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The article presents systematization and comparative analysis of the killing the well technologies
using fluids based on organic and inorganic salts. Based on its results it was found that the common practice
in Ukraine to kill the wells with abnormally high reservoir pressure is to use clay weighted drilling muds.

In order to develop solutions requiring minimum funds for manufacturing of selected
reagents, it was specified the list of drilling fluids for further research and development to carry out
works under conditions of abnormally high reservoir pressures.

The article shows the results of research of drilling fluids composition such as solubility in
acid and corrosive action. Based on those parameters, the optimum types of fluids for Ukrainian
fields, with abnormally high reservoir pressure, were chosen.

In Ukraine the number of production wells that are moving to the final stage of development
is growing every year, which increases the need for workover operations. Each underground
operation of well workover is necessarily accompanied by Kkilling the well with further
technological completion after the casing repairing. Qualitative fluid with minimal corrosion action
for killing the wells is the key to success in further completion, testing and exploitation.

Key words: drilling; fluid; composition; corrosion; activity; reagent; action.

Kycmypoesa O. B., Kycmypoea A. B., /loopynos /1. €., Canim M. «Po3poOka 1 TOCTIIKEHHS
BJIACTUBOCTEH TEXHOJIOTTYHMX PIOUH JJs NPOBEACHHA pPOOIT B yMOBaX aHOMAaJbHO-BUCOKHX
IJIACTOBUX THUCKIBY.

B crarTi mpencraBieHO MOPIBHAHHS pe3yibTaTiB CHCTEMaTH3allli Ta aHali3y CBITOBHUX
TEXHOJIOT1H TIYIIIHHS CBEPAJIOBUH 13 BUKOPUCTAHHIM TEXHOJIOTTYHUX PIAMH Ha OCHOBI OpraHIdYHUX
Ta HEOpPraHIYHUX COJIEH.
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Ha ocHoBI #ioro pe3ynbTariB BCTAHOBJIEHO, 10 B YKpaiHi 3araJibHONPUIHSTOIO0 MPAKTUKOIO
JUIS TIYUIIHHS CBEP/UIOBHMH B YMOBaX aHOMAJbHO BHUCOKHX IUIACTOBUX THCKIB € BHUKOPHCTAHHS
OOBaXHEHUX TIJIMHUCTUX OypOBUX pO3YMHIB. 3 METOI pPO3pOOKH PO3YMHIB, SIKI MOTPEOYIOTh
MIHIMYM KOIUTIB Ha MPHUTOTYBaHHS 3 PEareHTIB, 0OpaHO Uil MOJAIBIIOTO JOCIIIKEHHS HEepesiK
piOvH Ui TPOBENEHHS pPOOIT B YMOBaxX aHOMAaJbHO BHCOKMX IIJJAaCTOBUX THCKIB. B crarti
MIPEJICTAaBICHO PE3ylIbTaTH JOCIIIPKEHHS PELENnTypu, KUCIOTOPO3KIAJHOCTI Ta KOPO31iHOT i Ta
c(hOpMOBaHO BHCHOBOK IIOJO 3aCTOCYBaHHS HAWOUIBII ONTHUMAIBHUX THIIB IS YKPAiHCHKUX
pOJIOBUIL 3 AaHOMaJbHO BHCOKMMM IUIACTOBUMHM THUCKaMHU. ABTOpaMH BCTaHOBJIEHO, IO
TEXHOJIOTIUH1 PIAUHH, OOpOOJIEHI peareHTaMu POCIMHHOIO MOXO/KEHHS, XapaKTepU3yIThCs
3IaTHICTIO IO KUCJIOTHOI MECTPYKIlii Ta MPOSBISIOTH MEHIINY KOPO3IMHY IO MO BiJHOIICHHIO 0
oOJnasiHaHHS CBEPUIOBMHHU, HDK PO3YMHM XJIOpUIYy HaTpito 1 Oimodiry. KipkicTh CBEpAI0BUH, 1110
MEePEXO/ITh 10 3aBEpIIAIbHOI CTaili ekcrulyartamii B YKpaiHi HMIOPOKY 3pOCTae, 10 30UIbIIye
noTpedy y KamiTalbHUX PEMOHTaX CBepAIOBUH. [lig3eMHHMII KamiTalbHUH PEMOHT KOXKHOT
CBEPJIOBUHHU 000B’SI3KOBO CYIPOBOJIKYETHCS TIIYLIIHHIM CBEPUIOBUHM 3 MOAAIBIIMM OCBOEHHSM
ITICJISI TPOBE/ICHHS TEXHOJIOTTYHUX orepallii. JKiCH1 piluHU 3 MIHIMAJIbHOIO KOPO31HHOIO JI1€I0 IS
TUIYLIIHHS CBEPAJIOBUH € 3al0PYKOIO YCIIIXY MPU MOJaIbIIOMY OCBOEHHI Ta €KCILTyaTalii.

