper powder indicates the
optimal variant at the concentration of 0.5% with an initial
pH of 3.6 after 3 days of experiment.

Experimentally it is possible to recover metallic copper
powder from wastewater with low copper ion content, by the
cementation method using a scrap iron electrode, without
consuming other reagents or energy.
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Studia i badania nad odzyskiem miedzi z odpadéw przemystowych metodg cementacji
Artykul przedstawia oryginalne badania zwigzane z odzyskiwaniem miedzi ze Sciekow przemystowych. Celem badan
eksperymentalnych jest odzyskiwanie sproszkowanej miedzi metalicznej ze sSciekéw o niskiej zawartosci jondw miedzi metodg
cementacji za pomocg zlomowej elektrody zelaznej oraz do obliczenie wydajnosci cementacji miedzi, na ktorg wplywajg nastepujgce
parametry: poczgtkowe stezenia jonow miedzi, wartosci pH i czas kontaktu.

Eksperymenty obejmowaly odzysk miedzi z przemystowych roztworéw z wykorzystaniem odpadow zelaza metodg cementowania,
bez zuzycia innych odczynnikéw lub energii.

Plan eksperymentu obejmowat trzy rozne stezenia CuSOa: dla kazdego roztworu o przygotowanym stezeniu: 0,5% CuSOa, 1%
CuSOs oraz 3% CuSOs, przeprowadzono eksperymenty laboratoryjne dla dwu wartosci odczynu pH (naturalne pH uzyskane przez
rozpuszczenie CuSO1 * 5H20 w wodzie, pH=2 (regulacja 0,1 M roztworem kwasu siarkowego).

Optymalne warunki dla kazdej receptury zostaly okreslone na podstawie danych eksperymentalnych. W badaniach wykorzystano
spektrometry WTW Multi 350i i AAS ZEEnit 700 Spektrometr Analytik Jena. Przeprowadzono obliczenie wydajnosci pozyskania
proszku miedziowego dla kazdego dnia doswiadczenia i dla kazdej receptury. Dane eksperymentalne doprowadzily do wniosku, ze
optymalnym wariantem dla badania jest: stezenie 0,5%, przy poczgtkowe pH 3,6 po 3 dniach doswiadczenia i wydajnosé 95,23%.

Stowa kluczowe: odzysk miedzi, oczyszczanie Sciekow, metoda cementowania miedzi
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Abstract
Plastic pollution has been considered as an emerging environmental problem, and is among the ecological and human health
concerns. Detrimental impacts of plastic pollution on living things are closely related to the plastic additives added onto the polymer
during plastic manufacture. Di-2-ethylhexyl phthalate (DEHP) is one of the most common plasticizers and is usually found in water
environment worldwide. Plastic additives can cause many negative effects on aquatic organisms such as fish and zooplankton. This
study aimed to assess the chronic effects of DEHP on the life history traits of an ecotoxicological model micro-crustacean, Daphnia
magna, across five generations (FO-F4). We used the natural water from Mekong River in Vietnam as the medium for the D. magna
incubation in laboratory conditions. The concentrations of trace elements (e.g., metals and pesticides) in the natural water were under
detection levels of equipment or very low which was sufficient for D. magna to grow well. The results showed that the body length was
the main endpoint of the organisms inhibited by DEHP across all generations. DEHP adversely impacted the survival and fecundity
of D. magna in the fourth generation (F3) only. The adverse effects of DEHP on body length of D. magna should be the consequence
of the energy cost and allocation in the exposed organisms. The survival and reproduction responses of D. magna to DEHP across
five generations could be explained by (i) the severe effects of the chemical on many individuals in the organism cohort, and (ii)
toxin-tolerant development in the remaining exposed organisms. Although the trace elements in natural water from Mekong River
were not toxic to D. magna at very low concentrations, together with DEHP they might enhance impacts on the organism. Besides, a
multigenerational exposure to DEHP would reflect clearer impacts on the organism than a single exposure. Our results could be useful

for extrapolation on the influence of plasticizers on freshwater zooplankton in nature.

Keywords: chronic effects, Daphnia magna, energy cost, life traits, plastic additives

1. Introduction

Plastic emission and pollution are among the most serious
threats to aquatic environment and ecosystem globally (Mill-
er et al. 2020; Azevedo-Santos et al. 2021). The di-2-ethylhex-
yl phthalate (DEHP) is one of the basic and common additives
for more than 300 million tons of plastic products annually
in the world (Wang et al. 2018; Chen et al. 2020). Globally,
the compound DEHP was produced at more than 2 million
tons (Rowdhwal and Chen 2018). In natural conditions (e.g.,
high temperature), DEHP can easily release out of the plas-
tic surface and enter the surrounding environments (Wang
et al. 2018). The existence of DEHP in the environment has
been reported in many countries such as Finland, Denmark,
Germany, Japan, China, Thailand, Poland, Sweden, and Ita-
ly (Wowkonowicz and Kijeriska 2017). The highest concen-
tration of DEHP in river water reached 370 pg L-1 in China
(Wang et al. 2018). Recently, DEHP has become an emerging
pollutant. It is known as an endocrine disrupting chemical
and considered as a carcinogenic compound to invertebrates
(Wang et al. 2018). However, the impacts of DEHP on aquatic
invertebrates are not fully understood.

Micro-crustaceans (e.g., Daphnia magna) are among the
key animal groups in aquatic ecosystems having important
position and function in aquatic food webs (Wetzel, 2001).
Daphnia magna is the common representative of freshwater
micro-crustaceans and is widely used as a model organism for

testing the pollutant toxicity (US. EPA 2002; Lampert 2006;
APHA 2012). The median lethal concentrations (LC50) of
DEHP to D. magna were largely varied between 160 and 3,310
ug L-1 (Adams et al. 1995; Brown et al. 1998; Scanlan et al.
2015; Wang et al. 2018). The life history traits of D. magna
chronically exposed to DEHP have been reported in many
studies in which the DEHP concentration up to 500 pg L-1
did not impact survival of the organism (Brown and Thomp-
son 1982; Knowles et al. 1987; Brown et al. 1998; Seyoum and
Pradhan 2019; Le et al. 2019). Seyoum and Pradhan (2019)
and Le et al. (2019) noted that DEHP enhanced the repro-
ductive capacity of D. magna. The authors also found that the
DEHP at 390 ug L-1 inhibited the growth of D. magna, but
the inhibition was not showed at lower concentrations of the
chemical.

Generally, all previous studies of the DEHP toxicity to D.
magna were performed in artificial medium (e.g., ISO). How-
ever, the toxicity of DEHP in the artificial environment may
not be the same as that in the natural water because of differ-
ent chemical properties between them. Besides, the responses
of D. magna to DEHP across multigenerational exposure are
not yet fully understood (but see Le et al. 2019). Therefore,
to fill the gap, in this study we assessed the effects of DEHP
dissolved in natural water from Mekong River at the concen-
tration of 500 ug L-1 on the life history traits of D. magna
across five generations.
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2. Materials and methods
2.1. Test organisms

The freshwater micro-crustacean Daphnia magna was
purchased from Micro BioTest (Belgium) and has been main-
tained in ISO medium for many years. The organisms were
fed with the green alga Scenedesmus sp. and YTC (US. EPA.
2002). The alga Scenedesmus sp. was cultured in a Z8 medium
(Kotai 1972). The D. magna was raised under the temperature
of 25 + 1°C, the light intensity of less than 1000 Lux, and a
photo regime of 14 h light: 10 h dark (APHA 2012).

2.2. Chemicals

The plastic additive Di-2-ethylhexyl phthalate (DEHP,
Aldrich Sigma, purification 99.5%) was dissolved in acetone
(Merck, Germany) at the concentration of 3292 mg L-1 re-
ferred as stock solution. The stock solution was kept at 4°C
before the test implementation. The natural water used in this
study was collected from Mekong River in Vietnam. The water
was settled and then filtered through a GF/A filter (Advant-
ech, Japan) before being used as a medium to culture D. mag-
na. The chemical characterization of pesticides (all below 1 pg
L-1) and trace metals (mostly below 1 pg L-1, and much far
below the 48h-LC50 values to D. magna) confirmed that the
natural water from Mekong River was suitable for cultivation
of D. magna (Dao et al. accepted manuscript).

2.3. Experimental design

The chronic experiment was conducted according to
APHA (2012) with minor adjustment. At the start of the ex-
periment, nearly 40 mother D. magna were randomly selected
and transferred into a one-liter glass beaker containing 800
mL of filtered river water. Sixty neonates (<24 hours old) from
the second and third broods of the mother D. magna were
randomly used for the chronic experiment. The experiment
was performed over five generations of D. magna (Fig. 1). In
more detail, at the first generation (called F0) of the experi-
ment, two organisms were cultured together in a 50 mL glass
beaker containing 40 mL of filtered river water. We conduct-
ed two treatments including the exposure to DEHP and the
control. In the exposure, D. magna was raised in the natural
water containing 500 pg DEHP L-1 while the organisms in the
control were just incubated in the natural water without the
addition of DEHP. There were 15 replicates in each treatment
(n=15). Offspring from the second and third brood of F0 D.
magna in control and DEHP exposure were used for the next
generational experiment (hereafter we called F1) and contin-

uously raised in the same medium as their mothers were (2
neonates per beaker, 15 replicates). This process repeated un-
til the fifth generation (F4). The test concentration of 500 pg
DEHP L-1 was chosen for the present study because the high-
est concentration of phthalates in surface water and landfill
leachate could reach up to 370 pg L-1 and 460 pg L-1, respec-
tively (Wowkonowicz and Kijeriska 2017; Wang et al. 2018).
The organisms in each treatment were fed daily with the
mixture of green alga Scenedesmus sp. and YTC (US. EPA.
2002). The chronic test was performed in the laboratory con-
ditions (as mentioned above) and lasted for 21 days for each
generation (Adema 1978). We conducted this study with data
within five generations of exposures because the Covid-19
quarantine was applied in the city before we could complete
the experiment on the sixth generation. The test medium
(filtered river water and food) in each treatment was totally
renewed three times per week. During the time of the exper-
iment, the life history traits including the survival, reproduc-
tive performance of D. magna were carefully checked and
recorded daily. The dead mother D. magna and neonates re-
leased from each beaker were counted and discarded daily. By
the end of the experiment, alive D. magna was fixed with Lu-
gol solution (Sournia 1978) and its body length was measured
from the head top to the base of tail spine of the D. magna on
a microscope coupled with a digital camera. The pH and dis-
solved oxygen (DO) of the test medium were measured and
their values ranged from 7.2-7.6 (for pH), and from 7.4-7.9
mg L-1 (for DO) which met the requirements for chronic ex-
periments with D. magna according to APHA (2012).

2.3. Data treatment

Sigma Plot version 12.0 was used for data analyses. The
Kruskal-Wallis test was utilized to calculate the statistically
significant difference (p < 0.05) in body length, and accu-
mulative offspring per beaker between control and DEHP
exposure.

3. Results and discussion
3.1. The effects of DEHP on the survival of Daphnia magna
In the control, the survival of D. magna in all six gener-
ations was from 80-93% when the experiments terminated
(Fig. 2) which meets the requirement of APHA (2012) for
chronic treatments with micro-crustaceans. Similarly, the
survival of D. magna in DEHP exposures was within the range
of 80-100% except the survival of DEHP-exposed D. magna
in F3 was 53% by the end of experiment.
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In the first and second generational exposures (FO and
F1), the Daphnia’s survival in present study is consistent
with that in previous studies (Seyoum and Pradhan 2019; Le
et al. 2019) in which D. magna was incubated in DEHP at
the concentrations of 390-500 pg L-1. However, a significant
decrease of D. magna survival (55%) in the third generation
(F2) exposed to DEHP (500 ug L-1) was reported by Le et al.
(2019). Therefore, the previous studies (Seyoum and Pradhan
2019; Le et al. 2019) and our study have a similar trend of
effects reflecting the impact of DEHP on the D. magna’s sur-
vival was only profound in the later generations of exposure.

Biochemically, DEHP caused a significant reduction in
the activities of catalase (CAT) and superoxide dismutase
(SOD) enzymes, the antioxidant capacity and detoxifying ac-
tivities in D. magna (Wang et al. 2018). DEHP can interfere
the protein synthesis and fatty acid catabolism, consequently
influence the normal functions of heart and hepatopancrea in
D. magna (Scanlan et al. 2015; Ito et al. 2019). Hence, DEHP
could indirectly affect the energy storage or cause the glyco-
gen reduction in D. magna (Knowles et al. 1987). The com-
pound DEHP could be accumulated and recalcitrant in aquat-
ic organisms. Therefore, the DEHP-exposed D. magna would
spend energy for biochemical adjustment and damage repair,
consequently energy cost (Dao et al. 2018). The exposed or-
ganisms could withstand DEHP in the first generations by
spending energy and material for survival (FO-F2; Fig. 2) and
reproduction maintenance (F1, F2; Fig. 4). However, the D.
magna could be impaired in a more generational exposure to
DEHP (F3) consequently mortality increase (up to 47% of to-
tal exposed organisms).

The difference of the affected generations in the previous
study (F2; Le et al. 2019) and ours (F3) could be related to
the trade-off between survival and development in DEHP-ex-
posed D. magna. The DEHP-exposed D. magna could face
energy cost and material allocation to maintain its normal

behaviors and fitness (e.g. survival and growth). Hence the
slowdown its growth (see section 3.2) the DEHP-exposed D.
magna could have a chance to conserve its survival rate simi-
lar to the control in F2 (Fig. 2).

Our study presented the initial evidence of D. magna
continuously exposed to DEHP in natural river water over 5
generations. Interestingly, we found that D. magna was more
likely to recover or even adapt in its survival to DEHP in the
fifth generation (F4). Dao et al. (2018) studied the survival
of a micro-crustacean Daphnia lumholtzi by exposed the or-
ganism to a cyanobacterial toxin, microcystin, across three
generations and observed the tolerance of the organism in the
first generation, the significant decrease of the organism in
the second generation, and the acclimation of the organism
in the third generation. The acclimation or recovery of micro-
cystin-exposed mother D. magna was hypothesized with the
formation of the genes for synthesis of detoxifying enzymes
in its offspring, and thus improve the toxin tolerance in the
daughters (Gustafsson et al. 2005). This helps to explain the
acclimation of D. magna in F4 to the DEHP in present study.
Further studies on the gene encoding for antioxidant enzyme
and detoxification activities in D. magna exposed to DEHP
are suggested to clarify.

3.2. The effects of DEHP on the growth of Daphnia magna

The average body length of D. magna in the control
ranged between 3,000 and 3,610 um. However, body length
of D. magna in the DEHP exposure varied from 2,920-3,330
pum which was significant shorter than that in the control (p
< 0.05; Fig. 3). Our results indicated that DEHP inhibited the
growth of the organisms in all five generations.

Body size of D. magna is a very important endpoint of
fitness because it is highly related to the time of first reproduc-
tion and clutch size of the organism (Ebert 1992). However,
effects of phthalates on growth or body length of D. magna
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have not been studied (but see Seyoum and Pradhan 2019; Le
etal. 2019). Our study firstly revealed the impact of DEHP on
the growth of D. magna under a multigenerational exposure.
The observation in present study was in line with the previous
study for the FO (Le et al. 2019). Seyoum and Pradhan (2019)
also recorded a reduction of body length in D. magna exposed
to DEHP at the concentration of 390 ug L-1 over 14 days. As
mentioned above, DEHP could cause the material and ener-
gy allocation related to the fitness such as survival, growth,
reproduction of D. magna. Generally, the DEHP-exposed D.
magna in our study could maintain its survival at a normal
rate during 21 days of incubation from FO through F4, except
F3 (Fig. 2). Therefore, DEHP-exposed organism had to face a
trade-off that slowed down its growth consequently a shorter
body length than the control D. magna.

3.3. The effects of DEHP on the reproduction of Daphnia
magna

The reproduction of D. magna was calculated as the ac-
cumulative neonates released from each beaker in the control
and the DEHP exposure during 21 days of treatment. The re-
production of D. magna of both control and exposure in F1,
F2, and F4 was in a similar range. However, DEHP caused a
significant reduction in fecundity of mother D. magna in the
FO (p = 0.024, Kruskal-Wallis test), and F3 (p = 0.002, Krus-
kal-Wallis test; Fig. 4).

Previous studies revealed that DEHP could enhance the
reproduction of D. magna at the concentration of 390 ug L-1
(Seyoum and Pradhan 2019) or not inhibited this endpoint
of the organism at the concentration of 500 pg L-1 (Le et al.,
2019). On the contrary, we found a much lower reproduction
in D. magna exposed to DEHP in the first generation (F0).
Without a doubt - organisms in aquatic environments could
be affected by not only a single pollutant but a mixture of pol-

lutants as well. The natural water from Mekong River used in
present study had some trace elements at low levels (Dao et
al. accepted manuscript) which might have side effects on D.
magna (Le et al. 2021). The combined effects of DEHP and
trace elements in natural water could cause stronger toxic ef-
fects on micro-crustacean than the solely impact of DEHP on
the organism in standard medium (Dao et al. accepted man-
uscript). In the second (F1) and third (F2) generations, DE-
HP-exposed D. magna showed signs of reproductive recovery
(Rig. 4).

In our study, in the fourth generation (F3) D. magna
were affected again and the total number of offspring born in
DEHP exposure was significantly different from the control (p
< 0.002). this should be the consequence of the high mortality
of DEHP-exposed D. magna in F3 (Fig. 2). The much lower
number of mother D. magna in F3 would lead to a lower num-
ber of accumulative neonates. On the other hand, the increase
of DEHP-exposed D. magna survival in the fifth generation
(F4; Fig. 2) resulted in the increase of accumulative neonates
(Fig. 4).

The present study showed the effects of DEHP in natural
water from Mekong River on D. magna across five genera-
tions. This could be useful for the extrapolation in situ and
the prediction on potential impacts of plastic additives (e.g.,
DEHP) on freshwater zooplankton in Mekong River, the elev-
enth highest river loading plastic waste into the seas globally
(Lebreton et al. 2017).

Conclusions

This is the first investigation assessing the toxicity of
DEHP to D. magna incubated in natural water from Mekong
River across five generations from the best of our knowledge.
High mortality (47%) was found in the DEHP exposure in the
fourth generation (F3). DEHP also caused a reduction in fe-
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cundity of mother D. magna in FO and F3. However, the body
length of the animal in the DEHP exposure was significantly
shorter than that of the control across five generations. The
trade-off between the survival, growth and reproduction re-
lated to the material and energy allocation would be the root
of the responses of D. magna to DEHP. The effects of DEHP
in natural water from Mekong River are useful to extrapolate
the toxicity of this chemical to micro-crustacean in situ, and
the effects would become more severe uncomfortable envi-
ronmental and biological conditions in nature.
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Reakcje mikroskorupiakéw, Daphnia magna, w ciggu pieciu pokoleri stale narazonych na dziata-
nie ftalanu di-2-etyloheksylu w wodzie rzeki Mekong

Zanieczyszczenie tworzywami sztucznymi zostalo uznane za narastajgce zagrozenie Srodowiskowe i jest jednym z probleméw
ekologicznych zwigzanych ze zdrowiem czlowieka. Szkodliwy wplyw zanieczyszczenia tworzywami sztucznymi na organizmy zZywe
jest Scisle zwigzany z dodatkami tworzyw sztucznych dodawanymi do polimeru podczas produkcji tworzyw sztucznych. Ftalan di-
2-etyloheksylu (DEHP) jest jednym z najpowszechniejszych plastyfikatorow i zwykle wystepuje w Srodowisku wodnym na catym
Swiecie. Dodatki do tworzyw sztucznych mogg powodowac wiele negatywnych skutkéw dla organizméow wodnych, takich jak ryby
i zooplankton. Badania przedsatwione w artykule mialy na celu ocene cigglego wpltywu DEHP na cechy historii Zycia modelu
ekotoksykologicznego mikroskorupiaka, Daphnia magna, w ciggu pieciu pokoleri (FO-F4). Jako pozywke do inkubacji D. magna
w warunkach laboratoryjnych wykorzystano naturalng wode z rzeki Mekong w Wietnamie. Stezenia pierwiastkow sladowych (np.
metali i pestycydow) w naturalnej wodzie byly ponizej poziomu wykrywalnosci sprzetu lub bardzo niskie, co bylo wystarczajgce, aby
D. magna dobrze si¢ rozwijata. Wyniki pokazaly, ze dtugos¢ ciala byla glownym punktem oceny rozwoju organizmow hamowanego
przez DEHP we wszystkich pokoleniach. DEHP negatywnie wplyngl na przezywalnosc i ptodnos¢ D. magna jedynie w czwartym
pokoleniu (F3). Negatywny wplyw DEHP na dlugos¢ ciata D. magna powinien by¢ konsekwencjg zuzycia energii i jej alokacji
w narazonych organizmach. Reakcje D. magna na przetrwanie i reprodukcje pod wptywem DEHP w ciggu pieciu pokole#t mozna
wyttumaczy¢ (i) powaznym wplywem substancji chemicznej na wiele osobnikéw w populacji organizméw oraz (ii) rozwojem tolerancji
na toksyny u pozostatych narazonych organizméw. Chociaz pierwiastki sladowe w naturalnej wodzie z Mekongu nie byly toksyczne
dla D. magna w bardzo niskich stezeniach, to razem z DEHP mogg nasila¢ oddziatywanie na organizm. Poza tym wielopokoleniowe
narazenie na DEHP odzwierciedlatoby wyrazniejszy wplyw na organizm niz jednorazowe narazenie. Przedstawione wyniki mogg
by¢ przydatne do ekstrapolacji wptywu plastyfikatoréw na zooplankton stodkowodny w przyrodzie.

Stowa kluczowe: skutki chroniczne, Daphnia magna, zuzycie energii, cechy zZyciowe, dodatki do tworzyw sztucznych
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Abstract

Heavy metals are a pressing concern in terms of their pollution in aquatic ecosystems because of their persistence, environmental
toxicity, bioaccumulation. Aquatic environments receive heavy metals in untreated or inadequately treated wastewater from domestic,
industrial, agricultural, and navigation sources. The Doi-Cho Dem-Ben Luc Rivers play the key roles of irrigation, navigation and
ecological restoration. It is crucial to ascertain the pollution status, influencing factors, ecological risks, and possible sources of heavy
metals in the surface water of the Doi-Cho Dem-Ben Luc Rivers. In this study, surface water from 7 sampling sites over was collected
from the Doi-Cho Dem-Ben Luc Rivers, over 7 consecutive periods from April 2019 to October 2021. Each surface sample was analyzed
for 9 heavy metals including Fe, Mn, Cr, Zn, Cu, Pb, Cd, Ni, As. The sampling technique and sample treatment were done based on the
Standard Methods for the Examination of Water and Wastewater. The time and space variation of heavy metal concentrations were
examined to test the analysis of variance (ANOVA) and correlation among all the parameters using R statistical software.

The results suggest a spatial homogeneity of heavy metals in the surface water the studied rivers. Among all nine examined heavy metals
in the studied area, the concentrations of Fe (1.00 + 5.06 mg/L) and Mn (0.14 + 0.28 mg/L) are the highest, and the concentrations
of Cr, Cd and As are the lowest that lower limit of detection. The results suggested that the mean concentrations of Fe and Mn were
above the acceptable limits of the National technical regulation on surface water quality (QCVN 08-MT: 2015/BTNMT). While the
concentrations of Fe, Mn, Zn, Cu, Pb, Ni do not meet the Water quality criteria for aquatic life (United State Environmental Protection
Agency). Anthropogenic activities can be the main source of heavy metals in in the surface water of the Doi-Cho Dem-Ben Luc Rivers.
Among the heavy metals, a significant positive correlation was observed between Fe, Mn, Zn and Ni (0.64 + 0.87), whereas Cu
exhibited a significant positive correlation with Ni (0.51). While Cu and Pb showed a not too strong correlation with Fe, Mn, Zn and
Ni (0.25 + 0.48). The distribution of heavy metals may also be influenced by properties of heavy metals and fluctuations in water flows.
The results provide guidance for controlling heavry metal pollution and protectting water sources in the Doi-Cho Dem-Ben Luc Rivers.

Keywords: heavy metal pollution, surface water, distribution, river, Doi-Cho Dem-Ben Luc, water quality protection

1. Introduction

The Doi-Cho Dem-Ben Luc Rivers has a length of about
30 km with a width of from 30 to 70 m and a depth of 3 +
7 m. It's one of an important inland waterway that connects
HCMC with Long An Province (Mekong Delta). The Doi-
Cho Dem-Ben Luc rivers play an important role in irrigation,
transportation and ecological restoration. Among the inor-
ganic pollutants of river water, heavy metals are gaining im-
portance because of their non-biodegradable nature and often
accumulate at tropical levels causing harmful biological ef-
fects [1]. Heavy metals are a pressing concern in terms of their
pollution in aquatic ecosystems because of their persistence,
environmental toxicity, bioaccumulation [2]. Anthropogenic
activities like mining, ultimate disposal of treated and un-
treated waste effluents containing toxic metals as well as met-
al chelates [3] from different industries steel plants, battery
industries, thermal power plants etc. and also the indiscrimi-
nate use of heavy metal containing fertilizers and pesticides in
agriculture resulted in deterioration of water quality render-
ing serious environmental problems posing threat on human
beings [4] and sustaining aquatic biodiversity [5, 6].

Sankar et al (2018) claimed that The concentrations of dif-
ferent metals, like Chromium (Cr), Manganese (Mn), Cobalt
(Co), Nickel (Ni), Cooper (Cu), Zink (Zn), Lead (Pb), Cadmi-

um (Cd), Mercury (Hg) and Arsenic (As) were highly increas-
ing in coastal areas due to the discharge of agricultural and
domestic wastes; intrusion of wastes from industries like met-
al plating; entry of organic and inorganic chemicals; leach-
ing of metals from solid waste; and use of metal and metal
components [7]. Heavy metal concentrations in water and fish
from River Yamuna, at Allahabad were found that Pb and Cu
were higher than the permissible limits of WHO, that gives an
indication of hazardous risk to human health. Whereas Arse-
nic was detected lower than the permissible limit (Kumar et
al., 2014). In Vietnam, the temperature, pH, dissolved oxygen
(DO), conductivity, salinity, chlorophyll-a, phaeopigments,
suspended particulate matter (SPM) concentrations, grain
size distributions, nutrients, dissolved and particulate organic
carbon and phosphorus, and trace metal(oid) (Cr, Ni, Cu, Zn,
As, Cd, Pb, Hg, and MMHg) concentrations were measured
at 17 sites along the Saigon River in water (filtered and sus-
pended matter) and sediment. This research showed that the
Saigon River remains moderately contaminated albeit the city
was proved to be the major contributor of metal(oid)s [8].
The Doi-Cho Dem-Ben Luc Rivers receive heavy metals
in untreated or inadequately treated wastewater from do-
mestic, industrial, agricultural, and navigation sources. It is
very important to monitor and evaluate the pollution status,
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Fig. 1. Study area of heavy metal concentrations with 7 sampling sites (B1-B10)

Rys. 1. Obszar badan koncentracji metali cigzkich z 7 punktami poboru prébek (B1-B10)

Tab. 1. Coordinates and locations of the sampling sites in study area

Tab. 1. Wspélrzedne i polozenie punktéw poboru prébek na obszarze badan

Sites Local Names Longitude (N) Latitude (S)
Ba Lon Creek flows into Doi Canal (near . " . "

CDO1 Residental Area 13C) 10°42'48.05"N 106°38'49.51"E

CDo2 Doi Canal at 16 Ward, District 8 (near River 10°43'06.17"N 106°37'57.22"E
Wharf)

CDO03 Binh Dien River (near Binh Dien Market) 10°42'18.03"N 106°36'25.97"E

CD04 Binh Dien River (near Binh Dien Bridge) 10°42'04.67"N 106°35'50.39"E

CDO5 Binh Dien River (near Cai Tam Bridge) 10°41'37.99"N 106°34'41.70"E

CcDO6 My Nhan Creek flov_v into Ben Luc River (near 10°40'52.58"N 106°32'17.54"E
Tan Bua Ferry Station)

CD07 Ben Luc River (near Tan Bua Ferry Station) 10°41'09.70"N 106°32'21.22"E

influencing factors, ecological risks, and possible sources of
heavy metals in the surface water of the Doi-Cho Dem-Ben
Luc Rivers. This topic is crucial identify the levels of heavy
metal pollution in the Doi-Cho Dem-Ben Luc Rivers. The re-
sults contribute to providing information and data for local
authorities on heavy metal parameters as well as pollution
levels of this system.

2. Materials and Methods
2.1. Study Area

Data from about 70 km? with length of 30 Km were used
as a representative example for study areas. The water sam-
ples of heavy metal (Iron, Manganese, Chrome, Zinc, Copper,
Lead, Cadmium, Nickel, and Arsenic) analysis at 7 sites were
collected for 7 periods in April and October (2019, 2020);
April, June and October (2021) (see Fig. 1; Tab. 1).

2.2. Sample Collection

The water samples for havey metal analyses in the field
were collected according to the standards of TCVN 6663 -
1:2011 (ISO 5667 - 1:2006) Water quality — Sampling — Part
1: Guidance on the design of sampling programmes and
sampling techniques; and, TCVN 6663 - 3:2008 (ISO 5667
- 3:2003) Water quality — Sampling — Part 3: Instructions for
sample storage and handling [9, 10]. All samples were col-
lected in 2.0 litre, clean polyethylene bottles, which were pre-
washed with 10% nitric acid and de-ionized water. Before
sampling, the bottles were rinsed at least three times with wa-
ter from the sampling site. Sample locations at each site were
taken in the middle of the river with a depth layer of surface
water of 30-40 cm [10-12]. All water samples were immedi-
ately brought to the laboratory.

2.3. Analytical Methods

The standard methods of heavy metal and their analytical
methods were briefly presented in Tab. 2.

The samples were acidified with 2 mL concentrated Nitric
acid to prevent precipitation of metals, reduce adsorption of
the analytes onto the walls of containers and to avoid micro-
bial activity, then water samples were stored at 2°C until the
analyses. Surface water samples were filtered through mili-
por filtering unit using 0.45 um Whatman filter paper. If the
concentrations exceeding the calibration curve, the samples
were appropriately diluted, and acid was added to measure
samples. The samples for heavy metal analysis were measured
in the Inductively Coupled Plasma Optimal Emission Spec-
trometer [13].

2.4. Data Analysis

The obtained data were subject to statistical analysis to
test the analysis of variance (ANOVA) and correlation among
all the parameters using R statistical software. The maps of
the study area and sampling sites were applied using Google
Earth.

3. Results and Discussions
3.1. Concentrations of heavy metals in river water

The concentrations of Fe, Mn, Cu, Ni, Zn, Pb, Cr, Cd and
As in water surface at all seven different sites of seven periods
in the Doi-Cho Dem-Ben Luc Rivers during 2019, 2020 and
2021 were detected and recorded in Tab. 3.

Tab. 3 showed that the mean concentrations of almost
heavy metals were observed in decreasing order of Fe > Mn >
Cu>Ni>Zn > Pb > Cr, Cd, As whereas the concentrations of
heavy metals (Mn > Cu > Ni > Zn > Pb) were within the ac-
ceptable limits of the National technical regulation on surface
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Tab. 2. Parameters and methods of water quality analysis

Tab. 2. Parametry jakosci wody i metody oznacznia

Methods

TCVN 6177:1996

SMEWW 3111B:2017

TCVN 6222:2008

TCVN 6193:1996

SMEWW 3111B:2017

SMEWW 3111B:2017

SMEWW 3111B:2017

SMEWW 3111B:2017

No. Parameters Unit
1 Fe mg/L
2 Mn mg/L
3 Cr mg/L
4 Zn mg/L
5 Cu mg/L
6 Pb mg/L
7 Cd mg/L
8 Ni mg/L
9 As mg/L

US EPA Method 2008

Tab. 3. Concentrations of heavy metals in the surface water of the study area. Notes: ND is non detect

Tab. 3. Zawartoé¢ metali ciezkich w wodach powierzchniowych na badanym terenie. Uwaga: ND nie wykryte

Parameter Sampling Sites
s
(ma/L) CDO1 CD02 CD03 CD0o4 CDO5 CD06 CDo7
Fe (mg I)
Range 1.01+1.16 2.38+3.63 2.72+5.04 1.65+2.11 1.21+2.85 1.05+1.84 1.06+2.04
Mean 1.06 3.25 3.59 1.91 1.78 1.36 1.68
Mn (mg I!)
Range 0.14+0.19 0.24+0.27 0.22+0.28 0.16+0.23 0.16+0.22 0.16+0.19 0.16+0.18
Mean 0.16 0.25 0.24 0.20 0.19 0.17 0.17
Cu (mg I'Y)
0.029+00.3 | 0.057-0.07 | 0.038+0.08 | 0.032:0.06 | 0.026+0.07 0.051+0.06 | 0.040+0.05
Range
4 8 1 5 0 2 8
Mean 0.031 0.062 0.053 0.045 0.047 0.056 0.049
Ni (mg I'")
R 0.029:0.03 | 0.043+0.05 | 0.034:0.05 | 0.031+0.04 | 0.025:0.03 | 0.026+0.03 | 0.025:0.03
ange
7 7 3 3 8 3 0
Mean 0.033 0.049 0.44 0.037 0.031 0.029 0.028
Zn (mg I'Y)
Range 0.026+0.03 | 0.048-0.05 0.045+0.06 | 0.030+0.04 | 0.026+0.03 0.026+0.03 0.026+0.03
9 4 6 8 1 0 2 4
Mean 0.029 0.052 0.054 0.036 0.028 0.030 0.029
Pb (mg I'')
Range 0.0080+0.01 0.0102+0A01 0.0082+0A01 0.0080+0A01 0.0080+0.01 0.008;0.01 0.08:0.010
Mean 0.009 0.011 0.011 0.009 0.010 0.010 0.010
Cr (mg I') ND ND ND ND ND! ND! ND!
Cd (mg I'") ND ND ND ND ND ND ND
As (mg I'1) ND ND ND ND ND ND ND

water quality for QCVN 08-MT: 2015/BTNMT at the BI Lev-
el (water quality for irrigation and drainage purposes or other
uses with similar water quality requirements) [14]. Especially,
the concentrations of heavy metals such as chromium, cad-
mium and arsenic have not been detected in water samples
in this system. While the mean concentrations of iron (Fe)
were above the permissible limits of the National technical
regulation on surface water quality for QCVN 08-MT: 2015/
BTNMT at the Bl Level. Moreover the mean concentrations
of Fe, Mn, Cu, Ni, Zn and Pb were above concentration of
the values than the permissible limits set by the water quality
criteria for aquatic life [15].

3.2. Spatial in heavy metal concentrations of river water
The concentration of different metals in river water order
as follow: Fe > Mn > Cu > Zn > Ni > Pb (Fig. 2). The results
showed that heavy metals of iron and zinc had the highest
concentrations in the sites CD2 and CD3. The next concen-
tration indicated in the site CD4, and the lowest concentra-
tion in site CD1. The results showed that heavy metals of iron
and zinc had the highest concentrations in the sites CD2 and
CD3. The next concentration indicated in the site CD4, and
the lowest concentration in site CD1 The results of concen-
trations of lead and nickel fluctuated similar to the concentra-
tions of in manganese and copper. While the concentrations
of chromium, cadmium and arsenic were the lowest that low-
ered the limit of detection (Fig. 2). These results were quite
similar to the research of heavy metal pollution in the Lake
Manzal, Egypt [16] that showed the concentration of different

metals in water, plankton, and fish tissues followed the same
order: Zn > Cu > Pb> Cd. The mean concentrations of metals
in the water were as follow: Cu, 0.055; Zn, 0.311; Cd, 0.020;
and Pb, 0.022 mg/L.

Among the six heavy metals identified above, the seasonal
change was not significant. This needs to be further observed
to provide a clear understanding of the characteristics of sea-
sonal variations in heavy metal concentrations. While Tran
et al. (2020) claimed that the total metal concentrations in
the seawater of the Saigon - Dongnai Estuaries were higher
during the rainy season than those during the dry season [17].
The increase of rainfall in the Saigon - Dongnai River Basin
in the transition time mobilized both dissolved and particu-
late metals (Fe, Cr, Ni, and Pb) from the terrestrial environ-
ment to the aquatic environment [18]. Additionally, Raji et al.
(2016) indicated that the concentrations of heavy metals that
monitored at the Sokoto River in North-western Nigeria were
generally higher in dry season than in the rainy season [19].

3.3. Correlation analysis

Pearson’s correlation was performed on the combined data
set of average values of the surface water of the studied area
based on the significant levels (p=0.05). Correlation analysis
was carried out for inter-metallic and intra-metallic associa-
tion to understand the significance of association among the
metals and the samples. The surface water exhibited a positive
correlation between Fe-Mn (0.79), Fe-Zn (0.82), Fe-Cu (0.42),
Fe-Pb (0.46), Fe-Ni (0.64); Mn-Zn (0.81), Mn-Cu (0.41), Mn-
Pb (0.40), Mn-Ni (0.76); Zn-Cu (0.48), Zn-Pb (0.35), Zn-Ni
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Fig. 2. Heavy metals measured in the 7 sampling sites at the study area

Rys. 2. Zmierzone zawarto$ci metali ciezkich na badanym terenie
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Fig. 3. Relationship among heavy metal concentrations in the study area
Rys. 3. Zaleznosci pomiedzy zawarto$ciami metali cigzkich w badanym terenie

(0.87); Cu-Pb (0.39), Cu-Ni (0.51); and Pb-Ni (0.25). (Fig. 3).
This would help to understand the nature of these metals and
their species speciation in the aquatic environment.

Among the nine heavy metals, there were six parameters
evaluated results to calculate the correlation analysis with
each other including Fe, Mn, Zn, Cu, Pb, and Ni (Figure 4).
Among the heavy metals, a significant positive correlation was
observed between Fe, Mn, Zn and Ni (0.64 + 0.87), whereas
Cu exhibited a significant positive correlation with Ni (0.51).
While Cu and Pb showed a not too strong correlation with
Fe, Mn, Zn and Ni (0.25 + 0.48). This will help to understand
the nature of these metals and their species speciation in the
aquatic environment (Fig. 4). Similar to the study of Kar et
al (2008), it may be concluded that the river water as such
is not suitable for drinking purpose due to the inappropriate
concentrations of Fe, Mn, Zn, Cu and Ni and it may not be
suitable for irrigation due to the excess concentration of Fe
and Mn [1]. There was a difference with the results of Strady et
al,, (2017), this study had not shown the correlation between
Fe and As as well as Fe and Ni [8].

4. Conclusions
The results suggested a spatial homogeneity of heavy met-
als in the surface water the studied rivers. Among all nine ex-

amined heavy metals in the studied area, the concentrations
of Fe (1.00 + 5.06 mg/L) and Mn (0.14 + 0.28 mg/L) were
the highest, and the concentrations of Cr, Cd and As were the
lowest that lowered the limit of detection. The results suggest-
ed that the mean concentrations of Fe and Mn were above
the acceptable limits of the National technical regulation on
surface water quality (QCVN 08-MT: 2015/BTNMT). While
the concentrations of Fe, Mn, Zn, Cu, Pb, Ni did not meet the
water quality criteria for aquatic life (United State Environ-
mental Protection Agency)

The results suggested a spatial homogeneity of heavy met-
als in the surface water the studied rivers. Among all nine ex-
amined heavy metals in the studied area, the concentrations
of Fe (1.00 + 5.06 mg/L) and Mn (0.14 + 0.28 mg/L) were
the highest, and the concentrations of Cr, Cd and As were the
lowest that lowered the limit of detection. The results suggest-
ed that the mean concentrations of Fe and Mn were above
the acceptable limits of the National technical regulation on
surface water quality (QCVN 08-MT: 2015/BTNMT). While
the concentrations of Fe, Mn, Zn, Cu, Pb, Ni did not meet the
water quality criteria for aquatic life (United State Environ-
mental Protection Agency).

Among the six heavy metals identified above, the seasonal
change was not significant. This needs to be further observed
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to provide a clear understanding of the characteristics of sea-
sonal variations in heavy metal concentrations. Among the
heavy metals, a significant positive correlation was observed
between Fe, Mn, Zn and Ni (0.64 + 0.87), whereas Cu exhib-
ited a significant positive correlation with Ni (0.51). While Cu
and Pb showed a not too strong correlation with Fe, Mn, Zn
and Ni (0.25 + 0.48). This will help to understand the nature
of these metals and their species speciation in the aquatic en-
vironment.

