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Principle reasons of string-to-string
~Interformational flows and
nvellhead showings of fluid in
-containing wells

)

e P‘r formation isolation

p2. Corrosion damage of plugging mater

TaMMOHAaXXHOT | 3, Error of closure between plugging

.3. OTCyTCTBIE KOHTak material and tubing or reservoir

TaMMOHAaXHOro marepuana c '

KONMOHHON 1 NOPOAOMN.
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Mathematical
analysis of a
comprehensive
well survey
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‘PCG- 20-100 +0,5% OEC+5% RDN-U



*PCT-20-100+0,015% NTP



*BPCS-120 (blast cement )



Corrosion-resistant
plugging materials

corrosion-resistant plugging
m%ﬂ@ik%i protection of well operation

- Prolongation of overhaul period (between
workovers  concerned  with  cross-flow
elimination and casing string-borehole annuity

repPMETUUHOCTY 3aKON( impermeability recovery)

NMyTn co3pgaHma Kok - h :
y 2 ‘ Ways of generation of corrosion-resistant

TaMMNOHaXHbIX MaTepuaros: plugging materials

- NOBbILLEHNE CeaUMEHTaLMOHHON YCTONYNBOCTU

improvement of plugging suspension sediment
resistance

filtering degree reduction down to minimal values
reduction of plugging material gas permeability and
that between plugging material and tubing or
plugging material and reservoir

TaMMNOHaXXHOW cycneHann

- CHUXEeHMe cTeneHn dunstpaumm 40 MUHUMAanNbHbIX
3HaYEeHUN;

- CHMXKEHME ra3onpoHNLAEMOCTM TaMMNOHAXXHOIO
KaMHS N KOHTaKTHOW 30Hbl «kKaMeHb-0b6caaHas Tpybay,

«KameHb-nopoaa.




Sediment

analysis
summary
| Cpeane- Hucnepcusa | Ko3do.
| KBajJpa- | mepemeHHOH | acuymeT | DKcHecc IIpunpey.

THY S S pHH, (excess) (notes)

(mean variable A

square dispersion | (asymmet

value) ry ratio)

1,78 0,004 0,775 -0,594
. g 1o 1,35 0,3 -0,4
4 4.45 2,5 4,58 0,82 -0,32
3. 1% RDN-U 4.48+2 25 2,25 0,109 1,35 0,76
1. 5% RDN-U i f.9i1.99 1,99 0,068 1,15 0,98
5. 0,04% NTP+0,5%0EC 11,79 11,79£5.54 [ 5,54 2.87
5. 5% RDN-U +0,5%0EC | 8,16 3,8841,08 1,08 0,52:10 2,44 19,5 (partial
sedimentation
)
CoJieHas Bojaa (Salt water) 1,94 743 7.42E2 .56 2,56 2,87 0,97 1,26
4.87 44,16

7.0,04% NTP 1.91 5.9 5.90+2 42 2,42 2,15 1,89 4,34
3.0,015% NTP 1,93 6,07 6.07£2.66 2,66 0,93-10 1,94 3,68
). 1% RDN-U 1,68 5,14 5,14+3.14 3,14 1,34 1,24 0,58




Use of complex reagents for
plugging material structure
ormation and improvement of

corrosion resistance

5% RDN-U;

5.5% RDN-U +0.5%0EC;
6.0.04%NTP+0.5%O0OEC.



Rheological properties and physical
and mechanical characteristics of

grouting mortar based on
~ PCG-0-100 cement

Bomo- Bpema CpoKH cXBaThIBAaHU
oTHava, 3arycre- (setting time)
'?f/30 MHH BaHHS | Hayalo KOHEII
water loss) | (jelling (start) (end)
- time)
0.0 196 6-00 7-50 8-20
0.015% ‘ ‘ 149.4 5-20 10-00 11-30
3. 0.04% NTP mpec: - 1265 3-41 5-00 7-15
4.0,04% NTP con salt’ ! ! 130.2 7-00 8-30 9-50
5. 5% RDN-U mpe m 1790 108 2-10 3 5-40
6. 5% RDN-U colleHs P 24 1960 ) 2-50 3-40 6
7.5% RDN-U +0,5%0EC (fresh) [ 0, 20 1780 19 2-55 5-10 6
8. 5% RDN-U +0,5%0QEC (salt) 0.5 19.5 1950 17 4-10 6-30 7-10
9.0,04% NTP +1% RDN-U 0,5 2 1760 178 6-50 7-40 8-10
rpecHsli (fresh)




