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Kniouesvie cnosa:

MO/I3¢MHOE BBIIIEIaYHBaHUE,
JIMAMETpP CKBaXKUHBI,
TeJIbLIEeMEHTHBIN pacTBoOp,
3aTpy6OHOE [IPOCTPAHCTBO,
OypoBOii pacTBOP, CTSDKHASL HUTb,
[PO/IaBOYHAS KUAKOCTh, CTCHKH
CKBa)XHHbI, HarHETaTeIbHbIH
IIJIAHT, pa30ypka, IPOMBIBKA,
reo()H3NYECKHIe UCCICT0BAHUS.

Knowledge of the geological structure of the selected field allows to form a clear idea of the nature (geological and
mineralogical composition and physico-chemical properties) of rocks, about the stability of rocks and their propensity to
fracture under the influence of geological or technological reasons, etc. All this, in turn, largely determines the possibility
of using rational method of drilling for specific conditions of the field. The possibility and feasibility of using drilling
method is also determined by the presence of the aquifers. Aquifers play a very important role in choosing fields that are
favorable for drilling by used method.

Using of the device simplifies the design and optimize well because of the small drill diameter, reduced quantity of cement
slurry and improved quality of cement job. Practically confirmed that the cementing with predetermined regimes there is no
slugging, cement slurry evenly fit around columns.

During the construction of technological wells with cementing through the interior of casing with collar device the well
value changes significantly. The main factors affecting the change in value of the construction of wells, are time-
consuming to plugging wells, the tripping and the waiting on cement. It was established experimentally that the use of the
device for lip plugging a filter column reduces the time required to carry out mentioned types of technological operations.
The calculation of economic efficiency, based on the saving of fixed costs in the implementation of the developed device,
showed that the savings in the construction of wells is 177 663 tenge while the construction of a geotechnological well with
290 m depth.

3HaHHUe I'e0IOTUYECKOT0 CTPOSHHS BEIOPAHHOTO MECTOPOXKIACHHS TI03BOJISET COCTABUTH SICHOE NPEJICTABICHHE O XapaKTepe
(reosIoro-MUHEPAIOrHYecKOM  COCTaBe M (DM3MKO-XMMHYECKMX CBOMCTBAaX) TOPHBIX IOPOJ, CHArarolluX —paspes,
00 yCTOWYMBOCTH MOPOJ M CKJIOHHOCTH UX K Pa3pyIICHHIO MO ACHCTBHEM I'€0JIOTHYECKHUX MM TEXHOJIOTMUECKHX MPHINH
u T.1. Bee 310, B CBOIO 0Yepeib, BO MHOIOM ONPEJIENAET BO3MOXKHOCTb HCIIOJIb30BAHUS PALMOHAIBHOTO criocoba OypeHus
IPUMCHHUTEIBHO K KOHKPETHBIM YCIIOBHSAM BBIOMPAGMOTO MECTOPOXKJICHHSA. B03MOXHOCTE M  IenecooOpa3HOCTh
HCIONB30BAHMS YIIOMSAHYTOrO crocoda OypeHHs ONpeNeNnsercs TAKKe M HAIMYMEM B Pa3spe3e BOJOHOCHBIX ILIACTOB.
ITnacToBbie BO/BI HTPAIOT BEChMa CYIIECTBEHHYIO POJIb B BOIIPOCE BEIOOpA MECTOPOXKIACHHUH, OIarONPHATHBIX 171 OypeHus
CKB&KHH OTPaOOTAHHBIM CIIOCOOOM.

Hcrnonb30BaHKE NIPE/IaraéMoro yCTpoicTBa ynpomaeT 1 ONTUMH3UPYET KOHCTPYKIIMIO CKBAXKUHbI, TAK KaK B 9TOM CiIydae
YMEHbIIaeTcsl JuaMeTp OypeHHus, pacxol TaMIIOHAXKHOTO pacTBOpPAa M IIOBBIIAETCA KadecTBO pabot. IIpakrudecku
HOJTBEPXKJIEHO, YTO IPM TAMIOHMPOBAHUM C OINPEJICIECHHBIMU PaHEE TEXHOJOIMYECKMMH PEXHMMAMH OTCYTCTBYET
poOKo0Opa3oBaHUE, T.€. TAMIOHAXKHBIH PACTBOP PABHOMEPHO YKJIA/IBIBACTCS BOKPYT KOJIOHHBI.