Although some heavy metals have been found to be ben-
eficial to humans and creatures to a certain extent, it can be

harmful beyond that. Therefore, the appropriate treatment
measures needed be taken to remove heavy metal loads from
industrial wastewater and renovate wastewater treatment
plants as well as monitor water quality to improve river’s wa-
ter quality and save people's health protection. This helped to
understand the nature of these metals and their species spe-
ciation in the aquatic environment.
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Ocena zanieczyszczenia metalami cigzkimi wod powierzchniowych rzek Doi-Cho Dem-Ben Luc

w Wietnamie

Metale cigzkie stanowig palgcy problem zanieczyszczenia w ekosystemach wodnych ze wzgledu na ich trwatos¢, toksycznosé dla
srodowiska i bioakumulacje. Srodowiska wodne sa zasilane w metale cigzkie z nieoczyszczonych lub nieodpowiednio oczyszczonych
Sciekéw ze zrodet domowych, przemystowych, rolniczych i zeglugowych. Rzeki Doi-Cho Dem-Ben Luc odgrywajg kluczowg role
w nawadnianiu terendw, transporcie odnym i odbudowie ekologicznej. Kluczowe znaczenie ma ustalenie stanu zanieczyszczenia,
czynnikéw wplywajgcych, zagrozet ekologicznych i mozliwych Zrodet metali cigzkich w wodach powierzchniowych rzek Doi-Cho
Dem-Ben Luc. W artykule przedstawiono wyniki badania wéd powierzchniowych, probki pobrano z 7 punktow pomiarowych z rzek
Doi-Cho Dem-Ben Luc przez 7 kolejnych okresow od kwietnia 2019 r. do paZdziernika 2021 r. Kazda prébka zostata przeanalizowana
pod kqgtem zawartosci 9 metali cigzkich: Fe, Mn, Cr, Zn, Cu, Pb, Cd, Ni, As. Metodyka pobierania prébek i obrébki probek zostaty
opracowane w oparciu o Standardowe Metody Badania Wéd i Sciekéw. Zbadano zmiennos¢ w czasie i przestrzeni stezeri metali
cigzkich, do analizyy wynikow wykorzystano analize wariancji (ANOVA) i korelacji miedzy wszystkimi parametrami przy uzyciu
oprogramowania statystycznego. Wyniki sugerujq przestrzenng jednorodnos¢ zawartosci metali cigzkich w wodach powierzchniowych
badanych rzek. Sposrod wszystkich dziewigciu badanych metali ciezkich w badanym terenie najwyzsze sq stezenia Fe (1,00 + 5,06
mg/L) i Mn (0,14 + 0,28 mg/L), a najnizsze Cr, Cd i As (wartosci odpowiadajgce dolnej granicy wykrywalnosci). Wyniki wskazujg,
ze Srednie stezenia Fe i Mn byly powyzej dopuszczalnych limitow, opisanych w krajowych normach dotyczgcych jakosci wéd
powierzchniowych (QCVN 08-MT: 2015/BTNMT). Natomiast stezenia Fe, Mn, Zn, Cu, Pb, Ni nie spetniajg kryteriow jakosci wody
dla organizméw wodnych (Agencja Ochrony Srodowiska Stanéw Zjednoczonych). Dzialalnos¢ antropogeniczna moze by¢ gléwnym
Zrédlem metali cigzkich w wodach powierzchniowych rzek Doi-Cho Dem-Ben Luc. Wsréd metali ciezkich zaobserwowano istotng
dodatnig korelacje miedzy zawartoscig Fe, Mn, Zn i Ni (0,64 + 0,87), natomiast Cu wykazywala istotng dodatnig korelacje z Ni
(0,51). Zawartosci Cu i Pb wykazywaly niezbyt silng korelacje z Fe, Mn, Zn i Ni (0,25 + 0,48). Na rozmieszczenie metali cigzkich
mogqg miec rowniez wplyw wlasciwosci metali ciezkich oraz wahania przeplywow wody. Wyniki dostarczajg wskazowek dotyczgcych
kontrolowania zanieczyszczenia metalami cigzkimi i ochrony Zrédet wody w rzekach Doi-Cho Dem-Ben Luc.

Stowa kluczowe: zanieczyszczenie metalami cigzkimi, wody powierzchniowe, dystrybucja, rzeka, Doi-Cho Dem-Ben Luc, ochrona jakosci
wody
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Laser power source is a new energy source that is being widely used in industrial production. Therefore, the issue of safety in the
use and operation of equipment using this energy source needs to be concerned. In this research, we conduct a survey on the use of
laser energy-emitting devices and machines in the garment industry to ensure safety when using and measure the laser power of
the devices. This equipment at the working positions of employees is then compared with ANSI laser safety standards to consider
the safety of workers when operating these devices, so that timely solutions can be taken to ensure safety when working with
equipment that emits laser energy. Because there is currently no safety standard for using lasers in Vietnam, through the process of
surveying and measuring laser radiation, we found that these devices always have potential dangers that can cause damage to the
environment. workers during work.

Therefore, to ensure the safety of workers when working with these devices, we have also compiled a set of safety manuals for using
laser energy to supply factories to ensure safety. Workers when working with these devices. We have also compiled a draft of the
standard for safe use of industrial lasers to submit to the authorities in Vietnam for the promulgation of Vietnamese standards on
the safe use of industrial lasers. With the fabric laser machine, the laser radiation intensity is from 233.0 yW.cm™ to 253.4 yW.cm?
and the average value is 245.3 uW.cm™. Laser Flexi-Pro machine, the laser radiation intensity is from 173.5 yW.cm? to 196.0
uW.cm? and the average value is 187.3 uW.cm™. Laser Jeanologia-Twin HS Machine, the laser radiation intensity is from 255.8
uW.em?to 279.2 uW.cm and the average value is 270.7 uW.cm™. Laser Flexi-Denim machine, the laser radiation intensity is from

189.4 uW.cm? to 343.0 uW.cm™ and the average value is 292.8 uW.cm?.

Keywords: garment industry, laser radiation, laser safety, laser machines, safety standard

1. Introduction to laser sources and the health hazards of
laser radiation

Laser stands for Light Amplification by Stimulated Emis-
sion of Radiation, which outlines the main facts of laser light
generation. In the most simplified sequence, an energy source
excites atoms in an active medium (gas, solid, liquid) to emita
particular wavelength of light. The generated light is amplified
by an optical feedback system that causes the light beam to
bounce back and forth in the operating medium to increase
phase coherence until the emitted light is a laser beam. [1]

The health hazards of using industrial laser sources as well
as other hazards are: [1]

o Damage to eyes and skin

o Electrical hazards

o Chemical hazard

o Compressed air

e Air pollution

o Liquid freezing

o Danger of fire

Hazard classification of laser sources: in Vietnam, there
is no standard to classify the level of hazard of laser sources,
so in this study, the research team used the American na-
tional standard ANSI (American National Standards Insti-
tute) for laser hazard classification. The ANSI Z136.1-2007
standard classifies laser hazard levels as follows: [1] These
calculations are used to determine a factor defined as the
Accessible Emission Limit or AEL which is the mathematical
product of the Maximum Permissible Exposure limit (MPE)

given in the Standard and an area factor computed from the
defined term called the Limiting Aperture (LA). That is:
AEL = MPE x Area of LA.

Limiting Apertures are dependent on factors such as laser
wavelength and are based on physical factors such as the fully
dilated pupil size (7mm) and beam “hotspots” (Imm).

For most all exposures to the skin and IR exposures to the
eye lasting greater 10 seconds, the involuntary movement of
the eyes and the body as well as heat conduction will average
an irradiance profile over an area of about 10 mm?, even if the
irradiated body part is kept intentionally still. This equates to
a size of about 3.5 mm.

Especially in the near-infrared, radiation is penetrating
relatively deep into skin and due to scattering, the irradiance
profile is averaged over corresponding dimensions. For wave-
lengths larger than 0.1 mm, an aperture size of 11 mm is spec-
ified, as smaller apertures would lead to inaccurate measure-
ments due to diffraction effects.

Each laser class is based on these AEL thresholds:

o Class 1 lasers or systems cannot emit accessible laser
radiation in excess of the applicable Class 1 AEL for
any exposure times within the maximum duration
inherent in the design or intended use of the laser.
Class 1 lasers are exempt from all beam-hazard con-
trol measures.

o Class 2 lasers are CW and repetitively pulsed lasers
with wavelengths between 0.4 pm and 0.7 pm that
can emit energy in excess of the Class 1 AEL, but do
not exceed the Class 1 AEL for an emission duration
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Tab. 1. Biological effects of laser radiation [1]

Tab. 1. Skutki biologiczne promieniowania laseowgo [1]

Spectral Domain (CIE range) Eyes effects Skin effects
. Erythema (sunburn)
(lzlggzj\zlgoéegﬁ) Photokaretitis Skin cancer
Accelerated skin aging
Ultraviolet B " Erythema (sunburn)
(280-315 nm) Photokaretitis Increased pigmentation
Ultraviolet A . Pigmen darkening
(315-400 nm) Photochemical cataract Skin burn
- . . . Pigmen darkening
(‘:/(;%lf);g(l)lgnr:]) Photochem|cali:jr:_ldr;hermal retinal Photosenstive reactions
Skin burn
Infrared A Cataract and retinal burn Skin burn
(780-1400 nm)
Infrared B Corneal burn, aqueous flare, .
(1400-3.000 nm) cataract Skin burn
Infrared C .
(3.000-1.000.000 nm) Corneal burn only Skin burn

less than 0.25 seconds and have an average radiant
power of ImW or less.

o Class 3R lasers have an accessible output between 1
and 5 times the Class 1 AEL for wavelengths shorter
than 0.4 pm or longer than 0.7 um, or less than 5
times the Class 2 AEL for wavelengths between 0.4
pum and 0.7 um.

o Class 3B lasers cannot emit an average radiant power
greater than 0.5 Watts for an exposure time equal to
or greater than 0.25 seconds or 0.125 Joules for an
exposure time less than 0.25 seconds for wavelengths
between 0.18 pm and 0.4 pm, or between 1.4 um and
1 mm. In addition, lasers between 0.4 um and 1.4 um
exceeding the Class 3a AEL cannot emit an average
radiant power greater than 0.5 Watts for exposures
equal to or greater than 0.25 seconds, or a radiant
energy greater than 0.03 Joules per pulse.

o Class 4 lasers and laser systems exceed the Class 3b AEL.

2. Evaluation procedure of laser sources safety and laser ra-
diation instrumentation

2.1. Evaluation procedure of laser sources safety

(1) Purpose:

In this topic, the purpose of evaluating the measured data
is to see if it is within the allowable limits of the standard,
to ensure the safety of workers who have been working near
these laser sources.

(2) Determine the measurement location:

In this study, the measurement position is determined by
the author's group at the positions of workers standing clos-
est to the source of the laser, and for laser generators using
shielding equipment, the position measurement is defined as
measuring when shielded and measured when not shielded.
(3) Take measurements:

After determining the measurement location, the mea-
surement is carried out and at each measurement location,
it is necessary to have a number of repeat measurements to
ensure the accuracy of the measurement results.

(4) Data processing:

After having the measurement results at each location
with the number of repetitions, proceed to process the mea-
sured data by averaging at each location to get representative
data for each measurement location.

(5) Comment and evaluate data:

From the processing data, comments and evaluations are
made against the allowed standards and solutions are given
accordingly.

2.2. Laser radiation instrumentation
Measurement of laser radiation is carried out using a me-
ter: Handheld Laser Power& Energy Meter Ophir — Nova II.
This measure machine functions are:
«  Monitoring of laser beam size
o Accurate tracking of beam position to fractions of a
mm
o Beam position and wander
o All the other features of standard power/energy
meters

3. Research results

We have surveyed and measured a number of laser emit-
ting devices at a number of garment factories with the follow-
ing survey and measured results:

3.1. Laser safety assessment results of fabric laser machine

Through the survey, it was found that these cutters are
cutting machines using CO: lasers with a laser power of
130W, wavelength of 0.6pm and labeled as hazardous by the
manufacturer as group IV. Therefore, it is necessary to have
personal protective equipment for workers when working
with these machines.

On each laser cutting machine of this type, the factory
has stickers on the process of using the machine as well as the
safety measures that need to be applied. In this table, there are
4 main contents:

A. General provisions,

B. Points to be checked before operating the equipment,
C. Steps to start and operate the machine,

D. End of operations.

The measurement was carried out at 03 fabric laser ma-
chines at the factory, because during the working process,
most of the workers operating at these machines removed the
protection, so the measurement was done when the machine
was covered. and without cover, with measurement results as
shown in the following table.

With the fabric laser machine, the laser radiation intensity
is from 233.0 yW.cm™? to 253.4 uW.cm and the average value
is 245.3+4.8 uW.cm™. It was found that the measured results,
if compared with the evaluation standards for maximum ex-
posure limits (MPE) for eyes and skin, are lower than the al-
lowable standards. However, it is very dangerous for workers
to often remove the protective cover when working, we have
advised the factory on this content to ensure the safety of
workers when working with these devices.
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Tab. 2. Maximum Permissible Exposure (MPE) for Point Source Ocular Exposure to a Laser Beam [1]

Tab. 2. Maksymalne dopuszczalne narazenie (MPE) dla punktowego zZrédla ekspozycji oka na wigzke laserowg [1]

Exposure Duration t Maximum Permissible Exp e (MPE)
Wavelength A (um) (second-s) J.cm?? W.cm™2
Ultraviolet
0,180 - 0,400 - - -
Thermal
0,180 - 0,400 10°- 10 0,56.t%25 -
Photochemical
0,180 - 0,302 10° - 3.10* .10 -
0,302 - 0,315 10°- 3.10* 102000-0.295) 104 -
0,315 - 0,400 10-3.10* 1,0 -
Visible
0,400 - 0,700 103 - 1011 1,5.10°8 -
0,400 - 0,700 1011~ 10" 2,7.8075 -
0,400 - 0,700 10°-18.10° 5.107 -
0,400 - 0,700 18.106 - 10 1,8.t%75,1073 -
0,400 - 0,700 10 - 3. 10* 1073
Thermal
0,450 - 0,500 10-T: 1073
Photochemical
0,400 - 0,450 10 - 100 1072 -
0,450 - 0,500 T. - 100 Cs.107? -
0,400 - 0,500 100 - 3.10% Cs.10"
Near infrared
0,700 - 1,050 1013 - 1011 1,5.Ca.10°® -
0,700 - 1,050 1011 - 107 2,7.Cat07s -
0,700 - 1,050 10°-18.10° 5,0.Ca.107 -
0,700 - 1,050 18.10°- 10 1,8.Ca.t%75.103 -
0,700 - 1,050 10 - 3.10* - Ca.1073
1,050 - 1,400 1013 - 101! 1,5.Cc.107 -
1,050 - 1,400 101 - 107 27,0.Cc.t075 -
1,050 - 1,400 10°-50.10° 5,0.Cc.10°® -
1,050 - 1,400 50.10 - 10 9,0.Cc.t075,103 -
1,050 - 1,400 10 - 3.10* - 5,0.Cc.10®
Far infrared
1,400 - 1,500 10°- 1073 0,1 -
1,400 - 1,500 103- 10 0,56.t%2° -
1,400 - 1,500 10 - 3.10% - 0,1
1,500 - 1,800 10°- 10 1,0 -
1,500 - 1,800 10 - 3.10* - 0,1
1,800 - 2,600 10°- 1073 0,1 -
1,800 - 2,600 103- 10 0,56.t%2° -
1,800 - 2,600 10 - 3.10* - 0,1
2,600 - 1000 10°- 107 102 -
2,600 - 1000 107-10 0,56.t%% -
2,600 - 1000 10 - 3.10* - 0,1

Tab. 3. Maximum Permissible Exposure (MPE) for Extended Source Ocular Exposure [1]

Tab. 3. Maksymalne dopuszczalne narazenie (MPE) dla przedtuzonej ekspozycji oka na zZrédlo [1]

Wavelength A Exposure Duration Maximum Permissible Exposure (MPE)
(pm) t (second-s) J.cm2 W.cm™2

Visible

0,400 - 0,700 103 - 101t 1,5.Ce. 108 -

0,400 - 0,700 101 - 10 2,7.Cet07® -

0,400 - 0,700 10°- 18.10° 5,0.Ce.107 -

0,400 - 0,700 18.10°-0,7 1,8.Ce.t%7.1073 -
Photochemical
For a < 11mrad

0,400 - 0,600 0,7 - 100 Cs.102 -

0,400 - 0,600 100 - 3.10% - Cs.10
For a > 11mrad

0,400 - 0,600 0,7 - 10* 100.CsJ.cm?.sr! -

0,400 - 0,600 104 - 3.10% - Cs.102W.cm=2.srt
Thermal

0,400 - 0,700 0,7-T 1,8.Ce.t075.103 -

0,400 - 0,700 T, - 3.10% - 1,8.Ce.T2025.10°
Near Infrared

0,700 - 1,050 103 - 101t 1,5.Ca.Ce.10°® -

0,700 - 1,050 101 - 10 2,7.Ca.Ce.t07® -

0,700 - 1,050 10°- 18.10° 5,0.Ca.Ce.107 -

0,700 - 1,050 18.10°- T, 1,8.Ca.Cet*75.102 -

0,700 - 1,050 T, - 3.10¢ - 1,8.CaCe.T27025.1073

1,050 - 1,400 1013 - 1071t 1,5.Cc.Ce. 107 -

1,050 - 1,400 101 - 10 27,0.Cc.Ce.t07° -

1,050 - 1,400 10°- 50.10° 5,0.Cc.Ce.10® -

1,050 - 1,400 50.10°- T 9,0.Cc.Ce.t%75.103 -

1,050 - 1,400 T> - 3.10% - 9.CcCe.T>%25.103

3.2. Laser safety assessment results of Laser Flexi-Pro machine

This is a device that uses a laser to burn on the surface of
jeans to create the shapes required by the user, through the
survey we found that these devices work very safely. because
when operating, the entire process of laser emission is care-
fully covered, workers are not exposed at all, in some cases
workers carelessly open or do not close the cover, the device
cannot work. We have also conducted measurement of laser
radiation when the machine is in operation at some locations
where workers work around the machine with the following
measurement results:

Laser Flexi-Pro machine, the laser radiation intensity is
from 173.5 uW.cm? to 196.0 uW.cm™? and the average value

is 187.3+5.3 uW.cm™. Realizing that the measured results are
in class 1 of laser sourse, it is a safe class for workers when
working and operating these devices.

3.3. Laser safety assessment results of Laser Jeanologia-Twin
HS Machine

Through the survey, we found that this device works
quite safely and during the operation of the device, if some-
one enters the working area of the device, through the sensor
system, the device will immediately stop working. However,
when this equipment is operating without a cover, workers
need to be careful not to intrude into the working area of the
device to avoid the risk of accidents. We measure the intensity
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Tab. 4. Maximum Permissible Exposure (MPE) for Skin Exposure to a Laser Beam [1]
Tab. 4. Maksymalne dopuszczalne narazenie (MPE) dla ekspozycji skory na wigzke laserowa [1]

Wavelength A Exposure Duration Maximum Per ible Exposure (MPE)
(pm) t(s) J.cm™2 W.cm2
Ultraviolet
Thermal
0,180 - 0,400 10 - 10 0,56.t%%° -
Photochemical
0,180 - 0,302 10 - 3.10* 3.10° -
0,302 - 0,315 10 - 3.10* 10200040,295) 104 -
0,315 - 0,400 10 - 10° 1 -
0,315 - 0,400 10° - 3.10* - 103
ble and near Infrared
0,400 - 1,400
0,400 - 1,400 10° - 107 2Ca.1072 -
0,400 - 1,400 107 - 10 1,1.Cat?® -
10 - 3.10* - 0,2.Ca
Far Infrared
1,400 - 1,500 10° - 103 0,1 -
1,400 - 1,500 102 - 10 0,56.t%%° -
1,400 - 1,500 10 - 3.10* - 0,1
1,500 - 1,800 10° - 10 1,0 -
1,500 - 1,800 10 - 3.10* - 0,1
1,800 - 2,600 10° - 103 0,1 -
1,800 - 2,600 103 - 10 0,56.t%° -
1,800 - 2,600 10 - 3.10% - 0,1
2,600 - 1000 10° - 107 102 -
2,600 - 1000 107 - 10 0,56.t%%° -
2,600 - 1000 10 - 3.10* - 0,1

Tab. 5. Parameters and Correction Factors [1]

Tab. 5. Parametry i wspotczynniki korekcyjne [1

Parameters/Correction Factors Wavelength A (pm)

Ca=1,0 0,400 - 0,700
Ca=102(+-0,700) 0,700 - 1,050
Ca=5,0 1,050 - 1,400

0,400 - 0,450

5=1,0
Cp=1020(A-0,450) 0,450 - 0,600

Cc=1,0 1,050 - 1,150
Cc=101801,150) 1,150 - 1,200
Cc=8,0 1,200 - 1,400

Ce=1,0 a < Gmin”
Ce=a/0mn  Omin £ 0 < Omax
Ce= 0%/ Gmax.Gmin O > Gmax"
Cp= n025%*
T1=10.10200-0,450)***
T>=10.10(15)/98,5™ =
* 0,400 < A < 1,400 ym: amn = 1,5 mrad, amax = 100 mrad
** Frequencies below 55 kHz (0.400 - 1.050 pm) and below 20 kHz (1.050 - 1.400 pm)
*%% T,=10 s, A=0,450 um ; T:=100 s, A=0,500 pm
****% T,=10s,a < 1,5 mrad ; T>=100 s, a >100 mrad

0,400 - 1,400
0,400 - 1,400
0,400 - 1,400
0,180 - 1000
0,450 - 0,500
0,400 - 1,400

Tab. 6. Measurement results of Laser radiation intensity at fabric laser machines
Tab. 6. Wyniki pomiaréw natezenia promieniowania laserowego na maszynach laserowych do ciecia tkanin

No. Machines Measuring Laser radiation Average STD
position intensity (PW.cm™) value
1 Fabric laser machine 1 FLM1.1.1 245.2
2 Fabric laser machine 1 FLM 1.1.2 250.2 247.1 +2.7
3 Fabric laser machine 1 FLM 1.1.3 245.9
4 Fabric laser machine 1 FLM 1.2.1 234.1
5 Fabric laser machine 1 FLM 1.2.2 233.0 233.9 +0.8
6 Fabric laser machine 1 FLM 1.2.3 234.5
7 Fabric laser machine 1 FLM 1.3.1 244.8
8 Fabric laser machine 1 FLM 1.3.2 244.0 244.6 +0.5
9 Fabric laser machine 1 FLM 1.3.3 245.0
10 Fabric laser machine 2 FLM 2.1.1 252.4
11 Fabric laser machine 2 FLM 2.1.2 251.0 251.9 +0.8
12 Fabric laser machine 2 FLM 2.1.3 252.2
13 Fabric laser machine 2 FLM 2.2.1 245.7
14 Fabric laser machine 2 FLM 2.2.2 245.0 245.9 +1.0
15 Fabric laser machine 2 FLM 2.2.3 247.0
16 Fabric laser machine 2 FLM 2.3.1 244.8
17 Fabric laser machine 2 FLM 2.3.2 245.0 244.7 +0.4
18 Fabric laser machine 2 FLM 2.3.3 244.2
19 Fabric laser machine 3 FLM 3.1.1 244.1
20 Fabric laser machine 3 FLM 3.1.2 245.0 245.1 +1.1
21 Fabric laser machine 3 FLM 3.1.3 246.2
22 Fabric laser machine 3 FLM 3.2.1 246.2
23 Fabric laser machine 3 FLM 3.2.2 247.0 245.8 +1.4
24 Fabric laser machine 3 FLM 3.2.3 244.3
25 Fabric laser machine 3 FLM 3.3.1 248.3
26 Fabric laser machine 3 FLM 3.3.2 250.1 248.5 +1.5
27 Fabric laser machine 3 FLM 3.3.3 247.2
Min 233.0
Max 252.4
Average 245.3 +4.8
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Fig. 1. Handheld Laser Power and Energy Meter Ophir — Nova II
Rys. 1. Reczny miernik mocy i energii lasera Ophir — Nova II

Fig. 2. Fabric laser machine

Rys. 2. Maszyna laserowa do ciecia tkanin

Fig. 3. Laser Flexi-Pro machine

Rys. 3. Maszyna Laser Flexi-Pro

of laser radiation at locations around the machine with the
following results:

In general, Laser Jeanologia-Twin HS Machine use class
1 laser source, safe for employees to work, but businesses
need to regularly check and maintain these devices to ensure
that the sensors are always in good working condition. Pre-
vent workers from entering the danger zone when the equip-
ment is in operation to ensure the safety of workers. Laser
Jeanologia-Twin HS Machine, the laser radiation intensity is
from 255.8 uW.cm™ to 279.2 yW.cm™ and the average value is
270.7£7.2 pW.cm™.

3.4. Laser safety assessment results of Laser Flexi-Denim machine

We have conducted a survey of the use status of this equip-
ment and found that these devices are very safe during use,
with full instructions and danger warnings for workers when
working with the equipment. suffer this. However, we also
found that the workers working here did not comply with the
safety regulations when operating this equipment, not closing
the cover when operating this is very dangerous for workers
because Workers may have an accident due to the laser beams
reflecting outward or accidentally entering the hazardous area
while working. At the same time, we have measured the inten-
sity of laser radiation at locations around the machine where
workers work with the following results:

Laser Flexi-Denim machine, the laser radiation intensi-
ty is from 189.4 pW.cm? to 343.0 uW.cm? and the average
value is 292.8+41.3 uW.cm™ The measured results of laser
sources comply with class 1 according to the standard of
being safe for users. But during the survey, we found that
workers in enterprises still have not a high sense of the la-
ser dangerous. Safety regulations on laser sources when
operating, working with equipment that emits laser radi-
ation such as using personal protective equipment, is not
complied.

3.5. Laser source safety manual

The safety manual for using laser sources was compiled
by the research team into a system of safety solutions for each
object with the following main contents:

«  Management solutions

o Technical solutions

o About personal protective equipment

o Ensure radiation safety rules

e Training on OSH

o Taking care of employees' health

o General safety regulations for laser groups

3.6. Draft Vietnamese National standards for the safe use of
industrial laser sources
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Tab. 7. Measurement results of Laser radiation intensity at Laser Flexi-Pro machines
Tab. 7. Wyniki pomiaréw natezenia promieniowania laserowego na maszynach Laser Flexi-Pro

No. Machines Measuring Laser radiation Average STD
position intensity (uW.cm™2) value
1 Laser Flexi-Pro machine 1 LFP1.1.1 193.2
2 Laser Flexi-Pro machine 1 LFP1.1.2 195.2 194.8 +1.4
3 Laser Flexi-Pro machine 1 LFP 1.1.3 196.0
4 Laser Flexi-Pro machine 1 LFP 1.2.1 187.3
5 Laser Flexi-Pro machine 1 LFP 1.2.2 190.0 188.5 +1.4
6 Laser Flexi-Pro machine 1 LFP 1.2.3 188.2
7 Laser Flexi-Pro machine 1 LFP 1.3.1 188.6
8 Laser Flexi-Pro machine 1 LFP 1.3.2 190.1 188.1 +2.3
9 Laser Flexi-Pro machine 1 LFP 1.3.3 185.5
10 Laser Flexi-Pro machine 2 LFP 2.1.1 176.3
11 Laser Flexi-Pro machine 2 LFP 2.1.2 173.5 174.9 +1.4
12 Laser Flexi-Pro machine 2 LFP 2.1.3 175.0
13 Laser Flexi-Pro machine 2 LFP 2.2.1 186.3
14 Laser Flexi-Pro machine 2 LFP 2.2.2 188.0 187.2 +0.9
15 Laser Flexi-Pro machine 2 LFP 2.2.3 187.2
16 Laser Flexi-Pro machine 2 LFP 2.3.1 183.5
17 Laser Flexi-Pro machine 2 LFP 2.3.2 185.2 185.1 +1.6
18 Laser Flexi-Pro machine 2 LFP 2.3.3 186.6
19 Laser Flexi-Pro machine 3 LFP 3.1.1 191.1
20 Laser Flexi-Pro machine 3 LFP 3.1.2 190.0 190.3 +0.7
21 Laser Flexi-Pro machine 3 LFP 3.1.3 189.9
22 Laser Flexi-Pro machine 3 LFP 3.2.1 187.9
23 Laser Flexi-Pro machine 3 LFP 3.2.2 189.9 188.9 +1.0
24 Laser Flexi-Pro machine 3 LFP 3.2.3 188.8
25 Laser Flexi-Pro machine 3 LFP 3.3.1 188.7
26 Laser Flexi-Pro machine 3 LFP 3.3.2 187.7 187.7 +1.0
27 Laser Flexi-Pro machine 3 LFP 3.3.3 186.7
Min 173.5
Max 196.0
Average 187.3 +5.3

Fig. 4. Laser Jeanologia-Twin HS Machine

Rys. 4. Laserowa maszyna Jeanologia-Twin HS

Fig. 5. Laser Flexi-Denim machine

Rys. 5. Laserowa maszyna Flexi-Denim

The research team has compiled a Draft Standard with 21 (4) Terms and definitions
major contents and 6 attached appendices, arranged like the (5) Classification
current standards of Vietnam. The main contents of the draft (6) Harm of laser
are as follows: (7) Causes of laser accidents
(1) Scope of application (8) Principle of measurement
(2) References 9) For Employers
(3) Goals (10) For employees
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Tab. 8. Measurement results of Laser radiation intensity at Laser Jeanologia-Twin HS Machine

Tab. 8. Wyniki pomiaréw natezenia promieniowania laserowego na Laser Jeanologia-Twin HS Machine

No. Machines Measuring Laser radiation Average STD
position intensity (WW.cm2) value
1 Laser Jeanologia-Twin HS Machine 1 uT1.1.1 276.3
2 Laser Jeanologia-Twin HS Machine 1 T 1.1.2 275.0 276.5 +1.6
3 Laser Jeanologia-Twin HS Machine 1 T 1.1.3 278.1
4 Laser Jeanologia-Twin HS Machine 1 uT1.2.1 278.9
5 Laser Jeanologia-Twin HS Machine 1 T 1.2.2 277.9 278.3 +0.5
6 Laser Jeanologia-Twin HS Machine 1 uT1.2.3 278.2
7 Laser Jeanologia-Twin HS Machine 1 T 1.3.1 267.1
8 Laser Jeanologia-Twin HS Machine 1 T 1.3.2 268.0 267.9 +0.7
9 Laser Jeanologia-Twin HS Machine 1 LT 1.3.3 268.5
10 Laser Jeanologia-Twin HS Machine 2 uT2.1.1 255.8
11 Laser Jeanologia-Twin HS Machine 2 T 2.1.2 256.0 256.2 +0.5
12 Laser Jeanologia-Twin HS Machine 2 T 2.1.3 256.8
13 Laser Jeanologia-Twin HS Machine 2 T 2.2.1 276.2
14 Laser Jeanologia-Twin HS Machine 2 T 2.2.2 278.0 277.6 +1.2
15 Laser Jeanologia-Twin HS Machine 2 T 2.2.3 278.5
16 Laser Jeanologia-Twin HS Machine 2 uT 2.3.1 265.7
17 Laser Jeanologia-Twin HS Machine 2 T 2.3.2 266.0 266.3 +0.8
18 Laser Jeanologia-Twin HS Machine 2 T 2.3.3 267.2
19 Laser Jeanologia-Twin HS Machine 3 T 3.1.1 266.6
20 Laser Jeanologia-Twin HS Machine 3 T 3.1.2 267.0 267.3 +0.8
21 Laser Jeanologia-Twin HS Machine 3 T 3.1.3 268.2
22 Laser Jeanologia-Twin HS Machine 3 T 3.2.1 267.3
23 Laser Jeanologia-Twin HS Machine 3 LFP 3.2.2 269.0 268.6 +1.1
24 Laser Jeanologia-Twin HS Machine 3 T 3.2.3 269.4
25 Laser Jeanologia-Twin HS Machine 3 T 3.3.1 277.2
26 Laser Jeanologia-Twin HS Machine 3 T 3.3.2 278.0 278.1 +1.0
27 Laser Jeanologia-Twin HS Machine 3 T 3.3.3 279.2
Min 255.8
Max 279.2
Average 270.7 7.2

Tab. 9. Measurement results of Laser radiation intensity at Laser Flexi-Denim machine

Tab. 9. Wyniki pomiaréw natezenia promieniowania laserowego na maszynie Laser Flexi-Denim

No. Machines Measuring Laser radiation Average STD
position intensity (WW.cm2) value
1 Laser Flexi-Denim machine 1 LFD 1.1.1 302.3
2 Laser Flexi-Denim machine 1 LFD 1.1.2 300.0 301.2 +1.2
3 Laser Flexi-Denim machine 1 LFD 1.1.3 301.2
4 Laser Flexi-Denim machine 1 LFD 1.2.1 278.1
5 Laser Flexi-Denim machine 1 LFD 1.2.2 280.0 279.0 +1.0
6 Laser Flexi-Denim machine 1 LFD 1.2.3 279.0
7 Laser Flexi-Denim machine 1 LFD 1.3.1 189.4
8 Laser Flexi-Denim machine 1 LFD 1.3.2 190.0 190.5 +1.4
9 Laser Flexi-Denim machine 1 LFD 1.3.3 192.0
10 Laser Flexi-Denim machine 2 LFD 2.1.1 298.9
11 Laser Flexi-Denim machine 2 LFD 2.1.2 300.0 299.3 +0.6
12 Laser Flexi-Denim machine 2 LFD 2.1.3 299.1
13 Laser Flexi-Denim machine 2 LFD 2.2.1 288.7
14 Laser Flexi-Denim machine 2 LFD 2.2.2 290.0 289.9 +1.2
15 Laser Flexi-Denim machine 2 LFD 2.2.3 291.1
16 Laser Flexi-Denim machine 2 LFD 2.3.1 301.3
17 Laser Flexi-Denim machine 2 LFD 2.3.2 300.0 300.1 +1.1
18 Laser Flexi-Denim machine 2 LFD 2.3.3 299.1
19 Laser Flexi-Denim machine 3 LFD 3.1.1 331.7
20 Laser Flexi-Denim machine 3 LFD 3.1.2 329.0 330.2 +1.4
21 Laser Flexi-Denim machine 3 LFD 3.1.3 330.0
22 Laser Flexi-Denim machine 3 LFD 3.2.1 341.4
23 Laser Flexi-Denim machine 3 LFP 3.2.2 342.0 342.1 +0.8
24 Laser Flexi-Denim machine 3 LFD 3.2.3 343.0
25 Laser Flexi-Denim machine 3 LFD 3.3.1 303.4
26 Laser Flexi-Denim machine 3 LFD 3.3.2 304.0 303.1 +1.0
27 Laser Flexi-Denim machine 3 LFD 3.3.3 302.0
Min 189.4
Max 343.0
Average 292.8 +41.3
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(11) Management solutions 4. Conclusion

(12) Occupational risk management of laser radiation We have conducted a survey of devices using laser en-
exposure ergy in enterprises with the results as presented. From the
(13) Signs and warnings survey and measurement results at enterprises, we also have
(14) Training and supervision basic data on the situation of using equipment with laser
(15) Technical solutions energy sources in garment enterprises in Vietnam. We have
(16) Personal protective equipment also developed documents on "Safety instructions for us-
(17) Ensure radiation safety rules ing laser sources" and developed "Draft standards for safe
(18) Taking care of employees' health use of industrial lasers". These documents serve safety work
(19) Laser safety measures in case of equipment setup in garment enterprises as well as industries using equip-
(20) Lasersafetymeasuresincaseofaddingnewcomponents ment that emits laser energy and in safety management
(21) Laser safety measures in case of maintenance in Vietnam.
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Badanie i ocena bezpieczenistwa zZrédta promieniowania laserowego stosowanego w przemysle
odziezowym
Zrédlo zasilania lasera to nowe Zrédlo energii, ktére jest szeroko stosowane w produkcji przemystowej. Dlatego tez nalezy
zwréci¢ uwage na kwestie bezpieczeristwa uzytkowania i eksploatacji urzgdzeni wykorzystujgcych to zrédlo energii. W ramach
przedstawionych badari przeprowadzono ankiete dotyczgcg wykorzystania urzgdzen i maszyn emitujgcych energie lasera w przemysle
odziezowym w celu zapewnienia bezpieczeristwa podczas uzytkowania oraz pomiaru mocy lasera urzgdzen. Sprzet wykorzystywany
na stanowiskach pracy zostal porownany z normami bezpieczeristwa lasera ANSI. Uwzgledniono bezpieczetistwo pracownikow
podczas obstugi tych urzgdzen, tak aby mozna bylo na czas przyjgc rozwigzania w celu zapewnienia bezpieczeristwa podczas pracy
ze sprzetem emitujgcym energie lasera. Poniewaz obecnie w Wietnamie nie ma norm bezpieczeristwa dotyczgcych korzystania
z laseréw, w procesie badania i pomiaru promieniowania laserowego stwierdzono, Ze urzgdzenia te zawsze stwarzajg potencjalne
zagrozenia, ktore mogg spowodowac szkody w srodowisku pracy. Dlatego, aby zapewnic bezpieczetistwo pracownikom podczas pracy
z tymi urzgdzeniami, opracowano rowniez zestaw instrukcji bezpieczeristwa dotyczgcych wykorzystania energii lasera do zasilania
fabryk w celu zapewnienia bezpieczetistwa pracy. Opracowano réwniez projekt normy dotyczgcej bezpiecznego uzytkowania laserow
przemystowych w celu przedlozenia stosownym wltadzom w Wietnamie w celu wdrozenia ogloszenia wietnamskich norm dotyczgcych
bezpiecznego uzytkowania laserow przemystowych. W maszynie z laserem tkaninowym intensywnos¢ promieniowania lasera wynosi
0d 233,0 uyW.cm? do 253,4 uyW.cm?, a Srednia wartos¢ to 245,3 yW.cm™. Maszyna Laser Flexi-Pro charakteryzuje si¢ intensywnoscig
promieniowania lasera od 173,5 uW.cm™ do 196,0 uyW.cm?, a Srednia wartos¢ to 187,3 uW.cm?. Laser Jeanologia-Twin HS Machine -
intensywnos¢ promieniowania lasera wynosi od 255,8 uW.cm? do 279,2 uW.cm?, a srednia wartos¢ to 270,7 uW.cm. Maszyna Laser
Flexi-Denim - intensywnos¢ promieniowania lasera wynosi od 189,4 yW.cm? do 343,0 yW.cm?, a Srednia wartos¢ to 292,8 uW.cm™.

Stowa kluczowe: przemyst odziezowy, promieniowanie laserowe, bezpieczeristwo laserowe, maszyny laserowe, norma bezpieczeristwa
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The Tien Giang province is located in the tropical climate zone of the Mekong delta. The climate here is clearly divided into two
main seasons, namely wet season and dry season and the average temperature is about 27°C. The coastline is 32 kilometers (20 mi)
long with thousands of coastal warp, which is an advantage for aquatic breeding such as crab and sea-based economy development.
Aquatic invertebrates are a diverse group of organisms that inhabit coastal area throughout the world, in regions spanning alpine,
arid, Mediterranean, polar, temperate, and tropical climates. Estuarine coastal invertebrates include benthic, planktonic, and
stygobitic taxa and range from widespread taxa to water quality assessment. Classified by size as either macroinvertebrates or
smaller meiofauna, macroinvertebrates are more widely studied, although meiofauna can also be diverse and abundant in aquatic
communities. The influence of environmental factors on the diversity of invertebrates was studied in the Tien Giang Coastal Area,
Southern Vietnam. The study was done between March 2019 and September 2021, encompassing both dry and rainy seasons. Data
from 10 sites were used as a representative example for the Tien Giang Coastal Area to conduct a qualitative study. To implement
this evaluation, the analyses were based on MRC methods and classifications these improved by the scientific group. The biological
and environmental variables were examined to test the analysis of variance (ANOVA) and the Pearson correlation among all the
parameters using R statistical software. Significant or highly significant positive or negative correlations were assumed when the
p-calculated value was < 0.05 or 0.01, respectively.

The results of the assessment showed that 32 species of zooplankton and 18 species of benthic macroinvertebrates were found
in the study area. The density of zooplankton at each site ranged from 6 to 85 individuals/sample, while the density of benthic
macroinvertebrates at each site fluctuated from 4 to 15 individuals/sample. The calculated values for the diversity index (H’) of
both zooplankton and benthic macroinvertebrates fluctuated at the average level (H = 1.00 + 1.72). The results also show that
several environmental variables, including total suspended solid, chemical oxygen demand, and ammonium were correlated with
species richness and density of aquatic invertebrates. The obtained results will be useful for the monitoring of pollution status at the

study area in particular the sensitivity of aquatic invertebrates to changes of environmental characteristics.

Keywords: coastal area, aquatic invertebrates, physicochemical parameters, relationships, water quality assessment

1. Introduction

Tien Giang Province is located in the left bank of Tien
River and borders the East Sea. The part of Tien River which
goes through the province is 103 km long (Tien Giang Portal,
2020). It has flat terrain with a slope below 1%, and the alti-
tude varying from 0 m to 1.6 m in comparison with the sea
level. The whole province area is in the lower section of Me-
kong River, and borders the East Sea to the East. Tien Giang is
in the climate zone of Mekong Delta - the tropical monsoon
climate zone whose temperature is high and stable all year
round. It is clearly divided into two seasons: the rainy sea-
son is from May to November which is at the same time with
Southwestern monsoon and the dry season is from December
to April of the following year which is at the same time with
Northeastern monsoon (Tien Giang Portal, 2020). Current-
ly, the Tien Giang estuarine coastal waters has been received
many different effluents from agricultural, aquaculture, in-
dustrial and domestic activities by human beings.

Bioindicators are organisms or biological processes which
indicate altered environmental conditions and can be used
to identify and/or quantify the impact of pollutants on the

environment. The aquatic organisms and their associations
can monitor for changes that may indicate the problem with-
in their ecosystem. The changes can be chemical, physiolog-
ical, behavioral and ecological health. Ecological health can
be viewed in terms of ecosystems, in which structural and
functional characteristics are maintained. It can be expand-
ed to include many aspects of human health and well-being.
Each organism within an ecosystem has the ability to report
on the health of its environment (Manickvasagam et al, 2019).
In Vietnam, the zooplankton and the benthic macroinverte-
brates are good indicators of river health because of partic-
ularly useful for biomonitoring (Pham, 2014). This research
provided the first information on the diversity of zooplankton
and benthic macroinvertebrates of estuarine coastal waters
in Tien Giang in terms of species diversity, abundance, and
evenness. Especially, the relationships between aquatic inver-
tebrates and physicochemical variables for the water quality
evaluation also were checked. The findings of this study could
be used to predict and foresee the potential effects as well as
assist decision-making in future coastal development and im-
pact mitigation plans in the Tien Giang costal area.
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Fig. 1. Map of sample sites

Rys.1. Mapa obszaru oprobowania

Tab. 1. Coordinates and locations of the sampling sites

Tab.1. Koordynaty i lokalizacja miejsca pobierania probek

Sites Local Names Describes Longitude (N) Latitude (S)
B1 Soai Rap River Mouth Aquaculture, fishing activities 106° 46' 32,07" 10° 25'47,50"
B2 Vam Lang Fishing Port Trading, fishing activities 106° 47' 12,09" 10° 24' 30,00"
B3 Vam Lang Commune Aquaculture, fishing activities 106° 77' 92,42" 10° 26' 78,83"
B4 Den Do Fishing Port Aquaculture, fishing activities 106° 74’ 93,73" 10° 26’ 78,83"
B5 Phu Dong Commune Aquaculture, fishing activities 106° 75’ 52,95” 10° 25" 11,60"
B6 Kieng Phuoc Commune Aquaculture, fishing activities 106° 47' 50,08" 10° 21'43,50"
B7 Tan Dien Area Fishing activities 106° 47' 29,06" 10° 20' 27,90"
B8 Tan Thanh Beach Beach, aquaculture activities 106° 47' 26,08" 10° 17'10,20"
B9 Tieu River Mouth Fishing activities 106° 45' 31,05" 10° 15' 28,10"
B10 Phu Tan Area Fishing activities 106° 48' 13,06" 10° 11'10,50"

Tab. 2. Communities of zooplankton and benthic macroinvertebrates in coastal of Tien Giang Province during 2019 and 2021. Numbers in the table

Tab. 2. Zbiorowiska zooplanktonu i makrobezkregowcéw bentosowych na wybrzezu prowingji Tien Giang w latach 2019 i 2021. Liczby w tabeli

indicated the species number of each class of zooplankton and benthic macroinvertebrates

oznaczajg numer gatunku kazdej klasy zooplanktonu i makrobezkregowcéw bentosowych

Zooplankton No. species % Benthic macroinvertebrates No. species %
Hydrozoa 1 3.1 Polychaeta 9 50.0
Oligogchaeta 1 3.1 Gastropoda 2 11.1
Eurotatoria 1 3.1 Bivalvia 3 16.7
Hexanauplia 19 59.5 | Ophiurodea 1 5.5
Malacostraca 4 12.5 Malacostraca 3 16.7
Chaetognatha 1 3.1
Appendicularia 1 3.1
Larva 4 12.5

Total species 32 100 Total species 18 100

The objectives of this research were to: (1) Study on the re-
lationships between aquatic invertebrates and physicochem-
ical variables for the water quality assessment in the Tien
Giang Coastal Area, Southern Vietnam; and, (2) Provide the
basic ecological health information of this area for local man-
agers in activities water resource control.

