Shear rate 100 s-1, pressure 400 psi .ﬂmo —\o 3

Recipe 6 - after 6 min hidration Recipe 7 - after 6 min hidration Recipe 8 - after 6 min hidration Recipe 9 - after 6 min hidration
(m3) Drinking water 24C 992 | (m3) Drinking water 21C 992 | (m3) Drinking water 21C 992 | (m3) Drinking water 21C 992 |
NG BioD 0,01 kg NG BioD 0,01 kg NG BioD 0,01 kg NG BioD 0,01 kg
WGA NG-2 4 kg WGA NG-2 4,2 kg WGA NG-2 4 kg WGA NG-2 4,2 kg
NG GS-1 6 kg NG GS-1 6 kg TRS TS1 6 kg TRS TS1 8 kg
NG NE-1 11 NG NE-1 11 NG NE-1 11 NG NE-1 11
NG CS-2 11 NG CS-2 11 NG CS-2 11 NG CS-2 11
NG XL-4 61 NG XL-4 61 NG XL-4 61 NG XL-4 6|
XL start time: 3 min 10 sec XL start time: 3 min 30 sec XL start time: 3 min 50 sec XL start time: 3 min 30 sec
lip time: 5 min 10 sec lip time: 4 min 45 sec lip time: 5 min 10 sec lip time: 4 min 50 sec
(]
125°C Recipe 10 - after 6 min hidration
1200 (m3) Drinking water 21C 992 |
1100 Bioban 0,011
> , WGA NG-2 4,2 kg
1000 TRS TS1 6 kg
900 NG NE-1 11
; NG CS-2 14
W NG XL-4 61
8 700
.H....v.\ 600 XL start time: 3 min 30 sec
8 lip time: 4 min 50 sec
8 500
i 400 Recipe 11 - after 6 min hidration
S5l (m3) Drinking water 21C 992 |
Bioban 0,011
200 WGA NG-2 4,2 kg
100 TRS TS1 6 kg
TRS DE-1 11
0 TRS CS-1 11
0 20 40 60 NG XL-4 61
Time {min)
XL start time: 3 min 30 sec
Baseline_R8 ======Baseline_R9 =====Baseline_R10 - Baseline_11 lip time: 4 min 35 sec

o
Ralph Koska wavo
General Manader 5




Shear rate 100 s-1, pressure 400 psi

Recipe 6 - after 6 min hidration

Recipe 7 - after 6 min hidration

(m3) Drinking water 24C 992 | (m3) Drinking water 21C 992 |
NG BioD 0,01 kg NG BioD 0,01 kg
WGA NG-2 4 kg WGA NG-2 4,2 kg
NG GS-1 6 kg NG GS-1 6 kg
NG NE-1 11 NG NE-1 1
NG CS-2 11 NG CS-2 11
NG XL-4 61 NG XL-4 61
XL start time: 3 min 10 sec XL start time: 3 min 30 sec
lip time: 5 min 10 sec lip time: 4 min 45 sec
125°C
1200
1100
1000
900
800 -
& 700 -+
£ 600
]
2 500
=3
400
SPAAAF A et g S NP
300 j
200 -
100
0
0 20 40 60
Time (min)

== Baseline_R7

tacrom



Shear rate 100 s-1, pressure 400 psi

Recipe 11

(m3)

992 |
0,011
4,2 kg
6 kg
21
21
6|

Drinking water 21C
Bioban

WGA NG-2

TRS TS1

TRS DE-1

TRS CS-1

NG XL-4

XL start time: 3 min 30 sec
lip time: 4 min 35 sec

Recipe 6

(m3) Drinking water 26C
Bioban
PolyFrac Plus
TRS TS1
TRS DE-1
TRS CS-1
NaOH sol 20% 11
TCB-7 31
XL start time: 3 min 40 sec
lip time: 4 min 50 sec

992 |

0,011
4 kg
8 kg
21
21

Recipe 7

(m3) Drinking water 26C
Bioban
PolyFrac Plus
TRS TS1
TRS DE-1
TRS CS-1
NaOH sol 20% 1.0
TCB-7 3,31
XL start time: 3 min 20 sec
lip time: 4 min 10 sec

992 |

0,011
4 kg
8 kg
21
21

Viscosity (cP)

125°C

1200

1100

1000

900

800

700

600
500
400 -

300 -

200 -

100

R11

20

== Baseline_R6

e Baseline_|
COME,
D

40
Time {min)

esmemn Baseline_R7

== Baseline_R8

W
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Recipe 8

(m3) Drinking water 26C 992 |
Bioban 0,011
PolyFrac Plus 4 kg
TRS TS1 8 kg
TRS DE-1 21
TRS CS-1 20
NaOH sol 20% 11
TCB-7 27|
XL start time: 3 min 50 sec
lip time: 4 min 50 sec
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1. 3AJAYA

3arpyska renanta 4,0 kr/m° (33-x GyHTOBBIA reib) ¢
3a0EPIKKOHN CITMBKU.

Bpewmst cruusku: 3 muHyThI -Tacrom Services SRL.
30 cexyHn — 2 MUHYTH YKpra3znoObrya

Tect Ha cTAGUIBLHOCTD: 60 MHH, CKOPOCTS caiBura 100 ¢,
6e3 Opetikepa, T = 125°C

Tect Ha YyBCTBUTENLHOCTD K H3MEHEHUIO KOHIIEHTPALINH:

+10% 1o CLIMBATENIO
T = 125°C, cxopocts cusura 100 ¢

TecT Ha YYBCTBUTENIBLHOCTb K M3MEHEHHIO CKOPOCTH
CIOBHUTIA.

T = 60°C, 2 nukna: 5 mus -100 ¢, 5 mun - 500¢.
T = 60°C, 3 nuxna: 5 mus -511 ¢, 5 mun - 100¢™.
Tect Ha pacman:

T =125%C,

Ckopocts casura 100 ¢,
ITonHoe Bpemst pacriana 24,

Kunxuii 6peiikep npennoururensHee (B KOMOHHALMH C
KaICYJIUPOBAHHBIM H/HIH «KUBBIM» Opetixepom)

NPONIEAYPA 1 HAPAMETPHI TECTHPOBAHNS
Bce TecTel IpoBeneHE! ¢ HCIIONL30BAHUEM ITUTHEBON BOABL

Tlepen TecTupoBaHueM B 00paser] BOAbI JOOaBIIEH CyXoit
6uowun NG BioD ¢ xormenTpanmeii 0,01 kr/m’.

IIpousBomurbes 3amep yposus pH. B ciyuae Huskoro

yposus pH, B Bony nobasusercs pH-Oydep no pH = 7+1,0.