Rheological properties and physical
J@-._ and mechanical characteristics of

grouting mortar based on
-, PCG-20-100 cement

-
CT | IImoTHOC TS Bojo- Bpems CpoKu CXBaThIBAHHUS
- ‘ Kr/M OT/a4a, 3arycre- (setting time)
il | (density) | er’/30mum | Barms | mawamo KOHEII
(water loss) | (jelling | (start) (end)
time)
i ¥ 4 1760 202.6 6 -00 7-50 8-20
0,0 P, ' 1920 156,4 5-20 10-00 11-30
3. 0,04% 1760 154.9 3-41 5-00 7-15
4. 0,04% NTP comebii ( = 1920 126.5 7-00 8-30 9-50
5. 5% RDN-U npecHbui (fresh) 0,5 ] 1760 98 2-10 3 5-40
6. 5% RDN-U conenibid (salt) | 0.5 24 1920 86 2-50 3-40 6
7. 5% RDN-U +0,5%OEC (fresh) 0,5 20 1760 21 2-55 5-10 6
8. 5% RDN-U +0,5%0EC (salt) 0,5 19.5 1920 16 4-10 6-30 7-10
11. 0,04% NTP +1% RDN-U 0,5 21 1760 198 6-50 7-40 8-10
npecHbId (fresh)




Rheological properties and physical
uKd  and mechanical characteristics of

grouting mortar based on
o BPCS-20-100 cement

w Bomo- Bpemsa Cpoku cxXBaTbIBaHUS
oTmada, 3arycre- (setting time)
oM /30 MuH BaHMS HavaJo KOHeIT
(water loss) | (jelling (start) (end)
time)
X 161.7 5-10 7 -00 8-00
Al 0,4 154.9 3-05 5-30 6-30
13.0.0 : 126.5 3-40 5-00 7-15
4. 0.04% C 1870 109.5 3-40 5-30 7-40
5. 5% RDN-U mpe 1730 88 2-10 3 5-40
6. 5% RDN-U ¢ ﬂ@-_ 1870 82 2-50 3-40 6
7. 5% RDN-U +0,5%0OEC (fres ) 1730 20 2159 5-10 6
8. 5% RDN-U +0,5%0OEC (salt 05 18.5 1870 16.5 4-10 6-30 7-10
9.0,04% NTP +1% RDN-U 0,5 P3 1760 187.5 6-50 7-40 8-10
npecHbii (fresh)




4 5 6,7 89

*Gas permeability of PCG
cement-based plugging

material

* KoahdpuuveHt

(b 3niecKo(@bContoT HOW)
A30MPOHALIAEMOCT U
KaMHs,, MKM* 2 (absolute
pemeability)

Koap puumeHt
appexTuBHOM((ha3 0BO)
A 30MPOHULIAEMOCT U

KaMHsl, MKM* 2 (relative

permmeability)
1. PCG20-100 fresh
2.PCG20-100+0,015% NTP fresh
3. PCG20-100+0,015% NTP salt
4. PCG20-100+0,04% NTP fresh
5. PCG20-100+0,04% NTP salt
6. PCG20-100+5% RDN-U fresh
/. PCG20-100+5% RDN-U salt
8. PCG20-100+5% RDN-U+0,5% OEC fresh
9. PCG20-100+5% RDN-U+0,5% OEC |salt



*Contact zone gas
permeability of

*PCG 20-100 cement

m KoappuumeHT
(pusnyeckon(abconoTHoM)
rasornpoHULI@eMOCTU 30HbI
KOHTaKTa,MKM"2 (absolute
permeability)

