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NEW SHAFT SINKING TECHNOLOGIES WITH LOW DEPTHS STRATA FREEZING

Summary. The mining and geological conditions of opening new
hard coal deposits in Poland imply the necessity of employing spe-
cial methods for more than 90 percent of the. sunk shafts. Among the
currently used methods the best developed is the freezing one in-
corporating two options, i.e.: frezing of the whole overburden or
selective sectional freezing. Each of the procedures has been suc-
cessfully employed when sinking shafts in Poland and abroad. At
present a method for strata freezing to the depth of 760 m has been
developed whereas the research and development establishments for
mine construction are elaborating solutions for its application at
the depth to 1000 m. The freezing method of shaft sinking has pro-
ved successful in extremely hard mining and geological conditions.
Present efforts focus upon reducing the energy and time consumption.

1. INTRODUCTION

Hard coal mining in Poland covers recently three basins. l.e.: the
Upper Silesian, Lower Silesian and Lublin-Chelm. Majority of mines (64)
concentrate in the Upper Silesian Coal Basin, sharing 98% of the total
coal output of the country. Before the year 2000 the structure will be a
subject of minor changes only, due to the planned growth of production
from two currently constructed mines in Lublin-Chelm Coal Basin. It is
estimated that maintenance of the present production level requires con-
struction of approximately 6000 m of new shafts a year, 30% of which is
shared by deepened and Inter-leval shafts. When opening deposits of the
above mentioned basins it is required to pass the overburden of one to
several hundreds meters thick, in most eases with the occurence of seve-
ral water-bearing layers. The continuous process of mining out the exi-
sting coal resources requires opening of new, depper deposits which re-
sults in the worsening mining and geological conditions appearing as in-
creasing pressure and temperature as well as gas hazard. The depth of
new deppened shafts is about to exceed 1200 a. with high water content
in the overburden-often highly mineralized and acting under high pressu-
re. It is estimated that only 10% of the total shaft number will allow
sinking by conventional methods throughout the shole length; the remai-
ning part will require employment of special methods. Analysis of the
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present etete of Polieh shaft sinking technology points to the freezing
method es one being the most populsr among special methods. It has been
applied for more than 30 years and improved over this time appear now as
the most commonly employed for weak and flooded strata and high pressure
conditions. The freezing depth reaches practically 760 m and efficiency
of the method in such condition has been proved by several projects. At
present it may be stated that from the theoretical and research point of
view we are prepared to apply the freezing method for the depth of 1000 m.

2. SOME ASPECTS OF SHAFT SINKING TECHNOLOGY WITH ROCK FREEZING

Two principal directions of shaft sinking employing the freezing me-
thod may be distinguished in Polish mining construction:

- rock freezing throughout the whole overburdne.
- selective aectlonal freezing.

2.1. Shaft sinking in weak and flooded strata with freezing of the
whole overburden to the depth of 760 m, in Lublin-Cheim Coal

Basin

Strata freezing method ie commonly applied in the world mining con-
struction, however deep freezing, below 700 m is very rare. In Polish
shaft construction, the method was used for several shafts of Lublin-
-Cheim Basin; the freezing depth ranged from 600 to 700 m. First shafts
sunk in this region employed two phase freezing. During the first phase
strata freezing reached the depth of 180 m to go down to the full depth
of 720 m during the second phase. Such freezing method enabled early
Initation of sinking operations, however resulted in many difficulties
in maintenance of the shaft lining, especially at the depth between 180
and 450 a. The occuring destruction throughout this section was the ef-
fect of active freezing and increase of the freezing nantle, also after
constructing the lining. Maintaining the active freezing was needed at
that time to obtain the required parameters of the conducting layerat
the depth of approximately 590 m.

