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Abstract
Krakow Soda Plant "SOLVAY" was founded in 1901 in Krakow. Since the beginning of the liquidation in 1991, the factory was pro-
ducing various derivatives of sodium carbonate and calcium fertilizer. As a result of the manufacturing process liquid wastes were
deposited in the lagoons. The area on which the former landfill, is unique in the Polish and the European Union. The deposited sludge
contains large amounts of alkaline cations of a basic nature. This is due to the specificity of production establishments and raw mate-
rials used for production. Landfills are very specific sites to conduct any rehabilitation work. The substrate posed by sodium deposits
is difficult to reclamation and development due to induction of stress in plants and their decay.

Keywords: Krakow Soda Plant, PAN reclamation model

Introduction

The landscape is identified with the external ap-
pearance of the surface of the Earth in relation to
a particular place. It results from the interaction of
various natural phenomena and processes, which
is dominated by geological and geomorphologi-
cal processes [Nita 2001]. Natural space, which
is located in the sphere of human interaction takes
the form of cultural, expressed in terms of the cul-
tural landscape. The landscape can be understood
as anthropogenic shaped portion of geographical
space, formed by aggregating environmental and
cultural impacts, creating a specific structure, as
manifested by regional distinctiveness, perceived
as peculiar physiognomy [Myga-Piatek 2001].

Biological reclamation should be conducted
in two ways. Slopes should sow grass mix by hy-
droseeding goal as soon as possible sodding and
prevent the formation of conical erosion process-
es. The following year, after turfing enter the belt
system of bushes in order to strengthen the em-
bankments by plant roots [Sobczyk et al. 2010;
Sobczyk and Pawul 2012].

One of the first quarry reclamation projects in
the Foothills (Krakow), which is already imple-
mented in the period 18961909 nature park, or
park and amphitheater in a quarry in Mount St.
Anne (implementation in 1934-1936). Unfortu-
nately, after World War I, post-mining land use
forms in multi-directions were rare. An example is

the Kadzielnia reserve in Kielce, where land devel-
opment project launched in 1969—1971. However,
most projects never been realized or is managed in
a manner that partial — eg. Wietrznia and Jozefka
quarries. It is encouraging the implementation of a
wide variety of development projects postindustri-
al space for the purpose, among others, sports and
recreation such. Dolomites Center "Sports Valley"
in Bytom, "Hill" in Sosnowiec whether the project
J. Bogdanowski and Z. Myczkowski "Streptococ-
ci Hills" in relation to post-mining areas in Bierun
[Stawicki 2003; Sobczyk and Wawrzyniak 2009].

Facility location

Sediment former Cracow Soda Works "Sol-
vay" are located in the southern part of the city
of Krakow, on the border districts of Borek Fatec-
ki and Kurdwanow. From the north border of the
area belonging to the Sanctuary of Divine Mercy
in Lagiewniki. From the southern and eastern set-
tling adjacent to the wasteland belonging to the
municipality of Krakow. The area west of settlers
occupied the factory "Solvay". Today, it houses
a shopping center Zakopianka (Fig. 1) [Gliniak
2014].

Production waste soda industry

In the production process of the Solvay soda
method and kaustification per 1 Mg of product
and a 0.2 ton of waste. Due to the wide variety
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Fig. 1. Location for the sites of the former Cracow Soda Works "SOLVAY" [Gliniak 2014]
Ryec. 1. Lokalizacja terenéw sktadowisk krakowskich Zaktadéw Sodowych “SOLVAY” [Gliniak 2014]

of raw materials used to produce soda in various
establishments sodium, later in this chapter focus-
es only on waste generated in KZS "Solvay". In
the area of the former landfill Cracow Soda Works
deposited a total of about 5 million ton of waste.
In KZS "Solvay" formed two groups of waste.
The first group consisted of solid waste from the
combustion of coke and limestone calcination.
These wastes were used for the construction and
strengthening of embankments settlers. The sec-
ond group is a semi-solid sludge waste, which
was deposited in tailings ponds for later drainage
[Leszczynski 1979; Slezak 1993].