Ilpu coopyKEHMH TEXHOJOTHYECKMX CKBAXMH C MCIOJB30BAHHMEM YCTPOMCTBA JUI MAaHKETHOTO TaMIIOHMPOBAHHS
¢unbTpoBoit kKonoHHB! (YTO) ¢ MOMOIIBIO IIEMEHTHPOBAHUS 4Yepe3 BHYTPEHHEE MPOCTPAHCTBO OOCAJHOH KOJOHHBI MX
CTOMMOCTb H3MEHsETCs CylecTBeHHO. OCHOBHBIMM (DaKTOPaMM, BIMAIOIIMMU HAa M3MEHEHME CTOMMOCTU COOPYKEHHs
CKBaXXHUH, ABIISIOTCS 3aTPAThl BPEMEHH HAa TAMIOHMPOBAHUE CKBAXKHHbI, HA CITyCKONOABEMHBIC OINEPALUU U Ha OXKHUIAHHE
3aTBEPAEBAHUS LIEMEHTa. DKCIEPHMMEHTAIBHBIM IYTEM YCTAHOBIEHO, YTO HCIIONBb30BAHUE YCTPOKMCTBA JUIsl MAHXKETHOTO
TaMIIOHUPOBAaHUS (DHIBTPOBOM KOJOHHBI COKpAIlaeT 3aTpaTbl BPEMEHH Ha MPOBEICHHE YKA3aHHBIX BBILIC BHJOB
TEXHOJOIMYECKUX ONepaluit

ITpoBeneHHbII pacyeT YKOHOMHYECKOH ((EKTHBHOCTH, OCHOBAHHBIH Ha YKOHOMHH YCIOBHO-IOCTOSIHHBIX PAcX0/0B MPH
BHEIPEHUH Pa3pabOTaHHOTO YCTPOMCTBA, MOKA3all, YTO YKOHOMUS IIPU COOPYKEHHH CKBAXKHH cocTaBisieT 177 663 Tewre
TP COOPY>KEHHUH OTHOM re0TEXHOIOTHIECKON CKBaXKHHBI ITyOnHOM 290 M.
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Introduction

There are wide-scale works for construction of
hydro-geological and geotechnical wells, which
are serving for exploration and extraction of
groundwater and solid minerals in the Republic of
Kazakhstan. The main method of such wells
construction is a rotary drilling with clay drilling
mud flushing.

Along with this, well depth is increasing
constantly, as well as the number of filds with
complicated geological conditions. Generally, it is
the reason of being abnormal pressure formation in
the well column.

The successful construction of these wells is not
possible without a comprehensive improvement of
equipment and drilling technology, as well as well
casing and productive formation segregation [1].

In order to improve the geotechnical well
construction it is necessary to solve complex
problems that can be represented by three main
blocks: technical, technological, organizational.

The priority task of geotechnical well
construction is creating a device for its casing [2].
The differential characteristic of these wells is the
use of plastic pipes and relatively small intervals
for casing.

Such device should completely exclud the
cement slurry ingress in bottomhole formation
zone [3], a uniform distribution of cement slurry
behind casing, implement casing at low time
consumption and expense of cementing materials.

One of these devices which can be used
advantageously in the injection well construction is
shown in Fig. 1. Casing string / with use of
adapter 2 connects with filter 3 that detached from
latter during casing by clutch 4. Bush sleeve 10 is
fixed by pins // inside the casing. Near the lower
pipe end / there are perforated radial holes that are
closed with plugs &, which are held by clamping
thread 9 against falling. The rubber collar 6 is
fixed by the clamp 5 on the adapter 2.