JIjist IPUTOTOBJIEHYIS JIMHEHHOTO TeJisi C UCIIOJIB30BAHUEM
cyxoro reneobpazosarens ([ TII) WGA NG-2 pemst
runpatanun cocrapisier 20-30 MUH IpU OCTOSHHOM
CKOPOCTH BpamieHus paBHoii 1700 06/mun B Gienmepe
Waring.

TIpomsBoguTcs M3MEpEeHNE TUHAMUIECKOH BI3KOCTH
JIHHEHHOTO redid IpY CKOPOCTH CABHra pasHoi 51 1c? (300
06/muH, R1B1).

IIpomsBonuThcs 3aMep ypoBHs pH.

Bce BcriomorarenbHbie 100aBky n06aBIEHb! 1O BBENEHNMS
cimaresst. [lpu ucnons3oBanuu Tepmocrabunmsaropa
BpEMSI TePEMEIIFBAHNS YBEINYMBACTCS HA 5 MUHYT IJist
[IOJIHOTO PaCTBOPEHMUSI IIPOAYKTA.

TIpouecc cluuBaHus IPOBOAUTELCS MPHU MOCTOSHHON
CKOpOCTH BpameHus paBHo# 1700 o6/mMun B GneHnepe
Waring.

IIponsBoauUTCS 3aMUCh IAPAMETPOB CINHBAaHUA. Bpems
3aKPBITHS BOPOHKH, BpeMsi OOpPa30BaHIs KyIIOJia U BpeMsi
TIOJIHOM CIIHBKH.

IIpowussoxurcs 3amep ypoBHs pH, TeMuepaTypsr,

ITonyyeHHbIH CITUTHIA reib IepeHocuTces B peomerp Grace
MS5600 (400 psi, R1BS) miisa u3MepeHus apaMeTpos
IMHAMUYECKOH BI3KOCTH.

TASK
4.0 kg/m® (33#) delayed XL-inked.
Crosslink time: 3 min — Tacrom Services SR.L.

30 sec. — 2 min Ukrgasvydobuvannya

Stability test: t = 60 min, shear rate = 100 s, no breaker
added, T=125C

Variance test: 10+/- on crosslinker

T = 125°C, shear rate 100 s™

Shear test:
T=60C: 2times: 5 min— 100s™, 5 min — 500s™
T = 60°C: 3 times: 5 min-511 ¢, 5 min - 100¢™

Breaker test:
T=125°C

Shear rate 100 s
Full breaking time 2h

Liquid breaker is preferable (in combination with EnCap
and/or live breaker)

TESTING PROCEDURE AND PARAMETERS
Source of water - Drinking water.
Add to the water biocide NG BioD in concentration 0,01
kg/m’.
Measure of pH level. In case of low pH in water is added the
pH buffer to pH = 7£1,0.

To prepare a linear gel with the use of dry gelling agent (HPG)
WGA NG-2, hydration time of 20-30 min at a constant rotation
speed is 1700 rpm in the Waring blender.

Measure of linear gel viscosity at a shear rate 511s™ (300 rpm,
RIB1).

Measure pH level.

Add NG NE-1 (Non-emulsifier) and NG CS-2 (clay control).
In case of using NG GS-1 (temperature stabilizer), mixing time
increases for 5 minutes longer for complete dissolution of the
product.

Add cross-linker to the fluid and mix at constant speed equal to
1700 rpm on Waring blender;




Ipoexm: 125°C/001- Tacrom Services S.RL R
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3. TAPAMETPBI BOJAbI WATER PROPERTIES

Tabnuya / Table # 1

Omvicasue napamerpa En.msMm.

S Description ogpararrx)leter (ILJ‘OM) -
1 Temneparypa / Temperature C 24.5
2 TInorHocts / Specific Gravity /e’ (g/em’) 0.996
3 Hauanshbiit yposens pH / Initial pH enuauy pH (units pH) | 7.4
4 O6mas munepanuszauwsi, TDS / Salinity, TDS mr/i (mg/L) 87.8
5 O6mee xene3o, Fe / Iron Content, Fe mr/i (mg/L) 0
6 Xnopungi, Cl / Chlorides, CI mr/n (mg/L) 10
7 O6mas xecrkocts (mo CaCOs) / Hardness (by CaCOs) mr/n (mg/L) 50
8 BuxapGorarsas mesousocts (o CaCO;) / Bicarbonates (by CaCO3) mr/i (mg/L) 48

4. HCHOJB3YEMBLIE MPOJXYKTHI PRODUCTS USED,

Tabnuya / Table # 2

HaumveHoBaHue Ormnucanue

Name Description

NG BioD buouuy / Biocide

WGA NG-2 Teneobpazosarens (LTIT) / Gellin agent (HPG)

NG NE-1 JIesmynsrarop / Non-emulsifier

NG CS-2 Crabummarop riut / Clay Control

NG GS-1 Temmneparypubiii crabunmsarop / Temperature stabilizer
NG XL-2 3amemrennsiii cummsarens / Crosslinker

NG XL-4 3ameryiennsii cumsarens / Crosslinker

NG B-1 Kancynuposansbiii 6petikep / Encapsulated breaker
NGB Iepcynbbarnbiii Gpetikep / APS-breaker

Ipodonacenue na chedyowedi cmpanuye

Continue on next page
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5. AHAJIN3 PE3VJIBTATOB TECTHPOBAHWMA ANALYSIS OF TESTING RESULTS

5.1. Tecrt Ha crabuabHocTh: T = 125°C Stability test: T = 125°C

Tabmuya / Table #

XuMHYeCKHH peareHT En.n3m.
Chemical reagent 4099 4064 oM
NG BioD 0.01 0.01 xr/v’ (kg/m®)
WGA NG-2 4.0 4.0 xr/m° (kg/m®)
NG GS-1 2.0 2.0 xr/m’ (kg/m®)
NG NE-1 1.0 1.0 wv® (L/m®)
NG CS-2 1.0 1.0 am (L/m?)
NG XL-4 6.0 . /v (L/m?)
NG XL-2 - 6.0 wm® (L/m®)
Temneparypa / Temperature 252 25.0 c
pH maneitnoro rens / Liner gel pH 7.20 7 enunun pH (units pH)
Bsi3kocTs yuHeiiHOTO rens / Viscosity of liner gel 32.0 33.0 cIl (cP)
VCT 3:11 0:15 min:sec
cr 3:45 0:20 min:sec
Xl 4:10 0:30 min:sec
pH cuurroro renst / pH x1 gel 8.95 8.80 emurun pH (units pH)
I'pagur /' Graph # 1
Viscosity & Temperature Vs. Time
4053
|iz=azn) =R [E==E E==m
Viscosity Shear Rate Sample Temp. Bath Temp.
1409 4104 1400 T T I T T =T T T Tl
120+ _ﬁ -L—l——l—-*——-#q
105 12007 e
© 10042 E
g ‘é‘ E 1000+
E 80+ 100——;.
g 5 g 800-
£ 2 b
600-] Mm
40+
80:F MR e e e e L i e e e
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

(Grace M5600; Shear rate = 100 s'; t= 125°C; 400 psi; R1B5)
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Viscosity & Temperature Vs. Time

4064
R EEEEEE] EEEEST ]
Viscosity Shear Rate Sample Temp. Bath Temp.
110+

120+ 1400
= A1 105+~
9100 E 21200
oL = =
® =
= @ E
2 80+% <1000
® §100—~§-
f |5 =
EotE |3 w0
e 95+~

40—+ 600

90 4oc,--:- PUSAYUNY SO [ WS N Y S G T NS O O ST Y O O O (O O N oy
1
0 10 20 30 40 50 60 0 80 90
Time (min)

(Grace M5600; Shear rate = 100 s; t= 125°C; 400 psi; R1B5)
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5.2. Tect HA 4yBCTBUTEJIBHOCTD K H3IMEHEHHIO
KOHICHTPAMH?