Considering the unsuccessful experience in two-phase freezing, sinking
of naxt two shafts employed one-phase strata freezing over the depth from
0 to 760 m; the method ie discussed below. The mining and geological con-
ditions determined on the basis of borehole test data are listed on Fig.l.
The hydrogeological conditions of the sunk shafts are presented in Ta-
ble 1. In most layers water is not agressive for portland cement; it was
only with in the depth range of 500-548 m and 584-750 a that week agres-
sive leaching and sulphate performance occurred.
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Fig. 1. Example of hydro-geological profile for 9haft sinking with deep
freezing .

Rys. 1. Przyktadowy profil hydrogeologiczny przy giebieniu szybu z zasto-
sowaniem gtebokiego mrozenia
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2.1.1. Strata freezing

The applied strata freezing depth of 760 m is due to the occurrence of
water-bearing IByers at the botton section with the expected large water
inflow (Table, 1) end weak rock performance. This concerns especially the
layer of alb deposited at the depth from 589 to 591.3 m.

Table 1
No of water-  Section of Static wa-  Section in-  Expected water
bearing the water- ter level vestigated Inflow to
level bearing le- depth (m) (©) shaft 99.0 m
vel occurren- 3/mi
ce (m) (a mln)
67- 90 0.529
92-115 0.047
! 5-187.5 4.55 118-140 0.119
169-200 0.010
216-250 0.0011_
403-450 0.0006
IX 500-548 48.0 500-548 0.031
i 589-615 15.02 589-591.3 1.12
595-620 0.903
v 658-715.9 78.05 652-676 0. 286
699-727 2.743
\ 734.2-750.2 78.05 734.2-750 0.37
Vi 781.6-802.8 110.5 756-801 0.432
VI 903.4-929.8 6.0 903-943 0.061
VI 949.2-958.9 50.0 943-991 0.041
IX 1071.5-1105 30.0 1071-1105 0.454

At this depth there occur dust sands of quicksand character as well as
very weak Jurassic rock reaching the depth below 715 a; their compressive
atrenght ranges between 1.5 and 4.0 MPa with the water inflow of 0.37 to
2.74 m3/min. Rock with - in the first water-bearing level, to the depth
of 187.5,e, 1is characterized by low strength.

Strata freezing was carried out through 45 boreholes over the $ 17 m
circle (distance between boreholes was 1.1-1.2 m). The designed thickness
of the freezing mantle of 6.5 e was calculated for the conducting layer
guickaand deposited at the depth of 590 a, with the aseuaed strength (at
15°C) of 7.5 MPa.

In order to obtain the assumed thickness of the freezing mantle, freezing
was continued for the period of 11 months by six units of 250 kW output
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each. The Increase and maintenance of the freezing mantle was monitored
by the accustic teats, geophysical measurements and temperature monito-
ring in 2 thermal boreholes localized at 2 and 3 meters outside the
circle.

2.1.2. Shaft lining

The data describing the shaft lining constructed to meet requirements
of the obligatory standards are presented on Fig. 2. Considering the cal-
culated pressure in the alb layer and at the contact of Jurassic and
carbon layers, reaching over 9 MPa, the problem of lining selection ap-
peared for the specific conditions. Finally, the concrete-tubing lining
with double tubing column was adopted for implementation. In order to
increase tightness of the lining, the procedure of. setting the final tu-
bing in 3 sections, starting from the bottom and towards the top, was
designed. The welded picot rings were designed for coupling the columns.

Lining construction. After 5 months shaft sinking to the depth of
37 m was initiated to be continued, after the planned 11 months of free-
zing, to the depth of 197.7 m, with minor changes in the initial lining.
Further sinking operations with the designed initial lining did not prove
successful. When sinking, numerous fractures of the lining occurred
through-out the sections, requiring replacement. The following types of
the initial lining were tested at these shaft sections 40 cm thick: B15
concrete, 60 cm thick B25 concrete, clasa 35 brck, prefabricated B25
concreate of 0.4 m in thickness with 15 cm concrete trimming layer with
flexing flat inserts, boards of 10 mm or 19 mm thickness, B25 concrete
with 5 cm thick flexing insulstion plates. Only the last two solutions
appeared successful.