Knrwouoei cnosa: 6ypiHHs; piayHa; peeNTypa; KOPO3is; aKTUBHICTh; peareHT; Jisl.

Kycmyposea O. B., Kycmyposa A. B., /loopynoe JI. E., Canum M. «Pa3paboTka u
HCCIIEIOBAaHUE CBOMCTB TEXHOJOIMYECKHX JKMJKOCTEH /Uil NpoBeNeHHs pabOT B YCIOBHSX
aHOMAJIbHO BBICOKHUX IJIACTOBBIX JaBICHUI».

B cratee mpencraBieHO cpaBHEHUE DPE3Yy/IbTATOB CHCTEMATH3allMd W aHalIM3a MUPOBUX
TEXHOJIOTUH TIYIIEHHUS] CKBAXXUH C HUCIIOJIb30BAaHUEM TE€XHOJIOTHYECKHX >KMJIKOCTEH Ha OCHOBAaHUU
OpraHMYECKUX U HEOPTaHUYECKUX COJIEH.

Ha ocHoBaHMu ero pe3ynpTaTOB YCTAaHOBJIEHO, YTO B YKpauHe OOIIENPUHATON MPaKTUKOM
JUIS TJIYIIEHUS CKBAXXUH B YCJIOBHUSIX aHOMAJbHO BBICOKHMX IIJIACTOBBIX JABJICHUH MMEET MECTO
MPUMEHEHHE YTSHKEICHHBIX IIMHHUCTBIX OypoBbIX pacTBopoB. C 1enbio pa3paboTKU pacTBOPOB,
KOTOpbIe TpeOYyIOT MUHUMYM 3aTpaT Ha NMPUTOTOBJIEHHE PEareéHTOB, BHIOPAHO AJIs JajbHEHIIEro
HCCIIEIOBAaHUS MEPEUYEHb XUAKOCTEH s MpOBENEHUs padoT B YCIOBHUSX AHOMAJIBHO BBICOKHX
IUIACTOBBIX JaBlieHUH. B crarbe mpeacTaBieHbl pe3yNbTaThl MCCIEAOBAHUSA PELENTYPHI,
KHCJIOTOPAaCTBOPUMOCTH M KOPPO3UOHHOTO BO3JIEHCTBUS U C(HOPMHUPOBAH BBIBOJ O MPUMEHEHUU
Haubojiee ONTUMANbHBIX THUIOB JUISl YKPAaMHCKUX MECTOPOXKJIEHUH C aHOMalbHO BBICOKMMHU
IUIACTOBBIMU  JIaBJICHUSIMHU. ABTOpaMU YCTAaHOBJIEHO, YTO TEXHOJIOTMYECKUE IKHUJIKOCTH,
0o0paboTaHHbIE peareHTaMU PaCTUTEIIBHOTO MPOUCXOKACHUS, XapaKTEpU3ylOTCs CIOCOOHOCTHIO K
KHUCJIOTHOM JECTPYKIUHU U TPOSIBIISIIOT MEHBIIEE KOPPO3HMOHHOE BO3JEHCTBHE MO OTHOLIEHUIO K
000pY/IOBaHUIO CKBaXXUHBI, YEM PACcTBOPHI XJIOopHa HaTpus U Oumoduta. KoinyectBo CkBaxuH,
MepexoIAIuX K 3aBepllaroledl cTauy AKCIUTyaTalliid B YKpauHe, KaXJblil ToJ] BO3pacTaer, uTo
YBEJIMYUBAET NOTPEOHOCTh B KANUTAJIbHBIX PEMOHTAaX CKBaKUH. [1013eMHBIN KaluTalbHBIA PEMOHT