5.2.1. Tecr ¢ ucnoaszoBaruem NG XL-4, T = 125°C

Tabauya / Table # 4

Variance test: Test with NG XL-4, T = 125°C

XuMHYIECKHH PEAreHT En.m3m.
Chemical reagent 4066 0od A068 TOM
NG BioD 0.01 0.01 0.01 xr/m’ (kg/m’)
WGA NG-2 4.0 4.0 4.0 xr/m® (kg/m?)
NG GS-1 2.0 2.0 2.0 xr/m (kg/m’)
NG NE-1 1.0 1.0 1.0 a/m (L/m®)
NG CS-2 1.0 1.0 1.0 v (L/m®)
NG B-1 0.2 0.2 0.2 xr/m® (kg/m®)
NG XL-4 6.0 55 6.5 g (L/m®)
Temmneparypa / Temperature 25.2 25.8 24.5 °C

5 . enunnn pH
pH nuneiinoro resnst / Liner gel pH 7.20 7.20 7.20 okaph)
BsizkocTb nmHeiiHOrO reiist / Viscosity of liner gel 32.0 32.0 32.0 cII (cP)
VET 3:11 3:10 3:00 min:sec
CT 3:45 4:00 3:50 min:sec
XL 4:10 4:40 4:10 min:sec

equann pH
pH cuwrroro rens / pH x1 gel 8.95 8.97 897 (i pt)
I'pagpur / Graph # 2
Viscosity vs. Time
4068
=T ===
4068 4066 4054

Viscosity (mPa.s)

Time (min)

(Grace M5600; Shear rate = 100 s™; t= 125°C; 400 psi; R1B5)
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5.2.2. Tecr ¢ ucnonp3osanuem NG XL-2, T = 125°C _ Variance test: Test with NG XL-2, T=125°C

Tabnuya / Table # 5

XHUMHIECKHI peareHT En.uzm.
Chemical reagent A6z 4070 1 UOM
NG BioD 0.01 0.01 0.01 xr/m’ (kg/m?)
WGA NG-2 4.0 4.0 4.0 xr/v’ (kg/m®)
NG GS-1 2.0 2.0 2.0 xr/m’ (kg/m)
NG NE-1 1.0 1.0 1.0 /v (L/m®)
NG CS-2 1.0 1.0 1.0 /v (L/m®)
NG B-1 0.2 0.2 0.2 kr/m’ (kg/m®)
NG XL-2 6.0 5o 6.5 v (L/m®)
Temnepatypa / Temperature 25.2 25.8 24.5 °C

- . epuHul pH
pH nuueitnoro rens / Liner gel pH 715 7.15 705 (@uispH)
Bsi3kocTh JiHEHHOrO resis / Viscosity of liner gel 33.0 33.0 33.0 cIl (cP)
VCT 0:15 0:15 0:15 min:sec
CE 0:20 0:20 0:20 min:sec
XL 0:30 0:30 0:25 min:sec

epusny pH
pH cmuroro rens / pH x1 gel 8.80 8.81 875 G
I'paghur / Graph # 3
Viscosity vs. Time
4071
B e ) =
4071 4062 4070

Viscosity (mPa.s)

Time (min)

Mama: 11.07.2016




Ipoexm: 125°C/001- Tacrom Services S.RL
Baxazuux: Tacrom Services S.R.L.

5.3. TecT HAa YyBCTBHTEJbHOCTD K H3MEHEHHUIO CKOPOCTH Shear recovery test: Test with NG XL-4, T = 60°C

CABHIa:

5.3.1. Tecr ¢ ucnosbsosanuem NG XL-4, T = 60°C

Tabmuya / Table # 5

XuMHUECKHHA peareHT En.u3m.
Chemical reagent 9055 400l TOM
NG BioD 001 [001 |/ (kg/m’)
WGA NG-2 4.0 4.0 xr/m° (kg/m®)
NG GS-1 2.0 2.0 /™ (kg/m’)
NG NE-1 1.0 1.0 v’ (L/im’)
NG CS-2 1.0 1.0 /v (L/m®)
NG XL-4 6.0 6.0 /v’ (L/m?)
Temmneparypa / Temperature 25.2 252 o6

g : enunun pH
pH munetinoro remst / Liner gel pH 720 | 120 (o o)
BsizkocTs JmHeiiHoro resist / Viscosity of liner gel 32.0 32.0 cIl (cP)
VCT 311 311 min:sec
e 3:45 3:45 min:sec
XL 4:10 4:10 min:sec

enunun pH
pH cuuroro resst / pH x1 gel 8.95 8.95 i o)
I'pagux / Graph # 4
Viscosity & Temperature Vs. Time
4055
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(Grace M5600; Shear rate = 100-500 s; t= 60°C; 400 psi; R1B5)
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Viscosity & Temperature Vs. Time

4061
s = =51 ==
Viscosity Shear Rate Sample Temp. Bath Temp.
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(Grace M5600; Shear rate =511-100 st t=60°C; 400 psi; R1B5)
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5.8.2. Tect ¢ ucnonb3osanuem NG XL-2, T = 60°C Shear recovery test: Test with NG XL-2, T = 60°C

Tabnuya / Table # 6

XuMHYeCKHH peareHT En.m3m.
Chemical reagent 4063 o UOM

NG BioD 0.01 0.01 xr/v® (kg/m®)
WGA NG-2 4.0 4.0 xr/m® (kg/m®)
NG GS-1 2.0 20 xr/v (kg/m®)
NG NE-1 1.0 1.0 v (L/m®)

NG CS-2 1.0 1.0 /v (L/m?)