2. Meterials and Methods
2.1. Study Sites and Sample Collection

Data from over 100 km? estuarine coastal waters of Tien Giang
Province were used as a representative example for study areas. The
samples of qualitative and quantitative invertebrates (both zooplank-
ton and benthic macroinvertebrates) at 10 sites were collected in 06
times in March and September from 2019 to 2021 (Fig. 1; Tab. 1).

2.2. Sample Collection
2.2.1. Water Quality

For water quality, the samples for environmental quality
analysis in the field were collected according to the guideline

of water monitoring (UNWP. - GEMS/Water, 1992; ALPHA,
2012). The samples were taken in March and September of
2019, 2020, and 2021. Sample locations at each site were tak-
en in depth layer of surface water from 30-40 cm. The water
samples were collected in 2-liter plastic bottles and kept at
2°C temperature (UNWP. - GEMS/Water, 1992; ALPHA,
2012).

2.2.2. Zooplankton

Samples were taken at least 1 m from potential contam-
inants such as debris and aquatic plants. Before sampling at
each site, the equipment is washed to remove any organisms
and other matter left from the previous site. 10 L of river water
at a depth of 0-0.5 m was collected in a bucket. The 10 L of
river water was filtered slowly through a plankton net (with
a mesh size of 20 pm) to avoid any overflow from the net.
Water was splashed on the outside of the net to wash down
any zooplankton adhering to the inner parts of the net (MRC,
2010; APHA, 2012)
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Fig. 2. Species richness of zooplankton and benthic macroinvertebrates in coastal of Tien Giang Province during 2019 and 2021

Rys. 2. Bogactwo gatunkowe zooplanktonu i makrobezkregowcéw bentosowych na wybrzezu prowincji Tien Giang w latach 2019 i 2021

Eudistylia polymorpha

Oithona similis

Fig. 3. Species indicated for rich nutrient and organic pollution in coastal of Tien Giang Province

Rys. 3. Gatunki wskazane jako bogate w sktadniki odzywcze i zanieczyszczenia organiczne na wybrzezu prowingji Tien Giang

Sternaspis scutata

Paracalanus aculeatus

Fig. 4. Sensitive species with impacts of environmental pollution in coastal of Tien Giang Province

Rys. 4. Wrazliwe gatunki majace wplyw na zanieczyszczenie srodowiska na wybrzezu prowincji Tien Giang

When the water volume remaining in the net was only
about 150 mL, the water (which contains the zooplankton
sample) was transferred to a 250 mL plastic jar. The sample
was immediately fixed in the field by adding ~75mL of 10%
formaldehyde to achieve a final concentration of 4-5% form-
aldehyde. The sample jars were labelled with the site name,
the site code, the sampling position, and the sampling date.
These information were also noted in the field notebook, as
was any information about the site that could be influencing
the presence or abundance of different types of zooplankton
(MRC, 2010; APHA, 2012).

2.2.3. Benthic Macroinvertebrates

Prior to sampling, all the equipment to be used was thor-
oughly cleaned to remove any material left from the previous
sampling site. At each sampling location, a composite of four
grabs was taken with a Petersen grab sampler, covering a total
area of 0.1 m”. If the sampler did not close properly because
material such as wood, bamboo, large water-plants, or stones
jammed its jaws, its contents were discarded and another grab
was taken (MRC, 2010; Pham 2014; APHA, 2012).

The composite sample was washed through a sieve (0.3
mm) with care taken to be sure that macroinvertebrates did

not escape. The contents of the sieve were then placed in jars
and fixed with formaldehyde. Samples were sorted in the lab-
oratory, because there was insufficient time at a site. The sam-
ple jar was labeled with the site location code, date, position
within the river, and replicate number. The sampling location
conditions, collector’s name were recorded on a field sheet
(MRC, 2010; Pham 2014; APHA, 2012).

2.3. Analytical Methods
2.3.1. Physical and Chemical Analysis

The aquatic environmental parameters (pH, total sus-
pended solid - TSS, dissolve oxygen — DO, chemical oxygen
demand - COD, amonium - NHa4*, and chlorine - CI') were
analyzed according to standard methods (APHA, 2012).

2.3.2. Zooplankton and Benthic Macroinvertebrate Analysis
The identification of zooplankton and benthic macro-
invertebrates were based on morphology based on mor-
phology under a microscope (Olympus 41). Hydrozoa, Oli-
gochaeta, Polychaeta, Gastropoda, Bivalvia, Ophiuroidea,
and Crustacea, Chaetognatha, and Appendicularia were
generally identified to species level. Insecta and Insec-
ta larvae were classified only to genus level (MRC, 2010;
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Tab. 4. Values of biodiversity index (H’) of zooplankton and benthic macroinvertebrates from Estuarine Coastal Waters in Tien Giang Province
during 2019 and 2021. Notes: H* (Shannon-Wiener Diversity Index), and DS (Simpson Dominance Index)
Tab. 4. Wartoéci wskaznika bioréznorodnosci (H’) zooplanktonu i makrobezkregowcoéw bentosowych z wod przybrzeznych ujé¢ rzek w prowingji
Tien Giang w latach 2019 i 2021

Sites Zooplankton Benthic Ranking (Pham 2014)
Macroinvertebrates

B1 1.08 - 1.61 1.14-1.59 Low moderate pollution - High moderate pollution
B2 1.03 - 1.47 1.03 -1.41 High moderate pollution

B3 1.00 - 1.52 1.04 - 1.47 Low moderate pollution - High moderate pollution
B4 1.00 - 1.52 1.03-1.68 Low moderate pollution - High moderate pollution
B5 1.16 - 1.52 1.01 -1.47 Low moderate pollution - High moderate pollution
B6 1.02 - 1.54 1.01 - 1.49 Low moderate pollution - High moderate pollution
B7 1.07 - 1.61 1.01 -1.33 High moderate pollution

B8 1.02 - 1.39 1.01 -1.24 High moderate pollution

B9 1.03 -1.72 1.01 -1.32 High moderate pollution

B10 1.03-1.71 1.01 -1.49 Low moderate pollution - High moderate pollution

SMEWW 10200G, 2017; SMEWW 10500, 2017; APHA,
2012). The results were recorded on data sheets and spec-
imens are kept at the Ton Duc Thang University, Ho Chi
Minh City, Vietnam.

The identification of zooplakton and benthic macroinver-
tebrates was based on morphology and taxonomic books such
as Zooplankton (Fiji, 1993; Edmondson 1976); Microcrusta-
cea (Edmondson, 1976; Dang et al., 1980; Dang & Ho, 2001;
Karanoic, 2012); Polychaeta (Fauvel, 1953; Usakov, 1955;
Day, 1967; Dejian & Raping, 1985); Oligochaeta (Dang et al.,
1980; Sangpradub & Boonsoong, 2006 Thai 2007); Gastrop-
oda (Brandt, 1974; Dillon, 2004; Sangpradub & Boonsoong,
2006; Dang & Ho, 2012); Bivalvia (Brandt, 1974; Dillon,
2004; Sangpradub & Boonsoong, 2006; Dang & Ho, 2012);
Crustacea (Bouvier, 1925; Holthuis, 1950; Gurianova, 1951;
Tiwari, 1963; Kensley & Schotte, 1989; Hayward & Raland,
1990; Sangpradub & Boonsoong, 2006; Dang & Ho, 2012).

2.4. Data Analysis

The following metrics of zooplakton and benthic mac-
roinvetebrates at all sites sampled in March and September
from 2019, 2020 and 2021 were calculated (i) taxonomic
richness (i.e. number of taxa); (ii) abundance (i.e. numbers of
individuals per site); and, (iii) the Shannon-Wiener Diversi-
ty Index (Mandaville, 2002; Stiling, 2002). The obtained data
were subject to statistical analysis to test the analysis of vari-
ance (ANOVA) and the Pearson correlation among all the
parameters using R statistical soflware. Significant or highly
significant positive or negative correlations were assumed
when the p-calculated value was < 0.05 or 0.01, respectively.
The three metrics were tested for their potential as indica-
tors of human impact by regressing values for two seasons of
2019, 2020 and 2021 (60 sampling events for 10 sites) against
the water quality variables (pH, TSS, DO, COD, NH4",
and CI').

3. Results and Discussions
3.1. Taxa Richness

During the six monitoring times, there were 32 species
of zooplankton and 18 species of benthic macroinvertebrates
in the studied area. Among the zooplankton, species number
of hexanauplia was dominant in species composition with 19
species in total, gaining around 59.5% of total (Table 2). The
Hexanauplia constituted comprised two groups: the Copepo-
da and the Tantulocarida. The Crustacea (especially Copep-
oda) had more abundant species than other phyla or classes
(Modamed et al., 2004). While the species number of poly-
chaeta was highest in the species composition of benthic mac-
roinvertebrates with 9 species in total, accounting for 50.0%
of the total (Tab. 2). The species richness of zooplankton and
benthic macroinvertebrates recorded in Coastal of Tien Giang
Province during 2019 and 2021 did not fluctuate much among
the sampling sites (Fig. 2). Pham et al. (2021) also provide the
information about more abundant species of Polychaeta than
other classes.

The species of Paracalanus parvus and Acartia clausi (Hex-
anauplia) could be found in all sampling sites of zooplankton.
In addition, the species of Acartia clausi, Oithona similis and
nauplius copepods also occurred widely in the studied areas.
For benthic macroinvertebrates, the polychaetas of Nereis
(Ceratonereis) mirabilis and the bivalves of Aloidis sp. were
the most species-rich groups and occurred in almost sites,
while others appear in few sites.

Because of sampling in the coastal region (Pham & Le
2004; Pham et al. 2011), and these records were expressed
clearly through the appearances of almost species of marine
zooplankton and benthic macroinvertebrates. The species in-
dicated for rich nutrient and organic pollution occurred in
near urban and industrial areas sites, including the species of
Nephthys polybranchia, Polydora sp., Eudistylia polymorpha,
Scoloplos (Scoloplos) marsupialis, Goniada (Goniadopsis)
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Rys. 4. Wskaznik réznorodnosci zooplanktonu i makrobezkregowcédw bentosowych na wybrzezu prowingji Tien Giang w latach 2019 i 2021

incerta, Terebellides stroemi (Polychaeta); Acartia clausi, Oi-
thona similis (Microcrustacea) (Figure 3). While, the species
of Nereis (Ceratonereis) mirabilis, Sternaspis scutata (Poly-
chaeta); Paracalanus aculeatus, Acartia pacifica (Microcrus-
tacea) were sensitive species with impacts of environmental
pollution (Figure 4). Similar to the studies of recorded, this
coastal area had a hard bottom beds, creating unfavorable
conditions for the development of benthic macroinvertebrates
(Pham and Le, 2004; Pham et al., 2011; Le et al., 2012; Pham
et al. 2021). The studied results in the coastal of Tien Giang
Province also provided information about the invertebrates
richness in tropical sandy beaches along the Rio de Janeiro
coast were related mainly to granulometric variables, decreas-
ing in fine and very fine sediment (Fernanda et al. 2020).

Invertebrate assemblages responded to spatial and tem-
poral variability with changes in their abundance and taxo-
nomic richness. The analyses showed that local-scale factors
(e.g. grain size) were the most important spatial determinants
for the ordination of aquatic macroinvertebrates (Aurea et
al. 2016). While Yildiz et al. (2010) determined the 4 most
important environmental variables (elevation, water depth,
dissolved oxygen, and temperature) affecting species distri-
bution in general.

3.2. Density and Dominant Species

The density of zooplankton in each sites was highly vari-
able, ranging from 9 to 85 individuals/sample. The dominant
species in the monitoring area were Schmackeria speciosa,
Oithona similis and nauplius copepods. Among the domi-
nant species, nauplius copepods was dominant at most of the
sampling sites. For the density of benthic macroinvertebrates
in each site, it fluctuated from 4 to 15 individuals/sample. The
dominant species in the study area were Nephthys polybran-
chia, Nereis (Ceratonereis) mirabilis, Scoloplos (Scoloplos)
marsupialis, Aloidis sp. Among the dominant species, Aloidis
sp. was dominant at most of the sampling sites.

The changes of density and dominant species at 07 sites ex-
pressed clearly the environmental characteristics of the study
area with high suspended solid concentrations. Although the
coastal in Tien Giang Province had good self-cleaning mech-
anisms which allow survival of these communities. However,
the concentrations of TSS fluctuated from 73 (site B4) + 115
mg/L (site B9) that effects on the density of both zooplank-
ton and benthic macroinvertebrates. This findings for density
and dominant species were discussed in the aquatic flora and
fauna monitoring in coastal of the Tien Giang Province 2018
- 2021 (Pham et al. 2021).

3.3. Diversity Index

The values of zooplankton biodiversity index during the
monitoring times in 2019 and 2021 ranged from 1.00 to 1.71;
while the values of benthic macroinvertebrates fluctuated
from 1.01 to 1.68 (Tab. 4). The H’ values of zooplankton and
benthic macroinvertebrates were not highly different between
sampling sites (Tab. 4).

Generally, the bio-index values of zooplankton and ben-
thic macroinvertebrates did not change much among the sam-
pling sites. The bio-index analysis proved that the sustainabil-
ity of aquatic flora in water column and bottom bed in the
study area was not high. The water quality in coastal of Tien
Giang Province fluctuated from low moderate pollution to
high moderate pollution.

3.4 Relationships of Zooplankton and Benthic Macroinverte-
brates with Physicochemical Variables

The results showed that the correlation between environ-
mental and biological parameters was not high (Figure 5).
While Joshi et al. (2007) concluded the level of species rich-
ness was found dependent on the abiotic factors like tempera-
ture, hardness, pH, dissolved oxygen, chloride. However, there
were the significant positive correlations among the physico-
chemical variables, including TSS, COD, NH4* (0.60 + 0.79),
whereas TSS exhibited a significant positive correlation with
COD (0.79) and NH4* (0.60). While COD showed a strong
positive correlation with NH4* (0.75) (Fig. 5). Additionally,
there were the significant positive correlations between the
species richness of zooplankton with the density and H’ index
(0.57 + 0.59); the species richness of benthic macroinverte-
brates with the density and H index (0.62 + 0.87). The moni-
toring results of zooplankton and benthic macroinvertebrates
in coastal of the Tien Giang Province indicated that the cli-
matic changes were the fundamental causes determining the
processes leading to changes in zooplankton composition (in
qualitative and quantitative terms), but anthropogenic factors
may considerably influence and change the shape of these
processes as Kovalev et al. (1998).

4. Conclusion

During the six monitoring times, we found 30 species of
zooplankton and 18 species of benthic macroinvertebrates in
the studied area. Among the zooplankton, species number of
hexanauplia was dominant in species composition with 19
species in total, while the species number of polychaetas was
highest in the species composition of benthic macroinverte-
brates with 9 species in total.
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Fig. 5. Relationships between the metrics of physiochemical variables and aquatic invertebrates for sites sampled in coastal of Tien Giang Province

during 2019 and 2021

Rys. 5. Zalezno$ci migdzy metrykami zmiennych fizykochemicznych a bezkregowcami wodnymi dla miejsc pobranych na wybrzezu prowincji Tien

Giang w latach 2019 i 2021

The density of zooplankton ranging from 6 to 85 individ-
uals/sample. The dominant species in the monitoring area
were Schamckeria speciosa, Oithona similis and nauplius
copepods. The densities of benthic macroinvertebrates were
fluctuated from 4 to 15 individuals/sample. The species of Ne-
reis (Ceratonereis) mirabilis, Scoloplos (Scoloplos) marsupia-
lis, Aloidis sp. were dominant.

Generally, the biodiversity of zooplankton and benthic
macroinvertebrates was not high. The water quality in coastal
of Tien Giang Province fluctuated from low moderate pollu-
tion to high moderate pollution.

The findings of this study could be used to orient the sus-
tainable management of natural resources and evaluate the
natural feed sources for aquaculture in Tien Giang and sur-
rounding areas.

The results showed that the correlation between envi-
ronmental and biological parameters was not high. Howev-
er, there were the significant positive correlations among the
physicochemical variables, including TSS, COD, NH4* (0.60

+ 0.79). Additionally, there were the significant positive cor-
relation between the species richness of zooplankton with
the density and H’ index (0.57 + 0.59); the species richness
of benthic macroinvertebrates with the density and H” index
(0.62 = 0.87).

The results confirmed the advantage of using benthic
macroinvertebrates and their indices as useful tools for en-
vironmental monitoring and ecological health assessment.
Therefore, monitoring programs should continue to control
and maintain the environmental quality of the Tien Giang
Coastal Area.
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Bezkregowce wodne i ich korelacja z parametrami srodowiska na wybrzezu prowincji Tien
Giang, delta Mekongu w Wietnamie

Prowincja Tien Giang polozona jest w strefie klimatu zwrotnikowego delty Mekongu. Klimat jest tutaj wyraZnie podzielony na dwie
gltowne pory roku, a mianowicie pore deszczowg i pore suchg, a Srednia temperatura wynosi okoto 27°C. Linia brzegowa ma 32
kilometry (20 mil) dtugosci i bardzo urozmaicong linig brzegowg, co jest zaletg dla hodowli wodnych, takich jak kraby i rozwéj
gospodarki morskiej. Bezkregowce wodne to zréznicowana grupa organizméw zamieszkujgcych obszary przybrzezne na catym swiecie,
w regionach obejmujgcych klimat alpejski, suchy, srodziemnomorski, polarny, umiarkowany i tropikalny. Bezkregowce przybrzezne
ujs¢ rzek obejmuijg taksony bentosowe, planktonowe i stygobitowe, od szeroko rozpowszechnionych taksonéw do oceny jakosci wody.
Klasyfikowane wedlug wielkosci jako makrobezkregowce lub mniejsza meiofauna, makrobezkregowce sq szerzej badane, chociaz
meiofauna moze by¢ réwniez réznorodna i obfita w spotecznosciach wodnych. Wplyw czynnikéw srodowiskowych na réznorodnosé
bezkregowcow badano na obszarze przybrzeznym Tien Giang w potudniowym Wietnamie. Badanie zostato przeprowadzone w okresie
od marca 2019 do wrzesnia 2021, obejmujgc zaréwno pore suchg, jak i deszczowq. Dane z 10 miejsc wykorzystano jako reprezentatywny
przyklad dla obszaru przybrzeznego Tien Giang do przeprowadzenia badania jakosciowego. Aby przeprowadzié te oceng, analizy
oparto na metodach MRC i klasyfikacjach, ktére zostaly udoskonalone przez grupe naukowgq realizujgcg badania. Badano zmienne
biologiczne i sSrodowiskowe w celu przetestowania analizy wariancji (ANOVA) i korelacji Pearsona R miedzy wszystkimi parametrami
przy uzyciu oprogramowania statystycznego. Przyjeto znaczgce lub bardzo istotne dodatnie lub ujemne korelacje, gdy obliczona wartos¢
p wynosita odpowiednio <0,05 lub 0,01. Wyniki oceny wykazaly, ze na badanym obszarze stwierdzono wystepowanie 32 gatunkéw
zooplanktonu i 18 gatunkéw makrobezkregowcéw bentosowych. Zageszczenie zooplanktonu na kazdym stanowisku wahato si¢ od 6
do 85 osobnikow/prébe, podczas gdy zageszczenie makrobezkregowcéw bentosowych na kazdym stanowisku wahato sie od 4 do 15
osobnikow/probe. Obliczone wartosci wskaznika roznorodnosci (H’) zaréwno zooplanktonu, jak i makrobezkregowcow bentosowych
oscylowaly na srednim poziomie (H = 1,00 + 1,72). Wyniki pokazujg rowniez, ze kilka zmiennych srodowiskowych, w tym catkowita
zawiesina, chemiczne zapotrzebowanie tlenu i amon, bylo skorelowanych z bogactwem gatunkowym i gestoscig bezkregowcow
wodnych. Uzyskane wyniki bedg przydatne do monitorowania stanu zanieczyszczenia badanego obszaru, w szczegélnosci wrazliwosci
bezkregowcow wodnych na zmiany cech Srodowiska.

Stowa kluczowe: obszar przybrzezny, bezkregowce wodne, parametry fizykochemiczne, zaleznosci, ocena jakosci wody
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Marine plastic pollution causes adverse effects on global environment and marine ecosystems, particularly in marine protected
areas. However, little is known of the effects of marine plastic debris on marine ecosystem services, human wellbeing, society, and
the economy. We selected Phu Quoc Marine Protected Area (Phu Quoc MPA) for gaining an insight into current marine plastic
debris as a first step towards understanding its effects on the environment and biodiversity in the region. This study applied
secondary data analysis, semi-structured interviews, field measurements, and the quadrate line transect method in pursuit of the
objective of the study. The findings reveal that marine plastic debris disposed of in Phu Quoc MPA dominantly came from diverse
sources including rivers, streams, canals, tourism service providers, and marine aquaculture development areas. The abundance of
macroplastic on the beaches was approximately between 1.109 and 0.248 items/m* (equivalent to 0.082 + 0.021 kg/m?). Most of
the macroplastic were single-use plastics and accounted for more than 82%. The average size was approximately 14.932 + 1.846 cm
for items less than 30 cm. The remaining ones were HDPE plastic bags and plastic debris. The macroplastic and microplastic need

to be stopped in order to encourage sustainable management of waste in the region.

Keywords: macro-plastic, micro-plastic, marine protected area, Phu Quoc, Vietnam, policy recommendations, single-use plastics

1. Introduction

Marine ecosystems provide a wealth of ecosystem ser-
vices including food provision, carbon storage, waste detox-
ification, and cultural benefits (Worm et al., 2006; Liquete
et al.,, 2013). Any threat to these services is highly likely to
significantly impact human wellbeing (Naeem et al., 2016).
Plastics, despite widespread use, cause environmental pollu-
tion, particularly in the marine ecosystem. Approximately 360
million metric tons of plastic were produced per year (Plas-
ticsEurope, 2019). Of 9 million tons of plastic that ended up
in the ocean annually, up to 12.7 million metric tons came
from land-based sources in 2010 (Jambeck et al., 2015). Two-
thirds of the global plastic waste came from polluted rivers
in Asia (Lebreton et al., 2017). When entering the ocean, the
plastic is normally chopped up into microplastics by marine
vertebrates. Currently, about 15% of the world’s sandy beach-
es are polluted with microplastics. Microplastics float at the
water surface in the ocean and are eaten by plankton, fishes,
and marine living things. Marine plastic debris will outnum-
ber fishes by 2050 if no efforts are made to stop the disposal
of plastic in the ocean (Jambeck et al., 2015). Previous studies
showed that plastic disposal in the ocean poses negative im-
pacts on marine life. However, little is known of the effects of
marine plastic debris on marine ecosystem services, human
wellbeing, society, and the economy. This knowledge is neces-
sary, particularly in the context where plastic is increasingly
consumed and there is a need for raising awareness, revising,
and/or amending legislation and laws.

We selected Phu Quoc Marine Protected Area (Phu Quoc
MPA), Kien Giang, Vietnam for understanding current ma-

rine plastic debris as a first step towards understanding its ef-
fects on the marine life because the island represents a good
case study in this regard. Phu Quoc island becomes a popular
destination locally and regionally thanks to its natural land-
scapes and biodiversity. The government at all levels invested
a significant amount of capital in constructing infrastructure
that serves tourism development in addition to service-orient-
ed facilities such as hotels, resorts invested by private sector.
This tourism development resulted in serious terrestrial and
marine pollution. Plastic waste is a main cause of pollution
in accordance with Phu Quoc City People’s Committee (Phu
Quoc PC) in 2020. Phu Quoc generated 190 tons of munici-
pal solid waste (MSW) per day, 170 tons of which were daily
collected by staff working for the Public Work Management
Board. In addition, wastes were not properly treated and are
still seen in terrestrial and aquatic ecosystems. In accordance
with WWEF in 2018, plastic waste accounted for 20% of total
wastes (about 30 tons/day) that were generated in Phu Quoc
on a daily basis. About one-third were uncollected and dis-
posed into the natural environment. However, there is limited
information on marine plastic debris in the Phu Quoc MPA.
This study, therefore, aims to investigate status of marine
plastic litter in the Phu Quoc MPA and its sources for bet-
ter recommendations of mitigation approaches. In this study,
secondary data analysis, semi-structured interviews, and field
measurements were employed in pursuit of the objective of
the study. The findings of this study would provide technical
references for improving sustainable management of marine
plastic debris in Phu Quoc and elsewhere in the wider region.
The paper consists of four sections. Following Section 1 which
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Tab. 1. Phu Quoc Marine Protect Area
Tab. 1. Morski obszar chroniony Phu Quoc

No. Beach Coordinates Status
Long Lat
1 Ham Ninh 104.066319 10.211247 Village, national park
2 Mui Da Bac 104.070835 10.215790 Village, national park
3 Mui Cay Sao 104.078815 10.241158 Village, national park
4 Bai Bon 104.077616 10.316513 Village, national park
5 Mui Da Chong 104.078453 10.356091 Village, national park
6 Bai Thom 104.075593 10.375675 Island, national park
7 Hon Mot 104.070808 10.383311 island, national park

e 3 T

A

Fig. 1. The survey sites. The location of Phu Quoc in Kien Giang province and the Vietnamese Mekong Delta (on the left) and sampling sites in Phu
Quoc island (on the right)
Rys. 1. Miejsca badan. Polozenie Phu Quoc w prowingji Kien Giang i wietnamskiej delcie Mekongu (po lewej) oraz miejsca poboru prébek na
wyspie Phu Quoc (po prawej)

Tab. 2. List of policies on marine plastic issues in Phu Quoc

Tab. 2. Lista zasad dotyczacych postepowania z tworzywami sztucznymi w morzu w Phu Quoc

No. Policy

Approved by Year

Plan No. 231/KH-UBND dated 4 May 2020 of Phu Quoc City

1

People's Committee launched the emulation movement for Phu
Quoc Environment Day

PQ CPC

2020

Plan No. 274/KH-UBND dated 28 May 2020 of Phu Quoc District
People's Committee to implement Phu Quoc Environment Day
in June and respond to Environment Day (June 5), World
Oceans Day (June 8), Vietnam Sea and Islands Week (June 1-
8) in 2020

PQ CPC

2020

Decision No.45/QD-UBND dated 07 January 2020 of the Phu
Quoc City People's Committee on establishing the Steering
Committee for the implementation of the Action Plan on ocean
plastic waste management in Phu Quoc City until 2025

PQ CPC

2020

Action plan No.545/KH-UBND dated 22 November 2019 of Phu

4 Quoc District People's Committee on marine plastic waste
management in Phu Quoc to 2025

PQ CPC 2019

is the Introduction, Section 2 describes methods used in this
study. Section 3 and 4 present and discuss results against the
literature. Section 5 presents a general conclusion.

2. Materials and methods
2.1 Site description

Phu Quoc MPA has two ecologically important areas,
which are the coral reef zone and the seagrass beds. Phu Quoc
MPA is ecologically and economically important because the
MPA is key spawning and nursery area for many marine spe-
cies and crucial fishing grounds locally and regionally. The
MPA is home to many rare and endangered marine species
such as Dugong, sea turtle, and dolphin. Previous studies
show that the marine resources in Phu Quoc MPA were in-
creasingly depleted due to rapid tourism growth.

Phu Quoc MPA contains seven sandy beaches, which are
located in areas surrounding the strictly protected seagrass
zone and recovery seagrass zone. Of the seven sandy beaches,
five are sandy beaches located along the shoreline (Ham Ninh,
Mui Da Bac, Mui Cay Sao, Bai Bon and Mui Da Chong). The
two remaining ones are two islands (Bai Thom and Hon Mot).
The survey sites are presented in Table 1 and Fig. 1.

2.2 Methods

The authors employed various methods in pursuit of the
objective of the study. The methods included secondary data
analysis, semi-structured interviews, field measurements,
and the quadrate line transect method. Before undertaking
field visits to Phu Quoc island, the authors collected reports
and documents (secondary data analysis) related to marine
plastic management and marine ecosystem in Vietnam and
Phu Quoc island for adequately understanding current man-
agement of marine plastic waste in the region. The authors
then contacted local authorities and staff working for Phu
Quoc MPA for further data in relation to marine debris and
the current waste management in Phu Quoc. The secondary
data analysis provided a critical review of the current marine
plastic debris and its management in Phu Quoc and assisted
in developing open-ended questions which were subsequent-
ly used in semi-structured interviews with technical staff and
local fishermen. The policies related to marine plastic litter
reviewed collected were presented in Table 2.

This survey was organized from March to May 2021 with
administrative support by local authorities and technical staff.
During the field visits, the authors used the quadrate line
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Macro plastic
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Fig. 2. Demonstration of random sampling methods for macro-plastic sampling

Rys. 2. Demonstracja metod losowego pobierania probek makroplastiku

Tab. 3. Open-ended questions used in the semi-structured interviews

Tab. 3. Pytania otwarte uzyte w wywiadach cze$ciowo ustrukturyzowanych

Interviewees Questions (English translation)
1. What was the area look like in the past?
2.  What was sources of marine plastic litter?
3. How did plastic waste enter the marine environment?
4. How was Phu Quoc MPA polluted?
oflf-ﬁ:(;?'!sgac:w\éle;ggi?éal 5. How did the pollutipn affgct the marine environment and biodiversity?
staff 6. Who was involved in marine litter?
7. Who was involved in waste management in Phu Quoc?
8. How was marine plastic debris managed?
9. What needs to be done to improve the management of marine plastic
debris?
1. How did you dispose of your plastic waste?
2. What did you know about marine plastic pollution?
Local fishermen 3. V\_Iha_t was effects of marine plastic pollution on our environment and
biodiverse?
4. How did you receive the information of marine plastic debris?
5. What should be done to prevent marine plastic litter?

Fig. 3. The marine plastic pollution at PQ MPA

Rys. 3. Zanieczyszczenie morza tworzywami sztucznymi w PQ MPA

transect method as suggested by de Carvalho and Baptista
Neto (2016) for collecting marine plastics. Each quadrate is
5m x 5m. There were 19 samples collected at the seven beach-
es in this study from March to May 2021. At each beach, two
to three quadrates (5mx5m) were randomly selected and re-
corded for classifying marine plastic debris (Fig. 2).
Plastic-related items were then collected, identified, and
recorded using the techniques recommended by Lippiatt et al.
(2013) (i.e. single-use plastic bags, single-use plastic cups, food
packaging, plastic bottles, etc). The items were photographed
and weighed using a portable electronic digital weighing scale
to determine their relative composition (kg/m?). The concen-
tration of macroplastic (number of items/m?) was calculated
using the method recommended by Lippiatt et al. (2013).

C=n/w*l

¢ - concentration of debris items (number of debris items/m?).
n - number of macro debris items observed.

w — transect width (m); | - transect length (m).

This method resulted in determining (1) macroplastics on
the beaches; (2) sources of plastics pollution, and (3) compo-

sition and concentration of macroplastics on the beaches. The
average (+ standard errors) number of marine plastic items
collected per 25 m” was calculated for each beach. The average
concentration of marine plastic litters obtained (+ se) was also
analyzed for each site.

In addition, the authors interviewed local authorities,
technical staff, and local fishermen using open-ended ques-
tions for understanding local perspectives on marine plastic
pollution. The interview guide questions for each group were
presented in Table 3.

3. Results and discussion
3.1 Distribution of marine plastic debris
The beaches were contaminated with a huge amount of
marine plastic debris which came from the ocean (see Fig. 3).
The study revealed that the concentration of macroplas-
tic on the beaches was approximately 1.109 + 0.248 items/m?,
with the highest concentration being 2.533 items/m?*at Mui
Da Bac and Bai Bon 1.6 items/m? respectively. Ham Ninh
and Mui Da Chong shared macroplastic density which was
between 1.080 and 1.093 item/m” respectively. Bai Thom and
Mui Cay Sao beaches had the lowest level of macroplastic
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HamNinh  MuiDaBac M CaySac

Bai Bon

MuiDaChong  Bai Thom Hon Mot

Fig. 4. The marcoplastic density at the beaches

Rys. 4. Gesto$¢ markoplastikow na plazach

0.250
0.202
0.200
0.150
0.100
0.050
0.000
Ham Ninh MuiDa MuiCay BaiBon MuiDa Bai Thom Hon Mot
Bac Sao Chong
Fig. 5. Quantity of marcroplastic at study areas
Rys. 5. Ilo$¢ markroplastikow na badanych obszarach
Tab. 4. Sources and types of plastic waste
Tab. 4. Zrédta I typy odpadow plastikowych
Number Possible sources
No. Category of items Land-based source Ocean-based
source
1 Single-use plastic bags 192 Tourist, terrestrial origin Sea
2 Single-use plastic straws & spoons 41 Tourist, terrestrial origin
3 Plastic fragments 39 Tourist, terrestrial origin Sea
4 Styrofoam 38 Tourist, terrestrial origin
5 Single-use plastic cups 34 Tourist, terrestrial origin
6 Plastic packaglfrillg:{]contalners and 34 Tourist, terrestrial origin
9 Ghost nets (partly) 20 Fisheries
7 Food packaging 19 Tourist, terrestrial origin
8 Plastic bottles 18 Tourist, terrestrial origin
10 Plastic bottle caps 17 Tourist, terrestrial origin
11 Food containers 16 Tourist, terrestrial origin
12 Others (Dlap_ers, sanitary 11 Terrestrial origin
napkins...)
13 Plastic lighters 7 Tourist, terrestrial origin
14 Ropes and lines (partly) 6 Fisheries
15 Fishhooks 5 Fisheries
16 Cotton swabs 4 Terrestrial origin
17 Plastic sandals & shoes 4 Terrestrial origin

density being 0.400 and 0.440 items/m? respectively. Hon Mot
beach was about 0.613 items/m? (Fig. 4).

The results confirmed that the concentration of mac-
roplastic was related to the human use of the beaches. Beach-
es near the residential area or villages had a higher level of
marcroplastic concentration than those in the remote areas.

In comparison of quantity per square meter, Bai Thom
beach had the highest quantity of marine plastic debris (about
0.202 kg/m?), followed by Bai Bon, and Ham Ninh beaches be-
ing 0.109 and 0.108 kg/m” respectively. The remaining beaches
(Hon Mot, Mui Cay Sao, Mui Da Chong) were much lower with
about 0.013, 0.034, and 0.043 kg/m? respectively (Fig. 5).

The analysis showed that macroplastic density was not
related to the quantity. The beaches with the highest level of

marcoplastic density were not those with the highest quantity
of marcoplastic.

3.2 Sources, size, and types of microplastic

Of 505 macroplastic items collected, the majority were sin-
gle-use plastics such as plastic bags (192 items), plastic straws
and spoons (41 items), and plastic cups (34 items). Other sin-
gle-use plastics such as Styrofoam, plastic bottles, food pack-
aging and containers, and cotton swabs were also found on the
beaches, which were 38, 19, 35, and 4 items respectively. The
study showed that single-use plastic accounted for more than
82% of total debris collected. Other macroplastic included plas-
tic fragments, PVC fishing float foams, ropes which accounted
for about 18%. Most of the macroplastic came from tourists and
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Fig. 6. Plastic waste from marine aquaculture activity

Rys. 6. Odpady z tworzyw sztucznych pochodzace z akwakultury morskiej
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Fig. 7. The total macro-plastic items sampled at the study area

Rys. 7. Laczna liczba prébek makroplastiku pobranych na badanym obszarze

terrestrial sources such as streams, canals, or rivers. Plastic de-
bris because of illegal dumping and uncontrolled littering was
thrown into the current drainage system on the island under
the influence of seasonal wind and rain. This debris eventually
ended up in the ocean. Furthermore, the semi-structured inter-
views showed that there was no waste collection infrastructure
and service available in place, forcing the local people to dis-
pose of solid waste into the ocean (see Table 4).

Those living in areas near the sea or in remote areas with
limited access to waste collection services tended to dispose
of wastes in open environments. The wastes were then blown
into the ocean by seasonal wind or rain. The other main
source came from tourism activities. Up to date, 404 hotels,
resorts, and hostels were operated with about 28,172 rooms.
Despite dust bins available around restaurants located on
islands, tourists occasionally dropped plastic bags or empty
drinking bottles into the ocean. In camping sites, tourists did
not collect their waste when they left the sites. The waste even-
tually ended up in the ocean. In addition, solid waste manage-
ment, especially plastic waste was not adequately considered
during the construction of hotels and resorts along the beach-
es, creating a significant pollution source. Farm operators did
not have adequate knowledge of marine plastic waste man-
agement. Uncontrolled disposal of plastic products caused
contributed to the beach pollution in addition to plastic frag-
ments from their aquaculture and fishing such as plastic frag-
ments from fishing gears (fishing nets, squid hook) (Fig. 6).

Plastic waste accumulated on the beaches also came from
the ocean under the influence of seasonal tides, waves, and
winds. The results showed that there were 144 large size items
(more than 30 cm in length) which accounted for 28.5% of
total waste collected. Mui Da Bac, Bai Bon, and Ham Ninh
received the highest number of large items being 49, 41, and
30 items respectively (Fig. 7).

The size in length of large items ranged between 39.875+
4.286 cm (Hon Mot beach) and 60 + 3.596 cm (Ham Ninh
beach) (see Table 5). The average size was about 49.397 +
3.971 cm. Mostly the large items were single-use plastic bags.
For normal macroplastic items, their size ranged between
7.388 +1.173 cm (at Bai Thom) and 23.547 + 6.223 cm (at Mui
Da Chong). The average size of macroplastic items was about
14.932 + 1.846 cm. They were plastic fragments, single-use
plastics such as straws, spoons, cups, and plastic bottles and
caps (Table 5).

In terms of material types, most macroplastic were HDPE
(accounted for 34.85%), mostly used for single-use plastic
bags and in plastic fragments. Other material types were PET/
PE/PETE and PP being 27.92 and 23.17% respectively. They
were the main materials that were used to produce single-use
plastic products such as spoons, straws, cups, plastic bottles,
and caps. The number of marcoplastic found in PS was about
10.30% (Table 6).

4. Discussion
4.1 Marine plastic debris and current waste management in
Phu Quoc island

The study reveals that despite various policies and in-
structions on properly managing waste issued by Phu Quoc
People Committee, plastic waste was still found with high
density along small streams and canals. The waste also end-
ed up in the ocean beyond control. The findings in entirely
in accordance with recommendations provided by WWF in
2018. However, the study presented levels and quantity of ma-
rine plastic debris disposed on the beaches as well as pollution
sources. To avoid this problem, waste collection infrastruc-
ture and service should be established particularly in populat-
ed areas, remote areas, along the canals, and streams. Besides,
local awareness of the proper disposal of wastes should also
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Tab. 5. Size distribution (in length) of macro-plastic at study areas

Tab. 5. Rozklad wielkosci (pod wzgledem dtugoéci) makroplastiku na badanych obszarach

Large items Macroplastic items
No. Beaches

Mean SE Mean SE
1 Ham Ninh 60.000 3.596 14.731 0.990
2 Mui Da Bac 53.888 2.507 12.467 0.527
3 Mui Cay Sao 56.083 5.547 14.443 1.499
4 Bai Bon 46.034 2.092 17.638 1.311
5 Mui Da Chong - - 23.547 6.223
6 Bai Thom 40.500 5.795 7.388 1.173
7 Hon Mot 39.875 4.286 14.311 1.200

Tab. 6. Material types of Plastic waste. Note: HN - Ham Ninh, MDB - Mui Da Bac, MCS - Mui Cay Sao, BB - Bai Bon, MDC - Mui Da Chong, BT
- Bai Thom, HM - Hon Mot
Tab. 6. Rodzaje sklad materialowy odpadéw z tworzyw sztucznych

No Material Number of items %
type HN | MDB | MCs | BB MDC | BT HM | Total

1 PEPTE/T'EE/ 38 45 12 26 10 4 6 141 | 27.92
2 HDPE 23 63 10 32 19 9 20 176 | 34.85
3 PVC 0 0 0 0 0 0 0 0 0.00
4 | LDPE/ LLDPE |3 6 2 2 0 0 1 14 2.77
5 PP 17 50 3 12 15 5 15 117 | 23.17
6 PS 0 26 6 8 8 2 2 52 10.30
7 Other 1 0 0 0 2 0 2 5 0.99

Total 100

be improved. The residents should be involved in collecting
waste along streams and canals and stop the disposal of waste
into the marine environment. Law enforcement should also be
strengthened along rivers and canal corridors. An additional
collection of waste along the rivers and channels, dredging are
needed to facilitate the flow in streams and rivers such as Ong
Tri, Cua Lap canals, Cao stream, Ben Tram stream, Da Ban
stream, Somaco canal, Cong Ban canal, Duong Dong 1 Sec-
ondary School canal, Sasco parking area, Xeo stream canal, Ba
Phong bridge canal, Ba Keo bridge canal. Monitoring station
systems should also be established in order to measure leak-
age of plastic waste at streams and canals. Finally, there is a
need for raising local awareness and social behavior on waste
separation at sources and discouraging the use of single-use
plastic products on a daily activity basis.

