Consortium for Processes

in Porous Media
26t Annual Meeting

Rice University, Houston, TX
Dec 8", 2022




I 0 OIS SSI0URG [ED0S ausunsedag] 310 A1y 20Ty AT Wutaazusiy sn0H sIMSERy AFa)00 umory 0] 1538 M
0 [OOYIS SEILAY “FIIUIG [EIMIEN] IpElg 20Ty eH Y9y 25 oy W Aean) jo wesgp n naedepy ‘afaqon umorg 10T WOIPEIS A0S §§
..... o poopg praydayg auyp fengy ey [PUoWaRY 201y DO s1asER AHappo0) sauo| saAL] 10§ [[EH URLy 00y W] SIRPISTY sAEAf0) YInos g
J0 (0015 51 2uotsyoog sudnensy sqqiny Azegy “aapjory sauo| "ussng pue PUCIATY “UOI[IAR] U135 2005 10 suapsyy saEa o yuoN 9N
30 oS 10UD7) [ELICWAY 30T un.nm.aum.?_v uany r 87 SETIOGE]IOD) YAEISIY IS0 30T LU UON YN
waorg -~y 21000 “Fu 1dug 88 2111 T uye| “121ua0) SsII ¥00) Anpog sepgu anf spnssisny 07T IR N
30 [DOY2E YIOISSE|D) E.a@‘v_. PRI sagpnsg Wupmsrualy Y samf TaIuIIg jeees fo weacq 0] 13 1
- W suuesng ‘saipnig Sununuosy Aauesy puE 1313 “aEnoH Yo Ma_‘as«cw RN PY IURHENG S0 waragg e [11 Y saue| “[[epy 1geg 107 Y9y ]
0 [0OLI5 JTENPEID  [[eH 10ziEy ...F:.:D pur Susnol  gp 10§ 193030 [PUER nu_vn.._m Surnunuory Sn.u—._ m.r.:nnz adaory 1yey 107 LN $EIH H
S sauof “H uﬁuH I _._...rnu_.._ m::.._uEw_._ e cy 7841 5 ety LV wu:mﬁ Ut 112q0% ‘N0 uIyoDy + afafon ey WY IELqUIAT Y'Y
grrrr— 0 jooRs E:U..::_Ef e AIIATIS YLI0N S PP ATmooH g e g e Aaymang E:Cq%uvc_a uwiy 10°] JELIGUIIT )
ST100HIS 21NW3AVIY uipng 2ua0g smndwory ppoyy ..jna WOIPEIS SIUUa], s59H UELLIZE] e W R uosiopuy 307 Sunueyg
T 1A BIPARY G} ~USOUADS [EIITWINITY 20§ [[EH Wmolg TAaOW .aurﬂanﬁnq [edajoryg uosiapuy pue Suuamfuy ‘5 34
AIOTEIOqE] [EMUERIRY 2303535 JRANIEN J0 0055 saEM S0 sy 2y 5 mapisaag afesery sndwe: B9
g e ey upySunox Fuppng Fuuseuduy [Eowegapy T ¥ AF09n fEH ung g IS SSIUENY WY 1077 Apruredure; 2
.ﬂ».:m} »5«_36 s sIngEng jo joogis Fpsnpy S0 jooias pasqdas o wwag BT PEE.:H—H._ m::quw: q NquonRgy
- asmOp] uospM arumpran souof “Ff 2553] fo wvay £} 1ELT ANy C[[EH Umong saNIg1Ing NOEIOQE[[O YIIEISTY upgoy 248
~ asnoH sraseyy 2Fafon 00 [ T LIAGEY] PUE 3MUE| F[[EH JERITY Isnoy; 1) wr] Afopan—ifojolg  Bg
- oD 200y [ s GUIDINgY TEGUIAIT [PIED PAID IWONIIS JONSLA FI0T 1534, pUE 0] Surugy 75 Susnop-adago myey a
ENOH 5 IUIPISAL] S5 PLaE(] pUE BITQIEY Yuop unos) sJapunog ‘10 JELquasin 0] [[BH waorg NEL] DY gdy
aEen SSIM - u“HCI Ey_nu: Ao pury 9T 1L u nnu_.___u:_w _u_._n UOHELIY SqqID [PIED JpaI 20 SLOTT ONINAV ]
.Eus._um FLETTY - T - :En_,..w_.._ uaIpug ysea 2afeaeny sndweyy [Enus) pue afeien
NIRRT X0 LaneTy Kain t:cuu.ag m.: uu&_C Ly s i urping QANEICGE[[ 00 YRIEISIY 2IUIIFOIH
....w.u.....%u“EE_wHu_._ :v,_._un._. - i e 1T ”954 vz m::.:._nE.v:n w::u!&_ra ST SAOHIAY INTWAV] Fupjreg pqEs0y E

