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Client

Location
Climate

Deposit

Contract duration

Scope of work

Shaft 1

Shaft 2

Inner diameter
Finals depths
Freeze depth
Shaft sinking
Staff on site

Freeze plant

Sinking plant
(each shaft)

www.redpathdeilmann.com www.redpathdeilmann.com

OO0 Slavkaliy Foreign Limited
Luban, Soligorsk Region, Belarus
Continental climate

Potash, mining by long-wall method
July 2017 to April 2022

Sinking of two freeze-shafts by using mechanized SBR
technology; 10 km underground development; ore bunker

Production shaft, two shaft stations,
loading pockets and sump drift

Service shaft; two shaft stations

8 m each

695 m and 750 m

165 m each, 42 freeze holes per shaft

Herrenknecht Shaft Boring Roadheader (SBR)

400 employees (350 Belarussians / 20 Russians / 30 Germans)

Freeze units 3,5 MW for ground
Freezing and air-cooling

1,8 MW muck hoist

1,4 MW service hoist
Four 50 t stage winches
Concrete mixing plant

3aKasuunk
MecTonosioxeHne o6bekTa
Knumat

MecTopoxpgeHue

CpOoKM BbITOJIHEHUS
paboT MO KOHTpaKTy

06bem paboT

CtBon 1

Cteon 2
[unameTp CTBOJOB B CBETY
my6uHa cTBONOB

My6uHa 3aMopaxvBaHus
nopon

Cnocob nNpoxoaKu

Cnocob npoxoaKu

3aM0pa)KV|Ba|OLLI,aH CTaHuusa

CTBO/ONPOXOAYECKNiA
KOMIJeKc
(kaxgbl cTBON)

MOO0 «CnaBkanui.

JTtobaHb, Conuropckasn obnactb, benapycb
KOHTUHEHTaNbHbIN

KanuiHble conu, [obblya pygbl AJIMHHbIMK 3a605MK

utonb 2017 - anpenb 2022

CTpouTenbCTBO ABYX CTBOJIOB C MPUMEHEHUEM
3aMOpaxmnBaHusa Nopoa 1 MexaHU3MpoBaHHbIX KOMIMIEKCOB
SBR, npoxoaka 10 kM Nof3eMHbIX BbIpaboTOK, COOPYXeHWe
noA3eMHOro 3arpy3o4Horo 6yHkepa

CTtBON oNd Bbigaun pyabl, ABa y4acTka COI'Ipﬂ)KeHVll;I;
3arpy3soyHbie KapMaHbl U BblpaGOTKa YNCTKN 3yanJa

CepBUCHBIN, [Ba y4acTKa COMPSXEHUN
8 M ( Kaxabli)
695 M n 750 m

165 M, No 42 3aMopaxuBaroLLMe CKBaXUHbI (Ha KaXaoMm
CTBOJE)

MeXaHU3MPOBaHHbIiA, C MPUMEHEHUEM CTBOJIONPOXO4YECKOr0
komnnekca «Shaft Boring Roadheader» (SBR) npouasofcTea
d-MbI «Herrenknecht AG»

400 coTpypHukoB (350 6enopycos / 20 poccusiH / 30 HemLeB)

XnapgoarperaTbl no 3,5 MBT, 3amMopaxuBaHue 1 oxnaxgeHue
BO3ayxa

MoabemMHasa MallvHa o1 Bbigaum nopoabl (1,8 MBT);
BCcrioMoraTesnibHas nogbeMHas mawuHa (1,4 MBT);

yeTblpe npoxogyeckue nebenkun rpysonogbeMHocTbio 50 T;
6eTOHOPaCTBOPHbIN y3en
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OT Havyana [0 3aBepLUeHUs] CTPOUTENLCTBA CTBdna 43 ﬁn.a

rom the f|rst cut of the spade to the completlon of .tm_sﬁaﬂ %

KA4YECTBEHHO, UHHOBALIMOHHO
U BbICOKUMU TEMIMAMMU

XapakTepHbIMU NpU3HaKaMu1 LaHHOTO NPOEeKTa ABMSATCA
MHHOBALMOHHOE 1 COBPEMEHHOE OCHaLLeHVe U 060pyLoBaHue
y4yacTKa CTPOUTENbCTBA CTBOJIOB, KOTOpPOoe Gblfio paspaboTaHo U
N3roTOBJIEHO HEMOCPEACTBEHHO [J/151 YC/IOBMIA [aHHOMO NpoeKTa.
CTpouTeNbCTBO CTBOJIOB MEXaHU3MPOBaHHbIM criocobom TpebyeT
He TOJIbKO MPYMEHEHNS BbICOKOMOLLHOTO CTBOJIONPOX0A4ECKOro