4.2 The limitation of the study

The study presented the information in relation to marine
plastic debris, quantity, and pollution sources. However, this
study did not undertake an analysis in detail of how the waste
has affected the biodiversity and environment in the region.
If opportunities arise, marine environment and water quality

should be tested and analyzed to understand pollution levels,
as well as marine fauna and flora species, which should also
be monitored to understand pollution effects on their lives.

5. Conclusion

In investigating the current marine plastic debris status in
Phu Quoc MPA, we found that the beaches of Phu Quoc MPA
were heavily polluted with marine plastic debris. The debris
came from different sources. The distribution of microplas-
tic was different from beach to beach. Most of the microplas-
tic found were single-use plastic with the most common of
plastic bags in HDPE. The current policies and instructions
should be amended or revised together with strengthened law
enforcement in order to deal with marine plastic pollution
towards sustainable seagrass management and conservation.
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Odpady z tworzyw sztucznych w morskim obszarze chronionym Phu Quoc w Wietnamie:

aktualny stan i metody tagodzenia skutkow

Zanieczyszczenie morza tworzywami sztucznymi powoduje niekorzystne skutki dla globalnego srodowiska i ekosysteméw morskich,
szczegolnie w morskich obszarach chronionych. Jednak niewiele wiadomo na temat wplywu plastikowych odpadéw morskich na
funkcjonowanie ekosysteméw morskich, dobrostan ludzi, spoleczetistwo i gospodarke. Wybralismy Morski Obszar Chroniony Phu
Quoc (Phu Quoc MPA), aby uzyskac wglgd w aktualne morskie odpady plastikowe jako pierwszy krok w kierunku zrozumienia ich
wplywu na srodowisko i réznorodnos¢ biologiczng w regionie. W badaniu tym zastosowano analize danych wtérnych, czesciowo
ustrukturyzowane wywiady, pomiary terenowe i metode transektu linii kwadratowej w dgzeniu okreslenie wplywu czynnikow.
Badania wykazujg, ze morskie odpady plastikowe usuwane w Phu Quoc MPA pochodzily z roznych Zréodel, w tym z rzek, strumieni,
kanatéw, dostawcow ustug turystycznych i obszaréw rozwoju akwakultury morskiej. Obfitos¢ makroplastiku na plazach wynosita
w przyblizeniu od 1,109 do 0,248 sztuk/m2 (co odpowiada 0,082 £ 0,021 kg/m2). Wigkszos¢ makroplastiku to tworzywa sztuczne
jednorazowego uzytku, ktére stanowily ponad 82%. Sredni rozmiar wynosit okoto 14,932 + 1,846 cm dla przedmiotéw mniejszych
niz 30 cm. Pozostale to torby foliowe HDPE i odpady z tworzyw sztucznych. Nalezy powstrzymaé wyrzucanie makroplastiku
i mikroplastiku, aby zachecié¢ do zrownowazonego gospodarowania odpadami w regionie.

Stowa kluczowe: makroplastik, mikroplastik, morski obszar chroniony Phu Quoc, Vietnam, zalecenia polityczne, tworzywa sztuczne jed-
norazowego uzytku
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The technological line proposed in the research process is a combination of Micro Hydraulic reaction technology combined with
Ozone and activated carbon filtration. The processing line will be simulated by a test model with a capacity of 5 cubic meters per
hour. Installation location at Nhi Thanh Water Supply Plant, Long An Province. The Pilot will operate in 9 different stages, in order
to comprehensively evaluate the Pilot.

The results of water quality analysis after the operation showed that the DO index increased from 3ppm to 7ppm, the pH remained
stable at 7, turbidity (NTU) after treatment is always very low and averages at 0.01 NTU, Permanganate index after treatment is
lower than 2 mg/l, average iron content is 0.05 mg/I, average manganese content is lower than 0.2 mg/l. Most of the water quality
indicators are within the allowable limits according to QCVN 01-1: 2018/BYT, National technical regulation on Domestic Water
Quality. This result will be compared with the quality of clean water after treatment at the Nhi Thanh water supply plant. Thereby,

we can see the advantages and disadvantages when comparing the two water treatment technologies.

Keywords: water treatment, micro hydraulic, activated carbon filtration, oxidation tower, ozone

Introduction

The Nhi Thanh Water Plant Project from Module I was
built with a capacity of 30,000 cubic meters per day and came
into operation in April 2020. Module I of the Plant has max-
imized the water supply capacity in a short time to serve the
needs of people using clean water for daily life and produc-
tion. However, the water use situation tends to increase very
high and it is forecasted that the demand for water will exceed
the capacity of the plant to meet. In a short time, it will in-
crease to 60,000 cubic meters per day and will reach 120,000
cubic meters per day in the period 2025-2030.

Due to high consumption demand, it requires an early in-
vestment in Module II of Nhi Thanh Water Plant by an addi-
tional 30,000 cubic meters per day, for the total capacity of the
plant to reach 60,000 cubic meters per day, when water quality
is good and successful. For streets in need, it can reach 70-
75,000 cubic meters per day. From the results of analysis and
assessment of the quality of raw water, as well as the treatment
efficiency and water supply capacity of Nhi Thanh - Module
I, there are still many problems that are difficult to overcome.
Therefore, there is a need for a new treatment technology line
more suitable to the characteristics of the water supply, lim-
iting the amount of chemicals used during operation and the
treatment efficiency still meeting the requirements according
to QCVN 01-1: 2018/BYT, National technical regulation on
Domestic Water Quality.

The main goal of the testing process is to find the right
specifications and use them as the baseline for: Evaluate the
effectiveness of the oxygen tower in increasing dissolved ox-
ygen and pH in raw water. Evaluate the processing capacity

after the Flocculation/ Coagulation process in the Micro Hy-
draulic cluster. Evaluation of performance when combining
Ozone technology with activated carbon, during treatment of
Permanganate, Manganese, Ammonium, Iron, Color.

From the evaluation results, the testing process will get
complete and accurate information, helping to make deci-
sions and plan a more realistic and feasible test. At the same
time, detecting possible problems with the system, thereby
changing, giving timely adjustment directions, by the actual
conditions and continually improving technology transmis-
sion lines to ensure quality the amount obtained after the
treatment is the most optimal.

Experimental model operation process: In order to
achieve accurate figures and specifications, the model will be
operated in 2 phases.

Phase I: 10 different test cases.

Phase II: Period of bad raw water quality and low pH.

For Phase II of the test, since you already know the right
specifications, only change the number of chemicals used
during treatment.

Materials and Methods
Process water treatment technology of experimental model
Raw water will be directed from the raw water pipeline
of Nhi Thanh Water Plant to the Oxygen Tower. Raw water
is led down from the top of the tower. During the flow, water
will be mixed with Pall Ring in the tower. At the same time,
using a centrifugal fan to supply air directly inside, increase
oxygen content in water, reduce COz, increase pH without us-
ing chemicals.
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Tab. 1. Operation process of the experimental model - Phase I

Tab. 1. Proces eksploatacji w modelu eksperymentalnym - Faza I

Water
flow Application of experimental model operation
N Time (m3/h)
Experiment n
(day) Q| Q Centrifugal | Ozone g"tle?i:‘iiaf:; PAC NaOH
fan (mg/l) | {reatment (a/m?) (g/m?3) (g/m?)
1 2 5 5 YES <04 NO 13,6 NO
2 2 5 5 NO NO NO 10,5 NO
3 6 5 5 YES NO NO 15,7 NO
4 3 5 5 YES <04 1 15,7 NO
5 5 5 5 YES 1-2 1,6 15,7 NO
6 2 5 5 YES >2 1,9 15,7 NO
7 2 5 3,6 YES >2 2 16,8 NO
8 2 5 2,5 YES NO 2 16,8 NO
9 5 5 2,5 YES 2 2 13,6 NO
10 2 5 1,5 YES NO 2 15,7 NO

Tab. 2. Operation process of the experimental model - Phase II

Tab. 2. Proces eksploatacji w modelu eksperymentalnym - Faza II

Water flow (m3/h) Application of experimental model operation
Chlorine for

Experiment Centrifugal Ozone preliminary PAC NaOH

Q Q: fan (mg/1) treatment | (g/m?) | (g/m3)

(g/m?)
17/6/2020 5 5 YES >2,3 1,3 15 NO
19/6/2020 5 5 YES >2,3 1,6 26 268
22/6/2020 5 5 YES > 2,3 1,5 24,7 321
23/6/2020 5 5 YES >2,3 1,9 19 295
25/6/2020 5 5 YES >2,3 26,1 268
26/6/2020 5 5 YES > 2,3 8,5 31,8 214
29/6/2020 5 5 YES >2,3 11,4 12,4 NO
02/07/2020 5 5 YES >2,3 14,7 17,5 NO
06/07/2020 5 5 YES >2,3 21,9 20,6 NO
07/07/2020 5 5 YES > 2,3 21,4 14,2 NO
Notes:

Q1: Flow of raw water into the experimental model
Q2: Flow of water into the ozone mixing tower

Tab. 3. Symbols of sampling dates

Tab. 3. Oznaczenia prébek I daty pobierania probek

No Date No Date No Date
Day 1 March 2 Day 15 March 25 Day 29 June 19
Day 2 March 5 Day 16 March 26 Day 30 June 22
Day 3 March 6 Day 17 March 27 Day 31 June 23
Day 4 March 7 Day 18 March 30 Day 32 June 25
Day 5 March 10 Day 19 April 1 Day 33 June 26
Day 6 March 11 Day 20 April 6 Day 34 June 29
Day 7 March 12 Day 21 April 8 Day 35 July 2
Day 8 March 13 Day 22 April 9 Day 36 July 6
Day 9 March 16 Day 23 April 14 Day 37 July 7
Day 10 March 17 Day 24 April 15
Day 11 March 18 Day 25 April 28
Day 12 March 19 Day 26 April 29
Day 13 March 23 Day 27 June 17
Day 14 March 24 Day 28 June 18

Raw water after going through the Oxygen Tower will
automatically flow through the Micro Hydraulic treatment
cluster. At the pipe position before entering Micro Hydraulic,
the chlorine will be injected directly into the water to oxidize
organic compounds after the pH has been raised, and at the
same time, a quantity of PAC is added to support the floccu-
lation process.

Water after filling with chlorine and PAC will flow through
the Static mixer, which is designed with many small compart-
ments inside when the water flows through it will create a tur-
bulent flow, which will disturb and increase the optimization
of the chemical.

After the flocculation has been dissolved in the water, the
individual particles need to be bonded together. To create the
flocculation reaction, it is necessary to add energy to the sys-
tem (eg stir) according to the dfloc flocculation pattern and
time T shown in Figure 1. The energy required to make the
cotton is written by the formula:

The mixing of flocculant and flocculant is the most im-
portant in the surface water treatment line. If the floc does not
precipitate well and the flakes are not large, the sedimentation
and filtration are ineffective, the output water quality is poor

and the system does not reach the design capacity and con-
sumes a lot of chemicals. With innovative mixing and reaction
technology combining lamel inclination technology and Leo-
pold knitting filter plate, we will exploit the maximum capaci-
ty of the existing site and structure and the best water quality.
The amount of chemicals used will also be much lower.

In each compartment, micro-hydraulic eddy currents of
varying intensity flow through the deflector, the PAC will be
more exposed, creating more flakes. The wiper plates are also
designed in a variety of distances and sizes when the water
flows, the right hydraulic source will not break the floc. Water
continues to flow into the Lamela sedimentation compart-
ment in the direction from below, large patches of cotton will
sink, smaller and lighter cotton patches will emerge, but most
of them will be retained in the lamen. Water continues to flow
back up the serrated trough and is led into the 4 sand filter
compartments of the treatment cluster.

Water after being treated in the Micro Hydraulic clus-
ter will flow through the stainless-steel water tank and be
pumped into the Ozone mixing tower.

The amount of ozone will be dissolved into the water
through many steps such as Ozone mixer, static mixer, Ozone
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Fig. 1. The rate of floc residue generated over time

Rys. 1. Szybkos¢ generowania pozostatoéci ktaczkow w czasie

Note:

Vi1: Sampling point raw water

Va2: Sampling point after crossing
the oxygen tower

Vs: Sampling point after cross Mi-
cro Hydraulic processing cluster
Va: Sampling point at ozone
mixing tower (below)

ww, Vs: Sampling point at ozone

; mixing tower (above)

Ve: Sampling point before entering
the activated carbon filter tower
V7: Sampling point clean water

Fig. 2. Descriptive scheme of the system

Rys. 2. Schemat opisowy systemu

mixing tower. Water will rise from bottom to top, in the process
of rising water will have to continuously change the flow direc-
tion, because the tower is welded with many internal horizontal
walls, optimizing the ability to handle Os in the water.

After passing the Ozone mixing tower, the water will be
led to the activated carbon filter tower, where the water will
flow from the top-down, going through the 2.7 m high activat-
ed carbon layer, then organic compounds are difficult to de-
compose and cannot be treated with Ozone will be adsorbed
into the capillary pores of coal. The filtration process takes
place 3 times a week, to ensure the coal layer is not washed
away, the water flow used for the filtration process is 10 m3/h.

After the filtration process, the water will be disinfected
with chlorine and led to a clean water tank.

RESULTS AND DISCUSSION

Metrics analyzed during operation include dissolved oxy-
gen, pH, Turbidity, permanganate, Iron, manganese, and am-
monium. The quality of the clean water sample will be com-
pared with that of the Nhi Thanh water plant.

Dissolved oxygen index

Raw water has a very low dissolved oxygen content, rang-
ing from 2 to 3 ppm on average. From the analysis results, it
can be seen that the DO index in the clean water sample of
the experimental model is higher than that of the clean water
sample after the treatment process of the Nhi Thanh Water
Plant. The reason for this difference is due to the technological
transmission line of the experimental model using an oxygen
tower combined with a centrifugal fan, forced air blowing, in-
creasing the amount of dissolved oxygen in the water. Besides,
using Ozone technology in the water treatment process also
dissolves a large amount of oxygen into the water, increasing
the DO index on average from 5-7 ppm. For the treatment

system of the plant, after the filtration process, the dissolved
oxygen content in the water also increased quite a lot, but the
ability was still lower than the test model from 1.5 to 2.5 ppm.

pH index

Raw water has a relatively stable pH when it ranges from
6.6 to 6.8. However, in mid-June, the pH level had a big
change and decreased to 4-4.2 (below the allowed limit ac-
cording to QCVN 08-MT: 2015/BTNMT, column A2). After
the treatment of the two systems, it can be seen that the clean
water samples of the pH test model are almost equal to 7, and
the stability is higher than the treatment system of Nhi Thanh
Water Plant.

The pH in clean water samples of Nhi Thanh Water Plant
meets the requirements of QCVN 01-1: 2018/BYT, but only
fluctuates on average from 6.3 to 6.6. The reason is the chlo-
rine filling process in many places in the system before being
pumped into the water supply network.

Turbidity index

From the analysis results, it can be seen that turbidity in
raw water sources has many relatively large fluctuations, and
changes occur each day. The turbidity has a very low day of
only 3 NTU but has a mutation time of more than 18 NTU.
The fluctuation range was quite wide, averaging 6-14 NTU.
In the early days of the experiment, the model handled the
turbidity very well with Micro Hydraulic technology and ac-
tivated carbon filter, but the turbidity was still much higher
than Nhi Thanh Water Plant.

After many experiments, the system operates stably and the
operating steps are more optimal. After the processing of the ex-
perimental model and the Nhi Thanh Water Plant, the turbidity
in the raw water is processed almost entirely, when the results re-
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Fig. 7. Analysis results of iron index

Rys. 7. Wyniki analizy wskaznika zelazowego
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Fig. 8. Analysis results of manganese index
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Fig. 9. Analysis results of amoni index

Rys. 9. Wyniki analizy wskaznika amonowego

corded are mostly <0.01 NTU. Thereby we can conclude, the abil-
ity to handle turbidity of both technology lines is equally efficient.

Permanganate index

The post-treatment permanganate of both systems is inef-
fective. Most results are greater than 2 mg/l. But the analysis
results of Nhi Thanh water samples from March 6 onwards
showed that the maintenance performance was more stable, the
difference compared to the threshold was not too large (differ-
ence 0.2-0.4 mg/1). The results of analyzing clean water sam-
ples in the experimental model, the results were not stable and
the difference was quite clear between experiments. But from
March 24, the permanganate index began to decline, especially
from April 6 to 15, The analysis results of the permanganate
index in clean water samples in the model, almost equivalent
to the clean sample of Nhi Thanh Water Plant and lower than
exceed the permitted threshold (QCVN 01-1: 2018/BYT).

In the phase II experiment, raw water had a permanganate
index that was not too high, with a date almost equal to the
threshold. So the processing capacity of both systems is very well
achieved. The results of the permanganate index in two clean wa-
ter samples of the two systems ranged from 1.5 to 1.8 mg/1.

Iron index

The iron content in raw water is relatively low and the dif-
ference between days is not too great. The lowest iron content
was 0.08 mg/l on June 22, and highest on July 7 when the re-
sult was recorded at 0.79 mg/l. All analytical results reach lim-
it values according to QCVN 08-MT: 2015/BTNMT, National
technical regulations on surface water quality. Oxidation of
Fe (II) to Fe (III) is precipitated and eliminated after Lamella
deposition and OSF rapid filtration. The clean water sample
after the Nhi Thanh Water Plant's filtration process was 0.05
mg /1. Satisfied QCVN 01-1: 2018/BYT. For the test model, a
large amount of iron is oxidized at the oxygen tower. More
than 50% of the iron content is processed in a Micro hydraulic

assembly. The clean water sample after the activated carbon
filtration process has an iron content of 0.05 mg/l. Satisfied
QCVN 01-1: 2018/BYT.

Thereby, we can see that the iron content treatment ef-
ficiency of the two technological lines is the same, but the
amount of chemicals consumed by Nhi Thanh Water Plant is
much higher.

Manganese index

Manganese is one of the most concentrated ingredients in
raw water. The results of Manganese content may be higher
than 2 mg/l, 10 times higher than the permitted limit accord-
ing to QCVN 08-MT: 2015/BTNMT, column A2. From the
analysis results of 2 clean water samples, the treatment sys-
tem of Nhi Thanh factory and the experimental model can be
evaluated technically, the treatment capacity is equivalent and
the treatment efficiency is acceptable. For the system of the
Nhi Thanh Water Plant, the analytical result is much lower
than 0.15 mg/l. However, on June 19, the manganese content
exceeded the threshold 2 times according to QCVN 01-1:
2018/BYT, National technical regulation on Domestic Water
Quality. The reason is that the ammonium content increas-
es, the amount of chlorine in the system are insufficient, and
the ability to handle manganese decreases. But the process of
overcoming and processing from the Factory takes place very
quickly, the manganese content decreases and is stable at less
than 0.2 mg/1.

Model testing in the early days of phase II shows that the
manganese content in the clean water sample is still very high,
the ability to handle manganese is very poor. The reason is that
the model has been suspended for a while after running the
test in phase I (it takes time for the system to stabilize again).
Besides, the absence of NaOH on June 17 was also the main
cause of ineffective treatment performance, because during that
time the pH in the water was very low, only ranging from 4-4.2,
absolutely no. The flocculant and flocculent can be a great hin-
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drance in the process of the system. On June 19, after adding
NaOH into the system, the concentration of manganese ana-
lyzed in the clean water sample decreased sharply to only 0.27
mg/l, lower than the system of Nhi Thanh Water Plant.

Ammonium index

Ammonium is not only very difficult to treat ingredients
in raw water but also fluctuates at a very high level from 2.2
to 3.2 mg/l. The analysis results show that the Ammonium
content exceeded the limit from 7 to more than 10 times ac-
cording to QCVN 08-MT: 2015/BTNMT, column A2.

Through the results presented in Figure 9, we can evaluate the
ammonium processing capacity of the two technological lines.

The results showed that there are contradictions. For the
treatment system of Nhi Thanh Water Plant, the analysis re-
sults of the clean water samples were very good on the 17th
and 19th were below the limit. However, the results recorded
in the following days tended to increase gradually, highest on
July 6 when the Ammonium in clean water samples was at
0.97 mg/1 (exceeded the limit of allowed folding 3 times).

The test model is gradually showing stability and very
good handling of the system. Although in the first days of
Phase II testing, the Ammonium treatment capacity is very
low, with the right chemical increase and more and more
stable operation, the Ammonium treatment efficiency is
achieved post-processing is very high. Results were recorded
on July 7 at 0.08 mg/I (3.75 times lower than the threshold).

Conclusions

Micro-hydraulic technology combining ozone and activated
carbon filtration is technically feasible, the analysis results show
that the parameters of DO, pH, turbidity, permanganate, color,

iron, manganese, sulfate, and ammonium all change in a positive
direction. Clean water samples meet QCVN 01-1: 2018 / BYT
standards for the quality of clean water for domestic use. Al-
though the first test results were not really as expected, the differ-
ence between the Nhi Thanh water treatment system and the ex-
perimental model was almost equal. In the tests, after the system
gradually stabilizes and goes into orbit, combining calculation
and choosing the right chemical charge rate, the processing ef-
ficiency of the experimental model increases very high. Besides,
Ozone technology has not been applied much for the treatment
of supply water with such a large volume of water in Vietnam, so
it takes a longer time to study. The quality of activated carbon is
very important in the treatment of mechanical pollutants.

When using ozone to treat water, it is necessary to ensure
that ozone is aerated into the water for enough time necessary
to create ozone dissolved water with enough concentration
of sterilization and chemical decomposition. Avoid sniffing,
direct inhalation of ozone gas often in the air because it will
harm the respiratory tract due to ozone having strong oxidiz-
ing properties. Therefore, the ozone pipes must be regularly
checked, maintained, and replaced if a leak is detected. Also,
the risk of fire is a top priority when using Ozone technology
in the treatment process.

For activated carbon filtration, additional tests are re-
quired with better-activated carbon and higher iodine con-
tent. Thereby, we can better evaluate the processing ability of
the experimental model.
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Odpady z tworzyw sztucznych w morskim obszarze chronionym Phu Quoc w Wietnamie:

aktualny stan i metody tagodzenia skutkow

Zaproponowana w procesie badawczym linia technologiczna jest potgczeniem technologii reakcji Micro Hydraulic polgczonej z filtracjg
ozonem i weglem aktywnym. Linia technologiczna bedzie symulowana przez model testowy o wydajnosci 5 metréw szesciennych na
godzing. Miejsce instalacji w zakladzie wodociggowym Nhi Thanh w prowincji Long An. Instalacja pilotazowa bedzie dziatata w 9
réznych etapach. Wyniki analizy jakosci wody po procesie wykazaty, ze wskaznik DO wzrést z 3 ppm do 7 ppm, pH utrzymywato sie
na stabilnym poziomie 7, metnos¢ (NTU) po uzdatnianiu jest zawsze bardzo niska i Srednio 0,01 NTU, wskaznik nadmanganianowy
po uzdatnianiu jest nizszy niz 2 mg/l, srednia zawartos¢ zelaza wynosi 0,05 mg/l, srednia zawartos¢ manganu jest nizsza niz 0,2 mg/l.
Wigkszos¢ wskaznikéw jakosci wody miesci sie w dopuszczalnych granicach zgodnie z QCVN 01-1: 2018/BYT, krajowymi przepisami
technicznymi dotyczgcymi jakosci wody uzytkowej.

Wynik ten zostat poréwnany z jakoscig czystej wody po uzdatnieniu w wodociggu Nhi Thanh. W ten sposéb pokazano zalety i wady
dwéch technologii uzdatniania wody.

Slowa kluczowe: uzdatnianie wody, mikrohydraulika, filtracja weglem aktywnym, wieza utleniajgca, ozon
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Ho Chi Minh City is now considered one of the cities with a high proportion of industrial production, both in scales of operations
and the level of technical and technological application, leading in the Southern region of Vietnam. Although the development of
industrial manufacturing brings many economic and social values in this area, it also affects the quality of life and weakness the
health of workers.

According to reports on occupational hygiene and health care for workers at enterprises, the current situation of working
environment pollution, in which noise pollution at construction sites and manufactures remains many problems and no complete
solution. Working noise is one of the commons harmful factors that often causes occupational deafness when workers are in contact
for a long time. Noise often arises due to the characteristics of production technology, old and outdated machinery, and working
equipment.

This article focuses on analyzing and evaluating the current situation noise of the medicine tablets manufacturing of Sanofi Vietnam
Joint Stock Company in Ho Chi Minh City, that uses production equipment such as vibrating screen machines, tablet presses, and
compressed air blowers. At the manufactory, they generate high noise level that exceeds the allowable standard according to the
working time and can affect workers' hearing health. According to measurement data recorded at the position of workers standing
at the tablet press, the highest noise measurement result is 90.4 dBA (Leq). Therefore, based on the process of analyzing and
evaluating the cause of the noise, the authors proposed a solution to add a silencer made of brass (SL) which is suitable for an air
outlet of the tablet press and equipped with an acoustic form on the wall to reduce the noise level of vibrating screen machine. And
so, the result of the proposed solution is a noise at the locations to be treated has decreased compared to the original measurement
level from 10dBA - 15 dBA, adapt to the standards enable and improving the working environmental quality, and prevent harmful
factors causing occupational deafness for workers.

Keywords: noise volume, silencer, occupational deafness, occupational health, Sanofi Vietnam Joint Stock Company in Ho Chi Minh City

1. Introduction

Pharmaceutical manufacturing and medical devices are
one of the industries focused on investment and development
in Vietnam. Currently, besides the application of scientific
and technological advances in production are the develop-
ment of solutions to protect the safety and health of workers
in the process of working. In the past, the production often
focused on issues to ensure the quality of pharmaceuticals
and medical equipment in accordance with the relevant re-
quirements, such as machines and equipment, factory prem-
ises, materials should be appropriate, not affect the product.
Therefore, if in working conditions there are dangerous and
harmful factors that may adversely affect the employee, the
employer will prioritize the settlement at the end of the prior-
ity order in the safety solution tower, such as the solution of
administrative management, labor organization or equipped
with personal protective equipment. Therefore, it is not possi-
ble to achieve the meaning of occupational safety and health
work, which is worker-centered, the means and tools of labor
must be suitable for workers, but especially this is a manufac-
turing industry with health care products and treatment of
human diseases. [8]

Pharmaceutical production is characterized by means and
tools of production must comply with strict hygiene standards
to ensure product quality, so most factories set up automated
or semi-automatic systems to be able to control and manage

well. Therefore, it also limits the number of workers exposed
to dangerous and harmful factors. However, through the pro-
cess of surveying pharmaceutical factories and production
facilities, the authors found that the outstanding problem of
working conditions can adversely affect the health of workers
but high noise from the production line of tablets and bottle
stamping. Loud noises in production have been identified as
the main cause of occupational deafness.

Occupational deafness is an occupational disease caused
by frequent exposure to noise that exceeds the permissible
limit for long periods of time at the place of manufacture,
causing irreversible damage to the inner ear organ, which is a
covered occupational disease in Vietnam.

Usually, the mechanism of occupational deafness due to
noise progresses through 3 stages. The first is the auditory ad-
aptation phase, which manifests it after a period of exposure
to noise, the worker has the phenomenon of auditory adap-
tation to prevent the auditory organ from being damaged. At
this stage the hearing threshold usually increases (10-15dBA)
when exposed to noise. When you stop contact, the hearing
threshold quickly returns to normal (after 2-3 minutes). This
stage is difficult to detect; The second is the period of hearing
fatigue, which manifests it through the employee's hearing
threshold increases over the auditory adaptation stage (15-
30dBA). The recovery time is slower (usually from 15 to 30
minutes), the auditory organ begins to reduce sensation with
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Fig. 1. Factory premises diagram

Rys. 1. Schemat pomieszczen fabrycznych

Tab. 1. Results of noise measurement of locations exceeding allowable standards [2]
Tab. 1. Wyniki pomiaréw hatasu w lokalizacjach przekraczajacych dopuszczalne normy [2]

Sound pressure level in octave bands with center frequency (Hz) not
Monitoring location Leq exceeding (dB)
63 125 250 500 1000 2000 4000 8000
Ultilities
Boiler (U-4) 85,6 53,1 66,3 74,2 78,4 79,6 80,8 76,3 68,5
Pure Water (U-15) 86,8 | 44,3 | 56,1 69,0 | 73,8 78,2 83,4 81,0 75,2
Pills/tablets
Stamping (SP-36) 90,0 | 48,0 | 60,9 | 73,9 | 82,7 85,1 84,4 81,2 76,6
Stamping (SP-66) 90,4 | 52,5 | 69,7 | 78,2 | 81,1 81,4 84,3 86,3 76.8
Stamping (SP-37) 857 | 43,5 | 63,0 | 74,1 | 80,2 81,2 78,9 75,0 66,1
Stamping (SP-54) 86,9 | 58,0 | 64,4 | 73,1 79,5 82,1 78,5 80,3 75.4
Pills/tablets
Blister packing (82) 86,9 52,4 61,6 69,4 76,3 77,4 81,6 81,8 79,1
Blister packing (102) 875 | 56,8 | 67,9 | 750 | 77,4 77,9 82,0 82,3 79.0
Packaging (SP-94) 854 | 555 | 64,5 | 71,8 | 76,1 76,0 79,3 79,5 77,4
Packaging (SP-98) 853 | 42,9 | 62,0 | 73,7 | 79,3 80,8 78,1 73,3 63,6
Solution
Bottled Jasper 2000L (LC-23) 90,3 | 58,7 | 69,5 | 73,4 | 751 77,2 79.0 84,5 83,2
Solution
Jasper Packing 2000L (LC-24) 87,2 | 40,0 | 49,9 | 60,3 69,1 74,0 78,5 83.0 82,7

sound (decreased hearing) especially the sounds at the fre-
quency of 4000 Hz. If detected at this stage, it can interfere
with the phenomenon of developing to the deaf stage. How-
ever, detection is often difficult; The third is the occupational
deafness phase, manifested through workers who have had
irreversible lesions in Corti organs and auditory nerves in the
inner ear. Speaking out loud is also difficult to hear; patients
with tinnitus regularly, difficulty talking; Reduce hearing at all
frequencies. With such an effect on hearing, workers will be
limited in the process of earning information, safety warning
signals when working, possible incidents or occupational ac-
cidents. At the same time, it also affects the quality of life of
the worker. [1]

In addition, when workers work regularly and prolonged
in places with high noise levels, it also affects other organs,
such as physically, workers feel full-body fatigue, headache,
dizziness, bad eating, anemia, weight loss, high blood pres-
sure, vestibules damage, balance disorders, movement; Psy-
chologically, workers feel depressed, anxious, resentful, fear-
ful, distracted thoughts and thoughts, insomnia, confusion,
inaccuracy, easy conflict; Workers are also likely to have a
vegetative neurological disorder manifested through in-
creased heart rate, increased respiration, altered blood pres-
sure; Changes in gastrointestinal movement, salivation, basic
metabolism, decreased taste secretion, affecting the contrac-
tion of the stomach; Eyes reduce night vision, poor color dif-
ference, decreased adaptation. With the basis analyzed above,
the team conducted a case study at a pharmaceutical factory
with tablets and bottling lines to collect information and mea-
surements of noise levels to analyze and determine the cause
to find the most feasible solution to reduce noise levels. The

purpose of the study is to both ensure pharmaceutical pro-
duction requirements and protect workers' health.

2. Methods
2.1. Study area

Sanofi is a French multinational pharmaceutical company,
has been present for more than 25 years in Vietnam and now
has 3 manufacturing plants in our country with modern tech-
nology lines, large production scale, diverse products in many
medical fields, also surveyed, Study the working environment
conditions of factories in Vietnam to bring about root solu-
tions to improve working conditions and ensure safety and
health for workers. Sanofi Vietnam joint stock company holds
the number one position in the market in Vietnam, leading in
the categories of prescription, over the counter and vaccine
pharmaceuticals. As a pharmaceutical company, the work of
occupational safety and hygiene at the factory is always fo-
cused to ensure the quality of products and working environ-
ment for employees. Harmful factors in the working environ-
ment through periodic measurements are largely within the
permissible limits of the prescribed standard. However, the
problem that still exists here is the noise level when measured
at the lines and equipment producing tablets, which have the
potential to cause distraction, psycho physiological effects
and adversely affect the hearing of workers when working
regularly and prolonged in this position.

With a total area of 72.397,5 m2, Sanofi Vietnam factory
located in District 9 Hi-Tech Park started production in 2015,
there are 03 main production technology lines to serve the pro-
duction of pharmaceuticals, cosmetics, and functional foods.
The entire production processes of the project are arranged in
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Fig. 2. Results of high noise levels after measurement

Rys. 2. Wyniki pomiaréw poziomu hatasu w lokalizacjach o najwigkszym natezeniu hatasu
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Img. 1. Example of silencers (sound-absorbers). Reference at https://3dtoancau.com/loc-tieu-am-xy-15-dung-cho-may-say-khi-hap-thu/

Zdj. 1. Przyktad ttumikéw (pochtaniaczy dzwigku)

closed rooms, strictly controlled by high-tech technology, and
corresponding to each room is a stage in the process. Therefore,
the company's production stages are carried out, monitored,
and controlled automatically, including dry product produc-
tion technology (capsules, capsules, tablets, powder); technolo-
gy for producing liquid/semi-solid products; high-tech produc-
tion technology - granule medicine. [2]

The characteristics of the production line and equipment
here are automatic so the noise generated during the produc-
tion process is mainly from machines and equipment. Loud
machines noise affects workers' health and can also hinder
concentration and reduce employee productivity, ultimately
having an impact on the company's bottom-right. Although
at the factory still take some measures to improve noise such
as earplugs, earplugs; Maintenance of machinery, but the ef-
ficiency is not high, the noise level is not reduced, so it still
affects the health of workers.

The total number of employees in Sanofi is 404 people,
including people working in occupational safety and hygiene
are 03 people; The person doing medical work is 02 people;
Female workers are 216; Labor working in heavy, toxic, and
dangerous conditions (occupational conditions of type IV, V,
VI) is 158 people; Working time at the factory 03 shifts, each
shift 8 hours. When adjusting the product structure and add-
ing new products, the working time is constant.

2.2. Data collection

Noise measurement principles are followed “Vietnam Stan-
dard 9799:2013 (ISO 9612:2009) Acoustics — Determination
of occupational noise exposure — Engineering method” and
“Method 1910.95 App G (OSHA - Monitoring noise levels)”

Noise monitoring time: The continuous measurement
time of each measurement is 10 minutes, within 01 hours
make a minimum of 03 measurements, after a take averages

value of 03 measurements. The results are the average value of
that hour measured.

For noises generated from production facilities affecting
the outdoor environment, measurements must be conducted
during working hours. [6], [7]

3. Results and Discussion

The results after the measurement were compared to NTR
24:2016/MOH collected 12 working positions with noise ex-
ceeding the standard and 59 working positions meeting the
requirements of the standard, of which the positions of the
stamping machine SP-36, SP-66 and LC-23 bottling machine
had the highest noise levels. The HSE department at the plant
must continue to improve and develop noise reduction mea-
sures in 12 work locations exceeding allowable standard, if the
noise level exceeds the standard for a long time, it will affect
the hearing health of employees and the compliance with the
provisions of law.

Causes of noise in each substandard area, including in the
utility area there is a boiler (U-4), when the boiler in the U-4
position operates the parts, the engine in the boiler moves
leading to noise. Depending on the structure of each boiler,
the level of noise generated varies. This mechanical noise is
required to be generated when the boiler is operating and the
noise of some nearby boilers with a measured noise of 85,6
dB exceeds the allowable standard of NTR 24:2016/MOH.
Considered an area with high noise, when working nears this
area, ear protections must be used. Frequency of contact of
employees when starting the furnace, recording parameters;
In purified water purifiers (U-15) there are water pumps with
different capacities when the operation takes water through
each stage to meet the water filtration process that will gen-
erate noise, which is the mechanical noise that must be gen-
erated when the pump is operating. In addition, the general
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Img. 2. Simulation when installing sound absorber [9]

Rys. 2. Symulacja montazu pochtaniacza dzwigku [9]

noise of filters, machines operate when filtering water. With
multiple sources of noise generated at the same time, the pure
water production area (U-15) has a measured noise of 86,8
dB exceeding the NTR 24:2016/MOH requirement of 1,8 dB.
Frequency of employee contact when recording waters quality
parameters; In the tablet-stamping area (SP-36) for Panadol
Extra tablets, the noise emitted is the obligatory mechani-
cal noise that arises when the stamping unit moves up and
down. After that, the tablet is put through the sieve machine
to separate the dust of the pill, clean the tablet. Depending on
the drug material, the amount of dust produced varies. The
amount of drug dust generated must increase the capacity of
the sieve, resulting in the greater the vibration of the sieve,
resulting in a high noise intensity. In addition, there is gener-
al noise when machines and parts are operating at the same
time. With many high-powered machines operating at the
same time, the noise emitted by the stamping room (SP-36)
is 90 dB exceeding the permissible standard of NTR 24:2016/
MOH of 10 dB. The frequency of employee contact is contin-
uous throughout the shift. The number of employees working
in this stamping room are 02 people / 01 shift / 08 hours; The
tablet stamping machine (SP-66), like the stamping room (SP-
36), the pill product in this room is also Panadol Extra. The
noise generated in the stamping machine is also from the up-
and-down movement part of the stamping machine. The sieve
machines in the SP-66 room have been built, the technology
of the parts has been for a long time, so the noise is greater
than in other stamping rooms. Panadol Extra produces more
dust than other pills. Therefore, the sieve always increases
the operating capacity to screen for dust clinging to the tab-
let leading to vibration and noise from the sieve machine. In
addition, general noise comes from parts of the stamping ma-
chine and the sieve machine. The noise of the stamping room
(SP-66) is 90,4 dBA, which is also the room with the highest
noise at the factory. The frequency of exposure of employees
to noise continuously throughout the shift, the number of em-
ployees working in the stamping room (SP-66) are 02 people
/ 01 shift / 08 hours.

The authors, after researching the specifics of produc-
tion, technological processes, and existing conditions, have
proposed a solution that is to install silencers (SL) for com-
pressed air machines and equip additional sound-absorbing

wall panels (acoustic form) in rooms where machines with
measurement values greater than 85 dBA are located. Install
silencers (sound-absorbers) for air compressors. Silencers are
installed in Compressed air blowing dust from bottles (noise
reached to 90,3 dBA).

Silencer should be made of copper or stainless steel, it has
certain durability, long life and easy clean and can work in dif-
ferent environment with high pressure and temperature. [9]

Installing a muffler filter for an absorbent air dryer helps
to reduce 85% of the noise emitted by the air compressor,
making the working environment for more workers’ health
and fresher. Operating principle is the gas escapes, if dis-
charged directly through the throat to the outside, the noise
level will be high, but when it goes through the absorber filter,
the air will be blocked through the filter layers and the sound
will dissipate by an absorber and noise are reduced. Sound
absorbers can be made from porous materials or resonant
structures, and the main mechanisms for sound absorption
are acoustic impedance matching on the absorbers’ boundary
and acoustic energy dissipation inside the absorbers. Porous
absorbers are materials where sound propagation occurs in a
network of interconnected pores so that viscous and thermal
effects cause acoustic energy to be dissipated. Resonant ab-
sorbers have two common forms membrane/panel absorbers.

Calculating the noise reduction effect after installing the
sound absorber in the air compressor according noise reduc-
tion rating (NRR = 85%). The measured noise is: (85%) x 90,3
= 76,6 dBA. This noise is in allowable standard (< 85 dBA). [3]

To increase the efficiency of noise reduction, other solu-
tions can be used at the same time such as encourage your
employees to wear earmuffs while working to help reduce the
effect of the noise. Considering their low cost, you can even
supply these earmuffs to workers. They should be worn just be-
fore the air compressor is activated. While this may be harder to
pull off for industrial air compressors, it is still an option worth
considering, depending on the layout of your workspace and if
there are any provisions for the constructing of a soundproof
air compressor enclosure. The inside of such a room or enclo-
sure should be padded with convoluted foam boards to help ab-
sorb most of the noise. Sound blankets are typically made from
quilted fiberglass, popularized through their use in recording
studios. They can also be used to wrap around your industrial
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air compressors to help further reduce noise levels. Alterna-
tively, they can be wrapped around the outside of a soundproof
room or enclosure for further affect. [5]

4. Conclusion

With the solution of installing sound absorber at the
blown throat of the air compressor has significantly reduced
the noise emitted during work. Depending on how the device

business, the most important is to protect the hearing health
of workers during long periods of exposure to high noise.
Excessive noise levels over a long time will damage the
hearing. This may happen so gradually and painlessly that you
may not notice the minor deterioration from one day to the
next. Excessive noise in the workplace presents a risk of hear-
ing damage and other health problems. So, we must propose
some key solutions to reduce noise pollution as much as pos-

emits noise, choose solutions to suit the actual situation of the sible to protect occupational health for employees.
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Rozwigzania do redukcji hatasu w procesie produkcji tabletek medycznych na przykladzie wiet-
namskiej spotce akcyjnej Sanofi HCMC

Ho Chi Minh City jest obecnie uwazane za jedno z miast o wysokim udziale produkcji przemystowej, zaréwno pod wzgledem
skali dziatalnosci, jak i poziomu technicznego i technologicznego, przodujgce w potudniowym regionie Wietnamu. Chociaz rozwdj
przetwérstwa przemystowego niesie ze sobg wiele dodatnich wartosci ekonomicznych i spotecznych w tym zakresie, to jednak wplywa
réwniez na jakos¢ zycia i ostabienie zdrowia pracownikéw. Wedtug raportow z zakresu higieny pracy i ochrony zdrowia pracownikéw
w przedsigbiorstwach, obecna sytuacja zanieczyszczenia Srodowiska pracy, w ktérym hatas na budowach i w zaktadach produkcyjnych
pozostaje problemem ktory nie ma petnego rozwigzania. Halas w miejscu pracy jest jednym z powszechnych szkodliwych czynnikow,
ktore czesto powodujg gluchote zawodowgq. Halas czesto powstaje z powodu charakterystyki technologii produkcji, starych
i przestarzatych maszyn i urzgdzen roboczych. Niniejszy artykut skupia si¢ na analizie i ocenie aktualnej sytuacji hatasu produkcji
tabletek leczniczych w Sanofi Vietnam Joint Stock Company w Ho Chi Minh City, ktéra wykorzystuje sprzet produkcyjny, taki jak
przesiewacze wibracyjne, tabletkarki i dmuchawy sprezonego powietrza. Fabryka generuje wysoki poziom hatasu, przekraczajgcy
dopuszczalne normy i moggce wplywac na zdrowie i stuch pracownikéw. Wedtug danych pomiarowych zarejestrowanych na
stanowiskach przy tabletkarce, najwyzszy wynik pomiaru hatasu to 90,4 dB(A). Dlatego tez, opierajqgc si¢ na procesie analizy i oceny
przyczyny powstawania hatasu, autorzy zaproponowali rozwigzanie polegajgce na dodaniu ttumika wykonanego z mosigdzu (SL)
odpowiedniego dla wylotu powietrza z tabletkarki i wyposazonego w wyttoczke akustyczng na Sciana, aby zmniejszy¢ poziom hatasu
wibrujgcej maszyny przesiewajgcej. I tak, efektem proponowanego rozwigzania jest zmniejszenie hatasu w miejscach poddawanych
zabiegowi w stosunku do pierwotnego poziomu pomiarowego z 10dB(A) - 15 dB(A), dostosowanie do norm jakosci srodowiska pracy
oraz zapobieganie szkodliwym czynnikom powodujgcym gluchote pracownikow.