Ka)K)IOfI CKB)XUHBI 0053aTEIILHO COIIPOBOXKIAACTCA TJIYIICHHUEM CKBAXXHUHBI C JIBJ'IBHGﬁIHI/IM
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OCBOCHHEM IIOCJIC TIIPOBCACHHUA TCXHOJIOTMYCCKUX onepaunﬁ. KadgecTtBeHHBIC KUIKOCTHU C
MHUHUMAJIbBHBIM KOPPO3HMOHHBIM BO3I[€I710TBPI€M JJId TIIYHICHUSA CKBAXXUH ABJIACTCA 3aJI0OTOM YCIICXa
Ipu Z[aJIBHGI)’IHIeM OCBOCHHH H SKCILTyaTalluH.

Knrouesvie cnosa: GypeHue; KUIKOCTh; pELIENTYpa; KOPPO3Usl; aKTUBHOCTb; PEareHT; BO3/ICHCTBHE.

1. Background

In modern well-drilling conditions in Ukraine the final stage is the most responsible in terms
to get the invested money back. The final goal of building the well is to enter the productive
reservoirs preserving their porosity and permeability, their rapid development, and obtaining the
maximum inflow of the reservoir fluid. It is known that performing of the final stages of putting
wells into production may cause from 30 to 80% of wells productivity loss. Therefore, there are
problems that should be paid attention to. They are devoted to reservoir exploration, field
development, stimulation, and workover.

Drilling fluids play a key role while constructing the well and during its operation. They are
used at the stages of well completion (penetration and perforation fluids), well reinforcement
(bufter fluids), suspending, workover, and servicing operations (kill fluids).

Drilling fluids must provide a successful performance of technological operations which
affect the quality of construction, productivity, and operation time of the well. The strictest
requirements are set to the quality of drilling fluids especially for those, which contact the reservoir
and may affect the well productivity. Well productivity is affected by physicochemical processes,
which take place during the production operations (completion, stimulation, suspending, and killing
the wells) and reservoir properties.

Nowadays construction and operation of wells in Ukraine is performed under conditions of
bottom-hole temperature (BHT) more than 150°C and abnormally low reservoir pressure (ALRP),
or abnormally high reservoir pressure (AHRP). Moreover Ukraine suffers from the economic crisis.
Those circumstances lead to perform a scientific research in the branch of new fluids development
from Ukrainian raw materials, which would allow reducing the price of those reagents.
Furthermore, while choosing the technological fluid, some factors must be taken into attention: clay
swelling decrease, freezing point, corrosion activity, formation fluid compatibility, density (specific
gravity), applicational hazard, environmental hazard, etc.

While completing the well there is, sometimes, a need for acid stimulation to rejuvenate the
well and to remove the fluid residue. That is why biodegradability and acid degradability of drilling
fluids and its components are of great importance. Kill fluids (buffer fluids) based on inorganic salts
have a great corrosive activity towards the well equipment. That is caused by their ion composition
and thermo-baric conditions at the bottom-hole [1]. Consequently, comprehensive research of the
new technological fluids, which are proposed to use in the industry, is needed.

2. Resent research overview
To provide the required technological parameters of fluids in Ukraine, UkrNDIgas (Ukrainian

Scientific-Research Institute of Gas) implements technological fluids produced in Ukraine, which are
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based on brines treated with natural reagent [2, 3]. They are presented by: edible, modified, and
extruded starches, seed bran, acrylic- and biopolymers, and other derivatives of cellulose.

To provide the required technological parameters of wash liquids in Ukraine, there are
technological fluids produced in Ukraine, which are based on synergistic compositions of natural
reagents [4]. They are presented by: edible, modified, and extruded starches, seed bran, acrylic- and
biopolymers, and other derivatives of cellulose, etc.

The worldwide known technology of killing the wells with ALRP is to use the fluids, based
on inorganic salts. Single salt, or salt composition based fluids are used as the brine systems. The
upper limit for brine density (specific gravity) depends on its solubility at the working temperature
and is grounded on the value of the backpressure on the reservoir. Usually brines are characterized
by pH of 5-6 and presence of chloride-ions. At reservoir temperature and pressure, the
abovementioned characteristics cause high corrosion activity of brines, which requires
implementation of corrosion inhibitors (e.g. CaCl,, corrosion speed of which is 0.134 mm/yr. at a
temperature of 121 °C, or CaBr, corrosion speed of which is 0.3 mm/yr.). Corrosion speed is
considered to be tolerant if it doesn’t exceed 0.125-0.127 mm/yr. (API-standard).