Sediments deposited in landfills are character-
ized by a layered structure (Fig. 2), which is the
result of sedimentation and hydrostatic pressure
upper layers. The layers differ from each other
physicochemical properties and thickness. pH de-
posited sediments in the range from 7.6 (the top
layer) to 13.0 (more deeply). The average val-
ue of the waste electrolytic conductivity is 1.7
mS-cm’'. Wastes have a high content of carbonate
(72+96%)), the concentration increases with depth.
The sediments are the dominant elements calcium
(394 g'kg), potassium (9 g'kg'), iron (3 gkg™)
and sodium (2 gkg'). The aqueous extract was
determined cations of calcium (266 mg-100g™"),
magnesium (7 mg-100g"), sodium (2 mg-100g™")
and potassium (1 mg-100g") and to chloride (26
mg-100g") [Slezak 1993; Crumbs and Wartalski
1996; Bytnar, 2002; Gliniak 2014; Gliniak et al.
2014a; Gliniak et al. 2014b].

Examples of soda waste reclamation
Landfills soda are a difficult subject to recla-
mation. The main feature of this type is the oc-

currence of large amounts of easily soluble salts
which interact with the surrounding environment,
reducing its value. In addition, post-saline waste
is stored in large settling tanks (eg. in the USA
the surface of individual settlers dating back more
than 8 km?), have significantly marked by the land-
scape [Ko$ and Miakota 1988; Loska and Tadych
1988; Poda 1999; Matthews and Effler 2003]. In
considering the issue of soda waste landfill rec-
lamation, we can distinguish two main lines used
today — leaving the area of secondary succession
and to carry out some treatments technical and bi-
ological reclamation.

In Europe, the spontaneous secondary succes-
sion that occurs on soda waste storage areas can
be observed in the vicinity of Brenburg (Germa-
ny) and Petrovic (Czech Republic). In both cas-
es the natural development of vegetation lasts for
more than 70 years. Comparative studies conduct-
ed by a team led by Griinewald [2006; 2007] have
shown that in non-reclamated areas of the settlers
followed fast accumulation of organic carbon
compounds and humus. This phenomenon, togeth-
er with the transformation of the substrate can be
considered as initial soil forming process [Golda
2007]. Hanel [2004] and Rusek [2004], based on
phytosociological records and analysis of soil fau-
na in the area Petrovic showed that landfill sites
soda strongly differ in composition of flora and
fauna in comparison to the neighboring, semi-nat-
ural forest communities. These differences result
from the toxic effects of salinity on plants, and
easy penetration of salts (especially chlorides)
microfauna organisms causing their rapid decay.
Another factor contributing to reduced biodiver-
sity landfill sites with respect to the surrounding
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forestation was unfavorable microclimate, which
caused rapid heating to a high temperature surface
layers of accumulated waste and fast drying stay-
ing there invertebrate organisms.

The problem reclamation of soda in Poland is
still valid, as exemplified by Janikowskie Soda
Plant "Janikosoda". Closed landfill plants in Jani-
kowo has been rehabilitated on the basis of a mod-
ified reclamation project developed for the former
Cracow Soda Works. Said modification phase con-
cerned the use of biological sludge which is mixed
with the sludge post-saline and seeded with a mix-
ture of grasses and brachina. Reclamation carried
out showed a positive result despite the lack of
availability of rainwater during the growing sea-
son. The use of sludge conducive to yielding crops
and increased availability non-saline water to the
root system of plants as a result of a continuous
process of evapotranspiration. This allows you to
skip the mineral fertilization in the growing sea-
son [Siuta, 2005; Siuta et al. 2008].