KoMMnJiekca, HO " NPpUMEHEHNA NOJIHOIo KoMnneKca OﬁOpy.D,OBaHVIFI,

KOMMOHOBKa KOTOPOro no3sondaer obecneunTb MaKCUManbHYO
npov3BOaMTEsNIbHOCTb. B cpaBHeHUN ¢ TpagULUMOHHbBIM
cnocobom cTpouTenbCTBa CTBOJIOB MeXGHVI3VIpOBaHHbIVI crnoco6
obecneuymBaet noaoTBepXxaneHHoe I'IpaKTI/IKOﬁ CHUXXEHne Cpokos

cTpouTenbcTBa. Y10, B CBOKO Ovepefb, MO3BOJISET YCKOPUTL BBOS,

pyOHVKa B aKcnlyaTauuio n obecneunTb 6onee paHHUI Bo3BpaT
MHBECTULMIA 1, TEM CaMblIM, MOBbILLIEHME OKYNaeMoCTU NPOeKTa.
CnefjoBaTenbHO, MPUMEHEHUE faHHOro crnocoba cTpouTenbCTBa
CTBOJIOB [a€eT MONOXUTENbHbIN 3KOHOMUYECKUI adhdeKT Ans

BrajeNbLeB pyaHMKa. MexaHU3npoBaHHbIN Cnocod CTpouTeNbCTBa
CTBOJIOB NMO3BOJIAAET CHU3UTb MHBECTULIMOHHbIE 3aTpaThl, GbicTpee

BbIMOJIHUTbL BCKPbITUE MECTOPOXAEHUS ANA AaNbHeNLei
0oTpaboTku, 1 3a cyeT Bonee paHHero Hayana fobbium obecneynTb
6osee BbicTpoe pechrHaHCMpPOBaHME NpoeKTa.

M 370 He nycTble cnoBa. Mpadhmku 1 guarpaMmMbl NOATBEPXAAIOT
BblfatoLMecs pesynbTaTbl, MONyYeHHbIE B XOA€e BbINOHEHUS
[laHHOro MpoekTa.

I'Io>Kany|7|CTa, BO3JI0XWUTE BbIMOSIHEHME 00S3aHHOCTEN Ha HaC U
MOXeTe cYnTaTb UX YXe BbINOSIHEHHbIMK!



BACKGROUND

The international potash mining industry is
recording a steady increase in global produc-
tion volumes. The main drivers of this develop-
ment are the rapidly growing world population
and the increase in the level of prosperity, es-
pecially in the emerging countries China, India,
and Brazil. This is linked to the increase in agri-
cultural production. In particular, the worldwide
increase in meat consumption that requires
significantly more grain for animal feed, which
has to be produced on the same or a smaller
area only with more use of fertilizers.

NEZHINSKIY MINE

The region around the towns of Soligorsk and
Lyuban, located about 180 km south of Minsk,
has a long tradition of mining. The new mine
planned by Slavkaliy Foreign Ltd. is located on
the Nezhinsky section of the Starbinskoye
potash salt deposit in this region. Belaruskali
has been mining potash and fertiliser products
from this deposit with several mines since
1949. The Starobinskoye deposit is one of the
largest potash salt deposits in the world. The
new Nezhinsky mine is expected to have an
annual production capacity of 1.1 to 1.2 million
tons of potassium chloride.

CMPABOYHAA UHOOPMALINA

B MexayHapo4HOWN KanMnHom
NPOMBbILLSIEHHOCTM OTMeYaeTCsa YCTOMUYUBDIN
pocT 06bemMoB npou3BofcTBa. OCHOBHbIMY
OBUXYLLMMW CUIIaMKW 3TOr0 pasBUTUS
ABNAOTCA ObICTPO pacTyLyee HaceneHne
MMpa 1 NoBblILLEHNe YPOBHSA 61arococTosAHNS,
ocobeHHO B cTpaHax ¢ dopmupytoLiencs
pbIHOYHOW aKOHOMMKON: Knutae, UHann

n bpasunuu. Yto obycnasnveaeT u pocT
CeNlbCKOX035AWCTBEHHOrO MPON3BOACTBA.