Stowa kluczowe: natezenie hatasu, tumik, gluchota zawodowa, higiena pracy, Sanofi Vietnam Joint Stock Company w Ho Chi Minh City

Inzynieria Mineralna — Lipiec - Grudzieti 2022 July - December — Journal of the Polish Mineral Engineering Society 125



126 Inzynieria Mineralna — Lipiec - Grudzieti 2022 July - December — Journal of the Polish Mineral Engineering Society



Assessment of the Environmental Status of
Household’s Pig Farming System, at An Nhon, Binh
Dinh Province, Vietnam

M.T. DANG", B.T TO™

Y Faculty of Environment and Labour Safety, Ton Duc Thang University, Ho Chi Minh City, Vietnam
*Corresponding author: dangmythanh@tdtu.edu.vn

http://doi.org/10.29227/IM-2022-02-16
Submission date: 26-08-2022 | Review date: 23-11-2022

The livestock industry has played an important role in Vietnam's economic development. In particular, pig farming is the bright
spot of the industry, playing a role in ensuring food security across the country. Along with the rapid development of the livestock
industry in general and pig farming in particular, environmental problems in livestock production are becoming more and more
serious.

This study was carried out in Nhon Tan commune, An Nhon district, Binh Dinh province to initially assess the environmental
status of pig production at household scale in the area. Nhon Tan commune is a mountainous commune, the terrain is mainly forest
and low hills, is a purely agricultural commune, the labor structure is mainly agriculture, with little training, so the application
of scientific and technological advances production technology has many limitations. In recent years, pig farming in the area has
grown rapidly in both scale and value, contributing 51.97% of GDP, the commune's pig herd ranks first in An Nhon district and
third in the world. Binh Dinh province (Economic office, Nhon Tan commune, 2020). The whole commune has 05 villages: Nam
Tuong 1, Nam Tuong 2, Nam Tuong 3, Tho Tan Bac and Tho Tan Nam, pig raising is scatteredly distributed in all these 5 villages
and most households still follow the form of individual husbandry so the scale is still small and scattered.

The investigation and data collection were done in the form of semi-structure interview directly. The survey sample was conducted
to meet the data collection, including general information: (1) Number of households raising, number of pigs in the area; (2)
livestock scale: less than 10 heads of pigs, from 10 to 50 heads of pigs, more than 50 heads of pigs; (3) time and experience in
livestock production, (4) current state of the barn system, (5) livestock production and waste treatment; (6) technical information
such as waste classification. By the end of December 2020, the total number of pig-raising households in the area remained 80
households (Economic Department, Nhon Tan commune, 2020), the research team had surveyed on a total of these 80 households.
The results show that 59% of households have a number of pigs from 10 to 50 heads, mainly from 6 to 10 years of experience,
accounting for 41%. The current status of the barns, 100% of the barn floor in the farms is cement, built 0.5-1m higher than the
ground, the roof is 100% covered with corrugated iron, in some barns the roof has the phenomenon of falling down. The disease is
clearly acute, rotten, affecting the hygiene of the barn and animal health, especially during the time when swine fever is still present
and in the rainy season. In particular, in the process of raising, processing and storing animal feed, countless combinations of waste
in solid, liquid and gaseous forms have been generated, 90% of farmers have not controlled and 51% of households have Waste
treatment system (Biogas) has not been built to ensure environmental sanitation.

Keywords: environmental status, household’s pig farming, livestock industry, biogas, sustainable development

Introduction

Vietnam in the last 5 years, pork production accounted
for 76% of all meat production (Thu, 2019). Pork products
are familiar and indispensable products for Vietnamese peo-
ple, it has become the most popular food compared to other
types of meat on the market such as beef, buffalo, chicken,
shrimp, crabs. Along with the rapid development of the live-
stock industry in general and pig farming in particular, envi-
ronmental problems are becoming more and more serious.
The phenomenon of environmental pollution occurs not only
in developed countries but also in developing countries in-
cluding Vietnam.

An Nhon is a mountainous commune, in Binh Dinh
province, Vietnam. The terrain is mainly forest and low hills.
As a purely agricultural district, people are rarely trained in
farming and livestock techniques, so the application of sci-
ence and technology to improve production is still limited.
In recent years, in An Nhon district, small-scale livestock
production and pig farms have grown rapidly in both size
and value, contributing approximately 52% of GDP (Binh

Dinh, 2020). The pig herd of An Nhon district ranks third
in Binh Dinh province. In An Nhon district, most pig rais-
ing models still follow the individual and traditional form.
The development of livestock means that a lot of waste is
released into the environment, which, if not properly man-
aged and treated, will be a serious source of greenhouse gas
emissions, with a great impact on climate change, threat-
ening soil quality, surface water, groundwater and human
health. Therefore, environmental problems in livestock pro-
duction are becoming more and more serious. The current
situation of livestock environment in Nhon Tan commune
is a common feature of many villages in rural Vietnam,
so it is necessary to quickly find management measures to
make the most of waste resources and minimize waste en-
vironmental pollution. The study was carried out with two
main objectives: (1) Assessment of the environmental status
of household’s pig farming system at An Nhon, Binh Dinh
province. (2) Applying some available technology to im-
prove the environmental status of household’s pig farming
in this area.
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Fig. 1. Study area in Binh Dinh province

Rys. 1. Lokalizacja badanych gospodartw w prowincji Binh Dinh
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Fig. 2. The process of raising pigs

Rys. 2. Proces hodowli $win

Chart 1. The size of pig farming
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= Concrete = Concrete, Iron, Steel
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Wykres 2. Struktura obory

Materials and Methods
Study Area

In Vietnam, this study was conducted in Binh Dinh prov-
ince, mainly focusing on An Nhon commune - the locality
with the third largest pig raising scale in Binh Dinh province.

Sample Collection

The study applying the Slovin’s method to determine the
sample size in case the overall size is known.

With the lowercase n is the sample size, and the upper-
case N is overall size, the total pig site in An Nhon district is
874 (Follow to Economic Department, Binh Dinh province,
in first 6 months of 2020). So, we can calculate the sample size
is 274 the pig sites.

N ard

= Towxe® = irsraxonst 274 (The pig sites)

= n
1+874X0.05%

With:

n: The sample size

N: Overall size (874 The pig sites)
e: Allowed error (choose e = 5%)

With this sample size, we investigated and collected data
through using a semi-structured interview directly, it focuses
on main groups question such as:

o The process of raising pigs

o The characteristics of pig farming in An Nhon

o Raw materials in livestock

o Application of mechanization in pig farming

o The waste and the status waste treatment from pig

farm

Data Analysis

Statistical Package for the Social Sciences software (SPSS,
version 18.0) was used for statistic and assessment. In this
study, the results were selected and expressed as a percentage
(%) or the chart depending on the in-tended use.

Results and Discussions
The process of raising pigs

Through the survey process, it shows that the pig rais-
ing process of the households in An Nhon district is similar.
There is only variation in the time for pig shower, the barn
washed and feed pigs. Most of the households bath their pigs

128

Inzynieria Mineralna — Lipiec - Grudzieti 2022 July - December — Journal of the Polish Mineral Engineering Society



Fig. 3. Pig feed storage

Rys. 3. Magazyn paszy dla $win
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Chart 4. The ratio of manure removal
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Chart 5. The method of pig manure treatment
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twice per day (in the morning and in the afternoon), and they
bath their pigs combine with washing the pens.

The flow of water for pig shower depends on the num-
ber of pigs. Wastewater from the process of bathing pigs
and washing the barns will be piped down to the Biogas
tank for treatment or disposal on the fields, into the near
canals. Therefore, we can summary the process of raising
pigs including 3 times: in the morning, at noon and in the
afternoon.

The characteristics of pig farming in An Nhon

Survey Data Analysis shows that the size of pig farming
focus on from over 50 to under 100 pigs per site with 59%
and 21% is from over 30 to under 50 pigs per site in Pie chart
1. To explain for this, An Nhon is a mountainous district,
most of the pig farms are still follow the form of individu-
al and traditional method. Therefore, it will be limited in
quantity.

With the barn structure in Pie chart 2, The barn is mainly
built of concrete with 77%, and some households also com-
bine concrete with iron and steel barns to separate the sow
and pregnant pigs for convenient to care and clean.

Raw materials in livestock

Feed for pigs is bran mainly. In addition, some house-
holds also add pellets, probiotics, beer wort or something
like that, into the food of pigs. Most of the livestock house-
holds use automatic feeders, so the loss and loss of feed is
also limited significantly. Food of pigs is stored in a separate
warehouse.

There are some famer households have not an area to
build a warehouse, it is stored indoors their house or indoor
the barn area. So, the food is not well preserved.

Food of pigs is stored in a separate warehouse. There are
some famer households have not an area to build a ware-
house, it is stored indoors their house or indoor the barn
area. So, the food is not well preserved. This is the cause of re-
ducing the quality of the feed affecting the growth of the pig.

The famers separate the sow and pregnant pigs for conve-
nient to care and clean.

The waste and the status waste treatment from pig farm

Wastes from pig farming include: (1) Pig manure, (2) Pig
urine, (3) Water to clean the barn, (4) Dead pig carcass, (5)
Veterinary specimens, (6) Odor.
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Fig. 4. The situation of waste disposal in household’s pig farming system at An Nhon
Rys. 4. Sktadowanie odpadéw na farmie $win w An Nhon

Fig. 5. The situation of waste disposal in household’s pig farming system at An Nhon
Rys. 5. Sktadowanie odpadéw na farmie $win w An Nhon

Fig. 6. The methods of waste anaerobic treatment
Rys. 6. Metoda anerobowej przerdbki odpadéw

Tab. 1. The wastewater characteristics from pig farms

Tab. 1. Charakterystyka $ciekow z farmy $win

Parameter Unit Value

pH - 7-8

TSS mg/| 1000

BODS5 mg/! 2014

coD mg/| 3082

Total Nitrogen mg/I 212

Total Phosphorus mg/| 8

Coliform MPN/100ml 107
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Tab. 2. The quota for biogas generation from livestock waste

Tab. 2. Ilo$¢ biogazu generowanego z odpadow zwierzgcych

Kind of waste Kg VS_S generate/ % VSS' CC Biogas/mg/ VSS m3_ Biogas/
animal/day decomposing generate animal/day
Waste from cows 4,0 kg 30% 800 cc/mg 1m?
Waste from pigs 2,7 kg 50% 1.100 cc/mg 1,6 m?
Waste from poultry 5,9 kg 60% 600 cc/mg 2,2m?3

By legmt

2} Shsdpe Guther

3) Dwtpast

4) Collecing tank

5§ Wet Body tank

&) Domme of blogas sterape tank
71 Partition

Fig. 7. The available technology

Rys. 7. Dostepna technologia W

In which, the most generated amount is pig manure, pig
urine and water to clean the barn. Dead pig carcass and veter-
inary specimens only generate at the time when pigs are sick.
For odor, with mountainous characteristics, the pig farming
are sparse, so the odor doesn’t have an effect significantly.

Chart 3 shows the ratio of washing barn with the scale
from over 30 to under 50 and over 50 to under 50 for one
time/day or more than 1 time/day. This figure explains the
flow of water discharged in each pig bath, it also depends on
the number of pigs. Chart 4, this chart illustrates the figures
about the ratio of manure removal in 2 cases: the first, wash
the barn while there’s manure and the second, collect ma-
nure, not wash the barn. The method of pig manure treat-
ment including: composting, put into Biogas and disposal.
Each household’s pig farming can apply more than one meth-
od, it showed at Chart 5. Besides that, the household’s pig
farming dispose the waste from pig farming around their
land, into canals near their house or make wet fertilizer to
plant the trees.

Another way, the household’s make composting from pig
manure.

Two popular ways of composting in An Nhon district are:
Biogas bag and Biogas tank. Because the missing in trans-
ferring Biogas technology, the household’s pig farming can’t
know how to calculate the scale of Biogas tank correctly.
Therefore, the waste treatment from pig farms aren’t effective.
Besides that, they’re only use Biogas tank to treat the waste.
It’s a an unoptimized design when lack of clarifier tank before
and after the main Biogas tank.

This is the wastewater characteristics from pig farms, we
can see the parameter TSS, BOD, COD. Among that, TSS, it’s
over 150 milligrams per liter. So, if move this flow into main
Biogas tank, it’s can’t treatment completely.

Applying some available technology

From The quota for biogas generation from livestock
waste, following The New Age International Publisher. We
can see that waste from pig has 2,7 kg Volatile Solid (VSS)

generate/animal/day. Accordingly, having 1100 CC biogas/
mg/VSS generate. So, we can calculate the scale of Biogas
tank correctly.

The design of clarifier tank before and after the Biogas
tank. We can see the symbol number 1, this’s input waste wa-
ter, symbol 7 is partition, we have 4 partitions in here. Waste-
water moves to the last partitions, under the last partitions,
symbol 2 is the sludge outlet, behind the last partitions, here
output wastewater treated....5 is wet body tank and 6 is dome
of biogas storage tank.

Conclusions

Before the situation of African swine fever is still raging,
the owners of pig raising households in Nhon Tan commune
are very concerned about the increase in herd. Most house-
holds import piglets from reputable farms, having bought be-
fore in a small quantity, with the desire to continue with the
profession and maintain the family economy. Before that, a
cholera epidemic caused many livestock farms to close. Cur-
rently, the total number of pigs in the area is about 814, down
90.3% compared to the same period last year.

The source of feed for pigs is taken from eateries and
restaurants and mixed with industrial bran. Therefore, the
quality of diets for pigs cannot be guaranteed. Sanitary waste-
water from the barn is discharged into the biogas tank and
then to the receiving source without any other treatment.
Therefore, the quality of wastewater discharged after biogas
does not meet the required standards.

In general, pig raising in Nhon Tan commune applies
outdated breeding technology, there is no investment in
supporting models to help people both save water use, save
effort, and save money. solve environmental problems. At
the same time, the management of the government is not ef-
fective. Therefore, in order to limit environmental pollution
caused by livestock production, it is necessary to perform
well from planning the breeding area to building or renovat-
ing a reasonable system of stables, taking into account the
increased demand for livestock. herd later. Attention should
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Fig. 8. The Biogas technology

Rys. 8. Techologia produkcji biogazu

be paid to taking advantage of waste sources to use for other
agricultural models, creating more economic for the family.
Combining both the interests of the breeder and the problem
of environmental protection.

Strengthening the management and state supervision of
animal husbandry safety and environment for the purpose of
synchronizing the environmental pollution control system.
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Ocena stanu srodowiska w zaktadzie hodowli $wini w gospodarstwie w Nhon, prowincja Binh
Dinh, Wietnam

Przemyst hodowlany odegral wazng role w rozwoju gospodarczym Wietnamu. W szczegdlnosci hodowla trzody chlewnej jest
jasnym punktem branzy, odgrywajgc role w zapewnieniu bezpieczeristwa zywnosciowego w catym kraju. Wraz z szybkim rozwojem
przemystu hodowlanego, a w szczegdlnosci hodowli trzody chlewnej, problemy srodowiskowe w produkcji zwierzecej stajg sig coraz
powazniejsze. Badanie to przeprowadzono w gminie Nhon Tan w dystrykcie An Nhon w prowincji Binh Dinh w celu wstepnej oceny
stanu Srodowiskowego produkcji trzody chlewnej na skalg gospodarstw domowych na tym obszarze. Gmina Nhon Tan to gmina
gorzysta, teren to glownie lasy i niskie wzgorza, jest gming czysto rolniczg, struktura pracy to glownie rolnictwo, poziom wyksztatcenia
pracownikow niewysoki, wiec zastosowanie technologii produkcji postepu naukowego i technologicznego ma wiele ograniczes.
W ostatnich latach hodowla trzody chlewnej na tym obszarze gwaltownie wzrosta, zaréwno pod wzgledem skali, jak i wartosci,
generujgc 51,97% PKB, a poglowie trzody chlewnej gminy zajmuje pierwsze miejsce w dystrykcie An Nhon i trzecie na swiecie.
Prowincja Binh Dinh (urzgd gospodarczy, gmina Nhon Tan, 2020). Cata gmina ma 5 wiosek: Nam Tuong 1, Nam Tuong 2, Nam Tuong
3, Tho Tan Bac i Tho Tan Nam, hodowla trzody chlewnej jest rozproszona we wszystkich pigciu wioskach, a wigkszos¢ gospodarstw
domowych nadal prowadzi indywidualng hodowle, wigc skala hodowli jest wcigz mala i rozproszona. Badanie i zbieranie danych
przeprowadzono bezposrednio w formie wywiadu czesciowo ustrukturyzowanego. Proba badawcza w celu zebrania danychzostata
wytypowana w celu uzyskania ogélnych informacji: (1) liczba gospodarstw hodujgcych, liczba trzody chlewnej na danym terenie;
(2) liczba zwierzqgt gospodarskich: ponizej 10 sztuk, od 10 do 50 sztuk, powyzej 50 sztuk; (3) czas i doswiadczenie w produkcji
zwierzecej, (4) aktualny stan systemu obory, (5) produkcja zwierzeca i utylizacja odpadow; (6) informacje techniczne, takie jak
klasyfikacja odpaddow. Do kovica grudnia 2020 r. tgczna liczba gospodarstw domowych zajmujgcych sie hodowlg trzody chlewnej na
tym obszarze wynosita 80 (Departament Ekonomiczny, gmina Nhon Tan, 2020), zespét badawczy przeprowadzil ankietg w sumie
w tych 80 domach. Wyniki pokazujg, ze 59% gospodarstw posiada liczbg trzody chlewnej od 10 do 50 sztuk, gléwnie od 6 do 10 lat
dos$wiadczenia, co stanowi 41%. Stan obecny stoddt, w 100%gospodarstw posadzka obory jest cementowa, zabudowana 0,5-1m wyzej
od gruntu, dach w 100% pokryty blachg falistg, w niektérych oborach wystepuje zjawisko zapadania si¢ dachu. Odory wystepujgce
majg charakter wyraZnie ostry, zgnily, wplywajqcy na higieng obory i zdrowie zwierzqt, szczegélnie w okresie wystgpowania pomoru
Swin oraz w porze deszczowej. W szczegdlnosci w procesie hodowli, przetwarzania i przechowywania paszy dla zwierzgt powstaly
niezliczone kombinacje odpadow w postaci stalej, plynnej i gazowej, 90% rolnikéw nie kontroluje, a 51% gospodarstw domowych
posiada system przetwarzania odpadow (biogaz).

Stowa kluczowe: stan srodowiska, chéw trzody chlewnej, przemyst hodowlany, biogaz, zrownowazony rozwdj
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A conventional water treatment process is currently operated at Thu Duc Water Treatment Plant (TDWTP, Ho Chi Minh City,
Vietnam) in which raw water is collected from Dong Nai River at Hoa An water intake and pumping station. The raw water quality
is currently fluctuated due to the effects of run-off flows which has been increasing recently. This issue directly affects the operation
and performance of existing treatment process at TDWTP since the current treatment are all based on traditional technologies
and have been operating for a long time. This study is conducted to evaluate the quality of raw water collected at Hoa An intake
station during the period of 2018-2020 with the aim to support the consideration of improvement and enhance the operation
efficiency at TDWTP. The raw water quality is evaluated by investigating physico-chemical and biological parameters during the
36 months monitoring. This helps to produce a feasible and reliable results which may then can be used as a scientific database for
the improvement plan at TDWTP. Results show that the changes of water quality during the investigated time is so complicated,
and the concentration of most monitoring parameters is highly seasonal fluctuated. Specifically, the amounts of organic matters,
microorganism, nitrogen compounds (NH ', NO,, NO,) tend to increase strongly, which may be due to the urbanization and
industrialization. The management of run-off flows on upstream of water intake and pumping station is also an important aspect
which need to be considered to prevent the diffusion and spread of pollution. In addition, the effects of climate changes are the
important reason which leads to the seasonal changes of flow and water quality. These issues cause a big challenge for TDWTP to
maintain the treatment efficiency and overall performance. This study also proposes several management and technical solutions
to address the changes of raw water quality in the future, which may be useful for TDWTP during their consideration to improve
the treatment process.

Keywords: water intake, monitoring, run-off flow, organic matter, water treatment process, Thu Duc Water Treatment Plant, Vietnam

1. Introduction

Thu Duc Water Treatment Plant (TDWTP) is the main water
supply source of Ho Chi Minh City (HCMC, Vietnam). It is also
the oldest and largest water plant, which belongs to Saigon Wa-
ter Corporation (SAWACO) - the overall management agency of
the HCMC water supply system. Since the inauguration in 1966
with the initial capacity of 450,000 m*/day, TDWTP is now oper-
ated with the total capacity expanded to 750,000 m*/day to sup-
ply clean water for urban districts of HCMC (SAWACO, 2018).
A conventional water treatment process is currently operated at
TDWTP, in which raw water is collected from the Dong Nai River,
the upstream of Sai Gon River, at the water intake and pumping
station located in Hoa An ward, Dong Nai province. The current
treatment system just focuses on the removal of common pollut-
ants, such as turbidity, colour, microorganisms by using tradition-
al processes including coagulation-flocculation, sedimentation,
rapid sand filtration, and disinfection, to produce clean water and
satisfy the national standard (i.e., Standard No. QCVN 01-1:2018/
MOH issued by The Ministry of Health in 2018 (MOH 2018)).

According to the periodic monitoring report conduct-
ed by SAWACO for the period of 2017-2018, the pollution of
raw water at the intake stations is increasing due to the effects
of run-off flows (SAWACO, 2018). This issue directly affects
the operation and performance of existing treatment process at
TDWTP. Specifically, surface water collected from Saigon and

Dong Nai River is contaminated by organic matter, microorgan-
isms, which causes low dissolved oxygen (DO) concentration.
Furthermore, the residuals of antibiotics, fertilizer, pesticides
are also found. The presence of these pollutants significantly
influences the assurance of output water quality at TDWTP, be-
cause the current treatment processes are all designed and built
based on traditional technologies and have been operating for
a long time. Moreover, the increase of organic matter concen-
tration in raw water sources leads to considerable risks of disin-
fection by-products (DBPs) formation during the chlorination
at TDWTP. Thus, an assessment of raw water at Hoa An water
intake and pumping station should be carried out.

This study is conducted to evaluate the quality of raw
water collected at Hoa An intake station during the period of
2018-2020 with the aim to support SAWACO during their con-
sideration to improve the operation efficiency at TDWTP. The
raw water quality is evaluated by investigating physico-chemical
and biological parameters during the 36 months monitoring.
The results and findings obtained from this study can be used
as a scientific basis for SAWACO and TDWTP in the control,
assessment, and assurance of water quality before transfer to the
distribution system. Furthermore, the topic can be applied to
develop water quality indicators (WQC) and improve the man-
agement capacity at TDWTP. In addition, this study may help
local authorities in forecasting the negative effects of the changes
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Fig. 1. The change of (a) colour, (b) turbidity, and (c) TSS (Total Suspended Solids) in raw water by time
Rys. 1. Zmiana (a) koloru, (b) zmetnienia i (c) TSS (suma czastek zawieszonych) w wodzie surowej w czasie

Fig. 1. Location of Hoa An Water intake and Pumping Station

Rys. 1. Lokalizacja ujecia i przepompowni Hoa An

or fluctuation of raw water quality due to environmental pollu- the pumping station is operating at the average daily flow rate.
tion, which then arise awareness, behaviour, and specific activi- Parameters, such as pH, DO are measured on-site by using wa-
ties to control waste discharge into raw water source areas. ter monitoring system (HACH, 85490 BASICO1).
Afterwards, all samples are preserved properly and trans-
2. Material and methods ferred immediately to the research laboratory at Ton Duc Thang
2.1. Water samples collection University (TDTU, Ho Chi Minh City, Vietnam). All samples
Raw water samples are collected from the Hoa An water before analysis are preserved according to the standard methods
intake and pumping station of TDWTP (10.94364, 106.80383) (APHA, 2005). The physical and chemical parameters are then
(Fig.1). During the raw water collection stage, composite sam- analysed and measured under laboratory conditions. The prop-
pling method is follow to obtain the representative water sam- erties of water samples are then characterized by physico-chem-
ples and the experimental water samples are produced from ical parameters (i.e., colour, turbidity, TSS (Total Suspended Sol-

mixed samples. The sampling is taken at a specific time when ids), N-based compounds, PO4*, BOD, COD) and Coliforms.
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Fig. 1. The change of (a) colour, (b) turbidity, and (c) TSS (Total Suspended Solids) in raw water by time

Rys. 1. Zmiana (a) koloru, (b) zmetnienia i (c) TSS (suma czgstek zawieszonych) w wodzie surowej w czasie

2.2. Analytical methods

The physical and chemical parameters are analysed and
measured under laboratory conditions and performed in trip-
licate. The results are obtained as the average values. Specifi-
cally, turbidity is measured by using a turbidity meter (Model:
HACH 2100 Q). Colour, N-based compounds, PO4* are anal-
ysed based on the standard methods (APHA, 2005) using UV-
VIS Spectrophotometer (Model: Hach DR-6000, USA). TSS is
measured by using Vacuum mini-pump (Model: N022AN18,
Germany) and Laboratory furnace (Model: L15/11, Germa-
ny). Coliform is measured by 3M™ Petrifilm™ E. coli/Coliform
Count Plate. BODS5 is measured by using Laboratory Research
Grade Benchtop DO and BOD Meter (Model: Hanna HI5421-
02). Soluble COD measurement was based on the Closed Re-
flux, Titrimetric method (APHA, 2005). All chemicals and
reagents used during the analysis and measurement are an-
alytical grade.

Previous monitoring data obtained from SAWACO and
TDWTP is used as a database during the analysis and assessment
of water quality. National technical regulation on surface water
quality (ie., QCVN 08:2008/BINTMT, TCXDVN 233:1999
(MOC 1999)) issued by the Ministry of Natural Resources and
Environment and Ministry of Construction (Vietnam) is also
used as a reference to assess the water quality.

3. Results and Discussion
3.1. Assessment of water quality based on group of parameters
3.1.1. Colour, turbidity, and TSS

Physical parameters including colour, turbidity, and TSS
in raw water were assessed simultaneously since they all reflect
the transparency and aesthetics of water under visual observa-
tion. The variation of these parameter by time during the in-
vestigated period of 2018-2020 is shown in Fig. 1a, 1b, and lc.
Results showed that the colour, turbidity and TSS of raw water
increased sharply in the rainy season months. In the southern
region of Vietnam, the rainy season often occurs from July to
October each year. Accordingly, the colour, turbidity, and TSS
concentration as measured were 2-3 times higher than that reg-
ulated by national standard QCVN 08 - MT: 2015/BTNMT and
TCXDVN 233:1999. In contrast, during the dry season months
(i.e., from November to April), the value was so low and satisfied
the standards. This can be explained that during the rainy sea-
son, the water quality is effected by run-off flow which normally
brings silt and sediment, causing the colour, turbidity, and TSS
in the raw water at the pumping station increase.

Fig. 1 also indicates that this issue occurs regularly every
year since the same trend was found during 3 investigated years
(2018-2020). Therefore, this helps the local authorities and
TDWTP have a proper plan for management and operation of
water treatment process. Specifically, the chemical used for co-
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Fig. 3. The change of (a) DO and (b) BOD5 concentration in raw water by time
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agulation - flocculation during the rainy season should be high-
er than that used during the dry days. The frequency of back-
washing in filtration tanks should also be increased to ensure
the capacity of filter media and quality of water output during
the rainy season. In addition, the sludge withdraw cycle from
sedimentation tanks is also considered due to the high loading
of suspended solid occurring in raw water.

3.1.2. N-based compounds and PO+

The change of N-based compounds and PO4+* concen-
tration by time during the investigated period is presented
in Fig.2.

As compared to physical parameters, similar trend was
found in the case of NH4" as the concentration exceeding the
allowable level of the national standard occurred mostly in
rainy months (i.e., from July to October). Due to the aerobic
condition, NO,” compound was rapidly formed, however, the
NO, concentration was in the allowable range according to
the QCVN 08 - MT : 2015/BTNMT (i.e., < 2 mg/L). In term of
PO4*, Fig.2 indicates the concern that needs the much attention
since the PO+* concentration was higher than the regulated level
(i.e., 0.2 mg/L) in most of the monitoring months.

Surface run-off contamination due to domestic activities
may be the reason to explain the pollution of NH4* and PO4*.
This issue raises a concern considerably since the current water
treatment process is not designed and operated for removal of N
and P. Therefore, a surface water quality monitoring plan for nu-
trient contamination, especially at the area of raw water intake,
should be done to forecast the possibility of pollution.

3.1.3. DO and BOD:s

Fig. 3a shows the changes of DO concentration at different
monitoring time. As a result, the DO concentration in 2018 was
relatively stable and indicate a good quality of surface water ac-
cording to the national standard QCVN 08 - MT: 2015 / BTN-

MT (= 6 mg/l). Specifically, DO concentration was high in rainy
days (from July to October), which may due to the increase of Oz
diffusion from the air. In 2019-2020, the DO concentration de-
creased, especially in July 2020, the DO concentration was 3.15
mg/L which was much lower as compared to the standard. The
surface water pollution may be the reason since there are many
industrial and production zones in this area, and the discharge
into the river may affect water quality. In addition, wastewater
from human activities and waterway traffic can be also the cause
of pollution variables.

Monitoring data of BOD:s (Fig. 3b) confirm the above state-
ment since high BODs concentration was mostly found when
low DO concentration occurred (e.g., from April to July, 2020).
High concentration of BODs indicates organic contamination
of water and the microorganisms consume more oxygen to de-
grade the organic matters. It was found that this pollution issue
occurred regularly during the dry months which may cause neg-
ative impacts on water quality. Therefore further study should
be carried out to find out the solution to mitigate the effects of
water pollution during dry season which helps to reduce the
fluctuation of raw water quality pumped to the TDWTP.

3.1.4. Coliform

In term of Coliform, results showed that this parameter were
very high and exceeded QCVN 08 - MT: 2015/ BINMT (column
Al) many times during the period of 2018-2020. The reason
came from active urine, domestic wastewater, and dead bodies
floating in the river. Water sources heavily contaminated with Co-
liform need a priority treatment to ensure the health of public us-
ers. On the other hand, the current treatment of Coliform is now
just based on chlorination - the common method used widely in
most water treatment plants in Vietnam (MOC 2006). The more
microbiological contamination, the more chlorine chemicals
used during the disinfection. This lead to another concern which
is related to the risk of disinfection by-products (DBP) formation
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Fig. 3a. The change of Coliform in raw water by time

Rys. 3a. Zmiana miana Coli w wodzie surowej w czasie

Tab. 1. Water exploitation capacity toward 2025

Tab. 1. Mozliwosci eksploatacyjne wod do 2025 roku

No. Water sources Water exploitationscapacity toward 2025

(m3/day)

1 Dong Nai river 1,650,000

2 Tri An lake 1,000,000

3 Sai Gon river 600,000

4 Dau Tieng Lake 1,000,000

5 Groundwater 40,000

6 Small sources 7,000

Total 4,298,000 m3/day

from the reaction of chlorine and organic matter existing in the
raw water. Thus, the treatment system at the TDWTP should be
upgraded to ensure good water quality to the consumers.

3.2. Issues of concern for water quality

During the 3-years of monitoring for water quality assess-
ment at the TDWTP, some issues of concern for water quality
was also recognized as following.

(i) The increase of surface water pollution was mostly due to
inadequate control of discharge sources from industrial manu-
facturing, agricultural activities, and domestic wastes.

(ii) The water quality tends to deteriorate in which the
occurrence and increase in concentration of organic matter,
pathogen, NHa*, Mn** were considerable, especially in the case
of Saigon River.

(iii) The flow fluctuated seasonally and was affected by cli-
mate change which led to the possibility of a sharp decrease in
water level and saline intrusion at some times in the dry season.

(iv) The forecast results shows that by 2025, problems of
organic pollution, saline intrusion and river water level fluctu-
ations will have great impacts on exploitation, production and
supply of clean water in Ho Chi Minh City. These are major
challenges for Ho Chi Minh City's clean water supply system,
requiring the preparation of technical solutions and strong re-
sources to cope with these challenges.

3.3. Proposed solutions to TDWTP
3.3.1. Plan of mitigation of water pollution in Dong Nai rivet, ori-
entation towards 2025

Since the water intake and pumping station is located in Dong
Nai province, the raw water quality is thus partially controlled by
Dong Nai government. At present, Dong Nai province has planned
and carried out several projects to conserve the water quality, such
as installation a surface water monitoring system, upgrading the
urban water drainage and wastewater treatment systems, building
an industrial park wastewater treatment station and effective con-
trol of discharge sources from industrial production.

Regarding the monitoring network, in the period of 2020-
2025, Dong Nai will have more than 340 constructions, stations
and locations for water monitoring in rivers, lakes, streams and
canals. In which, there are 169 locations of flow quality moni-
toring and 127 groundwater monitoring stations in 9 districts
and 2 cities. This will be an effective system to help the agencies
control water quality parameters, and forecast risks promptly
for further solutions.

In addition, Dong Nai province has invested in many do-
mestic wastewater treatment works and drainage systems in
several districts and cities, such as Bien Hoa and Long Khanh
urban wastewater treatment plants. The drainage and flood
control system are also carried out.

For industrial wastewater sources, in order to strengthen
the inspection, monitoring and monitoring of the wastewater
treatment situation, Dong Nai province has approved the in-
vestment project to install automatic wastewater monitoring
system and surveillance camera since 2013. Up to now, 25/31
industrial parks have completed the installation and put into
operation the automatic monitoring system and transmitted
data directly to the Department of Natural Resources and En-
vironment. It is expected that at the beginning of 2022, there
will be 3 areas with automatic wastewater monitoring systems
installed. In addition, manufacturers outside of industrial zones
and clusters with large capacity of wastewater generation must
also install automatic monitoring systems and transmit data to
the Department of Natural Resources and Environment as the
supervision.

3.3.2. Plan of alternatives raw water sources

In order to reduce the dependence on the current raw water
sources as Dong Nai river, several expansion projects are pro-
posed by SAWACO toward 2025. Specifically, there will be more
water sources and intake stations with different exploitation ca-
pacity which is presented in Table 1.

3.3.3. Technical solutions for operation at TDWTP
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Due to the fluctuations of water quality, proper changes in
operation at TDWTP is essential to ensure the output water
quality. Changes in chemicals used during the water treatment,
for instance, is both feasible and economically option. Specifi-
cally in the flocculation stage, only PAC is currently employed
for treatment. Therefore, alum as Al2(SO4)s and ferric chloride
(FeCls) should also be studied to consider the effectiveness of
treatment. In addition, in order to enhance the flocculation
process, it is necessary to add polymeric compounds, such as
polyacrylamide (PAM) to increase the settling rate. The use of
flocculant will reduce the dose of coagulant, contributing to re-
ducing chemical costs while ensuring treatment efficiency.

4. Conclusions

This study conducted the assessment of water quality in
Dong Nai river at Hoa An pumping station in the period of
2018-2020. Results showed that the water quality fluctuated in
a progressively worse direction, which is clearly demonstrated
by the changes in concentration of color, turbidity, TSS, DO,
BODs, N-based compunds, PO+*, and Coliform. Due to the
continuous development of urbanization in Ho Chi Minh City,

leading to an increasing demand for domestic water of consum-
ers, the water supply system needs to be gradually expanding
and upgrading. Therefore, the management and monitoring of
raw water quality should be tightened and more modern mon-
itoring equipment should be applied. The results and finding
obtained in this study may help local agencies and TDWTP to
propose an appropriate and comprehensive plan to cope with
the changes of raw water quality with the aim to ensure the
clean water quality before pumping to the distribution system.

Acknowledgements

The authors would like to acknowledge the financial support
from the funding of the International Foundation for Science
(IFS) (Research Grant Agreement No. 12-W-6535-1) and the
co-funding provided by the Organisation for the Prohibition of
Chemical Weapons (OPCW) for this study.

Conflict of interest
The authors declare that there is no conflict of interest re-
garding the publication of this article.

Literatura - References

1. APHA. 2005 Standard methods for the examination of water and wastewater. Washington, D.C., USA. American
Public Health Association.

2. MOC. 1999 TCXD 233:1999 - The parameters using for selection of the surface and groundwater resource in the
water supply system. Ministry of Construction of the Socialist Republic of Vietnam, Hanoi, Vietnam.

3. MOC. 2006 TCXDVN 33-2006 - Water Supply - Distribution System and Facilities Design Standard. Ministry of
Construction of the Socialist Republic of Vietnam, Hanoi, Vietnam.

4. MOH. 2018 QCVN 01-1:2018/MOH - The national technical regulation on drinking water quality. Ministry of
Health of the Socialist Republic of Vietnam, Hanoi, Vietnam.

5. SAWACO. 2018 Overview of SAWACO water supply system and current status. Ho Chi Minh City, Vietnam, Saigon
Water Corporation (SAWACO).

Ocena jakosci wody surowej na potrzeby planu poprawy w stacji uzdatniania wody Thu Duc

w Wietnamie

Konwencjonalny proces uzdatniania wody jest obecnie prowadzony w zakladzie uzdatniania wody Thu Duc (TDWTRB miasto Ho Chi
Minh, Wietnam), w ktérym surowa woda jest pobierana z rzeki Dong Nai i z przepompowni Hoa An. Jakos¢ wody surowej podlega
obecnie wahaniom ze wzgledu na skutki splywow, ktére ostatnio nasilajq sie. Kwestia ta ma bezposredni wplyw na funkcjonowanie
i wydajnos¢ istniejgcych procesow oczyszczania w TDWTP, gdyz wszystkie obecne dziatajgce oczyszczalnie oparte sq na tradycyjnych
technologiach i dzialajg od dtuzszego czasu. Niniejsze badanie ma na celu oceng jakosci wody surowej pobieranej ze stacji poboru Hoa
An w latach 2018-2020 w celu wsparcia rozwazan nad poprawq i zwigkszeniem efektywnosci dziatania TDWTP.

Jakos¢ wody surowej oceniana jest poprzez badanie parametréw fizykochemicznych i biologicznych podczas 36-miesigcznego
monitoringu. Pozwolilé to uzyskanie wiarygodnych wynikéw, ktore nastepnie mogg by¢ wykorzystane jako naukowa baza danych
dla planu modernizacji TDWTP. Wyniki pokazujg, ze zmiany jakosci wody w badanym okresie sq bardzo zlozone, a stezenia
wigkszosci parametréw monitoringu podlegajg duzym wahaniom sezonowym. Szczegolnie silnie wzrastajq ilosci materii organiczneyj,
mikroorganizmow, zwigzkow azotu (NH4*, NOz, NOs), co moze by¢ spowodowane urbanizacjg i uprzemystowieniem. Waznym
aspektem, ktory nalezy wzigé pod uwage, aby zapobiec rozprzestrzenianiu sig zanieczyszczen, jest rowniez zarzgdzanie przeplywami
odplywowymi przed ujeciem wody i przepompownig. Ponadto skutki zmian klimatu sq wazng przyczyng sezonowych zmian
przeplywu i jakosci wody. Kwestie te stanowig duze wyzwanie dla TDWTPE aby utrzymaé skutecznos¢ oczyszczania i ogélng
wydajnos¢. W niniejszym opracowaniu zaproponowano rowniez kilka rozwigzan w zakresie zarzgdzania i rozwigzati technicznych
majgcych na celu zajecie si¢ zmianami jakosci wody surowej w przysztosci, ktére mogg by¢ przydatne dla TDWTP podczas rozwazan
nad poprawq procesu oczyszczania.

Stowa kluczowe: pobor wody, monitoring, odplyw, materia organiczna, proces uzdatniania wody, zaktad uzdatniania wody Thu Duc
(miasto Ho Chi Minh, Wietnam)
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Determine the Scope of influence and Impact Due
to Noise from Wind Turbines During the Operation
of Wind Power Plant Project No. 3 - Soc Trang

Hieu Minh NGUYEN", Huong Nguyen Thi THANH"

propose remedial measures.