KoappuupneHT

athdekTuB Hol( hasoBoW)
ra3onpoHULIae MOCTN 30HbI
KOHTaKTa,MKkM*2 (relative

R 2e4 5 6 7 8 0 permeability)
1. PCG20-100 fresh
2.PCG20-100+0,015% NTP fresh
3. PCG20-100+0,015% NTP salt
4. PCG20-100+0,04% NTP fresh
5 PCG20-100+0,04% NTP salt
6. PCG20-100+5% RDN-U fresh
/7. PCG20-100+5% RDN-U salt
8. PCG20-100+5% RDN-U+0,5% OEC fresh
9. PCG20-100+5% RDN-U+0,5% OEC salt




gas permeability,

PCG-20-100 cement

Cement stone and contact area

MM (absolute

Kosdpdramient drrsrraeckoit
{(abcomo THOIT)
[ 230TIP OHMLAEMOCTH,

Kosddrapienr s>t extreHoM
(thazoBo0ii) razonp oHrmaeMocCTH,
mMKM- (relative gas permeability)

ras permeability)

KamMHA 30HBI KOHTAKTa KanMHA 30HbI KOHTAKTAa
{cement) {contact zone) (cement) (contact zone)
2,894 j0" npopeiBraza | 0,734 10 39-107"°
2193-10° | gasinflow | 0424-10"
731-107%° damaged 1,14-10™"° 898107
392107 contact 081710
k 2,5910"° | 67.30-10" | 0,741-10" | 76,8107
‘ -~ salt 1,810 1,271-10°7
4. PCG 20-100+0,04 npecHast 0.4 634107 damaged | 1,822:10"° | 85,010"
~ fresh 453107 contact 118107
|
5. PCG 20-100+0,04% NTP colleHast 0,4 1,945-10° | 2.6310" | 1,19810" | 578107"°
salt 444107 0.891-10"
6. PCG 20-100+5% RDN-U rpecHast 0,5 27,610" | 3450107 | 128107 | 254-10"
fresh 18,7107 1,09-10™"
7. PCG 20-100+5% RDN-U cosleHast 0,5 19,35-107 | 2,560-10"7 | 0,176810"7 | 21,1:107
salt 14,7-10"7 0,097-10"7
8. PCG 20-100+5%RDN-U + rpecHast 0,5 10,51-101177 1,8810" 0,963-10'12 19,7-10™"
0,5%0EC fresh 7,76:10 0,757-10°
9. PCG 20-100+5%RDN-U+ colleHast 0,5 334107 132107 | 00122107 | 144107
0,5%0EC salt 297107 0,0099-10°"




Cement stone gas permeability,

PCG-0-100 cement

= KoahpuuMeHT
busnyeckon(abcontot HoM)

ra30MpPOHNLIAEMOCT U
‘ ’ KaMHs, MKM”2 (absolute gas
E - | permeability)
n .- I ‘ KoappuupeHT

> . - I ‘ apdeKTnBHoM(hasoB o)
Ik LIl . g ra30NpOHULIAEMOCT U

0 F _es, KaMHs,, MKM”2 (relative gas

1. PCGO-100 fresh

2. PCGO0O-100- +0,015% NTP fresh

3. PCGO0-100-+0,015% NTP salt

4. PCGO0-100+0,04% NTP fresh

5. PCGO0-100+0,04% NTP salt

6. PCGO0-100+5% RDN-U fresh

/. PCGO0O-100+5% RDN-U salt

8. PCGO0-100+5% RDN-U+0,5% OEC fresh

9. PCGO0-100+5% RDN-U+0,5% OEC salt




Contact area gas permeability,
PCG-0-

100 cement

® Koad ¢ mumeHT
¢ nandeckoi(@abconoTHO M)
ra30MpPOHULIAE MOCTU 30HDI
KOHTaKTa,MKkM*2 (absolute gas
permeability)