The design and application of the final lining is presented on Fig.2.
Insulating plate flexing of 5 cm in thickness, anchored to the sidewalls
over the whole surface was used at places of shaft crrb construction.

It should be pointed out that despite considerable strata deformation
towards the shaft centre no destruction of the freezing pipe occurred.

When sinking in the frozen section hand cutting was applied to be then
replaced by a specially adopted heading machine. The last part of the
frozen section was excavated by means of blasting.

The remaining shaft sinking operations did not differ principally from
standard procedures.

2.2. Examples of sectional strata freezing

The cases of layers requiring freezing, occurring mors frequently at
greater depth stimulated the specialists to develop an efficient method
for sectional freezing of strata. In Polish mining industry the method
was successfully applied for several times as employed for both, horizon-
tal and vertical opsrations. The most interesting examples include:
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Final support

Fig. 2. Cross-section of the designed end constructed eheft lining to the
707 m level

A - lining designed, 0 - lining constructed
Rys. 2. Przekréj projektowanej i wykonanej obudowy szybu do pozioau 707 m
A - obudowa projektowana, B - obudowa wykonana
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Fig. 3. Cross section of the freezing borehole for sectional freezing ee-
thod

a - with air cushion and two columns of down-pipes, b - with triple co-
lumn of pipes

1 - freezing pipe, 2 - casing pipe, 3 - down-pipe, 4 - frozen zone, 5 -
brine, 6 - mechanical tightening, 7 - air cushion

Rys. 3. Schemat przekroju otworu mrozeniowego przy zastosowaniu metody od-
cinkowego zamrazania

a - z poduszke powietrzne i dwoma kolumnami rur opadowych, b - z podwtine
kolumne rur

1 - rura mrozeniowa. 2 - rura ostonowa, 3 - rury opadowe, 4 - strefa «ro-
zeniowa, 5 - solanke, 6 - uszczelniacz mechaniczny, 7 - poduszka powietrz-
na

- a shaft of "Tusanj" salt mine in Yugoslavia
- Zofiéwka VI shaft "Manifest Lipcowy"™ mine

- Wapno 1 shaft in Zary

- 51/3 shaft in "Bogdanka" mine.

The quoted project employed two practical solutions. They were:

- sectional freezing with an air cushionand twocolumnsof down-pipes
sunk to different depth Fig. 3a.

- sectional freezing with a triplecolumn ofpipeslocalized coaxially,
with mechanical barrier Fig. 3b.
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2.2.1. Sectional strata freezing for shaft sinking at "Tusanj" mine
In Yugoslavia

Good recognition of the freezing method by Polish specialistic allowed
undertaking the difficult task of opening the salt deposit in Yugoslavia.
In the sixties the sectional freezing method was applied for sinking two
shafts at "Tusanj" salt mine. Several sarlier attempts at passing the
flooded strata deposited above the first salt series employing cementa-
tion did not prove successful.

The strata zone requiring
freezing occurred at the
depth of 257-330 m. The bore-
holes were drilled from the
shaft. For this purpose a co-
nical chamber was constructed
at the level of 229 m above
the low firmness rock Fig. 4:
the guiding pipes were set st
the bottom, at proper angle.

Drilling was performed from
the shaft top through the co-
lumn of conducting pipes,
fixed every dozen or 50 meters
in the shaft. After drilling
the boreholes to the finsl
depth of 330 m they were fil-
led with cement wash; then
the freezing pipes were sunk.