Such construction of casing string / witn
adapter 2 equipped with centralizer (not shown on
Fig. 1) is lowered into the well and stops in the
productive formation interval [4]. For the
productive formation isolation from the overlying
rocks and water producing formation in the casing

string / cement slurry is fed, the volume of which
depends on the waterproofing interval. Then, wall
plugs /2, on which displacement fluid pressure is
operating, is dipped in the casing string / [5]. As
a result, pressure equal to the sum of hydrostatic
and injection pressure effects on the plugs 8.
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Fig. 1. The device collar casing of injection geotechnical
wells (the beginning of casing): / — casing string;
2 — adapter; 3 — filter;, 4 — clutch;
5 — clamp; 6 — rubber collar; 7 — attenuator;
8 — plugs; 9 — clamping thread; /0 — bush sleeve;
11 —pins; 12 — wall plug; /3 — internal bulkhead

The developed device for collar cementing
was tested in landfills underground leaching
JSC "Kazatomprom", located in the South
Kazakhstan and Kyzylorda regions.

Work areas consist of loose sediments of the
Upper Cretaceous, Paleogene, Neogene and
Quaternary. Paleozoic basement at a depth of 400-
700 m, plunges from north to south and is
represented by red Permian sandstones and
siltstones. The deposits of the Upper Cretaceous
are composed anisomerous sand with gravel and
pebbles, which become red-calcareous clays with
interbedded calcareous sandstone and siltstone on
the top. Cretaceous thickness is 80 m. Paleogene
deposits consist of five horizons and one suite,
three of which are ore-bearing (kanzhuganskii,
Uiukskii, inkanskii horizons). From bottom to top
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well column consists of "motley" horizon deposits
that are composed mainly of variegated marl,
siltstone with interlayers and lenses of fine-grained
sands, which occupy 25-30 % of the total horizon
capacity.The total thickness is 20-50 m.

Kanzhuganskii horizon is represented by coastal
underwater delta factions. Sand deposits among
clays and silts have changeable thickness, which
turn in beds and jets sometimes that are productive
horizon. Medium and fine-grained, friable sands
with argillaceous cement not exceeding 10-15 %.
The horizon thickness is 30-60 m.

Kyzylchinskii horizon, that is marking, is
represented a layer of green clay with lenses of
fine-grained powdery white and greenish sands.
The thickness is 0-20 m. The horizon serves
confining layer between the productive horizons.

Uiukskii horizon is divided into two packs: the
lower mostly consists of sand (productive part) and
upper is clay and aleurolitic (upper confining
layer). The depth of sand top is 395-524 m.
Medium- and fine-grained sands are mostly quartz.
The horizon thickness is 20-30 m, the sand
thickness is 10-20 m.

In the area Inkanskii horizon tapers off in a
northerly direction, the thickness changes from
from 15-20 m to 0. The horizon is composed of
anisomerous sand with carbonaceous detritus. Late
Eocene sediments are represented by marine
montmorillonite green clay, 40-60 m; Neogene
deposits are represented by a layer of red-
calcareous clays, which thickness is 30-100 m.
Quaternary deposits are composed of alluvial and
aeolian sands, which thickness is 30-100 m. All
aquifers are sand horizons, with the pressure to
self-flowing. Water is fresh.

The wells perform a major role in the technical
equipment  during the mineral deposits
development by underground leaching.

The construction of extraction and injection
geotechnical wells is carried by rotational (rotary)
method with flushing by mobile rigs DMR-
1200MK, that is produced by the engineering
support services and complement office of
JSC "Volkovgeologiia" [6].

DMR-1200MK has rotary and ZIF-1200MR
has spindle rotator, that is the mane difference.

This saves time of pipe extension, which is
especially important during drilling soft rock.

The well Ne34-5-4 being constructed in the
West Mynkuduk field, Suzak district, South
Kazakhstan region was chosen as a test object.