g E,E:uu._. pue Dung oedg smnoy sty afaon naoy B2 o A1anaag sty Surgreg Jomsy, _H_

- AIan1ag N0 PO 1Edpy “afaos nasoT Aep 1ad *Anuz 1ad 1§ 0 JELqURAID
ey uﬁbm S Iy apng Ay wnwxew ArEp 11§ ‘s 7 gaea Supyreg sanunosy _H_
Aazgpeny 1y 3y Y 1§ :9RIED) JAREIOqE[[OD YoIeasIy Funjrg 1wapmg wIpETg _H_
IITH [[emas SIAvHEL NWPFOIF PUE T DUENUT JO ISEH
o Asonesoqe] Suuasuriuy uody wnwxew AEp 11§ Funyreg yresg,/poey _H_

STOH SIS affayon uosprEgang

= A Pig *afagion uospaeyang
T HOLOR .uE.._U YI[EIH WIPNIS YOI ML ST
~sawsedy afeyy 2ory

chn lleH ueaung
:youn- pue aayon

7901 lIeH uedung
:onuap Bunas

STOUIL 4 Y282 [§ IH] IDUEIIUE JO ISIAY

ISHIVY DNINHV] A3N ONINHVd

PR ABM-OUQ)

sdoag sng .

SIOUEIY 500N v
sa1EE) 20uEnLg v
AIN dVH

auwaIINos

o

S ISNNOSSIE SLSL ——— | i ||||||

I ELNTMLNEWY
S N |
QWAIINOE 330

mom—l

O¥IHLIHS |_

._o“mmo 1Pe12 UMO oK YM 183uT AVIN SNdWVYD ALISYIAINA ID1Y
Xauuy YuoN :Bunjied




Meeting Agenda: Morning Session

Thursday, Dec 8th

8:15 am — 8:30 am Coffee

8:30 am — 8:45 am Opening Speech Dr. George Hirasaki

845am—9:30am  Overview of NMR core-analysis projects  Dr. Philip Singer

Permeability Anisotropy Estimation in Or-
9:30 am — 10:00 am ganic-Rich Chalk by NMR Restricted Dif- Dr. Xinglin Wang
fusion

Separation of solid and liquid components
10:00 am — 10:30 am in organic-rich chalks using NMR relaxa- Mr. Yunke Liu
tion

10:30 am — 10:45 am Coffee Break

Contrasting NMR relaxation at high vis-
10:45 am — 11:15 am cosity probed by atomistic simulations of
glycerol and polymer (recorded)

Dr. Arjun Param-
bathu

11:15 am — 11:45 am Formation Evaluation in the Energy Tran-

o Dr. George Hirasaki
sition

11:45 am — 12:45 pm Lunch
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12:45 pm—1:15 pm

1:15 pm — 1:45 pm

1:45 pm — 2:15 pm

2:15 pm — 2:45 pm

2:45 pm — 3:15 pm

How Foam Develops Apparent Viscosity in
CO2 EOR

Characterization of N2 Foam Flow with in-
situ Capillary Pressure Measurements in a
High-~Permeability Homogeneous Sandpack

Qualitatively Comparing the Effect of Gas
Types on Foam Texture and Foam Dynamics