NG XL-2 6.0 6.0 v (L/m®)
Temmeparypa / Temperature 25.0 25.0 °C

pH nuneitHoro remns / Liner gel pH 715 LS SZII_IP;HHH pH@ni
Bsskocts nuHeiHOTO reis / Viscosity of liner gel 33.0 33.0 cII (cP)

VCT 0:15 0:15 min:sec

CT 0:20 0:20 min:sec

XL 0:30 0:30 min:sec

pH cmmroro rens / pH x1 gel 8.80 8.80 ;?SHHH B

I'paghux / Graph # 5

Viscosity & Temperature Vs. Time

4063
s [ e B
Viscosity Shear Rate Sample Temp. Bath Temp.
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Ipoexm: 125°C/001- Tacrom Services S.R.L
Barazyur: Tacrom Services S.R.L.

Viscosity & Temperature Vs. Time
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6. 3AKJTIOUYEHHWE
C uenblo pelleHus MOCTaBJICHHOHW 3afauu ObUI PacCMOTpEeH
KOMILIEKC XMMUYECKUX peareHToB. [l mposeneHus onepauuii

T'PII ma mmacrax ¢ Temmeparypoit 125°C, onTtumanbHbIMU
SIBJISIFOTCS CJEAYIOIIME KOHLSHTPALMH (CTAAUS IOLYIIKH):

CONCLUSION

The purpose of the task was considered complex chemicals.
For frac on formations with a temperature of 125°C, optimum
concentrations are as follows (for pad stage):

Onucanue XHUMHYECKHH peareHt Kounentpanns | Konnenrpauus | Exuzm.
Description Chemical reagent Concentration | Concentration | UOM
Buornuz / Biocide NG BioD 0.01 0.01 xr/m’ (kg/m®)
T'eneobpasosarens (I'TIT) / Gellin 3 3
agent (HPG) WGA NG-2 4.0 4.0 kr/m (kg/m’)
TemneparypHsii cTabunusaTop / 3 3
Temperature stabilizer NG GS-1 2.0 2.0 xr/m” (kg/m”)
Hesmyibrarop / Non-emulsifier NG NE-1 1.0 1.0 v (L/m®)
Crabunusarop rius / Clay Control NG CS-2 1.0 1.0 v (L/m®)
KarncynupoBanHbiii Opetikep / 3 3
Encapsulated breaker NaB v 02 ins (e
3amerieHHBIH CIINBATEND / 3 3
Crosslinker NG XL-4 6.0 = /v (L/m)
3aMensieHHbIH cIuuBaTeNb / 3 3
Crosslinker NG XL-2 - 6,0 v (L/m?)

Ha cramwsx ©oOmaYy MPOIAHTa IIPENIIOJiaraeTcsi CHIDKEHUE
KoHUeHTpaumy TepMocradbmmmsaropa NG GS-1 u yBenuuenue
xoHIeHTpaumu Opetikepa NG B-1, ¢ nmocnenyomum mnepexonom
Ha «xkuBoi» Opeiikep NG B B pacuere Ha Tpebyemyro
CTaOMIIbHOCTD rejis.

Hanubiil OTYET HECET PEKOMCHIATENBHBIN XapakTep M He
sBisieTcst pykoBoxactBoM. Ilepen navanom paboT HeoOxomumo
BBINOJIHUTE JIA00PATOPHBIE MCHBITAHUSA C KHUAKOCTHIO, KOTOPas
Oymer TPUMEHSTHCS HENMOCPENCTBEHHO TIPHU INPOBEACHUH
onepanuu I'PIL

At the stage of filing of the proppants is expected to decrease
the concentration of temperature stabilizer NG GS-1 and
increasing concentration of breaker NG B-1, with subsequent
transition to live breaker NG B in the calculation of the
required stability of the gel.

This report carries a recommendation character and is not a
guide. Before starting work it is necessary to perform
laboratory tests with the liquid that will be applied directly
during the operation of hydraulic fracturing.




CARBOPROP

Intermediate-density ceramic proppant

Features

® Consistent, high-quality, engineered
intermediate-density proppant

® Exceptional roundness and sphericity

® Frequently selected for moderate to
higher stress oil and gas wells

@ Available in five standard sizes
12/18,16/30, 20/40, 30/60 and 40/70

Benefits

® Excellent long-term conductivity

® \inimizes wear and tear on
production and pinmping equipment

® Cost-effective altef;‘native to bauxite
proppant in targeted applications
|

® Broad range of proppant sizes
ensures availability for your specific

frac program §

Optimum fracture conductivity for moderate to higher stress wells

CARBOPROP® intermediate-density proppant provides optimum fracture
conductivity in moderate-depth, higher-stress wells. It provides a cost-effective
alternative to available bauxite proppant.

Long-term conductivity
Reference conductivity, md-ft @ 250°F

e |21

Closure ; 2 lb/ft?
stress [psi] | 1218 | 16/30 Y 20/40
2,00Q 30,940 13,400 7290
4,00? 22,040 10,920 5,840
6,000 12,260 7,940 4,820
8,000 6750 4620 3,540
10,0@0 3,810 2,930 2,400
2,270 2,120 1,900

u,oop

Reference permeability, Darcies @ 250°F

Closure 2/t 20 21 200 | 20002
stress [psil 12/18 16/30 §20/4o 30/60 | 40/70 %
2,000 1900 875 455 175 140 ;
4,000 1,400 725 365 150 110 g 1600
g
6,009 820 545 - 305 130 80 3 i
8,000 470 330 230 105 65 2
10,000 280 215 160 70 50 fg 8007
; £
12,000 175 155 130 50 40 5w
Reference conductivity and permeability are measured with a single 0

phase fluid under laminar flow conditions in accordance with API RP 19D.

|

2 Ib/ft?, 250°F, with 2% KCI | Between Ohio sandstone

30,000
2lb/f2 | 21b/ft T 12/18
30/60 40/70 j"
24,000
2,870 1,680 g : ~ 16/30
2440 1,350 2 18,000 - Sanke
2 i
2010 1015 % oo
1575 70 E i
990 570 Y6005
665 440 5 __—_—“_;_—-lm-_'_* : ﬂ
2,000 4,000 6,000 8,000 10,000 12,000
Closure stress, psi

2 Ib/ft?, 250°F, with 2% KCI | Between Ohio sandstone

In an actual fracture, the effective conductivity will be much lower due
to non-Darcy and multiphase flow effects. For more information, please

refer to SPE Paper #106301.