Facing climate change, global warming and the depletion of fossil resources such as coal, oil, etc., the development of clean energy
sources has become a global trend. Clean energy sources are being exploited and strongly developed globally today, including:
solar energy, wind energy, geothermal energy, ocean wave energy, geothermal energy, biomass energy . Vietnam is located in the
tropical monsoon climate, with a coastline stretching over 3,000 km, so the potential for wind energy development in Vietnam is
extremely large, attracting a lot of investment in wind power projects in Vietnam. current and future, including wind power plant
project No. 3 - Soc Trang province. So far, we have only mentioned the benefits and clean, renewable aspects of wind power, but
few have mentioned the environmental and human health impacts of wind power plants, especially noise during operation. The
paper uses WindPro software 3.1.597 to determine the extent of influence caused by noise emitted by wind turbines during the
operation of wind power plants, thereby assessing its impacts on people’s health. local people living around the project area and

Keywords: wind power, noise, environmental impact, wind power plant project No. 3 - Soc Trang province

1. Introduction

Wind power plant No. 3 has installed capacity of 29.4MW,
newly built in Soc Trang province and connected to the na-
tional power system by a new 110kV tranmisisonline. The
construction area of the project is 10.22ha. The main items of
the project include: substation 110kV, 7 turbines with 4.2MV
capacity, connecting cables 5.8 km long.

2. Materials and Methods
2.1. Calculation method of noise circulation

Single noise: the noise is distributed according to the
Gauss model.
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Multi-noise: noise from multiple sources is calculated by
the formula:

L, =101g3 10%%

Noise by distance

The noise level in the range r2> rl will reduce the noise
level in the range rl by a value of AL (dB) according to the
following formula:

L

AL = 20 1g("'] (dB)

2.2. Software of the report
WinPro software has 2 main modules, as follows:
o The Decibel module is used to calculate noise from
wind turbines;
o  Shadow module is used to calculate flicker from
wind turbine.

2.3. Model Input Document:

Altitude about +3.0 ~ + 0.0m.

In low-lying areas, there are shrimp ponds with an eleva-
tion of 0 ~ + 1.0m.

The study area has the dominant wind direction from
West - Southwest, the average maximum wind speed from
1977 to 2011 is about 5.86 m/s.

Meteorological documents: from 1997 to 2018 of Vinh
Phuoc Meteorological Station: Class II Meteorological Sta-
tion, monitoring the elements of Surface Meteorology and
Agricultural Meteorology according to the task targets as-
signed by the Southern Meteorological Station. annually (ad-
dress: Vinh Phuoc, Vinh Chau town, Soc Trang province);

Meteorological data: from January 1, 2014 and ending on
December 31, 2014 of the wind measuring column near the
project site installed in Ward 2, Vinh Chau town - Soc Trang
province. Geographic coordinates of the measuring column:
09019.243'N, 106001.997" E (WGS-84).

Topographic data is obtained online from Winpro soft-
ware, with a resolution of 30m.

The data of sunshine hours are taken from the sun mea-
suring station of Kota Bharu/Pengk Alan Chepa station of
Malaysia, about 504km to the southwest of the study location,
the average daily sunshine hours from 1975 to 1993.
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Fig. 1. Location of wind measuring tower

Rys. 1. Lokalizacja analizowanego wiatraka
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Fig. 2. Topographic map of the project area
Rys. 2. Mapa topograficzna lokalizacji analizowanej elektrowni
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Fig. 3. Map of sensitive locations

Rys. 3. Mapa wrazliwych lokalizacji

Fig. 3. Map of sensitive locations
Rys. 3. Mapa wrazliwych lokalizacji

No. Area UTMCOO(I‘::; ates X,Y Altitude Z (m) | Influence height (m) | Noise level (dBA)
1 Phuoc Vinh market X! 0 4 32
2 Giong Me residential area )\({ 160022860151“ 0 4 46,4
3 Tam Hoang pagoda ); 160023827:18 0 4 37,6
4 My Hung petrol station ); 1600238978759 0 4 353
5 Phat thFS:E?lu Chicken )\({ 1 6()0258179921 0 4 443

Thien Thanh vegetarian
6 fish sauf:: iIl)irt(;dguc'rion )é 16002 5983 6207 0 4 37,7
7 Tam pagoda N 0 4 417
| S|t o ;
9 Vinh Thanh market X osous 0 4 29,0
o | | o o ;
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Fig. 4. Diagram of noise circulation as of Wind power plant No. 3 in operation

Rys. 4. Schemat rozprzestrzeniania si¢ hatasu od momentu eksploatacji Elektrowni Wiatrowej nr 3

3. Results and Discussions

According to the noise calculation results, only Wind
power plant No. 3 operates, the noise at the location of the
turbines is from 55-57 dBA, and is about 35-40dBA at loca-
tion about 2,000m from the wind turbines.

Compared to QCVN 26:2010/BTNMT - noise regulation,
the noise from wind turbines all meet the standard. Com-
pared with the noise assessed in the EIA report approved by
the Soc Trang Provincial People's Committee in Decision No.

2125/QD-UBND dated August 1, 2019, the noise and flicker
impact on the surroundings remain unchanged.

4. Conclusions

Compared to QCVN 26:2010/BTNMT - noise regulation,
the noise from wind turbines all meet the standard. The noise
impact on the project areas is small so that it's not affect to
people healthy and ecosystem within project area.
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Okreslenie zakresu oddziatywania turbin i oddziatywania hatasu z turbin wiatrowych podczas

eksploatacji elektrowni wiatrowej projekt nr 3 — prowincja Soc Trang

W obliczu zmian klimatu, globalnego ocieplenia i wyczerpywania sig¢ zasobow kopalnych, takich jak wegiel, ropa naftowa itp., rozwéj
czystych Zrédel energii stal sie Swiatowym trendem. Czyste Zrodla energii sq obecnie eksploatowane i silnie rozwijane na calym
Swiecie, w tym: energia stoneczna, energia wiatru, energia geotermalna, energia fal oceanicznych, energia geotermalna, energia
biomasy. Wietnam polozony jest w tropikalnym klimacie monsunowym, z linig brzegowq rozciggajgcg sie na ponad 3000 km,
wigc potencjat rozwoju energetyki wiatrowej w Wietnamie jest niezwykle duzy, co przycigga wiele inwestycji w projekty wiatrowe
w kraju. Przyktadem omawianym a artykule jest elektrownia wiatrowa nr 3 — prowincja Soc Trang. Jak dotgd wspomnielismy tylko
o0 korzysciach i czystych, odnawialnych aspektach energii wiatrowej, ale niewielu wspomnialo o wplywie elektrowni wiatrowych na
srodowisko i zdrowie ludzi, a zwlaszcza emisji hatasu podczas pracy. W artykule wykorzystano oprogramowanie WindPro 3.1.597 do
okreslenia stopnia oddzialywania halasu emitowanego przez turbiny wiatrowe podczas pracy elektrowni wiatrowych, oceniajgc tym
samym jego wplyw na zdrowie ludzi, lokalnych mieszkancow mieszkajgcych w poblizu obszaru objetego projektem i zaproponowac
Srodki zaradcze.

Slowa kluczowe: energetyka wiatrowa, hatas, oddziatywanie na srodowisko, wind power plant project No. 3 - Soc Trang province Vietnam-
(miasto Ho Chi Minh, Wietnam)
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Slag formed in the processes of thermal degradation of the municipal fraction is classified in accordance with applicable regulations
as waste with code 19 01 12. It is estimated that as a result of the combustion of municipal fractions, about 0.25 Mg of slag per 1
Mg of incinerated waste is formed. From the perspective of the circular economy, it is necessary to seek new applications for this
type of material in the industry. New business models, in particular the recovery of by-products, are a chance for their optimal use.
This concept assumes that waste from one process is a product for another process. Action requires a new look at the market and
the development of previously non-existent industrial symbioses. As a result of reintroducing slag into circulation, a reduction in
natural resource consumption can be achieved, resulting in both economic and environmental savings. The objective of the article
is a preliminary assessment of the physical and chemical properties of slag from municipal waste incineration plants as an additive
to concrete. For the purposes of evaluating the use of slag in construction, the following scenarios were analyzed: slag as a substitute
for aggregate, sand, and cement. The tests were carried out on slag obtained from three different installations operating in Poland.
The article presents the oxide and elemental composition of slags, and the obtained results are related to the requirements for using
granulated blast furnace slag as a type II additive to concrete. The analyzed slags are characterized by a low content of chlorine
(Cl<0.5%), the total sulfur content was at the level of 0.7%. The organic carbon content (TOC) of the tested slags was below the
level of quantification. The obtained results confirm that the use of slag as an alternative aggregate or raw material in concrete does
not pose a threat to individual elements of the natural environment.

Keywords: slag, raw material, recycling, concrete

1. Introduction

Continuous economic development, consumerism and a
growth of social status contribute to an increasing amount of
generated waste. According to Eurostat data, 505 kg of munici-
pal waste per capita was generated in Europe in 2020. In Poland
it was 346 kg per capita [1]. According to the Waste Act of 14
December 2012 [2], every activity related to waste must comply
with the appropriate hierarchy of waste management, according
to which it is recommended to prevent formation of waste in the
first place. Secondly, the waste must be prepared for reuse, then
it must be recycled or subjected to other recycling processes, in-
cluding energy recovery. Final element of the waste management
hierarchy is its disposal. Management of mixed municipal waste
can be carried out using various methods. One of them is ther-
mal degradation in the installations designed for this purpose [3-
4]. Indicated solution on the one hand contributes to the optimal
management of the combustible fraction, but on the other hand
contributes to the formation of significant amounts of secondary
waste, such as: slag, fly ash, etc. [5-6]. According to the Regulation
of the Minister of the Environment of 27 September 2001 on the
waste catalog 7], slag derived from municipal waste incineration
plants is classified as waste with the code 19 01 12 - incineration
ash and slag other than those mentioned in 19 01 11. It is estimat-
ed that thermal degradation of municipal waste produces about
250-300 kg of slag per 1 Mg of incinerated waste [8-9]. From a
circular economy perspective, new possibilities of using this type

of material in industry must be sought. New business models are
a chance for their optimal use. Emphasis should be put on the
circular model developed under the international R2m project. It
consists of 7 business models covering 3 phases i.e. production,
use and end of life. One of the models in the phase of production
is the recycling of by-products. Foregoing concept assumes that
waste from one process can be a raw material for another indus-
try. This requires a fresh look at the market and development of
previously non-existent industrial symbiosis [10-11]. Repurpos-
ing of slag can lead to lower consumption of natural resources,
which are shrinking due to intensive exploitation. Additionally,
this will lead to economic and environmental savings [12, 13].
Modern concept consistent with the idea of the circular
economy assumes the use of slag from incineration of munici-
pal waste in broadly understood construction [12, 14, 15, 16, 17].
Various concepts of slag application in construction are analysed
for example as a replacement for aggregate, sand or a partial re-
placement for cement. The problems of application of slag orig-
inating in incineration of municipal waste in Circular Economy
is well recognized in many countries [5, 6, 18, 19]. It should be
emphasized that despite the knowledge of the subject, there is no
universal method of reusing this type of slag. In Poland, the issue
of the optimal and safe use of slag from incineration of municipal
waste is a new issue that requires analysis. Variable composition
of municipal fractions related to seasonality and different levels
of recycling translate into slag properties. Slags from incineration
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a)

Fig. 1. Slag MSWI 1, a) granulated, b) sand fraction, c) cement fraction

Fig. 1. Zuzel MSWI 1, a) granulowany, b) frakcja piaskowa, c) frakcja cementowa

a) b)

)

Fig. 2. Slag MSWI 2, a) granulated, b) sand fraction, c) cement fraction

Fig. 2. Zuzel MSWI 2, a) granulowany, b) frakcja piaskowa, c) frakcja cementowa

a)

Fig. 3. Slag MSWI 3, a) granulated, b) sand fraction, c¢) cement fraction

Fig. 3. Zuzel MSWI 3, a) granulowany, b) frakcja piaskowa, c) frakcja cementowa

of municipal waste require constant analyses, mainly regarding
their chemical composition, on the basis of which it will be pos-
sible to make a decision regarding their potential use, for exam-
ple for the production of concrete. The approach proposed in the
article is pro-ecological, because waste is eliminated from the
environment while maintaining a reserve of raw materials. The
proposed solution is in line with the direction of climate neutral-
ity and the circular economy.

The aim of the article is to initially assess the physical and
chemical properties of slags from selected Municipal Waste
Thermal Treatment Plants as an additive to concrete or alter-
native aggregate in road construction. Currently, there are no
standards specifying the requirements for slag from incinera-
tion of municipal waste as a fully-fledged raw material for the
construction industry. For the purposes of this article, the re-
quirements for ground granulated blast furnace slag (GBES),
commonly used as a type II additive in the composition of
concrete, were taken as a reference point for considerations.

2. Materials and Methodology
2.1 Materials

The material used in the research were slags, formed as
by-products during thermal processing of mixed municipal waste.
They mainly consisted of mineral (non-flammable) substances.
According to the Catalog of Wastes [7], with the code 19 01 12
the slags are classified as bottom ash and slags other than those

mentioned in 19 01 11). The analyzed slags came from three in-
cineration plants. In order to facilitate their identification in the
further part of the article, the following designations were adopted:

o Slag MSWI 1 - slag from a Municipal Waste Incin-
eration Plant equipped with a sliding grate with an
annual installation capacity of 220,000 Mg,

o Slag MSWI 2 - slag from a Municipal Waste Incin-
eration Plant equipped with a sliding grate with an
annual installation capacity of 210,000 Mg,

o Slag MSWI 3 - slag from a Municipal Waste Inciner-
ation Plant equipped with a reciprocating grate with
an annual installation capacity of 94,000 Mg.

Slag MSWT 1 in the raw state did not exceed a fraction of 2 cm.
It was characterized by a dark gray color. Numerous particles of
glass and metals were visible. The slag was mechanically treated in
order to obtain a fraction similar to sand and cement. Fig 1 shows
slag MSWI 1 in the raw state and after the mechanical treatment.

Slag MSWI 2 in the raw state did not exceed the fraction of
3 cm. It was light-gray in color. Compared to the slag MSWI 1,
slag MSWI 2 contained less glass and metal particles. In order
to obtain a fraction similar to sand and cement, the slag was
grinded. Figure 2 shows the slag MSWI 2 in the raw state and
after the mechanical treatment.

Slag - MSWI 3 in the raw state, did not exceed the frac-
tion of 1-2 cm. It was characterized by a gray color. It con-
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Tab. 1. Basic technical properties of tested slags, expressed in % [*blq —values below the limit of quantification]

Tab. 1. Podstawowe wlasciwoéci techniczne badanych zuzli, wyrazone w %

. N Slag - Slag - Slag - Standard requirement
Properties Symbol | Unit | yowr 1 | MswI 2 | MswI 3 GBFS [26]
Moisture M % 1.19 0.70 4.84 <1.0
Total carbon C % 1.44 2.26 1.88 -
Total organic carbon TOC % blgq blq blg -
Sulfur S % 0.75 0.55 0.71 <2.0
Chlorine Cl % 0.42 0.22 0.25 <0.1
a) b)
14,58 8542 873 91,27
950°C 950°C .
11,02 88,98 8,64 91,36
woc I we Il
0 20 40 60 80 100 0 20 40 60 80 100
Loss onignition, % Loss onignition, %
m Loss ongnition = Mineral constituents W Loss onignition 1 Mineral constituents
)
13,30 86,70
950°C -
11,79 88,21
woc -
0 0 © P % 100

Loss onignition, %

m Loss onignition = Mineral constituents

Fig. 4. Loss on ignition (LOI), a) slag - MSWI 1, b) slag - MSWI 2, ¢) slag - MSWI 3
Rys. 4. Strata przy zapaleniu (LOI), a) zuzel - MSWI 1, b) zuzel - MSWI 2, ¢) zuzel - MSWI 3

Tab. 2. Content of oxides (%) in the tested materials

Tab. 2. Zawarto$¢ tlenkéw (%) w badanych materiatach

Properties Symbol Slag - Slag - Slag - rezt:i?:::nt
MSWI 1 MSWI 2 MSWI 3 GBFS [26]
Silicon dioxide SiO2 50.50 57.90 54.50 37.63
Iron(III) oxide Fe203 5.00 4.97 4.19 1.48
Aluminium oxide Al,0s3 11.30 10.80 6.53 6.84
Manganese(II,III) oxide Mn304 0.11 0.12 0.13 -
Titanium dioxide TiO2 0.95 0.50 0.66 -
Calcium oxide CaO 16.50 12.50 16.30 45.63
Magnesium oxide MgO 1.77 1.73 1.80 5.33
Sulfur trioxide SOs 1.39 0.74 1.67 0.08
Phosphorus pentoxide P20s 1.12 0.74 0.99 -
Sodium oxide Na.O 4.16 6.61 5.62 0.55
Potassium oxide K20 0.84 0.95 1.05 0.56
Barium oxide BaO 0.14 0.14 0.12 -
Strontium oxide SrO 0.04 0.06 0.06 -

Tab. 3. Properties of tested slags in relation to the standard requirements of PN-EN 197-1 [28]
Tab. 3. Wiasciwosci badanych zuzli w odniesieniu do wymagan normowych PN-EN 197-1 [28]

Requirements according to PN-EN 15167-2 rfgwﬂ Nf:z:_z I:;avgl_B (;::]s
Glassy Phase >67,0% - - -
Ca0+Mg0+SiO2 >67% 68.77 72.13 72.60 89.00
(Ca0 + Mg0)/SiO2 >1,0 0.36 0.25 0.33 1.18
Ca0/SiO> 1,3+1,4 0.33 0.21 0.30 1.03
(Ca0+Mg0)/(Si02+Al203) 1,0+1,3 0.30 0.21 0.30 0.98
(Ca0+1,4*Mg0O+0,56*Al203)/SiO> >1,65 0.50 0.36 0.41 1.36
(Ca0+MgO+AI>03)/Si02 21,0 0.58 0.43 0.45 1.21

Tab. 4. Heavy metal concentration, expressed in mg/kg

Tab. 4. Stezenie metali ciezkich, wyrazone w mg/kg

. Slag - Slag - Slag -
Properties Symbol MSWI 1 MSWI 2 MSWI 3
Zinc Zn 2797.00 1621.00 2337.00
Copper Cu 21608.00 1918.00 867.00
Lead Pb 766.00 687.00 437.00
Nickel Ni 73.60 81.00 211.00
Chrome Cr 277.00 342.00 605.00
Cadmium Cd 5.80 3.35 0.96
Arsenic As 5.30 16.50 6.07
Vanadium \Y 31.80 30.00 30.70
Thallium Tl <1.00 <1.00 -
Mercury Hg 0.04 0.24 <0.01
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tained significant amounts of glass and metals. The slag was
mechanically treated in order to obtain a fraction similar to
sand and cement. After grinding, no excessive dusting was
observed, it was related to the higher humidity of the slag.
Figure 3 shows the slag - MSWI 3 in the raw state and after
mechanical treatment.

2.2 Methods

The first analytical step was to determine the total water
content according to the PN-EN 15934: 2013 standard [20].
Then, the tested slags were mechanically ground using a ball
mill in order to obtain an appropriate degree of homogeni-
zation for further analytics. The prepared samples were sub-
jected to selected physicochemical analyzes. The determina-
tion of roasting losses was performed according to PN-EN
15935:2013-02 [21]. Then the slags were tested for the content
of the following elements according to individual standards:
carbon (C) - PN-EN 15407: 2011 [22], organic carbon (TOC)
- PN-Z-15011-3:2001 [23], sulfur (S) - PN-ISO 334: 1997 [24]
and chlorine (CI) - PN-ISO 587: 2000 [25]. Optical emission
spectrometry (ICP OES) was used to assess the oxide compo-
sition and heavy metal content in the dry mass of the samples.

3. Results and Discussion

Table 1 presents the basic physicochemical properties of
the tested slags, which, in the absence of applicable require-
ments, have been referred to the requirements to be met by
granulated blast furnace slag [26].

The total humidity of the tested slags (slag - MSWI 1 and
slag - MSWI 3) was definitely higher than recommended in
the norm (<1.0%). Only slag - MSWI 2 meets the require-
ments. It is worth noting that increased humidity can affect
pozzolanic activity. Undesirable components of a potential
mineral additive include: too high content of sulfur com-
pounds, chlorine and unburnt coal. The high content of un-
burned coal (C>5%) can increase water resistance and reduce
the frost resistance of mortars or concrete with its participa-
tion. The content of chlorine, sulfur and organic carbon in the
tested slags was below 1.0%.

Losses on ignition (LOI) for the tested slags are shown
in Figure 4. LOIs were determined by heating the slag sam-
ples to a constant mass. A muffle furnace was used to heat
the slag samples to a constant mass at two temperatures:
600°C and 950°C under an oxidizing atmosphere. In the
case of slag - MSWI 1 and slag - MSWI 3, it was found
that LOI at 600°C does not meet the criterion of allowing
hazardous waste (LOI<10%) to be disposed at a landfill.
However, for slag - MSWI 2 this criterion was met [27].
The ignition losses for the tested slags were determined by
roasting the samples at 950°C over an extended time of up
to 1 hour. This parameter is important due to their use in
construction. The permissible LOI limit for GBFES is <5%
[28]. Slags with high ignition losses may cause concrete
mixes to become less workable. In slag - MSWI 1 LOI was
14.58%, in the slag - MSWI 2 sample the value was 8.73%,
and in the slag - MSWI 3 it was 13.30%.

Following the furnace slag testing, a chemical analysis was
performed. Tables 2-4 present the results obtained from the
analysis of the oxide composition and heavy metal content of

MSWI slags. Table 2 shows the chemical composition of the
tested slags and the ratio of individual oxides according to the
requirements of the standard characterizing granular blast
furnace slag (GBFS). The basic phase component of the stud-
ied MSWI was silica — SiO2. High silica content (SiO2 >50%)
can result in high pozzolanic activity. The CaO content meets
the requirements for ground granulated blast furnace slags.
Table 3 presents the properties of granular blast furnace
slag in relation to the requirements of PN-EN 197-1 [28]. In ac-
cordance with the standard, construction slag should contain at
least two-thirds of the sum of calcium oxide (CaO), magnesium
oxide (MgO) and silicon oxide (SiO2). In the analyzed cases,
the slag composition does not meet the required level. The mass
ratio (CaO+MgO)/SiO:z should be higher than 1.0%. The slags
shows a lower value than required. Based on calculations, it can
be concluded that the tested slags are not hydraulically active.
In the testing of heavy metal content in slags, most trace
elements were found to be relatively high (Table 4). Tested
slags from the incineration of municipal waste contain heavy
metals in the following sequences:
o SlagMSWI 1 - Zn>Cu>Pb>Cr>Ni>V>Cd>As>TI>Hg
o SlagMSWI2 - Cu>Zn>Pb>Cr>Ni>V>As>Cd>TI>Hg
o Slag MSWI 3 - Zn>Cu>Cr>Pb>Ni>V>As>Cd>Hg>Tl

Among the analyzed metals, the highest content for all test-
ed samples was recorded for Cu in the range of 1867.0-21608.0
mg/kg and for Zn in the range of 1621.0-2797.0 mg/kg. The
lowest value was recorded for mercury 0.01-0.24 mg/kg.

4. Conclusions

The slags that are generated from the incineration of mu-
nicipal waste are not an easy raw material to use, but, if properly
treated, they can be a good alternative to non-renewable natu-
ral resources. The obtained results give a chance for environ-
mentally friendly use for slag from the incineration of munic-
ipal waste in construction, e.g. for the production of building
materials or for roads. The issue under review may represent
the best and cheapest long-term solution in line with the cir-
cular economy that could fill the market gap in the context of
dwindling anthropogenic resources. During chemical tests, it
has been shown that using slag from MSWTI in concrete should
not be harmful to the environment. However, it is important to
note that the composition of the MSWT slag varies depending
on the composition of the municipal waste stream sent to the
incineration plant. It is necessary to conduct research on the
variability of the chemical composition of the resulting slags
thruought the year. In order to determine their optimal use
in construction, a full set of data must be collected. The next
research step will be to design concrete samples with different
slag shares and test them under various environmental expo-
sure classes according to PN EN 206. The search for mineral
additives for concrete, as well as aggregate substitutes for the
road industry is still a current and important topic.
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Rola zuzla ze spalania odpadéw komunalnych w gospodarce o obiegu zamknigtym

Zuzel powstajgcy w procesach degradacji termicznej odpadéw komunalnych klasyfikuje sig zgodnie z obowigzujgcymi przepisami
jako odpad o kodzie 19 01 12. Szacuje sig, ze w wyniku spalania odpadoéw komunalnych powstaje okoto 0,25 Mg zuzla na 1 Mg
spalanych odpadow. Z perspektywy gospodarki o obiegu zamknigtym konieczne jest poszukiwanie dla tego materiatu nowych
zastosowan w przemysle. Szansg na ich optymalne wykorzystanie sq nowe modele biznesowe, w szczegolnosci odzysk produktéw
ubocznych. Koncepcja ta zaklada, ze odpad z jednego procesu jest produktem dla innego procesu. Dzialanie wymaga nowego
spojrzenia na rynek i rozwdj nieistniejgcych wczesniej symbioz przemystowych. W wyniku ponownego wprowadzenia Zuzla do obiegu
nastepuje redukcja zuzycia zasobow naturalnych, co skutkuje oszczednosciami zaréwno ekonomicznymi, jak i Srodowiskowymi.
Celem artykutu jest wstgpna ocena wlasciwosci fizycznych i chemicznych zuzla ze spalarni odpadéw komunalnych jako dodatku do
betonu. Na potrzeby oceny wykorzystania zuzla w budownictwie przeanalizowano nastepujgce scenariusze: Zuzel jako zamiennik
do kruszywa, piasku i cementu. Badania przeprowadzono na zuzlu pozyskanym z trzech roznych instalacji dzialajgce w Polsce.
W artykule przedstawiono sklad tlenkowy i pierwiastkowy zuzli, a uzyskane wyniki odniesiono do wymagania dotyczgce stosowania
granulowanego zuzla wielkopiecowego jako dodatku typu II do betonu. Analizowane zuzle charakteryzujg si¢ niskg zawartoscig
chloru (Cl<0,5%), catkowita zawarto$¢ siarki ksztattowala sie na poziomie 0,7%. Zawartos¢ wegla organicznego (TOC) w badanych
zuzlach byl ponizej poziomu analitycznego. Uzyskane wyniki potwierdzajg mozliwos¢ wykorzystania zuzla jako alternatywnego
kruszywa lub surowca do betonu. W wykorzystanie popiotow ze spalarni odpadéow komunalnych do betonu nie stwarza zagrozenia
dla srodowiska naturalnego.

Stowa kluczowe: zuzel, surowiec, recykling, beton
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In underground coal mining, the ventilation task plays an important role because it ensures enough fresh air for workers and
decrease negative effects of deleterious gases released from coal seam as well as blasting explosions. Furthermore, when coal mines
go deeper, the ventilation task is more and more important. In order to guarantee good ventilation performance, we should apply a
simulation software. In this article, we present the application of Ventsim DESIGN software for ventilation network of Duong Huy
Coal company as well as prediction of escape routes in urgent cases. The simulation results demonstrate that the software offers
good performance, stable operation as well as the suitable escape routes in urgent cases.

Keywords: ventilation network, Ventsim DESIGN, escape routes, Duong Huy coal company, vinacomin

1. Introduction
Ventsim DESIGN is the world's best-selling mine venti-
lation software, used and trusted by over 1500 mines, univer-
sities, consultants, government and research organizations.
It is an underground mine ventilation simulation software
package designed to model and simulate ventilation, airflows,
pressures, heat, gases, financials, radon, fire and many other
types of ventilation data from a model of tunnels and shafts
[1, 2]. It includes two versions named Ventsim DESIGN Ad-
vanced and Ventsim DESIGN Premium. The first has some
characteristics as follows:
o Compressible Flows: Compressible airflows effects at
depth are modelled
o Thermodynamic environmental simulation:
— Heating and Cooling - includes heat or refrigera-
tion options in network analysis;
— Rock Thermal Input - predicts heat and moisture
emanated from rock strata;
— Diesel Equipment - predicts heat and humidity
generated by diesel equipment;
— Natural ventilation - uses thermodynamics to
simulate natural ventilation effects.
o Dynamic blasting: Blasting fume animated dynamic
spread time and clearance time dispersion.
o Diesel Particulate Simulation: Utilizes diesel engine
sources to estimate DPM levels throughout the mine.
e Dynamic Heat and Gas Distribution: Individual heat
and gas time based simulation and spread through
model with graphing.

While the later includes all features of Ventsim Ad-
vanced as well as Fire Simulation, VentLOG ventilation sur-
vey record software, LiveView remote data connection and
display module AND the brand new Duct Calculator and
has the following features [1]:

o All features of Ventsim Advanced

«  Dynamic Heat and Gas programmable events: Heat,
air or gas changes can be introduced at pre-pro-
grammed dynamic intervals.

« Radon Simulation: Predict worker exposure levels
based on radon emission rates from different areas,
and the length of time the gas is allowed to remain
in the mine atmosphere based on your ventilation
design.

o Escape Routes: Find the shortest path to a refuge bay
or surface from any point in the mine.

o VentLOG: Software package to record survey data,
export to plans and overlay on Ventsim models.

o LiveView to connect to external data and display and
simulate real time data.

. Fire Simulation to predict fire heat, gases and flow
direction

o Duct Calculator

Ventsim DESIGN is used in many scientific articles for
simulating the ventilation network for tunnels as well as
underground mines. The authors in [3] proposed to link re-
al-time information generated by underground mine venti-
lation airflow monitoring sensors into a network simulation
program to undertake network simulations and allow inter-
pretation of key system data. Most mine ventilation engineers
are involved in ventilation planning and design in some ca-
pacity. Ventilation modelling software used by a competent
experienced ventilation engineer is extremely presented in
[4]. The Redeemer Gold Mine is a sub-level caving gold oper-
ation located in Western Australia. The underground mining
commenced in 1989 and followed a slightly subvertical ore
body to the depth of approximately. The authors in [5] evalu-
ated mine ventilation for Agnew Gold mine expansion using
Ventsim. In Vietnam, there are several mine ventilation sim-
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Fig. 1. The diagram of the mine ventilation network in AutoCAD

Rys. 1. Schemat sieci wentylacyjnej w programie AUTO CAD
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Fig. 2. The diagram of the mine ventilation network in Ventsim DESIGN

Rys. 2. Schemat sieci wentylacyjnej w programie Ventsim Design

ulation softwares as Ventsim, Kazemaru, VentGraph used for
simulating underground Coal mine ventilation network [6].
Some Coal mines in Quang Ninh province begin using Ven-
tsim DESIGN for simulating their mine ventilations. Duong
Huy coal mine is one of those. In this article, we present the
simulation results in using Ventsim DESIGN to simulate the
ventilation network for this company.

The rest of the article is structured as follows: Section 2
describes the related works. The simulation of Duong Huy
coal company’s ventilation network and prediction of escape
routes in urgent cases are presented in section 3. Section 4
offers some conclusions as well as the future work.

2. Related works
2.1. Steps of mine ventilation simulation in Ventsim DESIGN
In order to simulate the mine ventilation in Ventsim DE-
SIGN, we execute as follows:
o  Step 1: Draw the ventilation network in AutoCAD
software, and then save it to .dxf/.dwg file
e Step 2: Import the AutoCAD file into Ventsim DE-
SIGN
e Step 3: Import data for the ventilation in Ventsim
DESIGN
o Step 4: Check for the validity of the ventilation as di-
rection, the junction among airways. In order to do
this, Fix flow for airways which we will install the
fans equal to the total flows of whole mine
o Step 5: Simulate the ventilation
— Remove the fixed flow at step 4
— Install the fan at the airway
— Run simulation of airflows

— Check flows at airways which consume fresh air. If
they do not ensure enough fresh air, we have to ad-
just the ventilation network as using local fan to in-
crease flow, obstruct for reducing flow... Besides we
also check the velocity of airways. If they exceed the
threshold value, we have to decrease them.

o Step 6: Check the whole mine ventilation, focus on the
flows, velocities, pressures, working mode of the fans.

2.2. Ventilation network characteristics of Duong Huy Coal mine

The ventilation network of Duong Huy coal mine is quite
complicated and typical for underground coal mine in Viet-
nam. At present, the mine is exploring form level -100 to +38.
The mine includes three mining areas called “Trung tam’,
“Nam”, “Dong Bac”. All the areas have 10 longwalls, 34 the
prepared tunnel faces, where “Trung tam” area is exploiting
seams 8, 10, 11; area “Nam” is mining seam 9 whereas area
“Dong Bac” is exploiting seams 11, 12, 14. According to [7,
8], the total output of the mine in 2020 is 2,130,000 tons/year.
The total length of digged tunnels is 22,730 m. For the venti-
lation task, the total flow of whole the mine (Qm) is manually
counted according to the following equation [9]:

Qm =1.1x (ksf XZQRT+2ch+ZQhI+ZQVg); mS/S (1)

In which:

1.1: The coefficient refers to the uneven distribution of wind
in wind currents.

k : Coefficients to account for the increase in output of the
longwall (normally k = 1.1).

2Q,,: Total leakage flow in mine, m?/s.
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Tab. 1. Quantity of fan used in simulation

Tab. 1. Ilo§¢ wentylatoréw uzytych w symulacji

Fan name

2K56N030

2K56N024

2K60-44-No16

BD-II-4N012/2*45

FBDCZ-II-4-No 12/2*45

BD-II-6-No 12/2*30

FBD6/2*15

FBDY6/2*22

FBDY6.3/2*30

FBDY6.7/2*37

JBT 52-2

YBT 42-2

Role Quantity
Main fan 2
Main fan 2
Main fan 2
Local fan 1
Local fan 1
Local fan 1
Local fan 18
Local fan 2
Local fan 3
Local fan 2
Local fan 4
Local fan 5

TQ via 10

Fig. 3. The locations of 6 main fan stations in mine ventilation network

Rys. 3. Lokalizacja szesciu glownych stacji wentylatorowych w sieci wentylacyjnej

ZQ,: Total flow required for the longwall face, m*/s.

2Q,,: Total flow needed for the roadway heading or heading,
m?/s.

2Q,,: Total flow required for the stations, m®/s.

The value of Qm is manually calculted equal to 304 m?/s.
Total ventilation pressure of mine (hm) is counted using
Equation (2) [9]:

hm - ths + thb, manZO (2)

where:

Zh_: The total hypotension is caused by the frictional resis-
tance of the segments that follow each other in airflow, cal-
culated from the beginning to the endpoint. The pressure of
tunnel i (hms) is calculated according to formula (3).

LxP
=a ’;3 Lx (0’ ; mmH,0 (3)

ms i
i

In which:

a;: The aerodynamic resistance coefficient in tunnel i on the
airflow, kGS?/m*

L, P, S;: Length, circumference, the cross-section of the tunnel i;
Q;: The amount of wind going through tunnel i, m*/s.

Zh ,: The total hypotension due to local resistance calculated
by an airflow. In fact, it is often taken from 10 to 25% of Zh_.

The value of h  is manually calculted equal to 1994.68 Pa.
The velocity of airflow at tunnel i (vi) is computed accord-
ing to equation (4):
_9.
v, = 3 m/s (4)

i

Where: Q,, S, are flow and area of tunnel i, respectively.

3. Simulating the ventilation network in Ventsim DESIGN
3.1. Simulation of the ventilation network

In order to simulate the mine ventilation of Duong Huy
coal mine, we implement according to the steps in subsection
2.1. The diagram of the mine ventilation in AutoCAD is pre-
sented in Figure 1.

And then, we import this diagram into Ventsim DESIGN.
Next, we put data for all the airways of the mine ventilation
network. The mine ventilation diagram is shown in Figure 2.

When simulate the ventilation network of Duong Huy
coal mine, we use several types of fans currently used in the
mine shown in Table 1 [8].

The locations of 6 main fan stations are represented in
Figure 3.

All the fans use exhaust ventilation method.

Summary of key simulation results of the mine ventilation
network is shown in Figure 4. The mine ventilation network in-
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Fig. 4. Summary of main simulation results of mine ventilation network

Rys. 4. Podsumowanie wynikéw symulacji sieci wentylacyjnej

Key simulation results of 4 main fan stations
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Fig. 5. Simulation results of main fan station

Rys. 5. Wyniki symulacji stacji wentylatoréw gléwnych

cludes 2518 airways, total length of 92,281.6 m, total airflow is
296.6 m*/s; mine resistance (including duct) is 0.03917 Ns*/m?.

Figure 4 shows the main simulation results of 4 main fans
used in the mine ventilation. Summary of the main factors is
presented in Figure 4. The simulation results show that fan
named “TQ +40: 2K50N030” has the best performance with
the peak capacity is 97% while the remaining fans having this
factor from 45 to 64 %. This means the TQ +50V6 has the
worst performance with the peak capacity is 45%. These fans
will be efficient used in the future when the mine is deploying
the expansion of mining area. The mine will go deeper.

The calculation results of some important factors accord-
ing to manual method and using Ventim DESIGN as shown
in Table 2. It is clear that the difference between two methods
is not significant. This means we can efficiently apply the soft-
ware to simulation of the ventilation network of Duong Huy
coal mine.

3.2. Prediction of the escape routes

This feaure is to offer the best/shorted path form the po-
sition of the breakdown (due to fire, tunnel collapse, water
flooring, gas explosion, etc.) to the safe location (entrance/
exit surface, refuge bay, etc.) with the shorted of moving time.
According to [5], some urgent situations can be shown as:

e Mine fires or explosions where some escape routes or
parts thereof may be flushed with fire or pernicious
gases;

o Blockage of an escape route through mine collapse
or flooding;

o Some parts of a mine may not have planned or
formed fully escape routes into all areas of the mine.

In Ventsim DESIGN, Dijkstra’s algorithm [10] is devel-
oped to find out the safest and fastest path solutions. The mine
ventilation is seen as a direction-oriented graph where node
(junction) is the top of the graph, airway is the edge of the
graph. The weighting of the connections between nodes needs
be estimated. Relevant considerations for graph weighting in-
clude [5]:

o The speed and safety of escaping personnel include

the walking slope or gradient of the path;

. Can the path can be driven, walked or climbed (with

a ladderway)?

o The presence of blockages or non-route controls like

inaccessible regulators or walls;

o The presence of smoke, gas, fire or impassable water

within a pathway;

o What about if the roadway is entrance or return?

o The presence of mask stations or rescue bays in those

roadways.

The speed and walk time of workers are computed ac-
cording to Naismith’s method [11, 12]. The method is based
on a horizontal walking pace of 4.5 km/h with an inclined
penalty of an extra hour travel per 1000 m vertical dis-
tance. Because of reduced visibility, a further walking speed
penalty of 40% is recommended for travelling in adverse
conditions such as smoke or gas. The speed (Sw) and walk
time (Tw) of workers are counted according to Equations
5and 6.

)
*=TD
as”

x(1-E); km/h

©)
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Fig. 6. Main simulation results of 4 of 6 main fans used in the mine ventilation. Names of fan stations: a) TQ +88 via 11TT; b) TQ +95: 2K56No 24;
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Rys. 6. Gléwne wyniki symulacji dla 4 z 6 gtéwnych wentylatoréw Oznaczenia wentylatoréw a) TQ +88 via 11TT; b) TQ +95: 2K56No 24;
¢) TQ +50V6; d) TQ +50 2K50No 30

Tab. 2. The calculation results of some important factors according to manual method and using Ventsim DESIGN software
Tab. 2. Wyniki obliczen najwazniejszych czynnikéw metoda reczng i z wykorzystaniem Ventsim DESIGN software

Method of Quantlt_y of the Pressure of the mine
calculation (:11;';:) (Pa)
Manual 304 1994.67
Ventsim DESIGN 296.6 1958.68
Difference +2.4% +1.8%

Tab. 3. Parameters used for simulating the escape routes in urgent cases
Tab. 3. Parametry wykorzystane w symulacji drog ucieczki w warunkach niebezpiecznych

Scenario | Airway with breakdown Positions of Number index of
Y refuge bays Entry/Exit branches
1 SSC cho N-8-1 V8 KN . 509, 511, 596, 1126, 1275, 1280,
N TKD lap gia cho DB-11-38 | DVF4 V7 Khu Ram; 1306, 1310, 1312, 1358, 1359,
V11 DB 1388, 2061

S -100/+160” with 41 minutes of walking time only. The total
T, = %; h (6) distance is 2,073.9 m. The total time of pathways to two refuge
bays “XV-100 khu BI” and “DV+45 V7 Khu Nam” are 14 min-
Where: utes and 16 minutes walking time only, respectively. Hence,

TD: Total distance (km);

L: Leng of pathway (km);

H: Vertical height up only (km);

E: Environmental penalty factor (0% = clear, 40% = smoke).

For this case study, we assume some positions which usu-
ally happen the breakdowns in practice. Then we use function
of escape routes in the software for finding out the path to
the safe location. In this simulation scenario, we suppose the
breakdown positions as described in Table 3.

After simulation with the function of escape routes in the
software, the simulation results of scenario 1 are indicated in
Figure 8.

The selected path from the breakdown position (SSC
cho N-8-1 V8 KN) to the surfaces is Exit Branch which has
number index equal to 1306, with the total time is 59 min-
utes, including 40 minutes of walking time, and 19 minutes
of climbing time. The total distance is 2,400.5 m. The total
time of pathways to two refuge bays are 1 hour 21 minutes
and 1 hour 25 minutes, consisting of time walking and time
climbing. It’s clear that, the selected path is the best pathway
in this case. Figure 9 shows the selected path for the first
scenario. The selected path is highlighted while the other
airways hidden.

In the second scenario as shown in Figure 10, the select-
ed path is the way to the Entry branch named “Ngam TG

the best pathway in this scenario is the way to the refuge bay
“DV+45 V7 Khu Nam”. Figure 11 shows the selected path for
the second scenario. The selected path is highlighted while the
other airways hidden.

The simulation of urgent situations will show the best
path to the safe location. This will protect the workers when
having disasters. The simulation of urgent situations will show
the best path to the safe location. This will protect the workers
when having disasters.