The constructed boreholes
were connected to the separa-
tion rings mounted at the
chamber bottom. The inflow

Fig-- 4. The system of drilling freezing and outflow of brine employed

boreholes from the shaft: sectional free- isolated pipelines fixed in
zing of Tusanj shaft in Yugoslavia the shaft. The obtained re-

1 - drilling chamber, 2 - conductor pipe, -
3 - guiding pipe, 4 - buntons of the shaft sults indicate that the ap-

reinforcement, 5 - freezing borehole, 6 - plied sectional frezing is
frozen zone one of the most efficient me-
Rye. 4. Schemat uktadu wiercenia otworéw thods -

mrozeniowych przez szyb - mrozenie odcin-

kowe szybu "Tusanj® w Dugostawli - the length of freezing bo-
- komora wiercen, 2 - rura prowadnicza, -
rura kierownicza, 4 - dzwigary zbro- reholes is reduced down to

nia szybowego, 5 - otwdér mroZeniowy, the required minimum.
6 - strefa mrozona - no strata freezing ia re-

1
3
je

quired, thus wastes ere
avoided,
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- application of the conducting pipe in the shaft and the drilling unit
on the surface provides easy drilling performance, comparable to the
conventional method,

- reduction of the borehole length to the required minimum ensures dril-
ling precision.

Similar solution was successfully employed when sinking Zofibwka VI®
shaft in "Manifest Lipcowy" mine.

2.2.2. Sinking of "Wapno I" shaft by sectional freezing method
with an air cushion

The method of sectional strata freezing was applied also for sinking
"Wapno 1" shaft as it was required to protect the previously constructed
lining over the section of 0-150 m. For this purpose 32"freezing boreho-
les were drilled to the depth of 215 m over the circle of 9.6 m in diame-
ter. In the boreholes with external pipes (0139.7 mm) two columns of
down-pipes were sunk; one to the final borehole depth - the second to the
depth of 152 m. This ensured sectional circuit of brine at the depth of
152-215 m. In order to obtain thermal isolation in boreholes above the
depth of 152 m, pressurized air of 2 MPa was emploeyd; it maintained bri-
ne at the required level. Two freezing units of 250 kW output were used.

2.2.3. Sectional freezing for sinking SI/3 shaft in Lublin-Chelm
Coal Basin

After analysing various options of sectional freezing technology, it
was initially decided to apply the air isolation method (Fig.- 3). In this
case it employed freezing boreholes of special construction drilled from
the surface to the depth of 60.5 a. The boreholes were equipped with a
column of 0 224 mm casing pipes; 0 139.7 mm freezing pipes and 0 63 mm
down-pipes; a specially designed tightener was mounted at the depth of
575 a. Its operation resulted in the space between casing and freezing
pipes being filled with air above its level and with brine beneath, it.
Due to this, the intensive reception of heat occurred at the level 575-
-605 m to appear considerably lower over the remaining length of the bo-
rehole. The initial operation of boreholes proved the adopted assump-
tions, however after same time it was noticed that the space between pi-
pies was filled with liquid.

As a consequence, the freezing zone increased to create possibility of
destroying pipes by the freezing liquid. Under such circumstances a dif-
ferent solution for borehole reinforcement was employed. At the depth of
580-600 m the space between pipes was filled with cement was with 30-40%
addition of magnetite duet improving the thermal conductive performance.
Above the rone, the so-called "micro-spheres” (light fractions of fly
eeh) of good isolation properties were applied.
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Moreover,
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the previously constructed shaft
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lining was protected by

strata heating with hot water flowing through boreholes reaching the

Fig. 5. Sectional freezing of S-1/3
in Lublin Coal Basin
1~- freezing borehole, 2 - hot air

3 - hot water outflows,
freezing mantle

flow ducts,

Mrozenie odcinkowe w szybie

Rye. 5.
w Zagtebiu Lubelskim

1 - otwér mrozeniowy,
we cieptego powietrza,
wody, 4 - ptaszcz mrozeniowy

- design of the intensive freezing process;
of the process;

- monitoring and control

shaft,

in-
4 -

S-1/3

2 - kanaty doptywo-
3 - obieg gorecej

depth of 180 m (used for free-
zing of the upper zone) and

by heating of the shaft tube
with hot air to the depth of
576 n (Fig. 5).

Such solution resulted in
the shape of the freezing
mantle presented on Fig. 5.