B yacTHoOCTW, yBenIMuMBaeTC MMPOBOWA
o6beM noTpebnieHns MAca, B CBA3K C YEM
TpebyeTca 3HAUMTENbHO BoNblIee KONMYECTBO
KOPMa, NPOM3BOACTBO KOTOPOro Ha TOM Xe
WM MeHblLUEeN NoLWaan BO3MOXHO TONbKO

C NpMMeHeHneM 6orblUero KonmyecTea
yno6peHui.

HEXXWHCKUI MoK

TeppuTOpUs, pacrnonoxeHHas y ropoaoB
Conuropck u JTiob6aHb, npumepHo B 180 kKM

K tory oT MuHcKa, UMeeT faBHWe Tpaguuum
006bIun NoneaHblx uckonaembix. Ha

HoBOM pygHuke MOOO «CnaBkanuin»
npegycMaTpuBaeTcs BbIMOSHATL 0TPaboTKy
3anacoB HexwuHckoro yyactka CTapobuHCKOro
MeCTOPOXAeHNS KanuiHblx conei. PaspaboTka
JaHHOro MecTopoxaeHus 6bina Hayata 000
«benapycbkanuin» B 1949 roay, B cocTaB
KOTOPOro BXOAWUT HECKOJIbKO PYLHUKOB.
CtapobuHCKOE MECTOPOXAEHUNE sIBSIETCSA
OZHUM U3 KPYMHENLWNX MECTOPOXAEHUN
KanurHbIx coner B Mupe. [NnaHoBas MOLLHOCTb
HexwnHckoro NOKa coctaBut oT 1,1 o 1,2 MAH.
TOHH XJIOPUCTOro Kanus B rof,
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MECHANIZED SHAFT SINKING

Mechanized Shaft Boring Roadheaders from Herrenknecht were
used to construct the shafts.

The so-called SBR (S)haft(B)oring(R)oadheader is a combination of
a Roadheader, the existing machine technology from tunnel boring
machines, as well as a conventional platform for shaft sinking.
Accordingly, on a total of eleven working levels or ,,work decks*, the
functions of

cutting

suction of the tailings from the floor

hoisting the muck to the surface

man riding

setting the support and liner instruction

supply (electrics, hydraulics, ventilation, data, cooling water)

are accommodated.

Directly above the bottom of the shaft is
a telescopic boom with 1.2 m stroke that
can be swiveled 360°. At the end of the
boom is a cutting drum with a diameter
of 1.2 m and a width of 1.5 m, driven by
a 600 kW hydraulic motor. The drum can
be equipped with either round shank
chisels or peeling knives to loosen the
rock in a peeling manner. The cutting of
the floor is automated using star-shaped
cutting patterns in 200 mm deep steps.

The debris cut at the bottom of the

shaft is sucked through a vertical pipe
over a distance of 30 meters by means
of a pneumatic suction system (PNM
system). Via an aero cyclone, the chips
are then discharged into a bucket, which
is located on a turntable. On this table,
which can rotate 180°, the bucket that

is currently being loaded via the PNM
system is on the one side and the empty
bucket on the other. Once one bucket

is filled, the turntable rotates; the full
buckets are conveyed to the surface and
discharged in an alternating sequence. A
deduster cleans the air from the cyclone
before discharged into the shaft environ-
ment. Three rotary piston blowers, each
propelled by a 315 kW motor, generate
the suction.