4. Conclusion

In this article, we assess the performance of application
of Ventsim DESGN software to the mine ventilation network
of Duong Huy coal mine. The simulation results show that
the software operates stably, exactly, lively. The mine ventila-
tion network of Duong Huy Coal mine is quite complicated
and typical for underground coal mines in Vietnam. So the
successful development of the ventilation simulation will cre-
ate many chances in applying the Ventsim DESIGN software
to other underground Coal mines in Vietnam. In the future,
we will study to simulate heat, contaminant, fire for the mine
ventilation network of Duong Huy Coal mine.
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Fig. 7. Positions of the Refuge Bays
Rys. 7. Lokalizacja komor ucieczkowych

Fig. 8. Simulation result of the escape routes function for scenario 1

Rys. 8. Symulacja drog ucieczkowych wedlug scenariusza 1

Fig. 9. The selected path is prominently displayed while the other remaining airways hidden in scenario 1
Rys. 9. Wybrana droga ucieczkowa jest wyraznie widoczna, podczas gdy pozostate drogi sa opisane w scenariuszu 1
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Fig. 10. Simulation result of the escape routes function for scenario 2

Rys. 10. Symulacja drég ucieczkowych wedtug scenariusza 2

Fig. 11. The selected path is prominently displayed while the other remainning airways hidden in scenario 2
Rys. 11. Wybrana droga ucieczkowa jest wyraznie widoczna, podczas gdy pozostate drogi sa opisane w scenariuszu 2
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Symulacja i przewidywanie drég ewakuacyjnych dla Sieci Wentylacyjnej Spétki Weglowej Duong
Huy przy uzyciu oprogramowania VENTSIM DESIGN

W podziemnym goérnictwie wegla wentylacja odgrywa wazng role, poniewaz zapewnia wystarczajgcg ilos¢ swiezego powietrza
dla pracownikéw i zmniejsza negatywne skutki uwalniania sig¢ szkodliwych gazow z poktadéw wegla oraz mozliwosé wystgpienia
wybuchéw. Ponadto, gdy eksploatacja siega glebiej, zadanie wentylacji jest coraz wazniejsze. W celu zagwarantowania dobrej
wydajnosci wentylacji do obliczen sieci wentylacyjnej stosuje si¢ oprogramowanie symulacyjne. W artykule przedstawiono
zastosowanie oprogramowania Ventsim DESIGN dla obliczenia sieci wentylacyjnej kopalni Duong Huy oraz przewidywania drig
ewakuacyjnych w naglych przypadkach.

Wyniki symulacji pokazujg, ze program dobrze wylicza wydajnos¢ sieci, warunki stabilnej pracy oraz odpowiednie drogi ewakuacyjne
w naglych przypadkach.

Stowa kluczowe: sie¢ wentylacyjna, Ventsim DESIGN, drogi ewakuacyjne, spétka weglowa Duong Huy, Vinacomin
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Abstract
The mining industry is related with the production of waste, which are generated during the preperatory works, exploitation and
processing of minerals. The type and quantity of generated waste result directly from the type of obtained mineral raw material
(minerals), geological conditions of the deposit and the mining and processing technologies used. The changing approach to waste related
to the circular economy model means that more and more waste is used economically. However, due to the different physicochemical
properties of mining waste and the limited possibilities of its use, some waste is still deposited in mining waste landfills. Depending on
the type of mining waste deposited, environmental and economic aspects, the landfill may be a source of raw materials (anthropogenic
deposit) that may be exploited now or in the future. Some of this type of mining waste landfills are reclaimed and may be an important
elements of the local landscape, as well as positively affect biodiversity through the development of specific natural habitats. The paper
presents the concept of landfill reclamation of waste from hard coal mining, taking into account the importance of the phenomenon of

natural succession in the formation of ecosystems in reclaimed landfills.

Keywords: waste facility, mining waste landfills, anthropogenic deposit, circular economy, reclamation, biological tests

1. Introduction

Getting mineral raw materials, inter alia: fossil fuels, metal
ores, minerals used in chemical and building industry involves
producing wastes. These are mainly mining wastes made in
the processes of searching, identifying and mining of minerals
from their deposits, as well as their processing. Most mining
wastes are a result of the construction and maintenance of ex-
cavations, often called sterile rock. Processing wastes are wastes
in a solid or silt-like form, which are formed after processing of
minerals, i.e., getting useful components through mechanical,
physical, biological, thermal or chemical processes. The kind
and quantity of the produced mining wastes directly depend
on the kind of the mineral, geological conditions of the de-
posit and the applied technologies of mining and processing.
According to the catalogue of wastes, they belong to the first
group of wastes [1, 2]. In Poland, the largest quantity of pro-
duced wastes is connected with the mining of coal, copper, zinc,
lead, and aggregates. These are three kinds of wastes:

o wastes from the flotation enrichment of the ores of
non-ferric metals, code 01 03 81, formed during the
processing of the ores of copper, zinc and lead;

o wastes formed during panning and rinsing minerals,
code 01 04 12. These are mainly wastes from the pro-
cessing of coal and rock aggregates;

o wastes from mining minerals other than metal ores,
code 01 01 02. These wastes arise during mining of
coal and rock aggregates (so-called sterile rock).

Over the recent years, the mentioned above kinds of wastes
were produced in the quantities 69.5 to 60.8 million tonnes per

year, which was 54-56% of all the industrial wastes produced in
Poland (table 1). From 37 to 41 per cent of wastes were recov-
ered. In 2016, 40.5 million Mg of mining wastes were deposited
in the waste facility (WF), while in 2020 it was 35.8 million Mg,
which was 59% of the mass of the produced wastes.

In mining industry, depending on the kind of the mineral,
specifics of the processing and the applied technologies, also
other industrial wastes are produced, which can be deposited.
In case of some hard coal mines, flotation is applied during the
processing, and the remains from the enrichment of coal make
the post-flotation wastes. These are wastes classified pod in
code number 01 04 81 - other than the mentioned in 01 04 80
wastes from the flotation enrichment of coal. Another kind of
wastes characteristic for underground mines are wastes made
as a result of treating mine waters, which are sent to the decan-
tation ponds on the surface. In the decantation ponds solid par-
ticles are sedimented and their code is 19 13 06 — sludges from
groundwater remediation other than those mentioned in 19 13
05. Among the mentioned above wastes, characteristic for hard
coal mining wastes of code numbers: 01 01 02, 01 04 12 and 19
13 16, and in some mines also code 01 04 81.

These wastes are characterised by various physical and
chemical properties, which determine further processes of
their management (e.g., chemical composition, granulomet-
ric composition, mechanic properties, the content of coal,
humidity) [8-12]. The influence of wastes on the environment
is also significant, e.g., through the presence of heavy metals,
as well as leachability of salts, such as sulphates and chlorides
in the amounts exceeding the highest acceptable levels. Thus,
these wastes are used in various manners - in the building
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Tab. 1. Production and management of mining wastes in Poland [3-7]

Tab. 1. Wytwarzanie i zagospodarowanie odpadéw gorniczych w Polsce [3-7]

v 2016 | 2017 | 2018 [ 2019 [ 2020
ear —
million tons
Generated waste - total 128.3 | 113.8 | 115.3 | 114.1 | 109.5
Generated waste - Mining and quarrying | 69.5 62.3 61.4 63.7 60.8
Waste recovery - Mining and quarrying 28.4 23.2 24.1 25.6 24.4
Landfilled waste - Mining and quarrying | 40.5 38.0 36.9 37.5 35.8

Tab. 2. Production and management of wastes by the hard coal mines in Poland [3-7]

Tab. 2. Wytwarzanie i zagospodarowanie odpadow przez kopalnie wegla kamiennego w Polsce [3-7].

Year Waste generated during the year [min tonnes]
2016 2017 2018 2019 2020
Grand total 324 28.5 28.1 30.2 27.8
Recovered 25.0 20.9 21.2 22.7 21.4
Landfilled 7.4 7.1 6.8 7.2 6.3
Waste landfilled (accumulated) so
far (as of the end of the year) 434.6 421.4 426.9 424.2 430.1

construction, road construction, energy industry, mining,
land reclamation and agriculture [9-11, 13,14]. Nevertheless,
due to large quantities of these wastes, lack of local customers,
economical aspects, both in the past and nowadays, they are
deposited or accumulated on the waste facility (WF), such as
heaps or decantation ponds. According to recent data [7], in
2020 hard coal mining industry in Poland produced 27.8 mil-
lion tonnes of wastes, among these 6.3 million tonnes were
deposited, and by the end of 2020, 430.1 million tonnes of
wastes were deposited on WF in total (table 2).

Such large quantities of wasted deposited on WF located
near mines have direct and indirect impact on the environ-
ment. This impact is usually considered negative, neverthe-
less, with time, industry attempts to improve damage by rec-
lamation of waste repositories, their liquidation by retrieving
the wastes, or — what can be noticed in recent years - allowing
the formation of new habitats through natural succession.

The article presents new trends, which can be observed in
the approach to the management of WF which, depending on
the kind of deposed wastes and estimated impact on the envi-
ronment, can be treated as the reservoir minerals that can be
obtained in the future. This can refer to e.g., wastes contain-
ing valuable components, which - due to previously applied
technologies and economical aspects — were not retrieved in a
satisfactory extent. Such objects can make anthropogenic de-
posits and their renewed mining gains increased interest. In
case of WF where mining wastes of no environmental threat
were deposed, it is possible to ,leave the object to nature”,
after previous ,technical reclamation od the object”. In the
repositories of this type, often due to natural succession valu-
able habitats are formed. At the same time these habitats are
adjusted to local environmental conditions.

2. The Characteristics of Waste Facility

Disposal of mining wastes causes numerous changes in
the environment, starting from the impact on fauna and flora,
soil and water environment or visible changes on the surface
of the terrain. For many years of the activities of mining in-
dustry anthropogenic forms of relief were made. There area,
height and shape varied. This was mainly because of the prop-
erties of the deposited wastes and techniques of the disposal
or the location of a specific landfill. Thus the existing repos-
itories of mining wastes can be divided according to various
criteria [15]: size and shape (terrace, table, ridge, dome and
cone), situation referring to the ground (over-ground, un-

derground, partially over-ground and underground and lat-
eral), situation referring to the mining enterprise (near the
mine, central, involving several mines), aquatic conditions
(drainage, non-drainage) or the degree of vegetation cover
(reclaimed, partially reclaimed, not reclaimed).

The legal status of the existing WF depends on many fac-
tors connected with the subject managing such an object and
activities conducted in the area. Usually the subjects managing
the waste repositories are mining enterprises, enterprises deal-
ing e.g., with wastes recycling or the State Treasury. One can
distinguish active WE, where mining wastes are still disposed,
partially closed (disposal is conducted only in parts of the ob-
jects) and closed. Closing WF is usually a result of achieving its
planned height, defined by the area, volume and height param-
eters. Another reason for the closure of WF can be the lack of
the possibilities or the lack of the permission from the admin-
istration to increase its volume, as well as ceasing the activities
of the mining enterprise. In the framework of the process of
closing the object of mining wastes neutralisation, often an ob-
ject is constructed. Such works are based on the construction
project and the construction permit. Scarps are built and the
crown of the object are built. Mining wastes are often use for
this purpose. Once the construction works are finished, recla-
mation and area management are carried out in such a way that
a proper state from utilitarian and ecological point of view is
restored, especially soil quality, wildlife and flora, natural habi-
tats, systems of fresh water and landscape [16].

3. Waste Facility as Antropogenic Deposits

The model of economy in UE, changing from linear into
circular model, introduced changes, which also referred to
mining wastes [17]. Mining industry in greater and greater
degree will have to limit the amount of the produced wastes,
and - if already produced - treating them as raw materials
to produce products of various kind. Moreover, economic
factors more and more often wastes disposed in WF and re-
positories (e.g., wastes from metallurgy, post-flotation wastes
from metal ores or wastes from energy industry) are treated as
anthropogenic deposits, where raw materials can be obtained.

The mining of such a deposit contributes to the regaining
of the accumulated wastes, which make substitute for nat-
ural deposits, thus we save natural resources, as well as re-
claim the previously occupied area, which then can be used
in diverse ways. The kind of potential resources collected in
an anthropogenic deposit, their amount and quality depends
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on many factors connected with the source of wastes, the
way of their disposal and the duration of time; these are the
following: efficiency of the carried out previous methods of
processing, the way of disposal (selective, not selective), kind
and amount of deposited wastes, the age of the repository and
physical and chemical changes in wastes, which took place in-
side the repository. Moreover, the mining of anthropogenic
deposits also depends on other aspects, such as: profitability,
new technologies of wastes processing to regain valuable raw
materials, demand for the particular mineral, the impact on
the environment of the liquidation of the repository, the role
fulfilled by the object for the area or natural values. This the
decision of the mining of the repository WF requires indi-
vidual approach [18]. In case of the repositories of industrial
wastes, usually retrieved minerals are metal ores, including
valuable metals, rare-earth elements or critical raw materi-
als, minerals used in chemical industry, scrap steel, cast iron
and construction materials [19, 20]. The wastes deposited in
WEF by hard coal mines make potential source of energy and
construction resources [21, 22]. According to the inventory
[18], in Poland there are 259 objects, where hard coal mining
wastes of different legal status in terms of the activities carried
out are deposited (about 800 million tonnes). The estimated
analysis contained in [21] indicates that in 1945-1989 120
million tonnes of coal silts were disposed in the objects like
decantation ponds. The authors identified 59 objects where
these wastes were disposed.

The exploitation of WF means taking wastes, usually with
the use of excavators/loaders and processing them, depending
on the kind of the retrieved wastes. The whole processing can
take place in situ, in the facility located at WF or outside. In
this case the product (waste) is transported in motor vehicles,
railway or tape conveyors to the processing facility. Usually in
the processing sieving, crushing and mincing are applied, as
well as methods of gravity and flotation enrichment.

The obtained flammable fractions, depending on the cal-
orific value and the size of grains, are used to produce energy
for industry and households. The second significant raw ma-
terials are artificial aggregates — taken directly from the wastes
repositories or being the remains after the processes of the
recovery of the flammable fraction. Artificial aggregates make
substitute for natural aggregates and they are usually used in
construction industry, road construction and engineering.
Regained wastes can make components of mineral fertilizers
and stimulators of the development of plants [23].

As a result, old repositories, forming anthropogenic de-
posits are liquidated, the area can be reclaimed and brought
back to agriculture or forestry use. It can also be used for eco-
nomic purposes (the area for new service or production com-
panies) and even converted to residential area.

4. Reclamation of the Waste Facilitis From Hard Coal Mines

Reclamation works can be carried out, provided that the
legal status of the enterprise is regulated, including permit for
wastes retrieval, permit to close the object of mining wastes
neutralisation and, according to the legal regulations, so that
they are safe for human health and life and did not have neg-
ative impact on the environment. Firstly, one should define
the direction of reclamation, conduct the studies on geo-me-
chanic properties of the ground, water balance, as well as the

range of land transformations. This is so-called preparatory
reclamation, then a subsequent stage — basic reclamation -
often called technical reclamation takes place [24].

In the framework basic reclamation, engineering works are
done, including earth works connected with shaping the scarps
and top of the repositories, earth works connected with reclama-
tion cover, works regulating water balance and building access
roads. Like in construction works, during reclamation, the men-
tioned above hard coal mining wastes are used in the amount
connected with the technical way of reclamation. Due to the fact
that the wastes of codes 01 01 02 and 01 04 12 are character-
ised by large size of grains and are often mixed with fine-grained
wastes of code 01 04 81 to increase the isolation of the layer by
fulfilling the inter-graine space (e.g., 10% participation). Earth
works are connected with the shape of the top and scarps of the
repositories, have also the purpose of securing the crown and
scarps of the repositories from water and wind erosion. An ex-
ample of earth works technology is distributing, levelling and
compacting the wastes making the layer of thickness 1-1.5 m and
density index Ismin = 0.95. After shaping the top and scarps of
the waste repository, reclamation cover is made. Its thickness de-
pends on planned plantations. If mining wastes are used, the par-
ticipation of waste 01 04 81 increases e.g., to 20%, additionally,
other wastes, such as concrete and brick debris (waste of code 17
01 07), soil and earth (waste of code 17 05 04), stabilised munici-
pal sludges (waste of code 19 08 05) can be used.

Then, on the layer of reclamation cover, the earth layer of
the thickness of e.g., 0.3 m is put, with the use of wastes from
coal burning (e.g., slag, ash and dust from the boilers - waste
of code 01 01 01), as well as soil and earth coming from con-
struction works, renovation and demolishing of constructions
and road infrastructure (waste of code 17 05 04), earth from
digging (rocks from deepening - code of waste 17 05 06) or
soil and earth coming from gardening (waste of code 20 02
02). After these measures biological reclamation is conducted.

Biological reclamation, also known as detail reclamation, is
the third phase of the reclamation process. Biological stage of
reclamation is a key stage. Its purpose is regeneration of biolog-
ical activity of soil. Biological reclamation is a set of engineering
and agrotechnical measures, a significant role is played by bio-
logical processes taking place in the upper layer of the ground,
reshaping biocoenotic structure on degraded soils. The purpose
of this stage of reclamation ma is first of all the protection from
erosion, biological protection of the top and slopes and initiat-
ing and stimulation of soil-forming processes. Vegetation cover
formed in the reclaimed area fulfils many functions, inter alia,
causes the limitation of dust, increases the retention, which also
limits leaching inside the profile, also fulfils the phyto-melio-
ration function, sanitation, and remediation function (biore-
mediation and phytoremediation). Additionally, the vegetation
cover forms microclimate and fulfils the protection function for
the adjacent areas [25- 28].

The selection of the direction of biological reclamation is
determined by many conditions. Firstly, the direction of recla-
mation must comply with the plan of the spatial management
of a given area, as well as habitat conditions. Formal and legal,
technical, hydrogeological, cultural conditions are important, as
well as the kind and accessibility of infrastructure, the degree of
urbanization of a given area and ecological factors [29, 30]. Nat-
ural succession in the reclaimed area must be considered [31].
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Fig. 1. Spontaneous vegetation with the black locust (Robinia pseudoacacia) in a fine coal landfill

Rys. 1. Spontaniczna wegetacja z udzialem szaranczy czarnej (Robinia pseudoacacia) na sktadowisku wegla drobnego

Fig. 2 Spontaneous succession in the area of closed hard coal mines

Rys. 2. Sukcesja spontaniczna na terenie nieczynnych kopaln wegla kamiennego

The efficiency of biological reclamation depends on the
properties of the reclaimed grounds. The reclamation mea-
sures are influenced by the pH, the amount of accessible nu-
trients, the content of humus, which significantly influence
the sorption complex and retention properties, as well as the
granulometric composition of the ground. Thus the condition
of the revival of biological activity of soil is providing opti-
ma conditions for the development of plants and soil micro-
organisms, which also allow spontaneous succession of the
adapted organisms.

Over years various concepts of biological reclamation in
the degraded areas have been formed. The concept by Skaw-
ina considered the role of pioneer plants introduced in the
reclaimed area. The role of pioneer plants was the initiation
of soil-making process and activation of biological processes.
Pioneer plants could be commercially used, nevertheless their
basic function of the stimulation of soil-making processes be-
fore the final (permanent) species are introduced. To initiate
soil-making processes and the enrichment of soil in nitrogen,
Fabaceae (Papilionaceae, leguminous plants) are used. Due to
the symbiosis with Rhizobium bacteria the Fabaceae can use
atmospheric nitrogen and do not require mineral fertilizers.
The species of pioneer plants also produce large amount of
surface biomass and have strongly developed and draining
root system. Often, apart from leguminous plants, various
grass species are introduces, acting against erosion (the tim-
othy (Phleum pratense), red fescue (Festuca rubra), orchard
grass (Dactylis glomerata) In the area reclaimed in the forest
direction the function of pioneer plants fulfil the species of
trees and shrubs, such as: the black alder (Alnus nigra), grey
alder (Alnus incana), silver birch (Betula verrucosa), Scotch
pine (Pinus sylvestris) and various species and varieties of
willow (Salix sp.). Non-native species with the features of
pioneer plants were also introduced, but these were invasive
species posing threat to native biodiversity, such as: the black
locust (Robinia pseudoacacia), Siberian peashrub (Caragana
arborescens) [Fig.1]. Other model of biological reclamation

(Polish Academy of Science model) assumed intensive miner-
al fertilization in the first years of the reclamation, putting in
doubt the significance of the organic substance. Direct intro-
duction of final species was recommended, and then intensive
mineral fertilization of plantation took place, which posed a
significant risk of the eutrophication of water streams and wa-
ter bodies. In practice often final species were replaced by var-
ious species of herbaceous plants, which spontaneously en-
tered nitrogen-rich soils and overgrew the plantations. [32].

5. Natural Succession in the Degraded Areas

Devastated and degraded post-industrial areas include
(among others): repositories of solid wastes from mining,
metallurgy, energy industry, chemical and municipal wastes,
decantation lagoons and the areas of soils strongly trans-
formed by chemical substances. Depending on the degree and
kind of degradation, technical formation of such a deposit,
local climatic conditions, water and ground conditions and
the properties of earth material, spontaneous development of
vegetation is common. Spontaneously entering plant species
usually come from the adjacent areas. In case of deposits rich
in nutrients the biomass of a given plant species exceeds the
biomass of the same plant species growing in normal condi-
tions. Similarly, the content of macro and micro components
in the biomass of these plants varies significantly. Plant com-
munities on waste repositories and degraded grounds are
communities of a high degree of hemeroby, characterised by
high specialisation and pioneer character. The most common
species belong to poly-hemerobes and meta-hemerobes [33].
Often plants growing in the degraded areas, especially in sev-
eral decades old waste repositories, characterised by large
content of heavy metals and low content of nutrients and
unfavourable water conditions form defensive mechanisms,
protecting them from environmental factors. Plants growing
in such extreme conditions make quite rich phytocoenoses,
which Wierzbicka called heap populations. Plant species of
heap populations often morphologically vary from plants of
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Fig. 3. Yellow iris (Iris pseudoacorus) position near the fine dust yard

Rys. 3. Stanowisko irysa zottego (Iris pseudoacorus) w poblizu placu drobnego pytu

the same species, growing in natural conditions can also high-
er tolerance to heavy metals [33-36].

Due to the differentiation of post-industrial habitats, in
terms of relief, hydrological conditions, content of various
factors, including toxic elements and granulometric compo-
sition of the ground, the areas of this type have very differen-
tiated ecological niches, possible to be populated by various
species, and due this they have high potential of ecological
remediation [37] [Fig.2].

Observed in the repositories mining wastes, often char-
acterised by theoretically unfavourable conditions for vegeta-
tion (e.g., salinity, high temperature), after several years, dense
vegetation cover is found. Through natural succession, these
apparently hostile formations are colonised by plants of high
adaptation abilities. The formed habitats are valuable objects of
studies referring to the succession of adaptation mechanisms
to unfavourable environmental conditions. Mining leads to the
formation of ecological niches, which are often populated by
valuable species, protected by law or regionally threatened. On
the heaps of the gangue, covered with vegetation as a result of
spontaneous succession nearly 600 species of vascular plants
were identified, including several species protected by law.
Most species are connected with ruderal and segetal habitats
[38] [Fig.3]. Scientific studies carried out on the repositories
of mining wastes, which underwent spontaneous succession,
show much higher so-called biotic novelty index compared to
forests grown in natural habitats. Observations are promising
in the context of the reclamation and revitalisation of this type
of objects, however, a factor which works against such solutions
is the time of the formation of such ecosystems through the
spontaneous succession place [39].

6. Conclusions

The amount of the produced mining wastes is significant,
taking into account the production of industrial wastes in Po-
land, as well as produced only in hard coal mines. More than
half of these wastes end on the repositories. Depositing wastes
is connected with high environmental nuisance, due to the land-
scape degradation, threat to the quality of surface and ground
waters and air quality. Repositories of mining wastes used to be
left without reclamation. They used to be treated as indispensable
disfiguring element of landscape in the mining areas. Nowadays,
according to the law, every repository, after the end of use must
be remediated. The mentioned above old not cultivated reposito-
ries are overgrown with vegetation. Even in the areas of sponta-
neous succession where the conditions were and still are very un-
favourable, vegetation appeared as a result of natural succession.
This way very interesting and ecologically valuable ecosystems

appeared quite often. The example can be Halda Storczykowa in
the commune of Zloty Stok where the wastes from arsenic ores
were deposited. This heap is now an ecological utility due to the
rich flora, including calamine grasslands and the early spring
orchis (Orchis mascula). Overgrown with vegetation old heaps
now make recreational areas for local residents. They can be
managed of left as ,,wild” areas. More and more often educational
paths are made there, the purpose of which, apart from recre-
ation is getting the visitors familiar with the history of this area
and drawing their attention to local nature.

Due to changing economic conditions and developing
technological possibilities of retrieving useful minerals from
wastes, often old repositories are treated as anthropogenic de-
posit and mined. This also refers to the heaps of hard coal
mining. Nowadays, during energy crisis and expected short-
age of fuels in Europe and their growing prices, the recovery
of coal from wastes deposited on heaps was included in the
governmental programme of the reclamation of post-mining
areas, in the framework of which a pilot installation for coal
recovery was made. Unfortunately, during the exploitation of
the mining wastes repositories valuable ecosystems, which
were formed on them are lost. However, one should remem-
ber that the mining of such an anthropogenic deposit allows
obtaining the lacking minerals, preserving natural deposits
and ecosystems in the areas where these deposits occur. Mak-
ing decision a waste repository should be mined, one must
take into account both economic and ecological conditions.

Newly formed repositories are filled with post-mining
wastes which cannot be used now. These repositories are re-
claimed. There are many methods of technical and biological
reclamation, depending on the conditions in the repository
and its destination. Thus, depending on architectural, envi-
ronmental and social conditions, regarding the well-being
of the residents and cultural factors, two ways of procedures
should be taken. Some objects should be reclaimed in a spe-
cific direction, so that the area can be used again, but some
objects can be left for the formation of new habitats, due to
natural processes taking place in the natural environment,
even the environment with a strong anthropogenic pressure
(Kantor-Pietraga et al. 2021; Pu et al. 2017; Chen et al. 2019).
In the repositories formed now, valuable ecosystems will be
formed with time. New technologies, allowing economically
profitable recovery of minerals from wastes can appear. This
way a difficult decision if the new habitats should be preserved
or the mining should start will have to be taken.

Funding: This study was conducted under scientif-
ic subsidy of Ministry of Education and Science (AGH No
16.16.100.215).
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Rola sukcesji naturalnej w procesie rekultywacji obiektow unieszkodliwiania
odpadéw wydobywczych

Dzialalno$¢ przemystu wydobywczego wigze si¢ z wytwarzaniem odpadow, powstajgcych gtownie w trakcie prac udostepniajgcych,
eksploatacji jak i przerobki kopalin. Rodzaj jak i ilos¢ wytwarzanych odpadow wynikajg wprost z rodzaju pozyskiwanego surowca
mineralnego (kopaliny), z wystepujgcych warunkow geologicznych ztoza oraz stosowanych technologii gorniczych i przerébezych.
Zmieniajgce si¢ podejscie do odpadow zwigzane z modelem gospodarki o obiegu zamknigtym powodujg, Ze w coraz wigkszym
zakresie odpady sq gospodarczo wykorzystywane. Niemniej jednak ze wzgledu na wiasciwosci fizykochemiczne odpadéw wydobyw-
czych i ograniczone mozliwosci ich wykorzystania, powodujg, ze niektore odpady sq nadal sktadowane na obiektach unieszkodliwi-
ania odpadow wydobywczych (OUOW). W zaleznosci od rodzaju sktadowanych odpadéw wydobywczych, aspektéw srodowiskowych
i ekonomicznych OUOW stanowié mogqg Zrodlo surowcow (zloze antropogeniczne), ktore obecnie lub w przysztosci bedg mogly byc¢
eksploatowane. Czes¢ tego typu obiektow jest rekultywowana i moze stanowic cenny element lokalnego krajobrazu, a takze korzystnie
wplyngé na réznorodnosé biologiczng, poprzez wyksztalcanie sig specyficznych siedlisk przyrodniczych. W artykule przedstawiona
zostata koncepcja rekultywacji OUOW z gornictwa wegla kamiennego, uwzgledniajgca znaczenie zjawiska sukcesji naturalnej w ksz-
taltowaniu sig ekosystemow na rekultywowanych obiektach.

Stowa kluczowe: obiekt unieszkodliwiania odpadow, sktadowiska odpadéw wydobywczych, zloze antropogeniczne, gospodarka obiegu
zamknietego, rekultywacja, badania biologiczne
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The subject of this paper is electromagnetic activation technology for fly ash, which allows for the transformation of the troublesome
energy waste into a valuable market product. The move towards green energy, apart from decarbonisation and reduction of carbon
dioxide emissions, is facing additional challenges, i.e. disposal and use of accumulated solid waste, which, due to its specific
composition, may soon be considered hazardous. Therefore, it is important to recycle them for sale as a market product. Such
opportunities are offered by the technology referred to above, which allows for the use of the above-mentioned anthropogenic
minerals in concrete products. As demonstrated in the tests presented in the article, the use of activated fly ash does not deteriorate
the resilience of concretes, bringing benefits in the form of avoiding emissions of CO2 which is the result of limiting the use of
cement and reducing emissions and transport costs. The liquidation of landfills also fits perfectly with the key points of the circular
economy, at the same time implementing the philosophy of priority for secondary ones. High-efficiency and quick operation of
furnace waste landfills has multi-threaded ecological effects, which include emission reductions, protection of natural resources
and, finally, restoration and reclamation of devastated areas. The second group includes economic benefits, which will also be the

result of many overlapping market effects.

Keywords: fly ash, electromechanical activation, concrete, move towards green energy

1. Introduction

The move towards green energy in Europe, including Po-
land, poses many new challenges, both in terms of the transfor-
mation to zero-emission energy, but also in terms of ordering
the environment after coal energy. It must be implemented in
accordance with sustainable development, keeping up with eco-
nomic progress and, finally, ensuring an increase in the security
of raw materials for both Poland and entire Europe. The reliabil-
ity of the proposed solutions will be a key element that would
not be possible without responsible and effective management
of natural and anthropogenic minerals. The shift into circu-
lar economy model from the linear one is a necessity, and the
existing “take-produce-consume-discard” attitudes should be a
thing of the past and should be replaced with the philosophy
of “use natural only if there are no secondary ones”. The type
of waste that still poses a big problem but can also be a chance
to implement circular economy, is the constantly produced and
collected fly ash from the energy industry. Exploitation of ash
accumulated in landfills (25 million Mg) [1, 2] and transform-
ing it into valuable market products should also be one of the
goals of the proposed transformation. The move towards green
energy should lead to ordering the natural environment with
effective and reliable use of accumulated waste in the economy.

It is estimated that approx. 20.7 million tonnes of combus-
tion waste, referred to as combustion by-products, are gener-
ated in Poland annually of which:

o approx. 11.8 million Mg - combustion by-product in

the form of hard coal,
o approx. 8.9 million Mg - combustion by-product in
the form of lignite. [3]

The recycling of combustion by-products in our country
in recent years has been at the level of approx. 55-57%, but
it is mainly using raw material.[4] In 2018, the document
“Circular material use rate” was presented, and describing the
methodology of waste circulation in the economy. Combus-
tion waste is assigned to a category and it was included under
the number W124. This document presents the methodology
of the newly developed CMU indicator. This indicator rep-
resents the amount of material reintroduced into the econ-
omy, measured as a share of the total material consumption.
First, we decided to exclude power recycling and landfilling,
so that the CMU only covers material recycling. It is thus
clear that the only way is to transfer waste to the economy.
Another reason are the changes in the European legislation
that force the necessity to revise the national waste catalogue
again. As for the literal adoption of the list of the European
waste catalogue into Polish legislation, not all waste generat-
ed in the systems will be included. In such circumstances, it
will be necessary to prove that the above-mentioned waste is
recognized as non-hazardous waste. Properties that may clas-
sify combustion waste as hazardous waste may result from the
content of free calcium oxide CaO or Ca (OH)2 - substances
which have been classified as dangerous substances according
to Regulation (EC) No 1272/2008 due to proven specific tar-
get organ toxicity, skin irritation or serious eye damage. The
waste will be considered hazardous if it contains at least one
substance in a concentration above the limit value, classified
in at least one of the hazard classes. Therefore, the technol-
ogies for transforming waste into a safe market product are
needed. The use of combustion by-products in the economy
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Fig. 1. Simplified diagram of an electromagnetic mill (left) Description: 1 - three-phase inductor, 2 - cylindrical working chamber, 3 - ferromagnetic
grinding elements, 4 - inductor pole windings and a physical model of the inductor (on the right) 5,6,7]

Rys. 1. Uproszczony schemat budowy mtyna elektromagnetycznego (po lewej) Opis: 1 ~wzbudnik tréjfazowy. 2 - cylindryczna komora robocza. 3 -
ferromagnetyczne elementy mielace. 4 — uzwojenia biegunéw wzbudnika oraz model fizyczny wzbudnika (po prawej) [5,6,7]

Tab. 1. Physical and chemical properties of silica fly ash selected for further research

Tab. 1. Wiasciwodci fizyko-chemiczne krzemionkowego popiotu lotnego wytypowanego do dalszych badan

. R ch Requi ts according to PN-

Properties result EN 450-1: 2009 standard
< 5.0 (cat.A)

Loss on ignition [% mass] 2.62 2 + 7.0 (cat. B)
4 + 9.0 (cat. C)

Chloride(Cl 7) [% mass] <0.01 < 0.10

Sulfuric anhydride as SO3 [% mass] 0.34 < 3.0

CaO free [% mass] 0.05 <25

Ca0 react[% mass] 3.60 < 10.0

SiO2 react [% mass] 40.78 > 25.0

SiO2 [% mass] 53.28 -

Al20s [% mass] 25.60 -

Fe203 [% mass] 6.36 -

SiO2 + Al203 + Fe203 [% mass] 85.25 > 70.0

MgO [% mass] 2.67 <4.0

Soluble phosphates as P,Os [% mass] 0.0017 < 0.01

Na>0 [% mass] 1.054 -

K20 [% mass] 3.088 -

Alkali as Na20eq [% mass] 3.085 < 5.0

Specific density [kg/m?] 2170 -

Blaine specific surface [cm?/g] 3790 -

' . . . - cat. N < 40
Fineness (sieve residue 0.045 mm in wet sieving) 34.35 cat. S <12

has another extremely positive ecological aspect, namely it
contributes to the reduction of total carbon dioxide emis-
sions. The use of u combustion by-products as replacements
for cements in construction materials will reduce emissions
from the thermal treatment of components intended for the
production of cement. Thus, the turn to green energy also re-
sults in problems with the disposal of waste from long-term
production of coal energy. Safe and reliable technologies are
needed to turn waste into marketable products, and the bene-
fits of these solutions are multifaceted, from saving deposits of
natural resources that we replace by combustion by-products
to lower carbon dioxide emissions from cement production.
Documentation prepared for the purposes of the registration
process of combustion by-products in previous years, carried
out at the EU agency ECHA, in accordance with the REACH
regulation, proved that there are full grounds to consider that
combustion by-products and gypsum from flue-gas desul-
furization systems should not be classified as hazardous sub-
stances according to CLP Regulation No. 1272/2008 (EU) of
the European Parliament and the European Commission of 16
December 2008 on classification, labelling and packaging of
substances and mixtures. The hazard analysis and PBT/vPvB
assessment showed that the combustion by-products and gyp-
sum from flue-gas desulfurization systems do not meet the
criteria for being classified as a hazardous substance (in ac-
cordance with Directive 67/548/EEC and 1272/2008/EC and
do not pose a threat to humans or the environment. Therefore,
there are all grounds to apply innovative high-efficiency tech-
nologies of transforming waste into utility products. [5,6,7]

2. Electromagnetic activation technology

In order for the material (fly ash) to become a full-value
product, e.g. a cement substitute, it must meet a number of
properties that are required from such materials, and at the
same time be safe for the environment. The improvement of
these properties can be achieved by applying, for example,
mechanical or electromagnetic activation; by grinding, impact
operations, temperature treatment or water treatment. You
can combine all these methods with the use of an activator,
i.e. an electromagnetic mill. The principle of operation of the
electromagnetic mill is to generate a rotating electromagnetic
field inside the grinding chamber. Due to magnetic induction,
the grinding elements polarize, becoming magnetic dipoles,
thanks to which they are attracted with a certain force by this
field. As the magnetic induction increases inside the chamber,
the chaotic, intense movement of fine ferromagnetic grinding
elements is induced. Small size, proper shape and maintaining
the appropriate proportions of dimensions allow to quickly
achieve high accelerations and a maximum speed of approx.
3000 rpm (50Hz) [8]. The electromagnetic activator installa-
tion consists of two basic elements: a working chamber with
grinding rods, i.e. magnetic steel rods and an electromagnetic
field inducer (stator with salient pole windings). The working
chamber is made as a closed non-ferromagnetic tube in which
grinding media, excited by the field, move along with the acti-
vated material. Inside the working area, the activated material
is processed: mechanically - by hitting it with high frequency
and speed; thermally - by heating the grinding media under
the influence of magnetic induction and mutual collisions,
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Fig. 2. Index of pozzolanic activity of reference ash (P0) and its modification (PA) after 10; 15; 20 and 30 sec. of mechanical activation

Rys. 2. Wskaznik aktywnoéci pucolanowej popiotu odniesienia (P0) oraz jego modyfikacji (PA) po 10; 15; 20 i 30 sek. mechanicznej aktywacji

as well as by the influence of the electromagnetic field. The
scheme of the construction of the electromagnetic activator
and the view of the field inductor are demonstrated in Fig. 1.
Basic technical parameters of the device and the set oper-
ating parameters during activation:
o magnetic induction in the central axis of the working
chamber zone approx. 0.095T,
dimensions of the working chamber 80 mm x 140
mm (the volume of the working chamber is about
0.71 dm?),
grinding media - steel bars with a diameter of 1 mm
and a length of 10 mm,
degree of filling the volume of the working chamber
with grinding media - 10%,
degree of filling the working chamber volume with
feed (fly ash) - 60%,
fly ash feed weight — 498 g,
ratio of grinding media mass to feed mass — 0.24.
activation time: 10 s, 155,20 s, 30 s.

3. Methodology and research material

The primary objective of the research was to carry out
electromagnetic activation on fly ash and cement samples,
and then to produce concrete with activated fly ash and a
reference material based on classic cement formulas. In the
next stage, the samples were subject to tests, which are carried
out as standard for classic concretes, in order to confirm their
usefulness in the economy. The main parameter subject to
tests was the durability test, which is decisive when to comes
to the possibility of using concretes. These tests were carried
out for all produced materials: for activated fly ash and for
reference samples. In addition, a number of other studies were
performed to describe the effects of the activation process on
the end product. Finally, the optimum of activation was found
based on the time criterion and increase in specific surface
area and reduction of water demand. The subject of the re-
search was silica fly ash subjected to mechanical activation
in an electromagnetic mill and reference ash (not activated),
which was then used as an additive replacing some Portland
cement. The physicochemical properties of the activated ash
are presented in Tab. 1.

For comparative tests and for preparing mixtures, CEM
142.5 R Portland cement was used with a specific surface ac-
cording to Blaine — 4000 cm?/g, the content of C3A - 8.78%

and Na20eq - 0.87% of the total weight, CEN standard sand
according to PN-EN 196-1:2005 standard, tested reference
ash and its modifications after the mechanical activation
process during the following times: 10; 15; 20 and 30 s. The
specific surface area of the reference ash determined by the
Blaine method was 3790 cm?/g, and after its mechanical ac-
tivation in time 10; 15; 20 and 30 s respectively: 4920; 5490;
6200; 6940 cm?/g. Standard mortars with a w/s ratio of 0.5
and a binder/sand weight ratio of 1:3 were prepared for the
tests. The composition of the mortars for the tested beams is
presented below:

o reference mortar (model): 450 g of cement, 1350 g of
standard sand, 225 cm?® water
mortar after replacing 25% of the cement mass with
fly ash: 337.5 g of cement, 112.5 g of ash, 1350 g of
standard sand, 225 cm? water.

The index of pozzolanic activity of the reference ash and
its modification after the mechanical activation process was
determined according to the PN-EN 450-1:2009 standard [9].
This indicator is expressed as a percentage ratio of the com-
pressive strength of 40x40x160 mm bars made with a mixture
of 75% reference cement and 25% of fly ash, to the strength of
standard mortar bars of the same age made with 100% refer-
ence cement. The bars in the moulds were stored for 24 hours
in humid air, and then, after demoulding, they were stored in
water until the resilience tests were carried out.

The samples were subjected to compressive strength tests
of 2; 7; 28 and 90 days of maturation in water according to
PN-EN 196-1:2005 [10].

The water demand of the reference ash and its modifica-
tion after the mechanical activation process was determined
according to the procedure included in Annex B to the PN-
EN-450-1:2009 standard [9].

Studies of the morphology and the texture of fly ash
samples and its modifications were carried out using an ISM
(IEOL) scanning electron microscope equipped with an en-
ergy dispersion spectrometer (EDX), which allowed to deter-
mine the chemical composition of selected grains of materials.

4. Results and discussion

The main components of the tested fly ash (Tab. 1.), con-
verted into oxides, are: SiO2, Al20s, CaO, SOs, Fe20s3, MgO,
N:O and K.2O. They come from the decomposition of clay
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Fig. 3. SEM micrograph and EDS spectrum of reference ash
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Fig. 4. SEM micrograph and EDS spectrum of ash after activation

Rys. 4. Mikrofotografia SEM oraz widmo EDS popiotu po aktywacji

minerals, pyrite and calcite, which are the inorganic compo-
nents of coal. The basic chemical composition of this ash is
typical for siliceous ashes from coal combustion in pulverized
coal boilers without desulphurization. The analysis of the data
contained in Tab. 1 shows that the tested silica fly ash meets
all the requirements of the PN-EN 450-1:2009 [9] standard,
which allows the ash to be used in concrete technology. The
relatively low result of the loss on ignition (2.6%) qualifies this
ash into category A, and the fineness (34.35%) to category N.

Fig. 2 shows the results of the pozzolanic activity of the
reference ash and its modifications after mechanical activa-
tion, after 2; 7; 28 and 90 days of hardening.