6,000 8,000 10,000

Closure stress, psi

4,000

12,000

Production. Enhancr




CARBOPROP

Intermediate-density ceramic proppant

Beta factors

Closure f Beta factor [atm sec¥/g]

stesslpsil 1218 [16/30 20740
2,000 000006 000010  0.00021
4,000 000008 000013 000024
6,000 000015 0000177  0.00030
8,000 0.00050 0.00028 0.00037
10,000 000087 000043  0.00049
12,000 0.00175 0.00072 0.00069

Physical and chemical properties

Typical sieve analysis [weight % retained]

U.S. Mesh [mesh]

+12 mesh
-12+14 mesh
-14+16 mesh
-16+18 mesh
-18+20 mesh
~204+30 mesh
-30+40 mesh
-40+50 mesh
-50+70 mesh
-70 mesh

30/60

0.00027
0.00034
0.00044
0.00047
0.00059
0.00093

| Microns
1

Median particle diameter [microns]

API/ISO crush test
% by weight fines generated

+1700
~1700+1400
-1400+1180
~1180+1000
~1000+850
-850+600
~600+425
-425+300
=300+212
=212

@10,000 psi
@12,500 psi

% 40/70
0.00035
0.00047
0.00070
0.00091
0.00127
0.00167

E 12/18

42
40
15

1328

14.0
20.0

0.0020 -

o o

§ 0.0015 -

[o] |

2= 00010

8 |

o

o :

o i

g 00005 -

2,000
? l
i16/30 !20/40
£}
28
46 4
23 75
21

936 672
5.0 2.8
94 53

2Ib/ft3 250°F | Between Ohio sandstone
Young's modulus of 5x10° psi | No gel damage included

4,000 i 6,000 8,000 10,000 12,000
Closure stress, psi

Beta factor data reported by Stim-Lab Consortium, PredK Feb 2002.

30660 | 40170
1 i

3

68 3

28 70

1 26
1

453 324

23 2.0

Sizing requirements: A minimum of 90% of the tested sample should fall between the designated sieve sizes.
These specifications meet the recommended practices as detailed in APl RP 19C.

Typical additional properties

Roundness
Sphericity

Bulk density [lb/ft?]

[g/cm3]

All data represents typical values.

0.9
0.9

1n7
1.88

Talk to CARBO to find out how we can help you
enhance your production.

carboceramics.com

Apparent specific gravity

Absolute volume [gal/Ib]

Solubility in12/3 HCI/HF acid
[% weight loss]

3.27
0.037
4.5

Production. Enhanced.




BemoMoCTh TEXHMIECKHX JAHHBIX
CARBOPROP

Cpemmﬂ TNIOTHOCTH KEPAMHUYICCKUX IIPOITaHTOB

CaoiicTBa IpenmymecTBa

e IlocnenoBarenbHasi, BBICOKOrO- - OTIm9HAs JOITOBPEMEeHHAsI IPOBOAMMOCTD
Ka4ecTBa, CPefHeil NII0OTHOCTH
IPONAHT - MuauMuE3anys H3HOCA Ha IPOU3BOACTBE B

e VcxmounTebHasi KPYIiiocTs H HACOCHOT0 000pyHOBAHHS
chepuaHOCTH

e Yame BoIGHpaeTCst ISl CPETHEX - IxoHOMHIeCKH 3 (PeKTHBHAS ATHTEPHATHBA
M BbICOKHX JABJICHIH HA HEPTAHBIX 6OKCHTOBOTO NPOIIAHTA B IEJIEBOM
H ra30BbIX CKBARHHAX NpUMeHeHHH

e JlocTynHo B ISITH CTAHAAPTHLIX pasmepax - Illmpoxmii Auana3oH pa3mMepos NPONAHTOB,
12/18, 16/30, 20/40, 30/60 u 40/70 KOTOPBIE JOCTyNHBI A5t Bamel xoakperHoii

MPOrpaMMbI THAPOPA3PhIBA
OnruMansHasg IPOBOAUMOCTS TPEIIMHEL A1 CPEAHMX M BRICOKHX JABIICHHM B CKBAKHHAX
CARBOPROP cpenneii IIOTHOCTH NPONAHT MPEAOCTABIICT ONTUMATIBHYIO IPOBOAMMOCTD TPEIHMHEL B YMEPEHHOH

I‘JIy6I/[HI)I, BBICOKOTO JaBNeHHI CKBakHmHax. OH oOecrmeumBaer 3KOHOMHHYECKYIO aJIbTEPHATHUBY HMEKOIHUMCA
OOKCHUTOBBIM TIIPOIIAHTAM.

JlmureibHas IPOBOIAMOCTb
OpuenTup 1o npoBoAUMOCTH, MKpP-(yT @250 °F 2 b/, 250°F, ¢ 2 % KCI / Mexnay necuaHvkaMu B
Tpubmmsuremsaoe | 21b/R% | 21b/fF | 21b/f7 | 21b/f | 21b/f2 Oraiio
JagjeHue (psi) 12/18 16/30 | 20/40 | 30/60 | 40/70
2,000 30,940 | 13,400 | 7,290 | 2,870 1,680 2 Ib/ft?, 250°F, with 2% KCI | Between Ohio sandstone
4,000 22,040 | 10,920 | 5,840 | 2,440 | 1,350 12/18
6,000 12,260 | 7,940 | 4,820 | 2,010 | 1,015
8,000 6,750 | 4,620 | 3,540 | 1,575 | 770 g 16/30
10,000 3,810 | 2,930 | 2,400 | 990 570 £
12,000 2,270 | 2,120 1,900 | 665 44 g 20/40
g
T 30/60
2,000 4,000 6,000 8,000 10,000 12,000

Closure stress, psi

Opwentup no nporunaemocty, Jlapeu @ 250°F
2 Ib/f?, 250°F, ¢ 2 % KCI / Mexay necyaHukamMu B

TIpubmaurenmsHoe | 21b/R2 | 21b/f2 | 21b/f? | 21b/f* | 21/ Oraito
ZAaBienwe (psi) 12/18 | 16/30 | 20/40 | 30/60 | 40/70 2 Ib/ft?, 250°F, with 2% KCI | Between Ohio sandstone
2,000 1,000 | 875 | 455 | 175 | 140
4,000 1400 | 725|365 | 150 | 110
6,000 820 |545 305 | 130 |80 g
8,000 470 1330 |20 | 105 | 6 -
10,000 % 25 [ T 50 2
12,000 175 155 130 |50 40 §
13
&

2000 4000 6,000 oo 10,000 12,000
Closure strass, psi

OpueHTUp MPOBOIUMOCTH U IIPOHULIAEMOCTH M3MEPAIOTC
onHO(a3HOM XKHUAKOCTHIO B YCIIOBHAX JIAMMHAPHOTO MOTOKA
cormacHo API RP 19D. B akryansHOM pa3pyiieHuy,

3¢ deKTUBHAL IPOBOAMMOCTD OYIET HIDKE M3-33 HECOOTBETCTBHS
3akoHy Jlapcu v MHOTO(a3HOro BO3eMCTBUS HOTOKA. [l
TONy4eHus OobIIelt MH(opMarmK, TOKAITYHCTa,

obpamaiitecs k SPE ITucsmo Nel06301




CARBOPROP

Cpenuas IIoTHOCTD KSPAMUYECKUX TIPOTIAHTOB

21b/ft3, 250°F | Between Ohio sandstone
Young'’s modulus of 5x10° psi | No gel damageincluded