Inhibiting Asphaltene Deposition Using
Polymer Functionalized Nanoparticle
(recorded)

Suggestions from Consortium

Meeting Agenda: Afternoon Session

IThursday, Dec 8th

Dr. George Hirasaki
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Thursday, Dec 8th: 8:30 am — 8:45 am
Opening Speech

Dr. George J. Hirasaki

A.J. Hartsook Emeritus Professor in Chemical Engineering (gjh@rice.edu)

Abstract

Welcome to the 26th annual meeting of the Consortium on Processes in Porous Media. We

had our first meeting in 1996. The goal of this consortium is to engage in collaborative re-~
search to advance the fundamental understanding of porous media processes. Our core re-~
search areas include the study of surfactant, CO., foam Enhanced Oil Recovery (EOR) pro-
cesses, and NMR & molecular simulation studies of unconventional formations. As the direc-
tor of this research consortium, I thank you for your support of our research and welcome

you to potential opportunities for collaboration and participation.

Notes




Thursday, Dec 8th: 8:45 am — 9:30 am

Overview of NMR core-analysis projects

Dr. Philip M. Singer

Assistant Research Professor (ps4 1 (@rice.edu)

Abstract

The current trend in 'H NMR core-analysis is to go to higher frequencies, i.e., above 2 MHz. In this
presentation, we highlight some recent examples of 20 MHz Ti-Tz data in low-permeability organ-
ic-rich chalk. The data demonstrate how 20 MHz instruments (with shorter dead times) can d tect
solid-like signals including kerogen, bitumen, and clay hydroxyls. Furthermore, 20 MHz provides
better T/ T2 contrast for determining hydrocarbon saturation. Concurrently, the data also imply that
2 MHz core-analysis is required for calibrating the interpretation of NMR logs.

We then use the frequency dependence, temperature dependence, EPR (electron paramagnetic reso-~
nance), and MD (molecular dynamics) simulations to show that the dominant NMR relaxation
mechanism for viscous fluids and fluids under nano-confinement is "H~'H dipole-dipole relaxation

rather than paramagnetism.

We conclude that the best approach in NMR core-analysis is the synergy of 2 MHz and 20 MHz,

and we provide some suggestions for best practices.

Notes




Presentations
Thursday, Dec 8th: 9:30 am — 10:00 am

Permeability Anisotropy Estimation in Organic-Rich Chalk
by NMR Restricted Diffusion

M
¢

=&
Dr. Xinglin Wang
(xw51(@rice.edu)

Abstract

We present a new method for studying permeability anisotropy using NMR restricted diffu-
sion measurements. The NMR restricted diffusion measurements were made with a 2.3 MHz
NMR core analyzer core plugs drilled parallel (horizontal) and perpendicular (vertical) to
the bedding plane. The cores at connate water saturation were then saturated with methane
at 1, 200 psi and then saturated with decane for NMR measurements. Pore size and tortuos-
ity were estimated based on the NMR-restricted diffusion versus diffusion length data, and
then used in a modified Carman-~Kozeny model to predict the permeability anisotropy.

The permeabilities, computed from a modified Carman-Kozeny model, shows that the tortu-
osity is the main factor in the anisotropy of the measured core permeabilities. The diffusive
tortuosity is much greater in the vertical direction than the horizontal direction due to the
additional diffusional restriction from the depositional laminations. We find that the Lp at
which the vertical core reaches its tortuosity limit is significantly shorter than in the hori-
zontal direction.

We propose a new method to measure the permeability anisotropy using NMR restricted dif-
fusion and Carman-Kozeny model. This method can reduce the diffusive coupling using hy-
drocarbon saturation on cores with connate water and make a more accurate permeability
estimation.