The value of the pozzolanic activated ash index was higher
than in the case of the reference ash, regardless of the ash activa-
tion time and the maturation time of the mortars. The dynamics
of changes in the value of the pozzolanic index was constant for
most of the activated ashes, with the exception of the ash acti-
vated within 30 s. The ash pozzolanic activity index increased
with the increase of activation time (specific surface area) until
the optimum for ash was reached after 20s of activation (approx.
6200 cm2/ g). For which, if compared with the reference ash,
there was a significant increase in the pozzolanic activity index,
which after 2; 7; 28 and 90 days of hardening the mortar reached
the following values: 83%, 98%, 110% and 132%. On the other
hand, increasing the activation time to 30 s (6940 cm?/ g) caused
the reduction of pozzolanic activity in the first stages of harden-
ing of the mortar. Compared to the reference ash, the pozzolanic
activity index, 2 each; 7; 28 and 90 days of hardening the mortar
reached the following values: 71%, 88%, 103% and 137%.

Photographic documentation of SEM tests of reference
ash (Fig. 3a) indicates high heterogeneity of the grain size
within the range of 0 + 170 pm. In the analysed sample of ref-
erence ash (Fig. 3a), both single grains and their agglomerates
with irregular topography are observed.

In this ash the following morphological types of grains
are represented in varying proportions: massive spherical;
porous spherical and irregular rounded, irregularly sharp-
edged, spongy, sharp-edged massive. Bulky, spherical and
irregularly rounded spherical grains are made of glaze (amor-
phous or containing also slightly crystalline mullite). The
chemical composition of the glaze (Fig. 3b) is essentially: Si,
Al and K. Some of the grains also contain Fe, which indicates
the presence of ferrous phase overgrowths. Fig. 3a shows that
the grain composition of the ash is dominated by massive
spherical grains with diameters of 1 + 10 um. The surface of
most of these grains is clean, fine (less than 1 um) crusts or
sulphate phase inclusions are less often visible on it. Irregular,
sharp-edged and spongy grains are generally found in the ash
fraction thicker than 40 um and are considered as non-melted
clay mineral aggregates [11]. The coarse fractions also include
massive, sharp-edged quartz grains and skeletal grains that
are fragments of unburned carbon in a porous interior with
fine spherical enamel grains. The porous, spherical and ir-
regularly rounded grains are hollow (cenospheres) or may be
filled with finer spherical grains (plenospheres). The authors
of the study [11] believe that porous grains are formed from
a viscous alloy with a high proportion of the gas phase, and
massive grains — from a liquid alloy. Bulky and porous spher-
ical grains occur essentially individually and form aggregate
clusters composed of grains of various sizes (Fig. 3a).

The photographic documentation of the SEM tests of ash
after mechanical activation indicates significant differences in
the surface texture of the activated ash in comparison with
the reference ash (Fig. 3a). Based on a comparative analysis
of the photomicrographs from the SEM test of the reference
ash (Fig. 3a) and after the modification of the ash (Fig. 4a),
it was found that as a result of its mechanical activation, a
significant development of its surface occurred, mainly due
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Fig. 6. Compressive strength of mortars: cement C; cement-ash with reference ash (P0); cement-ash with ash activated in 10 s (PA-10), 15 s (PA-15),
20 s (PA-20), 30 s (PA-30)
Rys. 6. Wytrzymalos¢ na $ciskanie zapraw: cementowej C; cementowo-popiotowej z popiotem odniesienia (P0); cementowo—popiotowych z popi-
ofem aktywowanym w czasie 10 s (PA-10). 15 s (PA-15). 20 s (PA-20). 30 s (PA-30)

to the grinding of coarse grains, i.e. porous, spherical and ir-
regularly rounded grains with empty interiors (cenospheres)
as well as filled with fine (approx. 1 um) with spherical grains
(plenosphere). Dense aggregates of aggregate grains were also
disagglomerated.

However, no significant fragmentation of the fine fraction
(1+10 um) of the massive spherical grains was found, but only
the cleaning of their surface of crusts and sulphate phase in-
clusions. From the analysis of the photomicrograph after me-
chanical activation (Fig. 4a) it transpires that the most suscep-
tible to destruction are microspheres with empty interiors and
small spherical grains inside. This is evidenced by numerous,
relatively large, compared to massive spherical grains, frag-
ments of crushed spherical shells of these grains. This is due
to their significantly lower compressive strength compared to
spherical massive grains, because the thickness of the walls
of cenospheres and plenospheres does not exceed 10% and
their diameters. Moreover, the fractures of such microspheres
reveal the presence of numerous previously closed pores in
their walls, which also reduce the mechanical strength of
these grains. The deagglomeration of dense clusters of spher-
ical grains and the opening of closed spaces inside the grains
containing numerous smaller grains increases the proportion
of the activated ash fine fraction of spherical massive grains,
which are essentially the amorphous phase of the enamel rich
in Si, Al, K. The key element determining the success of the
application of fly ash is the increase of the surface area correct
after electromagnetic activation. Its increase during activation
is shown in Fig. 5.

Along with the extension of the activation time, a system-
atic increase in the specific surface area can be observed. It is
caused by at least two reasons. Firstly, through grain clean-
ing, which opens the internal pores, and by the fragmentation

resulting from the interaction of grinding media and grains
with each other. The increase is practically linear and with
30 seconds of activation the value of the specific surface area
is in fact doubled. Compressive strength tests performed are
shown in Fig. 6. It was found that the compressive strength
of mortars with reference ash was lower than in the case of
mortars with activated ash, regardless of its activation time or
the maturation time of the mortars.

Mortars with an addition of activated fly ash reached the
resilience comparable to the resilience of the cement mortar
without additives after 28 days of maturation. The analyses
carried out demonstrate that the compressive strength of
standard mortars with the addition of activated ash gradually
increases with the increase of its activation time (an increase
in the specific surface area).

As with the poozzolanic activity, until the optimum for
ash is reached after 20s of activation (approx. 6200 cm?/g). A
further increase of the specific surface results in the reduc-
tion of mortar strength in the initial stages of hardening of
the mortar.

This effect can be explained by the fact that in the range
of ash activation times (up to 20 s), by the number of small
spherical particles with an increased content of the amor-
phous phase (increased pozzolanic reactivity), released as a
result of crushing plenospheres coatings, increases signifi-
cantly. This is also confirmed by the fact that up to a certain
level (activation time 20 s), as the specific surface of the ac-
tivated ash increases, its water demand gradually decreases
(Fig. 7) from the level of 96.9% to 88.9% (i.e. by 8.25%), and
then for the 30 s activation time this factor increases again.

This can be explained by an increase in the amount of ir-
regularly shaped particles (excessive grinding), which require
more water particles to form a shell around the grain. It is also
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Fig. 7. Changes in fly ash demand depending on the time of its activation

Rys. 7. Zmiany wodozadnosci popiotu lotnego w zaleznosci od czasu jego aktywacji

worth noting that all the obtained water demand results are
much lower than the standard requirements. The tendency to
reduce the water demand of ashes in the initial period of their
mechanical activation and subsequent growth was also found
in other publications [12].

Based on the above results, it can be concluded that the
optimum fly ash activation time is 20 s, after exceeding this
time, the demand for water increases, and the pozzolanic ac-
tivity and compressive strength index decreased or slightly
increased in the last stage of maturation.

The results of experimental studies have demonstrated
that there is a relationship between the pozzolanic activity of
ashes and the degree of their fragmentation. An increase in
pozzolanic activity was found to reach the value of the Blaine
specific surface area of 6200 cm?/g, followed by its gradual
reduction due to the progressive increase in the water demand
of the activated ash due to an increase in porosity. A gradu-
al increase in the proper surface area of the modified fly ash
improves its pozzolanic properties by increasing the ability
to react with Ca(OH)2 and reducing water demand. It also
positively influences the quick increase of the early strength,
increases the strength parameters of the finished products,
while reducing the water demand and improving the lique-
faction of the mixture. Replacing 25% of cement with it in the
mortar only slightly reduces the early strength, while in the
further maturation period, the strength increases exceed the
results obtained for pure cement.

5. Summary

The research carried out with the use of waste fly ash and
electromagnetic activation technology indicates that there is a
possibility of obtaining a valuable product from fly ash, which
today is a kind of ecological and financial problem for the ener-
gy sector. The Green Deal provides for a gradual decarbonisa-
tion of the energy sector and the transition to renewable energy
sources. On the other hand, apart from the elements strictly re-
lated to energy conversion and emissions, which are commonly
discussed, there is also the issue of solid waste. In order to be
effective, green transformation must be comprehensive, safe
and reliable, so today it is necessary to indicate technologies
that can turn troublesome waste into a market product. The
presented electromagnetic activation technology shows the po-
tential possibilities of treated waste. It indicates that the green
transformation can also be an opportunity to protect valuable
raw materials by using secondary anthropogenic minerals al-
ready extracted, which pose a problem, with an additional pos-
itive effect of avoided CO emissions: in cement production. A
comprehensive approach to the issue of the Green Deal gover-
nance will create a safe system of transformation and will se-
lect reliable technologies for the exploitation of anthropogenic
resources. Fly ash is a valuable material that, after appropriate
treatment, can be used locally in road construction, which will
again result in the protection of natural deposits and the avoid-
ed emissions from transporting aggregates from longer distanc-
es. The old slogan “grey to gold” is still valid and how eloquent it
sounds in the new version, namely “grey to green”.
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Niezawodnos¢ technologiczna odzysku mineratow antropogenicznych ze sktadowisk w zielonym

zwrocie energetycznym

Przedmiotem artykutu jest technologia aktywacji elektromagnetycznej dla popiotow lotnych, pozwalajgca klopotliwe odpady ener-
getyczne przeksztalcié w wartosciowy produkt rynkowy. Przed zielonym zwrotem energetycznym poza samg dekarbonizacjg i reduk-
cjg emisji ditlenku wegla stojg wyzwania dodatkowe, utylizacji i wykorzystania nagromadzonych odpadéw statych. ktore ze wzgledu
na swéj specyficzny sktad w niedtugim czasie mogg by¢ uznane za niebezpieczne. Dlatego tez wazne jest aby zawraca¢ je do gospo-
darki w postaci produktu rynkowego. Takie szanse daje opisana technologia, ktéra pozwala na stosowanie z powodzeniem ww. min-
eratéw antropogenicznych w wyrobach betonowych. Jak wykazaly przedstawione w artkule badania, zastosowanie aktywowanych
popiotéw lotnych nie pogarsza wlasciwosci wytrzymatosciowych betondw, przynoszqc korzysci w postaci uniknietej emisji COz2 wyni-
kajgcej z ograniczenia stosowania cementu oraz redukcji emisji i kosztéw transportowych. Likwidacja skladowisk wpisuje si¢ réwniez
doskonale w zatozenia gospodarki obiegu zamknigtego realizujgc jednoczesnie filozofie pierwszeristwa dla wtérnych. Wysokosprawna
i szybka eksploatacja sktadowisk odpaddw paleniskowych przynosi wielowgtkowe skutki ekologiczne, na ktére sktadajq si¢ redukcje
emisji, ochrona zasobéw naturalnych i wreszcie przywracanie i rekultywacja terenéw zdewastowanych. Drugg grupa, sq korzysci
ekonomiczne, ktére rowniez bedg wypadkowg naktadajgcych sie na siebie wielu efektow rynkowych.

Stowa kluczowe: popidt lotny, aktywacja elektromechaniczna, beton. zielony zwrot energetyczny
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The paper presents the current status of managing the combustible part of the waste (code 191210) as components for the production
of alternative fuels. In 2017, about 2.3 million tons of fuels from waste were produced, while only about 1.3 million tons were
recycled for energy, of which 97% in the cement industry. Oversupply on the alternative fuels market forces their producers to
be more flexible in adapting their products to the growing requirements of customers. The article presents the results of tests of
components for the production of alternative fuel used in the cement industry. An alternative fuel, not subjected to the comminution
process, was used for the tests, which made it possible to segregate and name its individual fractions. A series of analyses were
performed for the selected samples to determine their physicochemical parameters. The last element of the research was to create,
based on the analyses and using the available components, fuel mixtures that meet the requirements for fuels of this type so that
they meet the imposed standards, and at the same time are attractive for customers from the cement industry. The analysis of the
obtained results made it possible to create optimum fuel mixtures with parameters that meet the requirements for this type of fuel.
The mixtures obtained are a compromise between high-calorific products with a low chlorine content, the mass fraction of which
was limited to such an extent that they could be used as a whole, and ingredients with an increased chlorine content, even a small

amount of which exceeded the assumed content of this element.

Keywords: alternative fuels, SRF, cement industry

1. Introduction

Recycling of waste is one of the main objectives of circu-
lar economy, whose hypotheses are currently introduced in
the European Union countries.[1] One of the possibilities of
reusing the combustible part of waste is energy recycling. The
production of alternative fuels is an opportunity to use this part
of waste plastics for energy purposes, which is not recycled as
a result of various factors. In Poland, every year, the process
of reuse is subject to increasing amounts of waste classified as
non-hazardous with the code 191210. The European Union
has introduced uniform conditions for its member states for
the classification of solid fuels from waste (under the name
of Solid Recovered Fuels - SRF) and a research methodology
for determining the quality of these fuels. [2,3] Standardizing
this type of fuels will strengthen their presence on the market
of energy carriers, as well as extend the scope of their current
application in other energy-intensive industries. In Poland, the
main recipients of alternative fuels are cement plants, which,
due to the specificity of their production process, are particu-
larly predisposed to use this type of fuel. On the other hand, in
some EU countries, fuels produced from waste are increasingly
more often used in industrial applications. The areas of applica-
tion of waste fuels, apart from the cement industry, also include
professional power engineering and heating, which seems to be
justified both for economic and environmental reasons [4-9].

2. Production and use of alternative fuels in Poland

The production of alternative fuels, apart from material re-
cycling, is one of the basic elements of the rational waste man-
agement system, in line with the assumptions of the circular
economy. In Poland, the producers of this type of fuel are spe-

cialized companies processing the waste into high-energy fu-
els that meet additional quality requirements set by individual
recipients. Another producer is the Regional Municipal Waste
Processing Installations (Polish: RIPOK), mainly producing
alternative fuels with lower quality parameters. Analysing the
data contained in the reports regarding particular provinces, it
can be noted that in 2015-2017 the amount of alternative fuels
produced fluctuated slightly at the level of approx. 0.24 million
Mg to reach the level of 2.36 million Mg in 2017. During this
period, the number of systems for processing waste code with
19 12 10 ranged from 166 to 200. [10-11]

Table 1 presents the amounts of the produced and used alter-
native fuels in individual provinces, according to the data for 2017.

At that time, the energy use of alternative fuels ranged
from 1.15 million Mg in 2015 to 1.32 million Mg in 2017,
maintaining a slight upward trend. The data provided shows
that the stream of produced alternative fuels is almost twice
as high as the amount that is processed for energy produc-
tion purposes. When analysing the data contained in Table
1, we can also notice a large dispersion both on the market
of producers and recipients of alternative fuels. These factors
increase competition on the alternative fuels market, and thus
force their producers to be more flexible in adapting their
products to the growing requirements of customers. Among
the recipients of alternative fuels in Poland, the dominating
one is the cement industry, which in 2017 processed 97% of
the stream of all thermally transformed alternative fuels. The
thermal energy recovered from combustion accounted for ap-
prox. 47% of the total energy used in the clinker combustion
process. In the coming years, the cement industry is planning
to increase the share of alternative fuels - the expected de-
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Tab. 1. Amounts of produced and used alternative fuels in Poland

Tab. 1. Tloéci wytwarzanych i wykorzystywanych paliw alternatywnych w Polsce

::'::I:ae:i:; Quantity of alternative Quantity of alternative
Voivodship installations fuels produced fuels used
[pcs] [Mg] [Mg]
Silesian 28 384 736 51 764
Greater Poland 25 173 164 0
Masovia 22 643 156 38 658
Lublin 18 248 576 275 670
Lesser Poland 18 88 571 0
Kuyavia-Pomerania 13 209 880 161 937
Swietokrzyskie 8 94 298 461 228
Lodzkie 6 56 026 8 585
Opole 5 46 616 323 999
Subcarpathia 5 34 369 0
Warmia-Masuria 5 134 885 0
West Pomerania 5 145 640 1942
Lower Silesia 3 73828 0
Pomerania 3 14 121 0
Lubusz 2 15137 0
Podlaskie 0 0 0

Tab. 2. Requirements set by cement plants for alternative fuel

Tab. 2. Wymagania stawiane przez cementownie dla paliwa alternatywnego

Parameter C plant1| C plant 2 Cement plant 3
Calorific value, MJ/kg >20 <18 18-22
Moisture content, % <10 (10-15) 215 215
Ash content, % <15 (15-20) <20 -

Sulphur content, % >0.5 >0.5 >0.5
Chlorine content, % >0.5 >0.8 >0.6

. <25 (torch),
Granulation, mm <40 <40 35 (cold end of the kiln)

mand is approx. 1.85 million Mg of fuel per annum. [12] The
fuel used in the cement industry should be characterized pri-
marily by a high calorific value, low chlorine and sulphur con-
tent, and homogeneous structure. This is important because it
greatly influences the process, emissions and the final prod-
uct. Controlling the combustion process itself and the quality
of the fuel has a significant impact on obtaining clinker and
cement that will meet the applicable standards. Apart from
the physicochemical properties that are the basis for the use
of alternative fuel, the fuel suitability is determined by such
factors as granulation, not exceeding 30 mm and the absence
of undesirable impurities. [13] Table 2 presents examples of
the quality requirements for alternative fuels used in the ce-
ment industry.

3. Research methodology

The test was performed with the use of alternative fuel
produced in accordance with the R12 recovery procedure.
The research included a physical and chemical analysis as
well as the content of chlorine in post-utilization materials
with a polymer matrix. The analysis of the content of sul-
phur and elemental carbon was carried out with the use of
the LECO SC 144 DR analyser. Combustion heat analysis
was performed using the IKA C 2000 calorimeter. Qual-
itative analysis was performed with the Spectroscan V se-
quence spectrometer via synchronized rotation of the crystal
around its axis and the detector in a circle, with continuous
registration of the counter readings. A semi-quantitative
analysis was also performed. The method allows to estimate
the content of a given element with an error of up to 20%.
In each spectral series (K, L or M) certain lines have domi-
nant intensities and they have been chosen as the best indi-
cators of the presence of a given element. The ash content
analysis was performed according to the PN-EN 15403:2011
standard, and the moisture content according to the PN-EN
15414-3:2011 standard.

4. Research results

In order to produce a suitable reusable fuel, an analysis of
the individual components had to be performed. An alternative
fuel that has not yet been subjected to the comminution pro-
cess was used for the tests, which made it possible to segregate
and name its individual fractions. From the weight of 20 kg of
the primary sample, 13 types of waste were selected, and the
percentages of individual materials in the total weight of the
sample were determined. Selected types of waste along with the
assigned sample numbers are presented in Table 3.

The material for testing was prepared according to the ap-
plicable standards: for laboratory samples according to PN-EN
15443:2011, and for analytical samples according to PN-EN
15413: 2011. For the samples thus prepared, a series of analyses
were performed to determine their physicochemical parame-
ters, their results are presented in Table 4

The analysis of individual parameters shows a large dis-
crepancy in the results for individual components included in
the base sample. Due to the material diversity of which they
were made and the form in which they appear (smooth el-
ements, sponges, plastics), the waste groups obtained in the
selection process are characterized by a large discrepancy in
terms of moisture content. The highest humidity, from 20%
to 30%, was characteristic for samples containing materials
showing increased absorbency: synthetic fabrics (No. 4, No.
9), sponge (No. 7), artificial bristles (No. 8). On the other side
of the scale, we have materials with closed structures that do
not absorb water, mainly various types of rubber (No. 2, No. 5,
No. 10, No. 11), for which the moisture content ranged from
1.3% to 2.9%.

Analysing the results of ash content in individual groups of
selected waste, we see that in half of the cases this value does
not exceed 15%. The exception here are four samples (No. 4,
No. 7, No. 8, No. 9) also characterized by increased humidity,
in which the ash content ranged from almost 38% to over 44%.
Such an increased ash content seems to be related to the con-
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Tab. 3. Results of analyzes of alternative fuels components

Tab. 3. Wyniki analiz komponentéw paliw alternatywnych

Number Name Number Name
1 conduit for carrying power 8 car seat covers
cables
2 bicycle handles 9 synthetic fabrics 2
3 tires 10 rubber mounting elements
4 synthetic fabrics 1 11 pram tires
5 rubber covers for car pedals 12 plastic
6 rubber lagging 13 inner tubes , seals
7 sponge filling of car seats

Tab. 4. Results of analyzes of alternative fuels components

Tab. 4. Wyniki analiz komponentow paliw alternatywnych

Sulfur Carbon Moisture Ash Calorific Chlorine
Name value
[%] [%] [%] [%] [k3/kg] [%]
1 0.160 14.42 11.3 20.5 26075 0.04
2 0.087 15.92 1.7 13.5 24033 5.30
3 0.328 21.86 8.1 13.0 33112 0.04
4 0.742 34.68 29.9 32.7 12695 0.01
5 0.488 37.84 2.9 9.7 33321 10.60
6 0.305 29.6 6.5 34.3 21862 > 0.04
7 0.053 26.69 29.9 18.0 19390 0.14
8 0.570 21.70 24.2 27.0 21800 0.00
9 0.035 33.42 20.3 32.7 13127 0.00
10 0.702 36.52 1.5 27.9 21432 1.68
11 0.032 23.89 1.3 4.3 41006 > 0.04
12 1.979 19.75 7.9 0.5 42663 > 0.04
13 0.116 20.64 7.7 14.5 23847 > 0.04
Tab. 5. Parameters of produced alternative fuels
Tab. 5. Parametry wytworzonych paliw alternatywnych
Name Sulfur Carbon Moisture Ash c::’l'::'c Chlorine
[%] [%] [%] [%] [k3/kg] [%]
Mix 1 0.57 33.00 6.70 13.90 27352 0.91
Mix 2 0.42 30.86 12.08 18.74 26091 0.82
Mix 3 0.49 28.21 9.41 16.59 26253 0.52
Mix 4 0.41 24.97 12.46 17.61 25632 0.03
Mix 5 0.43 31.99 18.38 20.12 25889 0.38

tamination of wet waste with mineral parts stuck to it, creating
an additional undesirable ballast.

In the analysed groups of components, the calorific value
ranged from approximately 13 MJ/kg for synthetic materials
(No. 4 and No. 9) to over 42 MJ/kg for pram tires (No. 11) and
plastics (No. 13). These discrepancies result from the variety of
plastics from which the waste from individual selected groups
is made. For four of them (No. 4, No. 7, No. 8, No. 9), the bal-
last contained in the samples also has a significant impact on
the calorific value. In the increased form, the moisture content
ranges from over 20% to almost 30% and the ash content sig-
nificantly different from the other groups, ranging from about
28% to about 34%.

The last element of the research was to create fuel mixtures
that meet the requirements for this type of fuel based on the
analyses and the use of available components, so that they meet
the imposed standards, and at the same time are attractive to
customers from the cement industry.

It was assumed that such fuels should have the following
parameters:
calorific value above 25,000 kJ/kg
chlorine content below 1.0%

o sulphur content below 0.5%
o ash content below 20%

The analysis of the results presented in Table 4 allowed for
the selection of component blends so that the alternative fuels
produced on their basis met the adopted assumptions. As a re-

sult of further work, 5 different fuel blends were produced from

selected fractions, which, according to the assumptions, should
meet the above-mentioned quality criteria. Samples were pre-
pared from the prepared mixtures and then subjected to a set of
analyses in the same scope as for individual components.

When analysing the results of the analyses of the fuel mix-
tures presented in Table 5 below, it can be observed that they
meet the hypotheses adopted at the beginning of their forma-
tion. Only in the mixture 5 a slight excess of the assumed ash
content was noted.

The mixtures are a compromise between high-calorif-
ic products with a low chlorine content, the mass fraction of
which was limited to such an extent that they could be used as a
whole, and ingredients with an increased chlorine content, even
a small amount of which exceeded the assumed content of this
element. For example, such a mixture should include a relative-
ly small amount of rubber elements: tires, tubes, gaskets, which
due to the high calorific value would be ideal for creating such
fuels. Considerable amount of car recycling waste, such as syn-
thetic fabrics, limited only by the increased ash content. And
also very limited quantities of the following: car pedal covers or
rubber installation elements containing large amounts of chlo-
rine. Correctly composed mixtures of semi-finished products
allow for the production of high-quality alternative fuel using
the entire range of semi-finished products included in the pri-
mary sample

5. Conclusion
The changes taking place in the alternative fuels market in
the recent years indicate that the phenomenon of oversupply
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will continue in the coming years. Such a situation on the mar-
ket forces the producers to be more flexible in adapting their
products to the growing requirements of customers. The pre-
sented research results allow to conclude that by optimizing the
selection of components, it is possible to produce alternative
fuels, the use of which seems to be justified both for economic
and ecological reasons. For this purpose, it would be necessary
to conduct research on individual components used in the pro-

for the production of high-quality alternative fuels with a guar-
antee of repeatability of parameters, which will translate into
an increase in their competitiveness on the market of this type
of fuel. And also, with appropriate legislative support, it may
translate into the extension of their use as part of a fuel stream
in the energy and heating sectors, simultaneously reducing the
oversupply, minimizing pathologies related to their storage and
being more fully in line with the assumptions of the circular

duction of alternative fuels and to monitor the received waste economy.

used for their production on an ongoing basis. This will allow
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Optymalizacja parametrow paliw alternatywnych dla przemystu cementowego

W pracy przedstawiono aktualny stan zagospodarowania palnej czesci odpadow o kodzie 191210 jako komponentow do produkcji
paliw alternatywnych. W roku 2017 wyprodukowano okoto 2,3 min tony paliw pochodzgcych z odpadéw, natomiast odzyskowi
energetycznemu poddano tylko okoto 1,3 miliona ton z czego 97% w przemysle cementowym. Nadpodaz na rynku paliw alternaty-
wnych wymusza na ich producentach wiegkszg elastycznos¢ w dostosowaniu swoich produktéw do rosngcych wymagan odbiorcow.
W artykule przedstawiono wyniki badarn komponentow do wytwarzania paliwa alternatywnego wykorzystywanego w przemysle
cementowym. Do badan zostato wykorzystane paliwo alternatywne nie poddane jeszcze procesowi rozdrabniania, co umozliwito wy-
segregowanie i nazwanie poszczegolnych frakcji wchodzgcych w jego sktad. Dla tak przygotowanych prébek wykonano szereg analiz
majgcych okresli¢ ich parametry fizykochemiczne. Ostatnim elementem bada# bylo wytworzenie na bazie wykonanych analiz oraz
przy wykorzystaniu dostepnych komponentow mieszanek paliwowych odpowiadajgcych wymaganiom stawianym paliwom tego typu
tak by spetnialy narzucone normy, a jednoczesnie byly atrakcyjne dla odbiorcow z przemystu cementowego. Analiza otrzymanych
wynikéw pozwolita na stworzenie optymalnych mieszanek paliwowych, o parametrach spetniajgcych wymagania stawiane tego typu
paliwom. Otrzymane mieszanki sq kompromisem pomiedzy wysoko kalorycznymi produktami o niskiej zawartosci chloru, ktérych
udzial masowy ograniczono do takiego stopnia by wykorzystac je w catosci, a skltadnikami o podwyzszonej zawartosci chloru, ktorych
nawet nie wielka ilos¢ powodowala przekroczenie zatozonej zawartosci tego pierwiastka.

Stowa kluczowe: paliwa alternatywne, SRE, przemyst cementowy
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An Innovative Series of Types of Flameproof
Lithium-ion Batteries of the SBS-4Lion Type for
Powering Battery Locomotives in Underground
Mines and Surface Shunting Locomotives with
Stored Energy of 105 kWh and 150 kWh

Alojzy KUCZERA, Jarostaw KUCZERA, Rafat SMUGA, tukasz GRZONKA

of the workings atmosphere.

Battery and diesel locomotives are used in horizontal transport in Polish underground mining plants. At the moment, diesel
locomotives have proved to be economically expensive: high diesel fuel consumption, low durability of drive engines and pollution

Battery locomotives have become more economical and ecological again. Based on the above, the PHPU Izol-Plast Sp. z o. o.
company implemented a project co-financed by the EU, developing and implementing a physically innovative solution for a series
of battery batteries in lithium-ion technology with a capacity of 105kWh and 150k Wh.

Keywords: flameproof batteries, Li-ion battery

Introduction

In underground mining plants, battery and diesel locomo-
tives are used for horizontal transport. In recent years, diesel
locomotives have been introduced for transport, which at the
moment turned out to be a fiasco for several reasons: high die-
sel fuel consumption, low durability of engines and air pollu-
tion in mine workings. At the moment, from the economic and
ecological point of view, battery locomotives are more efficient.

Based on the above, the company PHPU Izol-Plast Sp. z o.
o. carried out an EU-funded project by developing and physi-
cally implementing the design of the SBS-4Lion type battery se-
ries mentioned in the title of the article, with an energy capacity
of 105 kWh and 150 kWh.

1. Purpose and construction of the SBS-4Lion battery

The SBS-4Lion batteries are made of cells made in the LiFe-
PO4 technology, they are designed to power the Lea-BM12 and
ELA-44-1/2/3 battery locomotives. They can also be used to
power other machines in underground mines as well as shunt-
ing locomotives on the surface.

The battery housing is flameproof in the form of a cuboid
divided into chambers. The chambers are divided by 4 rows of
through pipes for passive cooling of the battery cells. Cells with
a capacity of 1000 Ah were installed in the chambers for the
150 kWh battery, and cells with a capacity of 700 Ah for the 105
kWh battery.

In one of the chambers, a battery controller is built in,
supervising the operation of the battery during charging and
during its operation.

The CONTROLLER performs the following functions:

- prevents overcharging and deep discharge of cells;

- during charging, it supervises the even charging of
the cells;

- controls the cell temperature;

- measures battery voltage and charge/discharge cur-

rent in real time;

- cuts off the battery charging power supply or its op-
eration in emergency states and in cases intended by the battery
operator through external control buttons;

- intrinsically safe circuit supervising battery charging
ensures proper connection of battery plugs to battery and
charging rectifier sockets, as well as interrupts charging in case
of violation of the disconnector of connection sockets or a par-
ticular plug.

To connect the battery with the charging rectifier and the
locomotive, a special plug socket of the OGB-500 type was de-
signed, equipped with a current disconnector and a set of con-
tacts operating in an intrinsically safe circuit supervising the
charging process from the rectifier.

The plug of the connection socket is compatible with the
plugs previously used on Lea- BM12 and ELA-44/1/2/3 loco-
motives.

In order to adapt the locomotive to work with the SBS-4Li-
on type battery, equipped with OGB-500 sockets, the protective
fuses from the BPS-350 fuse must be replaced with the BPS-
350/1I in the plugs of the A+ and B- sockets.

ge 150V

2. OPB-500 rectifier

For charging the SBS-4Lion type battery, there is a dedicat-
ed charger manufactured by PHPU Izol-Plast Sp. z 0. 0. OPB-
500 flameproof rectifier with passive and forced cooling of the
flameproof housing.

The rectifier must be powered from the IT network 3x500
V from a mine circuit breaker, on the surface from a 3x400 V
manual switch with 100 A protection .

Rectifier parameters:

- supply voltage — 3x500 V or 3x400 V;

- power — 50 kW;

Inzynieria Mineralna — Lipiec - Grudzieti 2022 July - December — Journal of the Polish Mineral Engineering Society 179



Tab. 1. Li-ion battery specifications

Tab. 1. Specyfikacja akumulatora Li-ion

Battery 105 kWh Battery 150 kWh

Dimensions of the battery (length x width x
height)

Cell type WB-LYP700AhA WB-LYP1000AhC(A)
Capacity 700 Ah 1000 Ah
Maximum charging current 300 A

Minimum temperature of the cell during charging 0°C

Nominal cell voltage 3,2V

Maximum cell voltage 3,8V

Maximum battery voltage 150V

The. number of cells in a battery connected in 47

series

Level of security IP 54

2590 x 1070 x 860 mm

Weight (without cells)
Weight (with cells, depending on the type of cells)

1740 kg
2900 lub 3860 kg

Ambient temperature

- charging current max - 350 A;

- mass — 550 kg;

- noise level - 50 db;

- passive cooling + forced coolant (Borygo).

3. Battery charging

The SBS-4Lion type battery will be charged from the OPB-
500 type rectifier dedicated by the manufacturer.

The battery can be charged on a locomotive in any excava-
tion with wheeled transport classified as a, b, ¢ methane explo-
sion hazard and A and B coal dust explosion hazard.

The SBS-4Lion battery charging station should be equipped
with:

- flameproof mine switch powered from 500 V IT net-
work and 100 A current;

- OPB-500 flameproof rectifier;

- hoist on a rail transverse to the excavation axis with a
lifting capacity of 6t, powered by electricity or compressed air;

- position for putting the batteries away during the in-
spection and service of the locomotive chassis;

- connected SUPO network to the circuit breaker and
rectifier;

- while charging the SBS-4Lion type battery, the bat-
tery casing must be grounded to the SUPO mine network, on
the surface the OPB-500 rectifier should be protected against
the influence of weather conditions - mainly precipitation and
in a shaded place.

To inspect the locomotive chassis, you can install a gate
with a 6-ton load-bearing rail and install an electric hoist with
such a lifting capacity that it is possible to remove the battery
from the locomotive. The concept of such a station is shown in
Fig. 2. The concept of charging stations in underground mining
operations is shown in Fig. 1.

4. Battery usage

SBS-4Lion batteries are maintenance-free. The battery cells
are completely sealed, they do not have any filler plugs or dis-
charge valves during operation and charging, no gases are emit-
ted from the cells.

Batteries in service should be periodically checked for
proper tightening of inter-cell connectors. The inspection
should preferably be carried out by a specialist company, e.g.
every 6 months. The entire operation of the battery during op-
eration and charging is supervised by a CONTROLLER built in

- 10°C < Tamb. < + 40°C

a flameproof housing.

5. Economic and ecological effects

The use in the battery locomotives listed in point 1 will give
mining plants the following effects:

- will allow for almost maintenance-free operation of
the battery, due to the fact that the cells in li-ion technology are
completely maintenance-free. No electrolytes or demineralized
water are added to the cells. Cells do not emit any gases;

- will allow only 1 li-ion battery to be used for each
locomotive. No reserve is needed.

During operation, the battery can be recharged at any time
during short breaks, e.g. between shifts;

- electric motors are simple in construction with a long
service life, especially when it comes to the ELA-44 locomo-
tive where the most reliable 3-phase asynchronous motors have
been used;

- it will make it possible to resign from servicing the
battery charging station, which, due to the harmful atmosphere,
works in a shorter time;

- in the construction of new mining levels, it will make
it possible to resign from the need to build very expensive bat-
tery storage rooms;

- will reduce the cost of battery repairs, because li-ion
batteries have at least 5 times higher permissible number of cy-
cles.

6. Second life of li-ion batteries

As mentioned above, li-ion batteries have about 5 times
more cycles than classic batteries with electrolyte or gel.

Li-ion batteries after 10 years of operation still retain 70% of
their capacity. Therefore, the cells of a worn-out battery can get
a so-called second life. They can be used to build energy storage
facilities, e.g. in widely understood photovoltaic installations,
where they can be used for another 10 years.

7. Disposal of li-ion cells
Used li-ion battery cells can also be recycled.
Manufacturer of li-ion batteries for the mining industry
PHPU Izol-Plast Sp. z o. 0. can accept used cells for recycling
because it knows companies in the country that deal with
this, but at this stage it has not yet selected a specific recipient.
During utilization, 80% of the materials used for production
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Fig. 1. Stand for fast battery charging on a locomotive in any excavation of an underground mining plant (concept); 1 - self-propelled 6-ton chain
hoist type SWL-6; 2 — running rail - I-beam 300 mm; 3 — 4-hook rope sling; 4 - electric battery locomotive type ELA-44/3; 5 - OPB-500 rectifier; 6
- SBS-4Lion battery during inspection of the locomotive; 7 - place for batteries -3x1 field — concrete; 8 - battery SBS-4Lion; 9- mine curcuit breaker
- 100A; 10 - 500V IT grid; 11 - SUPO grid; 12 - SBS-4Lion battery ground clamp; 13 - mine curcuit breaker ground terminal; 14 - ground clamp
of the OPB-500; 15 - instrinsically safe curcuit control cable; 16 — high-current cable B-; 17 — high-current cable A+ [lenght of high-current cables is

about 7.5m]

Rys. 1. Stanowisko szybkiego fadowania baterii na lokomotywie na dowolnym przekopie (koncepcja); 1 — samojezdny wciagnik fanicuchowy 6-cio
tonowy typu SWL-6; 2 — szyna jezdna - dwuteownik 300 mm; 3 - zawiesie linowe 4-rozaczepowe; 4 — elektryczna lokomotywa akumulatorowa
typu ELA-44/3; 5 - prostownik OPB-500; 6 - bateria SBS-4Lion podczas przegladu lokomotowy; 7 — miejsce na baterie — pole 3x1 m —beton; 8 -
bateria SBS-4Lion; 9- wylacznik kopalniany — 100A; 10 - sie¢ IT 500V; 11 - sie¢ SUPO; 12 —zacisk uziemienia baterii typu SBS-4Lion; 13 - zacisk
uziemienia wylacznika kopalnianego; 14 — zacisk uziemienia prostownika OPB-500; 15 - kabel sterujacy obwodu iskrobezpiecznego; 16 — przewdd
wysoko-pradowy B-; 17 - przewdd wysoko-pradowy A+ [dlugos¢ przewoddw wysoko-pradowych okoto 7.5]
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Fig. 2. Quick charging station on the ground (concept); 1 - self-propelled 6-ton chain hoist type SWL-6; 2 — running rail - I-beam 300 mm; 3 -
4-hook rope sling; 4 - electric battery locomotive type ELA-44/3; 5 - OPB-500 rectifier; 6 — SBS-4Lion battery during inspection of the locomotive;
7 - place for batteries -3x1 field — concrete; 8 — battery SBS-4Lion; 9 — manual switch; 10 — 3x100A fuse; 11 - 500V IT grid; 12 - SUPO grid; 13
- mine curcuit breaker ground terminal; 14 — ground clamp of the OPB-500; 15 — SBS-4Lion battery ground clamp; 16 - instrinsically safe curcuit
control cable; 17 — high-current cable B-; 18 - high- current cable A+ [lenght of high-current cables is about 7.5m]; 19 - pole.w329

Rys. 2 Stanowisko szybkiego tadowania na powierzchni(koncepcja); 1 - samojezdny wciggnik fancuchowy 6-cio tonowy typu SWL-6; 2 — szyna jezd-
na - dwuteownik 300 mm; 3 - zawiesie linowe 4-ro zaczepowe; 4 — elektryczna lokomotywa akumulatorowa typu ELA-44/3; 5 — prostownik OPB-
500; 6 — bateria SBS-4Lion podczas przegladu lokomotowy; 7 — miejsce na bateri¢ — pole 3x1 m — beton; 8 bateria SBS-4Lion; 9 — wylacznik reczny;
10 - bezpiecznik 3x100A; 11 - sie¢ IT 500V; 12 - sie¢ SUPO; 13 - zacisk uziemienia wylacznika kopalnianego; 14 - zacisk uziemienia prostownika
OPB-500; 15 - zacisk uziemienia baterii typuSBS-4Lion; 16 — kabel sterujacy obwodu iskrobezpiecznego; 17 - przewdd wysoko-pradowy B-; 18 -
przew6d wysoko-pradowy A+ [dlugos¢ przewodéw wysoko-pradowych okoto 7.5m |; 19 - stup
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are recycled, mainly cobalt, nickel and lithium. These metals
currently have high prices on world markets due to the demand
for them for the ever-increasing production of li-ion batteries.

8. Summary of the project

PHPU Izol-Plast Sp. z 0. 0. during the development and im-
plementation of the production of a series of li-ion batteries in
flameproof housings, it has acquired the technology of building
any type of batteries that can be used in other industries, trans-
port, and in widely understood energy storage installations. Ac-
cordingly, interested parties are encouraged to cooperate.
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Innowacyjna seria ognioszczelnych akumulatoréw litowo-jonowych typu SBS-4Lion do zasilania
lokomotyw bateryjnych w kopalniach podziemnych oraz powierzchniowych lokomotyw manew-
rowych o zmagazynowanej energii 105 kWh i 150 kWh

Lokomotywy akumulatorowe i spalinowe sq wykorzystywane w transporcie poziomym w polskich podziemnych zakladach gorniczych.
W chwili obecnej lokomotywy spalinowe okazaly si¢ drogie ekonomicznie: duze zuzycie oleju napedowego, mata trwatos¢ silnikéw
napedowych oraz zanieczyszczenie Srodowiska pracy. Lokomotywy akumulatorowe znéw staly sig¢ bardziej ekonomiczne i ekolog-
iczne. W oparciu o powyzsze firma PH.P.U.Izol-Plast sp. z o o zrealizowala projekt dofinansowany ze srodkéw UE, opracowujgc i
wdrazajgc nowatorskie fizycznie rozwigzanie dla serii akumulatorow akumulatorowych w technologii litowo-jonowej o pojemnosci
105kWh i 150kWh

Artykut powstal w ramach projektu dofinansowanego z Funduszy Europejskich:

Przeprowadzenie prac badawczo-rozwojowych w celu opracowania innowacyjnego produktu — typoszeregu ognioszczelnych baterii
Li-Ion do zasilania lokomotyw w podziemnych zaktadach gorniczych o zmagazynowanej energii 105 kWh i 150 kWh.

Badania poszczegolnych elementow catosci projektow byly prowadzone w laboratorium ,Laborex” firmy OBAC - Gliwice a funkcjo-
nalne w firmie PHPU ,Izol-Plast” Sp. z o.o.

Dla opracowania bezpiecznikow BPS-500 wspélpracowano z dr inz. Antonim Przygrodzkim z Wydziatu Elektrycznego Politechniki
Slgskiej.

Stowa kluczowe: ognioszczelne baterie litowo-jonowe ognioodporne, akumulator litowo-jonowy
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