The rocks are soft and medium drillability
(sand, clay, clayey sandstone, siltstone), and the
producing formation cosist of anisomerous sand
and gravel.

The well constructions are built with 161 mm
drilling bit (drilling interval is 0-290 m). 290 m
length casing consist of polyvinylchlorid (PVC 90/8)
plastic pipe with a 90 mm outer diameter and
74 mm inner diameter. The casing connects with
with an 8 m length plastic PVC filter casing
through the collar device. The filter casing is a
CDP-118/100 tube with millable slotted holes
32mm in thickness and 40 mm in length.
A settling basin is installed lower then filter
casing, and consists of PVC 90/8 plastic pipe.

Technology of well drilling and construction
on NJSC "Kazatomprom"  polygons of
underground leaching is as follows [7]: 161 mm
diameter three-blade pointed bit is used for drilling
the entire depth, mud parameters are: density
y=1.1-1.15 g/em’; filtration loss B =25-30 cm*/30 min
and viscosity 7= 18-25s, P <4 %.

Drilling is conducted with the axial load P = 700-
900 daN, rotation speed n = 100-200 rev/min and a
flow rate of flushing liquid Q = 200-250 L/min.

After drilling end of a pilot well directional
survey is conducted to determine the deviation
from the vertical well axis [8].

Well reaming is produced in stages by 295 mm
diameter tricone bits M and C types for drilling
to 140 m depth and 215 mm diameter tricone
bits for drilling to the well bottom (using
PNP-110/18 pipes).

The drill-string assembly consists of 73 mm
diameter heavy-weight drill pipe- (or 89 mm) with
a 12 m length, 63.5 mm diameter drill pipe with
the transition to 50 mm diameter steel drillpipe.

PVC 90/8 (or 110/18) casing pipes are installed
to the ore horizon roof, after well reaming with
appropriate diameter bits [9]. Visual inspection of
casing pipes and filters, check the threads using
calibres, as well as the check of the internal
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diameter of the pipe with the help of pipe
templates is carried out to detect visible defects.
All casing threaded connections are sealed with
polyisobutylene while making-up. The casing
descent is carried out with a weighting (50 mm
diameter, 200 m length, 1.200 kg weight steel
drillpipe).

The settling basin of the casing is hermetically
sealed with a plug at the bottom. A casing filter
surface is covered with the 2 % polyacrylamide
film to prevent adhesion of clay during its descent
into a well [10].

Cementation of the casing is carried out in two
stages:

— setting 10 m height cement ring, the cement
slurry density y = 1.35 g/em’;

—cement slurry waterproofing from the roof
cement ring to the well mouth, the density
y = 1.18-1.25 g/ecm’, the cement concentration is
25 % (250 kg per 1 m® of mud).

Waiting on cement is conducted for 17 hours
after the cementing. Geophysical surveys are made
by thermometric method to determine the
thickness, quality and interval of a cement ring.

Reaming of ore horizon is done by downhole
expander RH 260/320 for installation of gravel
pack, the axial load F' = 300-400 H, rotation speed
n = 100-150 rev/min, the flow rate of flushing
liquid Q = 200-250 L/min.

Well stimulation is carried out in two stages
for flushing filters achieve the desired flow rate,
cleaning the settling basin. The first stage: the
well is flushing intervally by technical water and
drill pump through the drill bit into the casing,
interval standardized, with increasing depth to the
settling basin and pure water outlet of the casing,
and the beginning of self-flowing. It is 6 hours
operation [11].

The second stage: the airlift well stimulation
includs the following operations:

— air pipe is deepened on 80 m below the static
level and pumping carried out to full clarification
of water with a stops every hour for 10 minutes to
measure flow rates (approximately 6 hours);

— air pipe is lowered to a 90-100 m depth with
pumping to full clarification and measurement of
flow rates, at a 100 m depth every 3 hours

periodical stops and compressor slopes are held to
create fluid hammer with locking at each start
reading starting and operating air pressure on
manometer, flow rate and the content of suspended
solids before stopping;

—the air pipe loading is carried out by
100-110 m with pumping until clean water to a
depth of 200 m.