© Herrenknecht AG

REDPATH DEILMANN

MEXAHU3NPOBAHHAA NMPOXOAKA CTBOJ10OB

CTpouTesIbCTBO CTBOJIOB ObISI0 BbINOSHEHO MEXaHWU3UPOBAHHbIM CMOCOGOM C
NPMMeHeHMEM CTBOJIONPOXOAYECKMX KOMTMIEKCOB NMPOU3BOACTBA KOMMaHUN
«Herrenknecht AG», T. H. (S)haft (B)oring (R)oadheader (cokpalueHo SBR).
CtBononpoxogueckuin komnnekc SBR npenctaenset cobon KoMOUHaLMIO
KoMbalHa n3bupaTenbHOro ecTBUS, TEXHONOMMN NPUMEHSIIOLLENCS 4NN
TYHHENEeCTPOUTENIbHbIX KOMMJIEKCOB, U MOJIKA, MPUMEHSIHOLLLEroCsl NPy NPOXoKe
CTBOJIOB TPaAULMOHHbIM CMOCOGOM.

CooTBeTCTBEHHO YCTAaHOBKA OCHalLaeTca OgMHHaALaThio pabounmu nnatpopmamu,
C KOTopblx o6ecneynBaeTcsl BbIMOSHEHUE ClieAyroLLmMX pabounx onepaumi:

H paspylieHne nopoabl

y6opka nopobl 3 3a6osi (NocpefcTBOM NMHEBMOTPAHCMOPTA)

Bbl4aya nopofbl Ha NOBEPXHOCTb

TpaHcnopT nepcoHana B 3abow

KpenyieHne 06HaXeHHbIX CTEHOK CTBOJIa M YCTaHOBKM NlaHepoB

cHabxeHusi (3NeKTPO3Hepruen, cUCTeMbl TMAPABANKY, BEHTUNALMK, c6opa u
nepefayv faHHbIX, CUCTEMbI OXJIAXAEHNS).

Mpsimo Hap 3aboem cTBOMA pacrosiaraeTcs TefleckonvMyeckas cTpesa gimHon 1,2 m
C BO3MOXHOCTbIO ee MoBopoTa Ha 360°. Ha KOHLie CTpesibl yCTaHOBEH PeXYLUNA
6apabaH guameTpom 1,2 M 1 wmpuHon 1,5 M, ¢ rugpasnmyeckum npueogom 600 kBT.
BapabaH MoxeT 6bITb OCHaLLeH NM60 pesLamu, TMbo ckpebkamu - Ne3BUSMU 4
pbIXneHusi Nopobl B NpoLecce 3a4ncTku 3a6osi. PaspylueHne nopobl B 3a6oe
BbIMOJIHAETCA aBTOMAaTUYeCKM, yyacTkamu ¢ 3arnybkon Ha 200 Mm.

PaspyweHHass nopoga TpaHcnopTupyeTcs u3 3a6os Ha BbicoTy npuM. 30 M no
LeHTpanbHOMY Tpy6onpoBoay C MOMOLLbIO MHEBMaTUYECKOW BCaChIBatOLLEN
cucTeMbl (Tak HasbiBaemas cucteMa PNM). U3 umkioHa nopofga nogaercs B
6aabto, pacrnosioXXeHHY Ha NOBOPOTHOM nnatdopMe. Ha aTon nnatdgopme, ¢
BO3MOXHOCTbO NoBopoTa Ha 180°, ¢ 04HO CTOPOHbI pacnonaraetcsa 6agbs,
HaxofsLascs nop sarpyskon (nocpeacTsoM cuctembl PNM), a ¢ gpyroi

CTOPOHbI — NOPOXHSASA. MNocne 3anonHeHusa ogHou 6afby, NOBOPOTHasA nnaTgopma
noBopayvBaeTcs. [pyxeHHas 6afbs BblaeTCs Ha MOBEPXHOCTb HA OMPOKMUA, a
Opyras 3arpyxaetcs nocpeactsomM cuctembl PNM. Liukn 3ameHbl 6agent perynsipHo
noBTopsieTcs. [locne 0YNCTKM MblieyoBUTENEM BO3LYX U3 LiMKIIOHa cOpacbiBaeTcs
B pyAHUYHYO0 aTMocdepy. Bakyym obecneunBaeTcs TpemMs pOTOPHO-MOPLUHEBLIMU
BEHTUNATOPAMM MOLLHOCTbIO Nno 315 KBT.

© Herrenknecht AG
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SITE SETUP AND KEY MILESTONES

The project is a Greenfield project, which meant that only a cleared construc-
tion site area was available for the start of construction.