There is also a known technology of kill fluids production for AHPR. These fluids are based
on solutions of organic salts of alkali metals stabilized by biopolymers. They do not affect the

reservoirs; they are characterized by pH of 9-11, which minimizes their corrosion activity.

3. Work objective
Nowadays, when completing, stimulating, suspending, and killing the wells under AHPR
conditions there is a problem of developing of reliable fluids. Unfortunately, the current commonly

used method for killing wells in Ukraine under such conditions is to use weighted drilling fluids.

4. Investigating the composition of brines

There is a variety of basic brines used in Ukraine with density value up to 2300 kg/m’.
Currently there are several products such as: solutions of calcium bromide, zinc chloride (ZnCl,),
“BRO-1” fluid (used as blocking fluid for well killing and workover) with density of 1300 kg/m’,
and “BRO-3” fluid (with similar implementation as “BRO-1"") with density of1600 kg/m’ produced
by “Brom”, OJSC, Krasnoperekopsk. “BRO-1” and “BRO-3" fluids also contain corrosion
inhibitors and surfactants. So, it is reasonable to perform further development of drilling fluids on
the basis of existing basic prototypes.

The sample of “BRO-3” meets the regulations set in Gas Specification: 24.6-21865342-
014:2008. The parameters are shown in Tab. 1.

Development and research of killing fluids composition was carried out at UkrNDIgas
Research Studies Institute according to thermal resistance research method at a temperature of
150 °C and pressure fall of 35 bar (the experiment was carried out at the HTHP filter press). CaCl,,
“BRO-1” and “BRO-3" were chosen as basic brines. One of the important conditions to make the
composition is availability of proposed components, their thermal resistance, and their ability to

anaerobic and acid destruction. The experimental procedures were carried out with the
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concentrations: for polymers — 1-3 % and for starches — 5-15 %. Non-organic colmatant (chalk,
ground marble) in amount of 20-60 % was used as a wall-building (plastering) agent. To find out
the technological parameters of obtained fluids they were thermostated at a temperature of 150 °C

for 4 and 16 hours respectively.

Table 1 — Technical parameters of “BRO-3” fluid

Parameter Standard Actually
Solution of yellow of grey .
Appearance suits
color
Density, g/cm’, higher than 1,6 1,6

Weight content of insoluble

residue, %, lower than 0.5 0,5
Weight content of calcium 15

chloride, %, higher than -
Weight content of calcium 15

nitrate, %, higher than -

According to experimental procedures it was ascertained that, under abovementioned
conditions and after 16 hours of elapsed time, the most temperature resistant fluid was the fluid
based on CMHEC (carboxymethyl hydroxyethyl cellulose). The initial parameters of this fluid
before thermostatting: temperature — 160 °C, density (specific gravity) — 1640 g/em’,
Filtration=18 ¢m’/30 min., stability — 75 %. Those fluids which consisted of only one structure-
building component (e.g. xantic gum, or polyacrylamide, or starch, or SWL) showed worse thermal
resistance. The highest resistance was noticed in fluids with complex processing, e.g. extruded
starch + xantic gum, or extruded starch + polyacrylamide, or xantic gum + CMHEC, or xantic gum
+ polyacrylamide. These fluids showed 90-95% stability after 24 hours since preparing. After
thermostatting their stability was at the level of 80-85%, and their technological parameters were in

the range of acceptable values.

5. Research in acid destruction of model fluids

The investigated compositions were created on the basis of CaCl, (density — 1.3 g/cm’),
“BRO-1” (density — 1.3 g/em’), and “BRO-3” (density — 1.6 g/cm’) brines. All of the brines
contained 5-20 % of acid soluble solid phase, which is used to create a filter cake at the well bore
zone and avoid fluid absorption while killing the well. While well completion by wellbore cleaning
out it is very hard to remove the residual colmatant agent and the residual fluids as they experience
significant changes under the conditions of high temperature and pressure.