Carried out reclamation works

The existing tailing ponds reclamation consist-
ed in the execution of drainage water discharge,
in order to dry embankments, leveling the crown
joints, shaping and securing the slopes, land re-
plenishment and sowing it with grass and shrubs.
Initially, the surface had a settler pH 10,0-10,6.
Isolated appeared halophilous vegetation (Cheno-
podium glaucum L., Puccinellia distans (L.) Parl.
and mosses). Over time, subsurface layers were
washed by rainwater and chloride content and pH
decreased (after three years of pH decreased to a
value of 7.0-7.5 in subsurface layers). Gradual-
ly there were green plants, grass and young trees

Fig. 2. Sediment layer system in the pond No. 3. The area former landfills KZS “SOLVAY” in Krakow [own photo]

Ryec. 2. Struktura warstwowa osadéw zdeponowanych na stawie osadowym nr 3,
na terenie bylych sktadowisk KZS ,,SOLVAY” w Krakowie [fot. wt.]

(primarily aspen, birch, willow and poplar), which
currently covers 80-98% of the [Trzcinska-Tacik
1993; Malecki 1997]. In addition to the flora on
settlers also found several species of fungi (asco-
mycetes) and 13 taxa of molluscs. The study bio-
metric seven species of snails have shown that they
do not differ significantly from those populations
occurring in natural environments. So relatively
rich fauna in artificial habitats indicates a tenden-
cy towards spontaneous rehabilitation of settlers,
whose course can be monitored by the analysis of
the malacological [Trzcinska-Tacik 1993].

Proposed development model of forest Acade-
my of Sciences

In 2010-2013, we studied the physicochemical
properties of sedimentary material and landfills.
Based on the results of laboratory tests of sedi-
mentary material obtained by Gliniak [2014] and
Gliniak et al. [2014a; 2014b] decided to choose
the model of forest management Sciences. It as-
sumes direct introduction into the target plants
soilless and several years of intensive fertilization.
This method of rehabilitation is currently the most
effective and economically viable [Bender and
Gilewska 2004].

According to the model of Sciences advised to
cast trees at the level of 5000 plants per hectare
and the planting of shrubs in quantities of 2500
units per hectare. To adapt those sites use small
three-year seedlings of a very well-developed
root system (due to the very difficult physical and
chemical conditions prevailing in the substrate).
In order to improve the health of plants and stress
limit habitat process can be used micorised seed-
lings. Through this process the plants receive
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additional absorbent surface and have access to
substances fold and absorbed by the mushrooms
[Bender and Gilewska 2004].

Evaluation of the the usefulness of reclamation
established on the basis of the results of laboratory
tests occurrence on opposite layers of moist and
soft with hard and dry layers. In addition, with in-
creasing depth increases electrolytic conductivity
of the material and therefore also the salinity of
the material. These factors make it necessary to
perform the surgery and then technical reclama-
tion area.

Technical reclamation in the case of the object
is associated with reforming slopes and soil ma-
terial with different thickness in order to improve
habitat conditions for plants [Boron and Szatko
1998]. Growing out of a tree should be cut. Due
to the dusty nature of sediment deposited slope
slopes settler should be 1:5 (about 20 degrees).
Such a drop will minimize the possibility of blur-
ring and crawling reclaimed material during heavy
rainfall. In addition, in order to limit this process
in the early stages of reclamation can be used
wicker hurdles or fascines. Slopes of the respec-
tive formation it is recommended to cover 25 cm
layer of soil having an average particle size, and
the crown layer settlers 50 cm. Thus prepared, the
object can be recycled and biological reclamation
and begin development targets.

Biological reclamation should be conducted in
two ways. A separate discussion will cover slopes
and crowns settlers. Slopes should sow grass mix
by hydroseeding goal as soon as possible sodding
and prevent the formation of conical erosion pro-
cesses. The following year, after the transverse
sloping turfing, a belt arrangement of bushes in or-
der to strengthen the embankments by plant roots.
Crowns settlers, as previously mentioned to be
filled seedlings of trees and shrubs and grass mix
sow area with leguminous plants. After the seed-
ing and train plantings should be fertilized for five
years with additions of fertilizers complex micro-
and macronutrients. In the first and second year
should be used doses of fertilizers meeting the re-
quirements of the food crops increased by 25% of
normal. The increase of the standard sowing bind
with high basicity of the substrate (immobilization
of certain nutrients and the need to reduce pH) and
sterility nutrients. Biological reclamation process
it is recommended that the following plant species
[Gliniak 2014]:

» grasses and legumes — Lolium multiflorum,
Dactylis glomerata L., Festuca rubra L., Trifo-
lium pratense L., Trifolium repens L.,

» shrubs — Lonicera xylosteum L., Hippophae
rhamnoides L., Syphoricarpos albus Duhamel,
Euonymus europaeus L., Frangula alnus Mill.,
Rosa rugosa Thunb., Viburnum opulus L.,

* trees — Padus avium Mill., Acer campestre L.,
Prunus avium L., Alnus incana (L.) Moench,
Robinia pseudoacacia L., Populus tremula L.,
Acer platanoides L.

Selected plant species for reclamation of the
landfill are most commonly used and most toler-
ant species. Due to the specific climate habitat and
substrate, it is difficult to identify resistant plants
or not. By using the above-mentioned recommen-
dations, and partial improvement of ground plants
should grow properly. An additional criterion for
selection of species of trees and shrubs were their
landscapes. The above plants are most common in
the assumptions park and avenue in Poland. They
have a neat appearance and are widely known
among gardeners and landscape architects. An ad-
ditional feature of this plant selection is their stag-
gered flowering which is an additional advantage
of such a composition of species.

Summary

Conducted in 2011-2014 observations of veg-
etation in landfills former Cracow Soda Works
helped in identifying the main guidelines for the
reclamation of the area. As a basis for the technical
reclamation author of the paper substrate received
characteristic parameters, shown in laboratory
work described in this dissertation (alkaline pH,
toxic electrolytic conductivity, the heterogeneity
of stored material). Most important way of what
you should do when you customize the site for the
development plans, is to compensate and increase
the thickness of soil material, originally used to
cover the tailings ponds. At the same time carry
out work to stabilize embankments and slopes, to
counteract water erosion of the deposited materi-
al. Biological reclamation should be carried out in
accordance with the model PAN using intensive
fertilization in the first years of cultivation. A very
important aspect of this part of the revitalization
project is to include green species of plants with
shallow root system and high resistance to very
high salinity of the ground, which is confirmed
by the observations described in papers Boron et
al. 2000; Sroczynski et al. 2007; Hare et al. 2007;
Gliniak 2014 Gliniak et al. 2014 and 2014b.

134

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society



Literatura - References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

BENDER J., GILEWSKA M. 2004. "Rekultywacja w $wietle badan i wdrozen." Roczniki Gle-
boznawcze LV, 2: 29-46.

BORON K., SZATKO E. 1998. "Biological aspect of soda wastes decanters reclamation in the
former Krakéw Soda Plant «Solvay»": Fox H. R., Moore H. M., McIntosh A. D.: Land Reclamation,
achieving sustainable benefits. Rotterdam: Balkema.

BORON K., ZAJAC E., KLATKA S. 2000. "Rekultywacja terenu sktadowania odpadéw KZS «Sol-
vay» w Krakowie." Inzynieria ekologiczna — Ochrona i rekultywacja gruntow 1: 58—-64.

BYTNAR K. 2002. Mineralogiczno-geochemiczne studium procesow degradacji gruntéw pod wpty-
wem substancji alkalicznych na przyktadzie terenéw poprodukcyjnych K. Z. S. “Solvay”. Rozprawa
doktorska, Krakéw: WGGiOS AGH.

GLINIAK M. 2014. "Kierunki rekultywacji obszaréw zdegradowanych dziatalnoscig Krakowskich
Zaktadow Sodowych «Solvay»." Dokonania Mtodych Naukowcéw — wydanie elektroniczne 2(3):
266-271.

GLINIAK M., PAWUL M., SOBCZYK W. 2014a. "Wplyw transportu i skladowisk poprzemy-
stowych bylych Krakowskich Zaktadéw Sodowych «Solvay» na stan i jakos¢ wody rzeki Wilga w
Krakowie." Logistyka - Nauka 4: 4295-4302.