Koad pmumeHT

a¢ ¢ ektmBHOM( a 30B01)
ra3onpoHUL@eMOC TN 30HbI
KOHTaKTa,MKM*2 (relative gas
permeability)

1. PCGO-100 fresh
2. PCGO-100- +0,015% NTP fresh
3. PCGO0-100-+0,015% NTP salt
4. PCGO0-100+0,04% NTP fresh
5. PCGO0-100+0,04% NTP salt
6. PCG0-100+5% RDN-U fresh
/. PCGO0-100+5% RDN-U salt
8. PCGO0-100+5% RDN-U+0,5% OEC fresh
9. PCGO-100+5% RDN-U+0,5% OEC salt




Cement stone and contact area

gas permeability, PCG-0-100 cement

KoaddrueHT drsHueckoi
(aGcomoTHOH)

rasoripoHHLIaEMOCTH,

| sma’ (absolute gas permeability)

Kosddrapient s dexmipHoOiM
(da3oB0oi) ra3omnp OHHI[aeMOCTH,
MKM" (relative gas permeability)

contact zone cement contact zone
10" | gasinflow | 034107 41-10™"
1.193-107° 0,24:107°
531-107° contact 0,64:107" 74-10°°
3.74:10°° damage 0,417-10°°
1,56:10° | 523010 | 041107 68-107"
1077 0.0971-107°
9,45410™" contact 0,22:10™° 50107
- 10,44:10°" damage 0,101-10™"°
5. PCG0-100+0,04% 1 = 0.4 6,45:10"° | 026310 | 0,16810"° | 478107"
' 8.12:107" 0,091-10™"
6. PCG0-100+5%RDN- ~ mpecras 0,5 18,610°" 2,50:10" 0,9810" 21,4-10°"
__fresh 15.7-107" 092-10"7
7. PCG0-100+5% RDN-U comeHas 0,5 11,5107 1,60-10"7 | 0,0768-10"7 | 19,1107
salt 10.7-107" 0,0741-107"
8. PCGO-100+5%RDN-U+ TpecHad 0,5 85310 1,17:10" | 0631410 | 188107
0.5%O0EC SEch 5,73-10" 0,707-10"7
9. PCG0-100+5%RDN-U+ comeHas 0,5 2,34-10°" 0,92:10"" | 0,0074-10"7 | 12,4-107"
0,5%0EC salt 2.17:10"" 0.00701-10™"




Cement stone gas permeability,
BPCS-120 cement

= Koad ¢ nymeHT
P vsmdeckoi ab conHTHOW)
ra3ornpoHULIAEMOCTH
KaMH:, MKM*2 (absolute gas

permeability)

Koad b nymeHt

3 ¢ ekTVBHOI () a30BOW)
ra3orpoHULIaeMOCTH
KaMHA, MKMA2 (relative gas

permeability)

fresh

BPCS-120+0,015% NTP

fresh

BPCS-120+0,015% NTP

salt

BPCS-120+0,04% NTP

fresh

BPCS-120+0,04% NTP

salt

BPCS-120+5% RDN-U

fresh

BPCS-120+5% RDN-U

salt

BPCS-120+5% RDN-U+0,5% OEC

fresh

OI0 NI |B | W=

BPCS-120+5% RDN-U+0,5% OEC

salt




Contact area gas permeability,

BPCS-120 cement

P 3 S 6 /8 9

m KoabduumeHT
bursndeckon(abcooTHON)
rA30MNPOHULIAEMOCTMW 30HDI
KOHTaKTa,MKM*2 (absolute gas
permeability)

KoahdvupmeHT

2D EeKTUB HOW((Pa30oBON)
ra3onpoHNLAEMOCTW 30HDI
KOHTaKTa,MKM*2 (relative gas
permeability)

1. BPCS-120 fresh
2. BPCS-120+0,015% NTP fresh
3. BPCS-120+0,015% NTP salt
4. BPCS-120+0,04% NTP fresh
5. BPCS-120+0,04% NTP salt
6. BPCS-120+5% RDN-U fresh
/. BPCS-120+5% RDN-U salt
8. BPCS-120+5% RDN-U+0,5% OEC fresh
9. BPCS-120+5% RDN-U+0,5% OEC salt