12/18
mst=ach
16/30
20/40

30/60

| T & 40/70
2,000 4,000 6,000 8,000 10,000 12,000
Closure strass, psi

Beta factor data reported by Stim-Lab Consortium, PredK Feb 2002,

Bera-¢axropst

lpubmsuremsroe | Bera-(axrop (arM cex/r)

AasiicHue (psi) 12/18  16/30 20/40 30/60  40/70 0.0020
2,000 0.00006 | 0.00010 | 0.00021 | 0.00027 | 0.00035 i
4,000 0.00008 | 0.00013 | 0.00024 | 0.00034 | 0.00047 "§ 0.0015
6,000 0.00015 | 0.00017 | 0.00030 | 0.00044 | 0.00070 E
8,000 0.00050 | 0.00028 | 0.00037 | 0.00047 | 0.00091 g‘ 2000
10,000 0.00087 | 0.00043 | 0.00049 | 0.00059 | 0.00127 &
12,000 0.00175 | 0.00072 | 0.00069 | 0.00093 | 0.00167 | & °™*
DOU3UIECKUEe U XUMUYECKHUE CBOHMCTBA

Turnvyneni ananms ceryaroro ¢unbtpa (Bec% COXPAHSIETC)

Mem CHIA Muikposst 12/18 16/30 | 20/40 | 30/60 | 40/70
(menr)

+12 mem +1700 2

-12+14 mem -1700+1400 42

+14+16 mem -1400+1180 40 3

-16+18 mem -1180+1000 15 28

-18+20 mem -1000+850 1 46 4

-20+30 memm -850+600 23 75 3

-30+40 mem -600+425 21 68 3
-40+50 memm -425+300 28 70
-50+70 mem -300+212 1 26

-70 mem =212 1
Cpennmii quamertp gactun (MUKPOHEL) 1328

APVISO ucnbitanue Ha pasnasimusarue @10,000 psi 14,0

% 11071 BECOM MeENKuX (hpaKipit

@12,500 psi

20,0

936 672 453 324
5,0 2,8 2,3 2,0
9,4 5.3

TpeGosanms x pazsmepam. Munmmansso 90% TecTupyeMoro o6pasia JODKHO HAXOMUTCS MEXIY OIPENeICHHBIMHA
pasMepamMu ceT4aroro GuibTpa.
OTH XapaKTEPHCTUKH COOTBETCTBYIOT PEKOMEH/TyeMOM NMPaKTHKe ykasaHHoi B API RP 19C.,

OO0sbranbBIe JOIIOJIHUTENBHBIEC CBOMCTBA

OKpyKHOCTh
Codepuasocts

0.9
0.9

O6nemuas mnoTHOCTH( Dy T/HT)117

(r/cm?) 1.88

Bce mannbIe npenocTaBasrOT OOBIYHEIE 3HAYCHHS.

Y neneHbBIN BEC 327
AbcomorHsri 065eM (tan/dyT) 0.037
PacteoprmocTs B 12/3 HCI/HF 4.5
kuciore (% moTepu Beca)




CARBOPROP™ RCP

Curable Resin Coated Ceramic Proppant, made in Russia

Chemical Properties

Composition
Resin type
Equilibrium pH
Residual Acidity
1,5% NaOH/m3, 2%KCl
Solubility - weight % - APl RP-56
Water
Water with 2 weight % KCI
Brine
12%HCI/3%HF Acid
Oil
Alkaline water* (uncured)
(cured)

resin-coated CARBOPROP ®
Phenolic, 2-4 weight %
8.5

<0.4

<2.0
<0.2
<0.3
<0.2
<1.0
<1.0
<0.2

*150°F [66°C], 2% KClI, adjusted to pH = 11, 12Ib /gal added

Shelf-life, years
Compatibility

>3

Compatible with most commonly used fracturing fluids, both water and oil. Avoid
prolonged exposure to highly alkaline fluids (pH >12, 1.1% NaOH/m3)

Physical Properties

API Mesh Size
Physical State
Particle Density,
g/em® [Iby/gal]
Specific Volume
cm’/g [gal/by]
Bulk Density,
glem® [lorm/ft?]
Pipe-fill factor,
cm®g [gal/lby)]
Krumbein Shape Factors
Roundness
Sphericity
Melting point
Particle Size Distribution,
Turbidity, NTU (FTU)
Coating Efficiency, weight %
Clusters, weight %
Compressive Strength,
Conductivity

12/18, 16/20, 20/40
Solid

3.14 [26.15]

0.318 [0.0382]
1.89 [118+/-2]
0.578 [0.0791]

0.8

0.9

170 *¢ [338 °F]

Meets or exceeds APl RP-60
< 250

>09.5

<1

See included chart

See included chart



CARBOPROP ™ RCP Permeability

9412 Baseline Permeability Resu
2Ib/ft?, 250°F, Ohio Sandstone
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Objective conductivity and permeability performance for resin coated

CARBOPROP ©12/18.
e CARBOPROP RCP 12/18
s(t;?)s Bagﬁlliz‘;ztri?;i;ti;l . ng:;mty Rackilldth
(mDft) (Darcy) ()
2000 29694 1771 5.11
4000 24112 1467 5.01
6000 17536 1093 4.89
8000 10314 665 473
10000 5993 396 4.61

CARBOPROP™ RCP

Unconfined Compressive Strength

Curing Curing Mean
Product| Fluid T;rg)p : Stress Duration U(CSSi()1) U?Ssi()z) UCSs
(psi) (hours) P P (psi)
2% KCI 50 1000 24 18.0 143 16.2
CARBO | 2% KClI 70 1000 24 223 243 233
PROP
RCP
12/18 2% KCI 90 1000 24 289 315 302
2% KCI 90 0 24 57.2 54.4 55.8




CARBOPROP™ RCP
Curable Resin Coated Ceramic Proppant

Made in Russia, this curable resin coated proppant offers an economical advantage
over imported resin coated proppants. The proppant is packed in 1,5 metric ton, high
quality durable bags design to withstand rough treatment. Combining the strength of
CarboProp which exceeds any other product manufactured in Russia, with the
purpose-designed resin coating gives highest performance when it comes to avoiding
screen-outs but maintain superior conductivity. The temperature range of the resin
coating is purposely designed for reservoir temperatures commonly found in Russia.
CarboProp™ RCP will not compromise productivity of a wellbore over uncoated
CarboProp™. Independent laboratory tests results are available upon request.

For commercial offers contact Carbo Ceramics Eurasia, 115114 Moscow, Russia,
Derbenevskaya street 1, Building 1, Porch 23.

