¥

duiid b
i3

Gl et ediqa asil

'SPE

International

el

Pore Scale Experimental Investigation of Increasing the Efficiency
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Fractured Reservoirs Using Ultrasonic Wave Technology (6150)
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Abstract ) .
Results and discussion

In this work we investigated the effect of ultrasonic radiation
on miscible injection process in fractured reservoirs and also
we studied the effect of fractures orientation and lenght on
front propagation and ultimate recovery of this process. The
effect of the molecular weight of injected fluid Is another
subject that studied In this work. In conclusion ultrasonic

The displacement in non-ultrasonic cases was slow In the
begining but gradually became faster, regarding to this fact
that the rate was constant during the expriment, changing in
area swept coulde be due to front movement. The
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. . : . T homogenous micromodel was used to study the effect of
waves In all of cases causes the Increament In ultimate 33 : i ultrasonic radiation on fron propagation. Fig.3(a) and 3(b)
recovery, It also results that the lower molecular weight can 3 i e present a snapshot of similar experiments of injection the
e cause greater recovery. Fig.1. Micromodels Saturated with Oil from right to left(a, b, ¢) Heptane In homogenous micromodel that saturated with

Sarvak oll in presence and absence of ultrasonic radiations.

As seen In presence of ultrasonic waves the oil recovery
Increases and by Image analysis this increament was about
8%. The cause of this increament could be the effect of
ultrasonic radiations on asphaltene clusters. One of the major
factors primatily responsible for asphaltene deposition is
variation of composition of crud oil, and this iIs the main
process in miscible injction methods. Subjection of the crude

Introduction

Several methods are iIntroduced to Implement the l

enhancement of oil recovery values in the reservoirs. X g
Miscible flooding is also one of these methods in which the D@ E—‘ -“:FW
main purpose Is to overcome capillary forces prevailing In 0 H

porous media which is the cause of oil droplets traping.

Observations on the improved recovery of oil after T i oil to ultrasonic radiation decrease the size of asphaltene
el Treasfer Treoe -
earthquakes [3] have led researchers to focus on any type of e Bt ﬂ ™ @ Clusters.[5] So _the ultrgso_nlc wayes_coulde be the cause of
sonic waves as an improved recovery tool. Investigation on P better prop_agatl_on of miscible Tluids In pOrous area.
how elastic waves impact oil recovery has been performed " @ | | In conclusion, independent of the type of micromodels and
for decades mostly through experimental works on rocks Fig.2. Schematic of Micromodel Setup ,(,,}1‘5,;1;*:;'ffkw,‘.ﬁ),b(pmmofu,mmm.a) |njectedﬁr_n|_sc:|b le fluids ultrasonic radiation improved the
with a focus on oil recovery-based results.[1] Is:\{vezpte F'.C |e1n2cy.h the effect of ult i radiati h
Deforamtion of pore walls and alteration the radius of pores 9.4 10719, 22 SNOW The ETIECT OT UHTasonIc fadiation on the
by ultrasonic waves are two concepts that porposed by _ o4 - u!tlmate recovery of different models on the injection of
Ganiev et al.(1989) to be responsible for increasing the g 03 & | different flmd_s. _ _
recovery in presence of ultrasonic waves. g 02 sl —— heprancinjection As seen In figures, because of that the orientation of the
Naderi et al. (2011) focused on the pore-scale process to g o1- - o fractures iIs 45 degree with the flow direction they cause to
Identify the parameters controlling the process and to clarify =0 ; 0o 0a 06 propagate the injected ﬂUiO.lS In porous area and help them t_o
the physics of the process visually when ultrasonic energy is pore volume injected ?r?;iar?]egftt?r: l(j:)t?rfgtte v;/;tcr:w(;rrl;/deB;)SlL ?)r;]d t:\ri]: (;ieiglﬁiolrsl
applied. In this regard, Micromodel is the best way. . o . o '
Mp:% comodel is a s r?]a” scale artificial model of poroj/s Fig4. Effect of Lltrasonic Radiation on the Ultimate Recovery (heptane injection, model a) greater length of fractures would be caused greater recovery
medium which is known as a novel approach for simulating — iﬂd y(_)tu can see I |r:tf|§1l1:res. this fi that the h
flow and transport in porous media. This provides insight to o ﬂ'q e thS?nlisc;?)r; fleuirdesr?a degrera?trenr ullt?m;gtgrfescovaery §n deﬁaggu?j
the pore scale interplay of various aspects of transport g i . .
phenFc))mena 2] Prey P P g 037 q,ff’“’r neptane injection be because of its lower molecular weight of the that cause
: g 037 e —"— - - -
In this work, three different porous mediums including one g Ei f/r_ o —&— ultrasonic radiation the r(i)o_llu_ce the weight of the crude oil and Increase the
= -+ 5
conventional and two other fractured, simulated by glass * o | | | movapility.
type micromodel are used. Heptane and Hexane are also 0 01 82 cume Ridcred 04 0.5
used as the miscible fluids, and the process of miscible Fig.5. Effect of Ultrasonic Radiation on the Ultimate Recovery (heptane injection, model b) C on Cl sions
Injection flooding is investigated in presence and absence of u
ultrasonic waves. oe
gﬂ_q_ P - this experiments proposed to Investigate the effect of
Experimental S oo . ="  heptaneinjection ultrasonic radiations on ultimate recovery of conventional
g o /ﬁ . . . o ultrasomicradistion and fractured reservoirs, also study the effect of fracture
£ 0.1 02 03 04 0.5 types on the miscible injection recovery is the other target.
* Micromodels . . :
As it mentioned the transparent micromodels are used for pore volume injected In presence of ultrasonic waves the oil recovery increases

. . . . . ] Fig.6. Effect of Ultrasonic Radiation on the Ultimate Recovery (heptane injection, model c) T |

flow visualization and simulation of two phase flow in pore * R a?td the_ cauzg t(')f this mcrﬁa{tn ent cI:outId beAIthe_ teffectltoci;

scale. In this work six different micromodels were used as ;Jh rtasor_uctretl_ la |on3 (in aiﬁ afellc’\e (;US er;. q >0 | JeSl.J bel

the porous medium. Physical and hydraulic properties of o f? E)rlar;ha 'OE_ ant ength o fraq UYE‘T 1al atl' un eTha de

- - 05 - =

micromodels are shown in Table 1. Also a photograph of E e et E ecton f('et’u 'gaf recoveryot.mlsc; t}? Injec Itorcli rfrlle'dols

porous area of the micromodels is shown in Figure 1. g g1 e | condensateinjection CeHase OF 105 GHCEL O PIOPASAton O Mt Meeted T, i
g .. " T this expriment another result was that the molecular weight
— - - —o— ultrasonic radiation .. . . .

. Test Procedure 01| of Injected fluid has a reverse impact on icreament of the

The micromodel was cleaned by toluene and water and then o o1 o 03 s o recovery.

. 0 pore volume injected ' '

heatec_l In an oven at 120°C for 6 hours to remove any Fig.7. Effect of Ultrasonic Radiation on the Ultimate Recovery (hexane injection, model a)

organic material left from the last test. Then the model is References
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The injection rate of miscible fluids 1s 0.0008 and the Fig.8. Effect of Ultrasonic Radiation on the Ultimate Recovery (hexane injection, model b)
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Ultrasonic cases, a generator which Is able to produce
ultrasonic waves at 25 kHz, was used. A schematic of the
setup Is shown In Figure 2.
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Fig.9. Effect of Ulirasonic Radiation on the Ultimate Recovery (hexane injection, model c)