In the layer of flooded alb
(580-600 m) the mantle thick-
ness reached 6.5-9.0 m to en-
sure safe shaft sinking; abo-
the mantle was
lining

ve the level
distant enough from the
(with thickness reduced) not

to create hazard of destroying

the existing lining.

3. SOME PROBLEMS OF SHAFT
SINKING WITH FREEZING
AT GREAT DEPTH

The presented above two
options of the shaft sinking
freezing method to the depth
of 760 m may be generally
considered as well-developed
which does not obviously mean
that they do not require fur-
ther development. Analysis of
the present stage of the tech-
nology indicate necessity of
improving the following ele-
ments:

- drilling and reinforcement techniques for frezzing boreholes;

- design and selection of the initial

- frozen rock cutting;

on the final

lining;

- strata defrosting and tightening of the lining.
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Rapid and efficient strata freezing especially at great depth requires
intensification of heat exchange between rock and brine of the freezing
borehole; this requires consequently a “tribulent” flow. To achieve this
pumps of respective parameters, resistive to the brine impact as well as
equipping the unite with screw compressors are needed.

The existing Polish developments for monitoring the freezing process
employ the thermal method as well as a geoacoustic one, based upon propa-
gation of the acoustic wave in the selected pair of boreholes. Proper in-
terpretation of data requires automatic recording of the monitoring data
and employing the computer technology. This would result in the possibi-
lity of current control through the correction of brine flow rate in bo-
reholes or through adjustment of the simultaneously operating units. In
future, it is expected to employ radar techniques to monitor the increase
of the freezing mantle. Further improvement is also needed in drilling
techniques as well as borehole reinforcement, both drilled from the sur-
face and from the shaft bottom. In the first case, apart from ensuring
the vertical axis, proper reinforcement is required to provide limited
freezing rate for sufficiently strong strata. In the second case (dril-
ling from the shaft bottom), especially at gre8t depth, it is required
to improve drilling through conductor pipes from the surface or to design
preventeree of minimal dimensions.

Shaft construction with strata freezing at great depth is s complex
technological problem, especially in case of unstable and non-homogenous
strata. In most of the shafts constructed under such conditions, minor or
major lining destruction is being observed as resulting from the additio-
nal pressures due to the specific character of the freezing process, not
considered when designing the project. Two basic sources of excessive
strata deformation occur during freezing:

- strata stretching out as a result of freezing meet the resistance of
its unfrozen part to produce considerable contact stresses;

- the mentioned increase of the freezing mantle deformation is multiplied
when stretching out towards the shaft.

Bearing in mind the constantly growing freezing depth it is required
to employ the shaft lining of special construction for both,; the initial
and final lining. The lining must appear as flexible (initial lining)
extremaly tight and strong. The requirement are fulfilled by the integra-
ted lining of separated construction. The flexible outer ring of steel-
reinforced concrete initial lining takes the strata, pressure whereas the
internal,tight ring of the final lining protects against hydrostatic pre-
ssure. The design and employed materials of the initial and final lining
are not perfect and require further development. The problem of stretching
of particular rock types during freezing needs better qualitative and
quantitative recognition; respective investigations are being carried

out.
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As indicated by the statistic 80% of rock at the frozen shaft sections
is cut manually to avoid danger of destroying the freezing pipes. Recent
experimence with heading machines points to this direction as one of the
future. At present stage of development of Polish heading machine, cut-
ting layers harder than 40 MPa appears as a problem.

The process of strata defrosting has not been well recognized yet. At
present, intensive geoacoustical research as well as monitoring of ther-
mal and strength parameters of the defrosted shafts is carried out. The
observations and test data should enable forecasting in future of such
phenomena,as:

- sudden growth of pressure imposed upon the lining the to breaking of
the® freezing mantlej
- Influence of structural changes in strata, due to freezing, on the li-

ning load.

It is also required to improve the methods of tightening the lining

under the sheath of a tight freezing mentle.

4. SUMMARY AND CONCLUSIONS

4.1. The geological and mining conditions of opening new hard coal
deposits in Poland require, in 90% of cases, application of special shaft
>elnking methods.