Tel. +7 495 781 48 20
Fax:+7 495 781 25 28

; LET
Photo of CarboProp™ 12/18




CARBOPROP TM RCP
Kepamuaeckuii IponaHT ¢ IOKPHITHEM TBEPHOM CMOJIOM, caenaH B Poccun

Xumuueckue CBoMcTBa

Cocras CARBOPROP ¢ mokpsITHEM CMOJION
Twrt cmoist OenonpHad, 2-4 Bec %
PasHosecue pH
Ocraro4Has KUCIIOTHOCTB
1,5%
PactBopmmocts —Bec % - API RP -56
Bona
Bona ¢ 2 % seca KCI
Consno#t pacTBOp
12%HCI/3%HF Kucnora
Macno
AJIKQIMHOBAs BOJIA (HEBYJIKAHM3MOBAHHAS)
(ByNIKaHMBHPOBAHHAN)
*150°F (66°C)? 2% KCI? ckoppexruposano k pH=11,, 12dyT M/ran no6asieHo
Cpox xpaHeHws, TOHBI :
CoBmecTUMOCTh
CoBMECTHMOCT CO MHOTMMH JKHJIKOCTAME, KOTOPEIE OOBIMHO MCIIONB3YIOTCS IS Pa3PHIBA, KaK C
BOZIOM Tak ¥ HeTEI0. M30eraiite [JymTenbHOTO BO3AEHCTBHS BEICOKOM MIEIOYHOM HKHIKOCTH

OU3HIECKHUE CBOMCTBA

API pasmep ceruaroro ¢unbtpa 12/18, 16/20, 20/40
DU3HIECKOE COCTOIHUA Teepaprii
ITnoTHOCTH
r/em? 3.14 (26.15)
Y nenbHEIH 00BeM
cM’/T 0.318 (0.0382)
Ob6peMHas IIOTHOCTD
r/cm® 1.89 (118+/-2)
Kospdrment 3amonsenvs tpy6
cM®/r 0.578 (0.0791)
®@axtopsl popmer Kpymbaiita

OxpyriocTs 0.8

CoepuanocTs 0.9
Temmeparypa miaBieHus 170°C
Pacrnipenenenvie 9acTuil 1o pasMepam CootsercTByeT win npesbimaer API RP-60
Mythaocts, NTU (FTU) <250
D¢ dexTuBHOCTD NOKPHITHS, BEC% >99.5
Kiactepsr, Bec % <1
ITpounocTs CoxaTwst Cwmotpure Tabuie

TIpoBommmocTs CmoTtpure Tabmvty



9412 Baseline Permeability Results
2Ib411?, 250°F, Ohio Sandstone
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CARBOPROP RCP 1218
Closure - R
Stress Baseline Fracture Baseline .
(psi) Conductivity Permeability Par;?“xudth
(mDft) (Darcy) )
2000 29694 1771 5.11
4000 24112 1467 5.01
6000 17536 1083 4.89
8000 10314 665 473
10000 5893 396 4.61
Curing Curing Mean
Product| Fluid T:,gf : Stress Duration U?;i()" U?Ssi()Z) ucs
; {psi) {hours} P {psi)
2% KCI 50 1000 24 18.0 14.3 16.2
CARBO | 29 KCl 70 1000 24 223 243 233
PROP
RCP
12/18 2% KCI 80 1000 24 289 315 302
2% KCI 90 0 24 572 544 55.8

Kepamrraeckuii ponIaHT ¢ TIOKPHITHEM M3 CMOJIBI

Crenan B Poccum, 3TOT KepaMHYECKHI NPOIAT C IOKPHITHEM W3 CMOIbI MPEAOCTABIAET SKOHMUIECKOE
MPEMMYINECTBO HAJ MMIIOPTUPYEMBIMH IPOIIAHTAMM C IIOKPHITHEM U3 cMoisl. IIpomanT yrakosad B 1,5
METPUYECKYIO0 TOHHY, BBICOKOKAYECTBEHHYIO NONTOBEYHYIO YMAKOBKY , KOTOPas 3aliHIAeT OT rpyObIxX

noBpexzaeHuit. O0bemunsas 1pousnocts CarboPro,

Mo Bonpocam coTpyaHuyecTsa obpalyaittech no agpecy Carbo Ceramics Eurasia MepGeHesckas ynl,

aom 1, Mocksa, Pocusa 115114

Ten+7 49578148 20
®akrc +7 495 781 25 28

KOTOpas IIPEBBINAET JHOOOM MApPYrodl MpomyKT
NpoM3BENCHHBIM B Poccum, ¢ paspabOTaHHBIM IOKPBITHEM U3 CMOJBL, KOTOPOE HAeT BBICOKYIO
TIPOM3BOAUTENLHOCTD, YTO JA€T BO3MOMHOCTh H30€raTh BBIIANEHMA IECKA, HO COXPAHSIET BBICOKYIO
MPOBOAMMOCTS. J[Mana3soH TEMIIEPATyPhl B IOKPHITHH M3 CMOJIBI CIELMANBHO Pa3paboTaHo i COXPAHEHHS
TEMIIEPATyp KOTopsie BCTpeuaroTcs B Poccum. CarboPro He mOApEIBAaET IPOM3BOMUTENBHOCTE CKBAKKHEI
HETIOKPHITOM. TecTsl He3aBUCUMOM JIa00paTOPHH MPEIOCTABIIIIOTCS TI0 3aIpoCy.




CARBOHSP’

FEATURES

Physical and Chemical Properties

High-strength sintered bauxite proppant

Typical Sieve Analysis [weight % retained]

U.S. Mesh [mesh] Microns 16/30 ‘ 20/40
+12mesh +1700 1 — — ——
-12+14 mesh -1700-+1400 J e — —
-14+16 mesh -1400+1180 4 3 = =
-16-+18 mesh -1180+1000 27 30 — =
-18+20 mesh -1000+850 2 55 4 —
-20+25 mesh -850+710 e 1 45 —
-25+30 mesh -710+600 — — 40 3
-30+40 mesh -600+425 — — il 70
-40+50 mesh -425+300 e — — 25
-50-+-60 mesh 3004250 — — — 2
Median Particle Diameter [microns] 1291 956 697 430
API Crush Test
9% by weight fines generated @10,000 psi 93 20 0.7 06
@12,500 psi 13 38 14 13
@15,000 psi — 8.0 27 23

Sizing Requirements: A minimum of 90% of the tested sample should fall between the designated sieve sizes.

These specifications meet the recommended practices as detailed in 1SO 13503-2.