Notes




Presentations
Thursday, Dec 8th: 10:00 am — 10:30 am

Separation of Solid and Liquid Components in Organic-Rich
Chalks

Mr. Yunke Liu

PhD Graduate Student, 4th Year (yl179@rice.edu)

Abstract

Currently there is great interest in interpreting the 'H NMR Tz relaxation (i.e., transverse re-
laxation) of porous geological media containing both liquid-like and solid-like signals. This
has an impact on the interpretation of commercial NMR core and log analysis of organic-~
rich shales, such as shale oil and shale gas, where T-T> relaxation maps are routinely used

to identify sweet spots and producibility of the hydrocarbon reservoir.

We report a novel method to separate liquid-like components with an exponential decay
(T2¢) in transverse magnetization from solid-like components with a Gaussian decay (Tzc).
The method uses novel pulse sequences together with a 20 MHz 'H NMR relaxometer opti-
mized for reservoir core plugs. The method is applied to obtain 2D T;-Tz maps in organic-~
rich chalks saturated with water or heptane, as well as bitumen-extracted samples. The
maps clearly distinguish liquid-like signals (including micro/meso~macro pore fluids, hep-
tane dissolved in bitumen, and clay~-bound water) from solid-like signals (including kerogen,

bitumen, and clay hydroxyls) in the organic-rich chalks.

Notes




Presentations
Thursday, Dec 8th: 10:45 am — 11:15 am

Contrasting NMR relaxation at high viscosity probed by
atomistic simulations of glycerol and polymer (recorded)

« /
i

Dr. Arjun Valiya Parambathu

Postdoctoral Researcher at the University of Delaware (arjunvp@udel.edu)

Abstract

The traditional Bloembergen, Purcell, and Pound (BPP) model is the cornerstone in inter-

preting NMR relaxation times of fluids. However, measurements of NMR relaxation in crude
oil and polymer-alkane mixtures showed significant deviation from BPP theory at high vis-
cosity. Our recent molecular simulation results show this is a consequence of assumptions
made in BPP theory. But, it is intriguing that BPP theory was compared to glycerol measure-
ments that were a satisfactory match. In this regard, we utilize atomistic simulations to com-
pute NMR relaxation in the two contrasting cases: glycerol and poly(isobutene). We simulat-
ed over five decades of viscosity over temperature: glycerol by varying temperature and poly
(isobutene) by varying molecular weight. We find that dipole-dipole relaxation alone ex-
plains the measurements for both cases. Both cases showed significant deviation from the
BPP theory for intramolecular relaxation. Rather than the mono-~exponential decay of auto-
correlation (assumed in BPP theory), we observe a multimodal distribution of exponential
correlation times. The modes indicate that the difference in relaxation behavior is primarily
due to the hydrogen bonding network in glycerol, causing the glycerol to be more rigid than

poly(isobutene).
Notes




Thursday, Dec 8th: 11:15 am — 11:45 am

Formation Evaluation in the Energy Transition

Dr. George J. Hirasaki

A.J. Hartsook Emeritus Professor in Chemical Engineering (gjh@rice.edu)

Abstract

Our society has a dual need for fossil energy but yet reduce the emission of carbon diox-

ide. These dual needs can be met with carbon capture, utilization, and storage (CCUS). Our
industry has been practicing CO2 EOR for over 50 years. Earlier sources of CO2 were natu-
ral sources but now the US has pipelines and infrastructure for distributing natural and in-~
dustrial CO; to locations where they can be utilized and/or stored. Also, NMR formation
evaluation technology is being developed to quantitively measure the distribution of hydro-

carbon in the organic and inorganic porosity of unconventional formations. This has prom-

ise for evaluating for CO2 “Huff-n~Puff” EOR in unconventional formations.

Notes




Thursday, Dec 8th: 12:45 pm — 1:15 pm
How Foam Develops Apparent Viscosity in CO2 EOR

Dr. George J. Hirasaki

A.J. Hartsook Emeritus Professor in Chemical Engineering (gjh@rice.edu)

Abstract

CO; is widely used enhanced oil recovery but the low viscosity and density of CO2 often re-~

sults in poor sweep efficiency and recycling of the CO». This problem can be improved by in
situ dispersing the CO. with brine to generate a foam. This process has been applied since
the 1970s for steam, natural gas, and CO:. This presentation summaries the mechanisms by
which foam develops apparent viscosity, how the experiential data is fitted to empirical

models, and used in reservoir simulation.