4.2. The best developed Polish special method is the freezing one.
4_.3. At present, Polish shaft construction establishments developed
freezing methods for chaft sinking to the depth of 760 m: application of

the method for the depth of 1000 m is being designed.

4_4. When employing the freezing method for sinking shafts at depth
greater than 500 m it is most adventageous to apply selective sectional
freezing of the chosen rock layers.

4.5. The freezing method of shaft sinking, consuming considerably much
time and energy, proved successful in the most difficult conditions. In
order to reduce operation costs it is required to improve certain ele-
ments of the process with special respect to the technology of drilling
and reinforcement of freezing boreholes and control of heat exchange.

Rcenzenti Prof. dr hab. inz. Mirostaw Chudek

Wp4ynedto do Redakcji we wrzes$niu 1987 r.
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NOWE TECHNOLOGIE GLEBieilA SZYBOW Z ZASTOSOWANIEM
MROZENIA GOROTOWRU DO DUZE3 GLEBOKOSCI

St reszc"zenie

Warunki goérniczo-geologiczne udostepnienia z46z wegla kamiennego w
Polsce narzucaje konieczno$¢ stosowania w ponad dziewiecdziesieciu pro-
centach g#ebionych szybéw metod specjalnych. Ze stosowanych aktualnie me-
tod specjalnych najlepiej opracowano metode mrozeniowi w dwéch odmianach,
to jest: z mrozeniem catego nadktadu lub selektywnym mrozeniem odcinko-
wym. Kazda z odmian zostata zastosowana z wynikiem pozytywnym przy gtebie-
niu szybéw na budowach krajowych 1 zagranicznych. Aktualnie opracowano me-
tode zamrazania goérotworu do gi#ebokosci 760 m, a zaplecze badawczo-projek-
towe budownictwa goérniczego przygotowuje warunki jej stosowania do 1000 m.
Metoda mrozeniowa gtebienia szybéw zostata sprawdzona z wynikiem pozytyw-
nym w szczeg6lnie trudnych warunkach gérniczo-geologicznych. Obecnie pro-
wadzone se intensywne prace nad obnizeniem jej energo- 1 czasochdtonnosci.

HOBcFfi 1SXHOJIOrHH nPOXOFIKH C130J103 C nPHMBHEHUEM
3AMOPAHH3AHHH rOPHOro MACGH#iBA HO EOJIHEOii rHYBUHII

P e 3bme

TopHHe h reoaorHRecKHe yexoBoa otkphthh hobhx nzacToB xaueHHoro yrjin u
lloJiBme HHKTyeT HeoSxoAHMOcxb npzueHeh m enenHaxbHnx MexosoB am Oozee 9056
naxx, Cpe*H HanOojiee aacxo npHueHaenux msioaob HaHOoJiee pasBHXMi HBZHexca
uexoA 3auopaxHBaHHa, KoxoptiS Hueex p a BapHaHia: 3anopaxHBaHne noJiHofl
BCKpUHH 2JIH 3ai(0OpaXHBaHHe OIAeJtLHHX OTpeSKOB. KaSANS 23 UelOAOB yCneDHO
npHMeaaexca xaz b Hozbne, Tax 2 sa rpaHHueft. B Hacxoainee speaa 3tot ueiox
no3BOJxaex Ha 3aMopascHBaH2e raySnHH 760 MeipoB, @ HCCJieAOBaHM h pa3BHXHe
ropHHXx KOHCTpyKnjifi nosBoJiaex yBezHRHib ray8any 3auopa*HBaHM no 1000 uex-
poB. 3tot uexoA xas xoponHe pesyjtbxaxH b o0o0oOo rpyxtiux ropHux 2 reoaoni-
gecKHX yczoBaax.

B Hacxoamee Bpeua accaeAOBaH2a Bezyxca b HanpaBJieHHH yjteHbmehm noxpe-

6jteuua saeprHH 2 BpeueHH.