Typical Additional Properties

Roundness
Sphericity
Bulk Density [Ib/ft’}
[g/em’]
Apparent Specific Gravity
Absolute Volume [gal/Ib]
Solubility in 12/3 HCI/HF Acid [% weight loss]

CARBO

CERAMICS

09
09

128
20

3.56
0.034
35

Chemistry [weight %]

AL,
Si0,
Tio,
Fe,0,
Other

83

35
70
1.5

CarboCeramics.com



Long-Term Conductivity

Reference Condugtivity®, md-fx @ 250°F 21b/ft?, 250°F, with 2% KCl | Between Ohio sandstone

Closure 21b/fe 21b/fe 2 1b/fe 2 Ib/fe2 50,000 T -

Stress [psil 12/18 16/30 20/40 30/60 m
2000 1,266 18,408 8,168 3720 40000 0\\ m
4,000 36,530 14,150 6,595 3233 % ‘\ R 20/40 !
6,000 23,462 10,637 5,368 2,791 £ 30,000 N a—a—a 30/60 |
8,000 1252 7386 4283 2383 = o
10,000 5379 5429 3,405 1,849 éZ0,000 iy X
12,000 3,598 3975 2719 1333 8 N
14,000 2,325 2973 2,140 927 W=t e L\)AA_;

Reference Permeability, Darcies @ 250°F ¢ 4= = S |
2000 4000 6000 8000 10000 12000 14000
Closure 2 lb/ft? 2 Ib/ft? 2 lb/ft? 2 lb/ft?
Stress [psil 12/18 16/30 20/40 30/60 Closure Stress (psi)
2,000 2,74 1,207 539 254
4,000 2395 939 440 24
6,000 1,609 m 370 197
8,000 894 515 E1) 167
10,000 409 393 26 134
12,000 284 298 204 99
14,000 194 32 166 73
Beta Factors

Closure Beta Factor [atm sec?/g] 21b/ft?, 250°F, with 2% KClI | Between Ohio sandstone,

Stress [psi] 1218 16/30 20/40 30/60 Young's modulus of 5x10° psi | No gel damage included
2,000 0.00003 0.00008 0.00018 0.00030
4,000 000004 0.00011 0.00023 0.00036
6,000 000007 0.00015 0.00029 0.00043 B 00015
8,000 0.00014 000022 0.00037 0.00053 %

10,000 000038 0.00030 0.00047 0.00071 E
12,000 0.00060 0.00041 0.00060 0.00106 3 000
14,000 0.00097 000055 0.00077 0.00160 =

2 o005

6,000 10,000 14,000

Closure Stress (psi)
Beta Factor data reported by Stim-Lab Consortium, PredK Feb 2002

* Reference conductivity and permeability are measured with a single phase fluid under laminar flow conditions in accordance with ISO 13503-5. In an actual
fracture, the effective conductivity will be much lower due to non-Darcy and multiphase flow effects. For more information, please refer to SPE Paper #106301.

CARBO Ceramics
Energy Center |l
575 N. Dairy Ashford, Suite 300

Houston, Texas 77079 USA ®
T: +1-281-921-6400
F: +1-281-921-6401

CarboCeramics.com CERAMICS

©2010 CARBO Ceramics Inc. All Rights Reserved. 1001_70 | v5




BEBICOKOTPOYHBIH OOKCHTOBBIM IIPOIAHT

CsoiicTBa

MaxkcuManbHas IPOYHOCTE M MPOBOXKMMOCT JJIS MCTION30BAHII B INIyOOKHX CKBRXKHHAX
Coxpanser BBICOKYIO IPOBOAMMOCTD B FOPSYEM, CKBAKUHHOM OKPY>KSHUH

OTimdHAs OKPYKHOCTB H CHEPHHHOCT KOTOPas MUHUMU3UPYET XapaKTePHUCTHKH U3HOCA, KOTOPHIE
CIIOCOOCTBYIOT H3HOCY IPOHU3BOAUTEILHOCTH M HACOCHOTO 000Dy XOBAHUS

Hoctynen B 4 pasmepax -12/18, 16/30, 20/40 u 30/60

DuBHUecKyie ¥ XUMHUIECKHE CBOMCTBA

Typical Sieve Analysis [weight % retained]

U

Pk
Lo

o
Lak oo

Median Particle Diameter [microns] 1391 847
APl Crush Test

Ve

&
s s

«
¥
L R

B fEa

e
o]
new

Tpebopanws:
MpuHyMansHBIN pasMep TecTUpyeMoro obpasua Ha 90% [JOJDKEH MOMOJaTh B Pa3MEPBl CEeTYaToro (GprmbTtpa.

OTH CBOWCTBA JNOJUKHBI COBIIAAATh C PEKOMEHAYeMOM NpakTHKOH ykasanHod B ISO 13503-2

Typical Additional Properties

b

N
L7 B




Long-Term Conductivity 21b/ft?, 250°F, with 2% KCI | Between Ohio sandstone
Reference Conductivity®, md-ft @ 250°F *
1 O—0—0 12/18
Closure 2 I/t 2/ 2 Ib/fe 2 th/fe A S N— T T
Stress [psi] 12/18 16/30 20/40 30/60 = \u
& 0----9---0 )
2000 226 8768 70 % X I_'ﬂ_i
4000 36530 6595 33 = e LA 30/60 |
5000 8482 5368 2791 g T
1252 4283 2343 g
5379 3405 85 E T N
sl
3508 2719 1333 B
225 2140 o7 e R ‘\__%_A,

Reference Permeability, Darcies @ 250°F 2 --g ------ —
Closure 2 Ib/fe 21b/fe 2 Ib/fe 21b/fe SO e a6 0 T
Stress [psi] 12/18 16/30 20/40 30/60 Closure Stress (psi)

2,000 1742 1207 539 54
4000 2355 333 a4 24
6,000 1609 b7 370 197
8,000 894 515 0 167
10,000 409 93 246 13¢
12000 284 298 204 %2
14000 1% 22 86 7
21b/ft?, 250°F, with 2% KCl | Between Ohio sandstone,

Beta Factors el 3 i g
e S Young's modulus of 5x10°psi | No gel damage included
Uosure Beta Factor [atm sec’/q]

Stress [psi] 12118 16/30 20/40 30/60
2,000 000003 0.00008 000018 0,00030 =
4,000 0.00004 000011 000023 000036 3
6,000 0.00067 000022 0.00043 E
8,000 000014 000037 =
0,000 000047 E ol
12,000 0.00060 000060 g . =
14000 000057 0.00055 000077
14,000

OpueHTHp NPOBOAMMOCTH M IIPOHULIAEMOCTH U3MEPSIOTCS
0HO(}a3HOM JKUIKOCTIO B YCIIOBHAX JIAMUHAPHOTO TIOTOKA
cornacuo ISO 13503-5. B akTyansHOM pa3pyineHuy,

3¢ dexTUBHAsT MPOBOAMMOCTE OyIET HIDKE M3-3a HECOOTBETCTBHA
3akoHy Jlapcu 1 MHOTO(]A3HOrO BO3ACHCTRYA moTOKA, i
noyyeHus Oopniei HHpOpPMAIHK, TIOKATYHCTa,

oOpamatitecs k SPE ITucemo Nel106301