GLINIAK M., SOBCZYK W., MITURA A. 2014b. "Evaluation of chosen heavy metals contents
in outer layer of post flotation clarifiers from Krakowskie Zaklady Sodowe «SOLVAY»." Polish
Journal of Environmental Studies 3A(23): 40-43.

GRUNEWALD G., KAISER K., REINHOLD J., GUGGENBERGER G. 2006. "Organic matter sta-
bilization in young calcareous soils as revealed by density fractionation and analysis of lignin-de-
rived constituents." Organic Geochemistry 1(37): 1573-1589.

GRUNEWALD G., KAISER K., REINHOLD J. 2007. "Alteration of secondary minerals along a
time series in young alkaline soils as derived from carbonic wastes of soda production.” Catena
71: 487-496.

HANEL L. 2004. "Colonization of chemical factorywastes by soil nematodes." Pedobiologia 48: 373-381.

KOS R., MIAKOTA B. 1988. "Utylizacja odpadéw stalych na nawozy wapniowe w Inow-
roclawskich Zaktadach Chemicznych." VII Miedzynarodowe Sympozjum Przemystu Sodowego:
230-237.

KRUSZKA E, WARTALSKI A. 1996. Historia polskiego przemystu nieorganicznego - karty z histo-
rii polskiego przemystu chemicznego. Gliwice: Wydawnictwo Chempress.

LESZCZYNSKI St. 1979. "Przemyst sodowy a ochrona §rodowiska." Chemik 6(32): 169-172.

LOSKA E, TADYCH A. 1988. "Sposoby zabezpieczania wéd podziemnych przed infiltracja
odciekow ze sktadowisk w Janikowskich Zakladach Sodowych." VII Miedzynarodowe Sympozjum
Przemystu Sodowego: 255-266.

MALECKI Z. (red.) 1997. "Problemy sozologiczne aglomeracji miejsko-przemystowych. Restruk-
turyzacja - likwidacja — zagospodarowanie KZS «Solvay»." Kom. Inz. Srod. PAN 1.

MATTHEW D.A., EFFLER S.W. 2003. "Decreases in pollutant loading from residual soda ash
production waste water." Air and Soil Pollution 1-4(146): 55-73.

MYGA-PIATEK U. 2001. "Spdr o pojecie krajobrazu w geografii i dziedzinach pokrewnych." Prz.
Geograf. 73: 163-176.

NITA J. 2001. "Ewolucja krajobrazu srodkowej czesci wyzyny czestochowskiej — aspekt przyrod-
niczy." [W:] K. German, J. Balon (red.), Przemiany srodowiska przyrodniczego polski i jego funkc-
jonowanie. Problemy ekologii krajobrazu, Inst. Geograf. Gosp. Przestrz. UJ, 10: 350-357.

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society

135



19. PODA R. 1999. Solvay wczoraj i dzis. Krakéw: Agencja Rozwoju Regionu Krakowskiego S.A..

20. RUSEK J. 2004. "Collembola succession on deposits from a chemical factory. 6th International
Seminar on Apterygota in Siena." Pedobiologia 5-6(48): 519-525.

21. SIUTA J., ZUKOWSKI B. 2008. Degradacja i rekultywacja powierzchni ziemi w Polsce. Warszawa:
Instytut Ochrony Srodowiska.

22. SIUTA J. 2005. "Kompostowe uzytkowanie roslin na sktadowisku odpadéw posodowych w Jani-
kowie." Ochrona Srodowiska i Zasobéw Naturalnych 28: 61-73.

23. SOBCZYK W,, PAWUL M. 2010. "Akceptacja spoleczna prac rekultywacyjnych na terenach
przemystowych na przykltadzie Jastrzebia Zdroju." Skowronek J. (red.). Innowacyjne rozwigzania
rewitalizacji terenow zdegradowanych. Ustron: IETU w Katowicach.

24. SOBCZYK W,, PAWUL M. 2012. "Rewitalizacja terendw zdegradowanych wskutek dziatalnosci
gorniczej w $wietle badan." Przeglgd Gorniczy 3(68): 66-71.