Notes




Presentations
Thursday Dec 8th: 1:15 pm — 1:45 pm

Characterization of N2 Foam Flow with in-situ Capillary Pressure
Measurements in a High~Permeability Homogeneous Sandpack: Effect
of Surfactant Concentration
Conc =~ " wrate

=2
Mr. Chutian Bai
PhD Graduate Student, 5t Year (cb5 1(@rice.edu)

Abstract

The capillary pressure is important in foam flow in porous media because bubbles are
thought to coalesce by lamella rupture as the "limiting capillary pressure" is approached.
Here, we will describe the role of surfactant concentration and flowrate on capillary pres-
sure and apparent viscosity of a foam flowing through porous media. We designed and con-
structed a custom capillary-pressure probe to characterize foam flow in a 140-Darcy ho-
mogenous sandpack in our results. Foam quality scan experiments were conducted at a fixed
gas velocity. The effects of surfactant concentration and flowrate on foam flow through po-
rous media under ambient conditions were studied.

By comparing the test results collected under different flowrates and surfactant concentra-
tions, The apparent viscosity and the capillary pressure decrease above the transition foam
quality (at peak apparent viscosity). The transition foam quality increases with increasing
surfactant concentration and flow rate. For the slowest velocity, a minimum surfactant con-
centration is required to generate strong foam. While above this minimum surfactant con-
centration, foam apparent viscosity is similar for different surfactant concentrations at the
same velocity.

Notes




Presentations
Thursday, Dec 8th: 1:45 pm — 2:15 pm

Qualitatively Comparing the Effect of Gas Types on
Foam Texture and Foam Dynamics

Ms. Yiwei (Mavis) Wang
PhD Graduate Student, 4th Year (yw87@rice.edu)

Abstract

Foam applications range from enhanced oil recovery in production wells to carbon seques-
tration in hydraulic fracking sites. To better predict foam flow in these natural porous media,
researchers need to understand the fundamental physicochemical processes involved. Mi-
crofluidics have been proven effective in visualizing small-scale events and processes that
would otherwise be difficult to observe in confined systems. In this study, we utilized a mi-
crofluidic device that mimics heterogeneous sandstone porous media to investigate the ef-
fects of gas type on foam dynamics, foam stability, foam generation, and phase mobility. Real
~time imaging and image processing techniques were employed to obtain an in-depth pic-

ture of foam texture and morphology in relation to foam quality and apparent viscosity.

Notes




Presentations
Thursday, Dec 8th: 2:15 pm — 2:45 pm

Inhibiting Asphaltene Deposition Using Polymer Functionalized
Nanoparticles (recorded)

Ms. Thao Vy Nguyen
PhD Graduate Student, 4th Year (tvn3@rice.edu)

Abstract

Asphaltenes constitute the heaviest and most polarizable fraction of crude oil. They are usu-
ally referred to as the “cholesterol of petroleum” because of their tendency to aggregate and
precipitate, causing clogging problems not only in the wellbore and near wellbore regions,
but also in pipelines and production equipment and facilities. In this study, we investigate
the effectiveness of polymer functionalized nanoparticles in asphaltene mitigation. The na-
noparticle has an iron (II, III) oxide core, whose surface is functionalized with AA~AMPS co-
polymers, which increase the nanoparticle’s colloidal stability at high temperature, high sa-
linity conditions. Approaching from a microfluidic perspective, we design a dual permeabil -
ity porous micro-device, where we study asphaltene deposition of four different crude oils,
with and without the presence of nanoparticles coating. Our results demonstrate that our
functionalized nanoparticles are effective in mitigating asphaltene deposition in different
crude oils. With further tuning of nanoparticles, mitigation effects can be improved, and ap-

plication can be expanded to different surfaces (stainless steel, chromium, etc.).

Notes