Further flowmeter is carried out on a filter area
to check the filter efficiency.

After the well handing over drilling unit
is removed from the site, sumps are pumped
and backfilled, the site plan and cleaning of foreign
objects is made, stopper closes the casing
mouth, the column label with the well number
is attached [12].

The offered technology of geotechnological
well construction has the following differences
from the used previously:

— the final minimum diameter of the well, with
is equal to 161 mm (the exception of the filter set
the interval), there is no extension of the well to a
190 mm diameter; well reaming to 161 mm
diameter is carried out by roller cone bit M or C
type after drilling with ZL-161 bit with the same
diameter [13];

—after the well reaming in 275-285 m
producing formation interval to 260 mm diameter
by 260/320 expander mud in the well is replaced
by gel-cement slurry with density of 1250 kg/cm’;

—collar cementing PVC 110/18 casing is
carried out (the casing interval is 0-275 m);

—recommended filter: 63/3.5 PVC pipe, that is
set up "countersunk"; gravel package will be
implemented through a special device ASB patent
RK Nel7267 [14], reducing the diameter of the
gravel frame should not significantly affect the
production rate, since the calculation of the rate
transverse dimension of gravel package takes into
account, rather than the carcass diameter.

The experimental research
methodology of device for collar
cementing and its results

Initially, the switchgear variants for the cement
slurry supply into the annulus were tested of on the
surface.
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The first variant of the device was made
in accordance with Fig. 1, it is a tube with radial
channels for supplying cement slurry, closed
plugs, initially retained by the shrink thread.
When the bush sleeve /0 lands on the annular
end face of the adapter 2 (see Fig. 1) discharge
pressure abruptly increases, and at 2 atm pressure
shrink thread (brass wire of 0.4 mm in thickness)
brokes, and plugs are squeezed out of their
seats, and mud flows through the radial channels
of the device, which has shown its ability
to securely perform a required function under
test [15-17].

The second variant of the dispenser was also
tested in which radial channels are closed by
annular rubber valve instead of plugs with shrink
thread as in the first variant. Applying pressurized
mud annular valve deformed in radial directions
missed fluid into the annulus. Expiration plugging
fluid speed was regulated by the mud pump
pressure. It is found that the deformation of the
annular rubber valve in which fluid flow begins in
the annulus due to pressure of 2.5 atm (at 15 mm
thickness of the annular valve). It was also
revealed that the consumption of cement slurry in
its flow out of the valve is directly proportional to
discharge pressure [3].

It should be recognized that the second variant
of the switchgear with the annular valve is easier to
design concept, however, it requires a lot of
calculations, and should be recommended in the
future.

Because of the changed requirements of the
equipment of a filter casing, it was decided to
equip the well carcass filter with slotted holes
instead of gravel. This change was due to the fact
that the aquifer exploited in this section has been
presented with medium sand.

Work on the collar cementing and equipment of
the well with filter were conducted as follows [18]:

1. After drilling and flushing the well it is filled
with gel-cement slurry.

2. The filter casing of the well are collected on
the surface, it consists of the settling basin and a
frame-disc filter. Correct assembly of the device
for cementing and fastening cuffs reliability is
check [19].

3. The frame-disc filter with settle basin is
lowered before the switchgear UTO polyvinylchlorid
90/8 and casing. The rubber made of 6 mm thick acid
resistant rubber collar is installed on the casing.

4. After the casing geophysical surveys (GPS)
are carried out in order to verify the integrity
of the casing and the actual filter installation
interval [20].

5. After the GPS first wall packer is dropped in
the casing and it is squeezed by cement slurry to
seat in the UTO. Then top wall packer is lowered
with the bulkhead, with use of which cement slurry
is displaced into the annulus. The signal the
process end is the increased pressure on the pump
pressure gauge at the time of connecting of the top
and lower wall packer.

6. After setting of the cement slurry (waiting
on cement is 12 hours) temperature survey was
carried out for research of cementing quality. The
results indicate that the quality of the cementing is
quite satisfactory [21].