According to the research the “BRO-3” fluid shows parameters as follows: viscosity —
70 cSt. (at 20 °C), pH = 6 (at 20 °C), pH=5.8 (at 90 °C), no solid and colloid phase containing, no
residue after mixing with technical water, thermal resistance at temperatures from -15 to +150 °C.

To investigate the effect of acid on the developed fluids destruction it was carried out the
express-test using 15 % solution of HCI and samples of fluids No. 1-3. The results are shown in

Fig. 1-4 respectively.
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Fig. 1 — No.1 Solution of CaCl, +13 % polymer Fig. 2 — No. 1 + 10 % HCI (15%);
composition + 5 % chalk; No. 2 “BRO-1"+ 7 % No. 2 +10 % HCI (15 %);
polymer composition + 10 % chalk; No. 3 10 % + HCI (15 %)

Ne3 “BRO-3” +14 % polymer composition + 20 % chalk

Fig. 4 — 7 minutes after starting the
experiment

Fig. 3 — 5 minutes after starting the experiment

The express-test shows the ability of the developed fluids to acid destruction under normal
conditions. It should be noted that under high temperature and high pressure the reaction would
proceed more intensively. That would cause qualitative cleaning of the bottom-hole zone of

production reservoirs.

6. Investigation of basic brines corrosion action

Gravimetric method [5] was used to investigate the corrosion rate in mineralized fluids. The
method is based on weight measuring of the pilot joints with the dimensions of 30x15x2 mm, made
of R-110-steel (the material of which tubing is made), before and after holding them into model
environments under normal conditions for 90 days. The samples were pre-polished and defatted
according to the common used methods [6].

The following model environments were investigated:

-Sodium chloride solution (perfect NaCl solution);

-Bischofite solution, obtained from Eastern-Poltava deposits;

-“BRO-1” fluid;
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-“BRO-3” fluid;

Corrosion rate according to corrosion depth index (ki,, mm/yr.) and weight corrosion index
(km, g/(cm* year)) are shown in Fig. 5-6.

0,016 0,0148 0,016
ke km.
m/year af(em «vear)
. 0.012 0,0117
0,008 0,008
0,004 0,004
0
0 o Environment
Enviromment
m26%NaCl EPO1 =mMgCl2 =EPO 3 m26%NaCl mBPO1 mMgCl2 =BPO 3
Fig. 5 — Corrosion depth index for different model  Fig. 6 — Weight corrosion index for different
environments model environments

According to Fig. 5 and 6 NaCl solutions showed higher corrosion activity, which is
explained by high contain of chloride ions that cause higher corrosion rate [5]. That is confirmed by
thick film of corrosion products on the top of metal sample (Fig. 7).

Corrosion rate in the environment of “BRO-1" (an inorganic salt solution with density of
1.3 g/em’) is relatively significant too, but there is a hard black oxidation film formed under the

layer of corrosion products (Fig. 7, photo b). So there is a possibility of metal immunization and it
may cause the slow-down effect of corrosion [6, 7].

a b c d

Fig. 7 — Samples photos after investigating the effect of different environments:
a) 26% NaCl, b) “BRO-1", ¢) Bischofite, d) “BRO-3"

The pilot joint placed into the environment of “BRO-3" fluid (the composition of inorganic
salts in water) experienced the least corrosion influence. It should be noted that during the overview
of the sample there were no signs of both general and pitting corrosion. That fact can be explained

by fluid component and quantitative composition, which caused hard oxidative film formation and,
as a result, metal immunization.
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Results

The investigated fluids based on brines with density of 1300-1600 kg/m’, treated with
natural reagents show ability to acid destruction, and show lower corrosion activity comparing with
NaCl and bischofite. Therefore, technological fluids developed by UkrNDIgas Research Studies
Institute may be recommended to provide works under AHRP conditions. In Ukraine the number of
production wells that are moving to the final stage of development is growing every year, which
increases the need for workover operations. Each underground operation of well workover is
necessarily accompanied by killing the well with further technological completion after the casing
repairing. Qualitative fluid with minimal corrosion action for killing the wells is the key to success
in further completion, testing and exploitation. This year's proposed fluids will be tested at

Shebelynka gas-condensate field.
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