25. SOBCZYK W., WAWRZYNIAK S. 2009. "Rewitalizacja obszaréw zdegradowanych — budowa
zbiornika rekreacyjno-sportowego w Bieruniu Bijasowicach." Przeglgd Goérniczy 5-6(65): 77-81.

26. SROCZYNSKI W., KRUPINSKA-LAMPART E., SKRZYPCZAK R., SYPOSZ-LUCZAK B. 2007.
Dokumentacja geologiczno-inzynierska dla potrzeb sporzgdzenia planu zagospodarowania prz-
estrzennego obszaru “Biate Morza” w Krakowie. Krakéw: IGSMiE PAN.

27. STAWICKI H. 2003. Ksztattowanie krajobrazu wyrobisk poeksploatacyjnych w gornictwie skalnym,
Materialy Miedzynarodowej Konferencji Naukowej ,, Ksztattowanie krajobrazu wyrobisk poeksp-
loatacyjnych w gérnictwie”. Krakéw: Wydawnictwo Diecezjalne w Sandomierzu.

28. SLEZAK A. "Wplyw sktadowiska odpadéw Krakowskich Zaktadéw Sodowych na wody." Paulo A.
1993. Sozologia na obszarze antropopresji — przyktad Krakowa. Przewodnik I1I Konferencji Sozolog-
icznej. Krakéw: PTG-WGGiOS AGH.

29. TRZCINSKA-TACIK H. 2006. Aktualne zagrozenia dla populacji halofitéw nad dolng Nidg i na
Pogorzu Karpackim. Konferencja Rzadkie, gingce i reliktowe gatunki roslin i grzybéw — Proble-
my, zagroZenia i ochrona réznorodnosci flory. Krakéw: Instytut Botaniki PAN. Available online:
<http://ibpost.ib-pan.krakow.pl/rgrgrg/poster-txt/trzcinska.pdf> [02.02.2014].

30. ZAJACE., KLATKA S., RYCZEK M. 2007. "Wplyw nadkladu glebowego na zmiany odczynu i
przewodnictwa elektrolitycznego odpadéw posodowych w warunkach doswiadczenia modelowe-
go." Zeszyty Problemowe Postepéw Nauk Rolniczych 1(520): 213-219.

Streszczenie

Przeprowadzone w latach 2011-2014 obserwacje szaty roslinnej na terenie skfadowisk bylych Krakowskich Zaktadow Sodowych
pozwolity wskazaé gléwne wytyczne dotyczgce rekultywacji tego obszaru. Jako podstawe do przeprowadzenia rekultywaciji tech-
nicznej autor rozprawy przyjgl charakterystyczne parametry podtoza, wykazane w pracach laboratoryjnych opisanych w niniejszej
dysertacji (m. in. zasadowe pH, toksyczna przewodnos¢ elektrolityczna wlasciwa, niejednorodnos¢ sktadowanego materiatu). Na-
jwazniejszym zabiegiem, jaki nalezy wykonac podczas dostosowywania tego terenu na potrzeby plandw zagospodarowania, jest
wyréwnanie i zwigkszenie migzszosci materiatu gruntowego, pierwotnie wykorzystanego do przykrycia stawéw osadowych. Jed-
noczesnie nalezy prowadzic prace majqgce na celu stabilizacje skarp i zboczy, przeciwdzialajgcg erozji wodnej zdeponowanego mate-
riatu. Rekultywacja biologiczna powinna zostac przeprowadzona zgodnie z modelem PAN z zastosowaniem intensywnego nawoze-
nia mineralnego w pierwszych latach uprawy. Bardzo waznym aspektem tej czesci rewitalizacji jest uwzglednienie w projektach
zieleni gatunkéw roslin o plytkim systemie korzeniowym i wysokiej odpornosci na bardzo wysokie zasolenie podtoza, co potwierdzajg
obserwacje opisywane w pracach m. in. Boronia i in. 2000; Sroczytiskiego i in. 2007; Zajgca i in. 2007; Gliniaka 2014, Gliniaka i in.
2014a i 2014b.

Stowa kluczowe: Krakowskie Zaktady Sodowe, rekultywacja, tereny zasolone
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