7. The final stage is the destruction of
partitions at the top and lower wall packer for
access to the filter part of the well. This operation
is carried out by the action of the the lowered drill
string weight with the use of which the bulkheads
were destroyed, and the drill string freely goes in
the filter part of the well [22].

The working time balance of individual collar
cementing operations is shown in Table 1.

Table 1

The work time of individual collar cementing
operations of the well 35-5-4

No . Time for the
Operation .
o/n operation, hour
1 |Landing of the filter casing and the collar 1.5
2 |Flushing the well and conducting GPS 3
3 |Landing and squeezing of lower packer 0.5
4 |Injection into the casing estimated 0.5
volume of cement slurry ’
5 |Landing of top plug 0.5
6 |Squeezing of cement slurry into the 02
annulus '

Data analysis of the table 1 shows that time
required for collar cementing significantly lower then
the existing cementing technology through the fill
tube disposed in the annulus.
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The calculation of the expected
economic effect from the introduction
of the developed device for collar
cementing of technology wells

During the construction of technological wells
using the device for a collar cementing of the filter
casing UTO wells cost of cementing through the
casing interior of changes significantly. The main
factors affecting on the changes in the well cost of
construction [23-25] are the time required
for squeezing the well, the time required for
tripping and the waiting on cement. It was
established experimentally that the use of the
device for a collar cementing of the casing filter
part [26] reduces time required for carrying out the
above-mentioned types of technological operations
(see Table 1).

Following the the data in Table 2 and knowing
the approximate annual drilling well volume at
various sites NJSC "Kazatomprom", it is possible
to calculate the expected annual economic
efficiency of using the UTO.

Table 2

The time required for well construction

Mynkuduk (5 000 000 tenge), the cost per hour of
drilling unit will be equal to [25]

N=£=SOOOOOO

=50761 tenge/h,
T 98,5

where § — the average cost of 500 m depth well,
tenge; 7' — time spent on the construction of 500 m
depth well at the site of, h.

The time required for cementing (Table 3) are
reduced by 3.5 hours. Consequently, the economic
effect during construction of a well using a collar
device for cementing of the casing filter part [27] is
177 663 tenge (as using of our device for 1 hour
costs 50 761, this value is multiplied by 3.5 is the
time spent on cementing using UTO). Considering
that on the presented site 500 wells are constructed
annually, we have cost savings of 88 831 750 tenge.

Table 3

The time required for cementing a casing filter,
freight car-hour

Operation Landing of of the drill Using the new
string into the annulus | technology UTO
Cementing 3 s
Waiting on
cement with 1 "
temperature
survey

500 m depth
Ne ) injection well
Operation -
o/n freight o
%
car-hour
1 |The well rélatlve weight in the amount of 101 14.5
the month jobs

2 |Installation, dismantling, design 4 0.6
3 |well-pilot 40 5.6
4 |GFS 5 0.7
5 {161 mm diameter drilling 10 1.4
6 |Casing and flushing 6 0.8
7 |Cementing 3 0.4
8 |Waiting on cement 14 1.9
9 |Filter flushing 8 1.1
10 |GFS after flushing 3 0.4
11 |Forced-planned works 8 1.1

With an average well cost (the cost of 1 meter
injection well is 10 000 tenge, the cost of 1 meter
extraction well is 15 000 tenge), in our case, the
500 m depth injection well at the site of Western

Conclusions

1. Production tests have shown the effectiveness
of the developed technical device for well cementing.

2. The wuse of the device simplifies and
optimizes the well design as drilling diameter,
consumption of cement slurry are reduced and
quality of work increases.

3. Practically confirmed that during cementing
with technological modes defined previously there
is no slugging, ie cement slurry evenly stacked
around the column.

4. The economic efficiency calculation, based
on the saving of fixed costs in the developed
device implementation, showed that the savings
during wells construction of is 177 663 tenge in
drilling geotechnological well.
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