Only 3.5 years were available for the completion of the two shafts, including
shaft stations, loading pockets and shaft furniture for permanent hoisting sys-
tems. This meant that both SBR machines had to be designed and manufac-
tured within 12 months of the order being placed. Again, 4 months later, both
machines had to be ready for delivery to the construction site in Belarus, with
a one-month offset. Since the shafts are freeze shafts, the necessary prepara-
tions had to be made before the machines arrived at the construction site.

84 controlled freeze wells with a length of 165 m each.

Construction of a freeze plant with a capacity of 3.5 MW.

Foreshafts 52 meters deep as start-up caverns for the SBR machines.
Pile foundations and foundations for all required hoist and winches.
Erection of two head frames, each with an individual weight of 900 t.
Erection and commissioning of the complete sinking plant.
Construction and installation of the ventilation systems.

Construction of a concrete mixing plant.

Aboveground storage and office areas, workshops, winder houses, etc.

Installation of the complete supply networks, including wastewater,
fire extinguishing pipe, electricity and service water.

April 2018 Erection of Headgear + fore shaft sinkin-g- y
Anpenb 2018 MoHTax HafLWaxTHOro Kornpa + Npoxofka TexoTxoAa

REDPATH DEILMANN
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December 2018 SBR 1 commissioned
[ekabpb 2018 SBR 1 BBefeH B aKcnyaTaLuto

OCHALLEHUE CTPOUNIOWALKN U
OCHOBHbIE PABOYUE 3TATIbI

[poekT sAiBNseTca Tak Ha3biBaeMbIM MPOEKTOM ,C HyNnsA". To ecTb, Ha MOMEHT Havana
CTPOUTENIbCTBA CTBOJIOB LUAXTOCTpOUTENAM Obina npefocTaB/ieHa TONbKO pacyuiLeHHast
TeppuTOopusl U NpobypeHHbIe 3aMOpaXuBatoLW e CKBaXUHbI.
CTpouTenbCTBO ABYX CTBOJIOB, BKJIHOUAsi COMPSEHUS, 3arpy304Hble KapMaHbl U apMUPOBKY
CTBOJ1a A1 MOCTOSIHHOIO NepMoAa aKcrayaTauum pyaHuka npefycMoTpeHo 6b110 BbINONHUTL 3a
3,5ropga.
CnepoBaTesibHO, 06a KoMnnekca SBR fosHbl 6b1M O6bITb paspaboTaHbl U USFOTOBJIEHbI B
TeuyeHune 12 MecALEB C MOMeHTa pa3MelleHuns 3aka3sa. MNpu aTom cnycTs 4 Mecsua o6e MallKHbI
[0JKHbI 6b1M ObITh FOTOBbI K MOCTaBKe Ha cTpounniowanky B benapycu, c yyueTtoMm TeXHUYECKUX
UcnbITaHWI, MPOBOAMBLLUMXCS B TeYeHMe MecsiLa.
Tak Kak npoxofKa CTBOMIOB MPOBOAMIACh C MPUMEHEHMEM 3aMOpPaXMUBaHUS MOPoS, TO
Heob6xoAnMble NOAroTOBUTENbHbIE paboTbl HAa CTPONMIIOLLAAKE AOKHbI OblM ObITh BbIMOMHEHDI
[0 TOro, Kak Tyga npubbinu 6bl CTBONIONPOXO4YeCKMEe KOMMIEKChI. ITO Takme paboThbl, Kak
HanpuMmep:
B OypeHue 84 3aMopaxuBaroWmxX CKBaxuH (c obecreyeHMeM BbICOKOW TOYHOCTU PacnosioXeHus
1 Npodbuna CKBaXxuH), Kaxas - AJIMHoW 165 m;
H MOHTaX 3aMOpaxyBatoLLLEeN CTaHLMM MOLLHOCTBIO 3,5 MBT;
B CTPOMTENbCTBO TEXOTXOL0B rybuHoM no 52 M B kKayecTBe BpyOOBbIX KaMep
CTBOJIONPOX0oa4yeckmx komnnekcos SBR;
B COoOpYyXeHue cBalHbIX (hyHAaMeHTOB M pyHLaMeHTOB L4715 NOJIHOro KOMIJieKca
nebepoyHoro obopynoBaHus;
B MOHTaX ABYX HaALAaXTHbIX KOMPOB, Kax bl maccou no 900 T;
H MOHTaX U BBOJ, B 9KCIJIyaTaL IO MOSIHOFO KoMrsiekca 06opynoBaHusa
CTBOJIONPOXOAYECKOrO y4acTKa;
H V3roToBJIEHME N MOHTaX CUCTEM BEHTUNALMY;
B MOHTax 6eTOHOPacTBOPHOIO y3na;
B CTPOMTENbCTBO M MOHTaX COOPYXXEHUI MOBEPXHOCTHOIO KOMIMJIEKCA, BKJIHOYAs CKIafcKue
nnowanku, odoucHble MOMELLEHUS], MacTepcKue, nomMelleHne ans nebefok u T.4.;
H MOHTaX MOJIHOro KOMIJIEKCA MHXEHEPHO-TEXHUYECKUX ceTel (KaHanm3awuuu,
BOOCHabXeHue A5 uenemn noxapoTyLUeHUs, 3NeKTPOIHEPTMM 1 BOJOCHABXeHME Ha
TEXHYX[bl).