S L

Cement stone and contact area
gas permeability,
PCG-0-100 cement

Kosddunuent gusnieckoii

=

{abcommoTHOMH)
a30POHHIIAEMOCTH,
~ (absolute permeability)

Kosdduuuent s¢dexTupHolM
{dazoe oif) razonpoOHHIIAEMOCTH,
MKM’ (relative permeability)

B AMH S 30HBI KOHTaKTa KaMHA 30HBI KOHTaKTa
cement contact areas cement contact areas |
831310 | mpopeBraza | 6,07-10™" 33,9-107"
3,197-10™" 6.424:10"
2 ﬁ " 737107 OTCYTCTBHE 2,14:10™" 91,8'10"
A i 342:10™" KOHTaKTa | 0.987-10°"
3. BBES -120 | 0,5‘ 2,159-10" | 87,30-10" | 1,741-10"° | 86,8107
' - : 1,228-107" 1,27-10™"
4. BPCS -120+0,04% Has 0,4 5354-10"° | orcyrcreme | 4,822:10° | 105,010
fresh 48310 KOHTaKTa 2.198-10"°
5. BPCS -120+0,04% NTP eHas 0,4 2,045:10™" 26,310 2,319-10™" 77.8:10™"°
~ salt 421-10™" 1,81-10™"
6. BPCS -120+5% RDN-U TpecHasd 0,5 2,6:10"° | 34650:10"° | 4,28107 34,4:10™"°
fresh 1,87-107" 4,09-107"°
7. BPCS -120+5% RDN-U CONMeHas 0,5 29,3-107'¢ 2,560-10"% | 0,517-10°'° 32,1-10°"°
salt 24.7:107"° 0,309-10™"°
8. BPCS -120+5%RDN- TIpecHas 0,5 18,51-10°° | 2388-10"° 9,63-10°'° 24,7-10™"°
U+0,5%QEC fresh 9,76:10"° 757107
9. BPCS -120+5% RDN-U coTleHas 0,5 334-107° 1,32:10° 0,235:10"° 18,8-107"°
+0,5%O0EC salt 2.97-10"° 0,102:10"°




*PCG-100, (2 days)



-PCG-100 (in H,S)
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*PCG-100+0,5%RDN-U (2 days in H,S)



*PCG-100+0,04%NTP (2 days, in H,S 10 days)



PCT-100 +5%RDN-U+0,5%0EC(2 days, in H,S)



PCG-100 +5%RDN-U+0,5%0EC(5 days, in H,S)



*Summary

’lugging materials composition should be
designed along with the planning of well in order
- prevent different kinds of showings and
cross-flows caused by poor formation isolation
and corrosion damage of plugging material

1. CospgaBaTb peareHThl, It is necessary to

yyacTByloLine - CTpYKTypoobpasoBaHuu 1. Develop surface-active complex reagents
TaMMOHAKHOrO KaMHA B CBS3W CO CBOEV for plugging materials structure formation
NOBEPXHOCTHOW aKTUBHOCTbLHIO
2 Mosoia @ CenVMEHTALMOHHYIO 2. |mprove plugging suspclans!on _sediment
YCTOMYMBOCTb TaMMOHAaXHbIX CYCMEH3UW, YTO reS|stqnce and reduce Its filtering degree
crnocobcTByeT CHM>XXEHUIO cTeneHun reduction
dounneTpauum _

3. Prevent the appearance of potential
3. [lpepynpexpaatb nosiBNeHne KaHamnos cross-flow channels (i.e. reduce cement
BO3MOXHbIX MNEepeToKkoB ( TO eCTb CHWXaTb and contact permeabmty)

NPOHNUAEMOCTb KaMHA N KOHTAKTHbIX 3OH).



nbo, y MeHs BCE!

“your attention!



