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Background

Hydraulic fracturing to generate complex fracture networks is the most effective
stimulation method to develop unconventional reservoirs, such as shale oil and gas.
® The recovery of shale oil and gas is still low, and the production of fractured wells usually

suffer a sharp decline in the first few years.
limited stimulated reservoir volume (SRV)

a=32% OO0IP =501 MMSTB & Rate Actua 4000
TT Di=0.004 RF=74 er‘;ﬁzggf Tgﬁﬁ:';gam?ig Erg:gé;m Ral%gawm; wwwwwwwwwwwwwww
H b=09 EOG- == Cum_Forecast — DOFP Year 204 88wo
oom - e
‘ ‘ ‘ ‘ ‘ | —gg::: a0
EUR =370 MSTB 1 450000 —— Dorr-as 2008 _rziwel
OO0IP = 5010 MSTB 1 = ™ =
o0 |_|RF = EUR/OOIP = 370/5010= 7.4% 1
—— 1 350000 2500 1 1 | |
I 1
I 1
% — | 1 300000
] =
Shalerock  Leak-off Proppant transport Natural fratcure PN B akken shale 1 250000 &
: ; o 1 £
. P T : i 3
X g 24 in the North Dakota i w3
£ 10 — ]
o ——— o0
Target formation 50000
Aprox. depth: 2Km ] Sl S S e 1 1o
0 1000 2000 3000 ”%mﬁ’ﬁ'?e ' Daeyosm 7000 8000 9000 10000 b PR v S e - AT 5

(Chen et al., 2021) (Clark, 2009) (Baihly et al., 2010)



Background

Methods of EOR in shale reservoirs:

O Surfactant injection
O Gas flooding

O Acid treatment

— Matrix acidizing

— Acid fracturing

(Injection pressure below breakdown pressure)

‘Acidizing’ Typical shale deposit Monterey Shale

for oil

In states such as
North Dakota and
Texas, shale forma-
tions that contain oil
lie in flat layers that
can be tapped by a
combination of
horizontal drilling
and hydraulic
fracturing. But
California's Monterey
Shale formation,
folded by seismic
forces, may respond
better to acid
pumped into a
vertical well. The
acid opens tiny pores
in the rock.

Source: Next Generation

Todd Trumbull / The Chronicle

(Injection pressure exceeding breakdown pressure )
CaCO, +2H" =Ca* +H,0+CO, T
Dolomite: CaMg(CO,), +4H" = Ca*" + Mg** + 2H,0 + 2CO, T

Calcite:

' Petrophysical property Mechanical property |
E | | E

Improve SRV and EOR

Dissolve carbonate matenals; which creates new

or clean existing pathways or channels that allow

the formaticn fluids (oll, gas, and water) to flow

more freely into the well. API
(APl) 5



Materials and experiments
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Sample

Quartz K-Feldspar Plagioclase Calcite Dolomite Pyrite Clay
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e Y107-1 0.86  34.8 2.2 10.3 12.2 9.8 21 28.6
Y107-22 3.26  50.6 1 2.9 12.3 5 46 23.6
Y107-25 3.54  38.3 — 2.3 25.1 13.8 4.5 16

Longmaxi black shale from Zhaotong shale

gas demonstration area

O Clay-rich shale: Y107-1, Y107-22
O Carbonate-rich shale: Y107-25




Materials and experiments

Experimental workflow

ylindrical sample Micro-CT scanning |«
B - = T8 Analysis of microscale

pore structure evolution

A\ 4

Original shale 3 mm in diameter

s N 15 wt.% HCl |

10 days

Acid soaking

Analysis of nanoscale
pore structure evolution

\ 4

Powder ample XRD and N, adsorption

100~200 mesh 5



Nanoscale pore structure evolution

Variations in N, adsorption-desorption isotherms
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O For clay-rich shale, the shape of isotherms barely changed, while the locations obviously shifted downward.
O For Carbonate-rich shale, the shape of isotherms changed a lot. At relative pressure lower than 0.45, the
isotherms almost coincided. When relative pressure exceeded 0.45, much more quantity of N, was adsorbed,

with a more obvious hysteresis loop. 6



Nanoscale pore structure evolution

Variations in pore size distribution
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O In clay-rich shale, some micropores and mesopores decreased, while macropores increased.

O In carbonate-rich shale, all the nanopores increased.



Nanoscale pore structure evolution

Variations in pore structure
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Microscale pore structure evolution

CT scanning and image processing

961 sheets of CT slices with a
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Microscale pore structure evolution

Variation in minerals, pores and fractures from 2D CT images

® Massive dissolution of Calcite
(C-1, GP-1)

® Partial dissolution of pyrite adjacent to carbonate
(PY-1, PY-3)

(a)

® Generation of pores and fractures
(GP-1, GP-2, GP-3, GF-1, and GF-2)

® Shrinkage of pre-existing pores and fractures
(PP-2, PF-1 and PF-2)

(c) Y107-25 before acid treatment (d) Y107-25 after acid treatment 10



Microscale pore structure evolution

Variation in pore structure from 3D
Untreated Y107-1 Treated Y107-1 Untreated Y107-25 Treated Y107-25

2D slicesin x, y,
and z directions

3D grayscale
images

3D color-labeled
pores and fractures




Microscale pore structure evolution

Variation in pore structure from pore network models
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Y107-25



Microscale pore structure evolution

Variation in pore structure from pore network models
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Summary

An experimental workflow combining CT and N, adsorption is developed to study the

multiscale pore structure evolution of shale induced by acid treatment.
Clay-rich and carbonate-rich shales show differences in variation of pore structure.
Acid treatment results in an increase of about 9% in porosity.

Acid treatment is a promising strategy to develop Longmaxi shale reservoirs by

Improving petrophysical properties and SRV.

14
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