REDPATH DEILMANN
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SHAFT CONSTRUCTION
WORK

In the freeze shaft section, the shafts were
lined with a temporary outer concrete liner. The
hydraulic curb ring, developed and patented
by Redpath Deilmann, was used to achieve
the high daily sinking rates.

Once sinking reached a depth of 325 m cast-
iron tubbing rings, were installed from the shaft
bottom up to the surface to secure the water
bearing ground.

After the tubbing liner installation, shaft sinking
continued down to the station level in 700 m
depth.

The station drifts were excavated with a smaller
roadheader type AM 50. These drifts were built
with reinforced concrete. Redpath Deilmann
was also responsible for the formwork concept
and execution.

CTPOUTEJIbCTBO CTBOJ10B

Ha yyacTke cTBOIOB C 3aMOpaXxuBaHUEM Mopo B KayecTBe
nepeoBON Kpenu npuMeHsiniacb 6eToHHas Kpenb. MMapaennyeckoe
onopHoe KosbLo, paspaboTaHHOe 1 3anaTteHToBaHHOe Redpath
Deilmann, npumeHsnock ana obecneyeHnsi BbICOKOM CYyTOYHOM
CKOPOCTM NMPOXOLKW.

Mocne Toro, kak 3abon cTBONA JOCTUr ry6uHbI 325 M, CHU3Y BBeEpX,
[0 MOBEPXHOCTK, OblnM YCTAHOBNEHbI YYTrYHHbIE THOOUHIM A5
KpenseHus CTBOJA Ha Y4acTKe BOLOHOCHbIX MOPOS,.

Mocne ycTaHOBKM THOOMHIOBOW KOJTOHHbI NPOXoKa cTBosa bbina
BO306HOBJIEHA [0 YPOBHS COMpPsXeHW Ha rnybuxe 700 M.
MpoxoaKa ropusoHTasnbHbIX BbIpaboToK Obliia BbINOSHEHA NpU
nomoLLyM npoxogyeckux kombarHoB AM 50 ¢ ux nocneyowmum
KpenneHneMm xene3o6eTOHHOM Kpenbto. KOHLeNUUio 1 M3roToBsieHne
onanybku Takxe paspaboTtanu u BbinosHuam Redpath Deilmann.

REDPATH DEILMANN
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HIGH QUALITY, INNOVATIVE AND FAST

The construction site is characterized by innovative and modern plant
and equipment, most of it designed and procured for this project.
Mechanized shaft sinking requires not the only a shaft-boring machine,
but a complete plant and all components have to be designed to the
peak performance. Compared to conventional sinking methods the
mechanized sinking leads to a significant reduction of construction
time, which in turn enables the mine owner to start production and thus
revenue generation earlier. In result, overall economics of the new mine
are favorable to the mine owner. This reduces investment costs and
achieves faster access to the deposits, while the sales proceed genera-
ting faster refinancing.

These are not just empty words. Figures, diagrams and charts prove
the outstanding performances achieved on this project.

Please give us the responsibility, consider it done.

V Monthly advance 144 m; daily records up to 7 m
OnepexeHue no rpacouky — 144 m / Mec, pekopiHble TeMMbl MPOXOAKN — [0 7 M/CYT
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