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Hypothesis =

Webina

Characteristics of a reservoir can be inferred from analyzing
production and injection data only.
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CRM for an Injector-Producer Pair

Continuity: Production Rate: Webina

dﬁ —_ “Pressure is a reservoir engineer’s
Cth it =1(t)—q(t) Q(t) = ](p — pwf ) best friend”

Fokert Brons

Combine to form

I(t) q(t)

Ordinary Differential Equation:

dq(t)
dt

+— q(t)—
.

Time constant: 7=

Primary Production Injection BH pressure change

Analytic AL
Solution /\ /\ / \
At At At

q(tk) =q(t,{_1)e_7 +[1—e g j[(tk)_J(ow (tk)—pwf (tk_l))e i




novel idea for a persistent i
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An Electrical Device for Analyzing Oil-reservoir Behavior

By W. A. Bruce,* Justox Meseex ALM.E.
(Austin Mecting. October 1942)

ABSTRACT the block can be used. In analyzing

Tuss paper covers the theory and present rescrvoir bcha.\'ior from this point of view
state of develop.ment of an apparatus for the by mathematical means, a set of simultane-
nonmathematical analysis of complex problems  ous difference equations would be obtained
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Signal Response

Production response to an injection signal
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Connectivity

Ti = 6 days
fi = 65%
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apacitance-Resistance Model (CRMP)

o cV,
qj'(f) / J ;

Time constant

Drainage volume

around a producer

~ Inter-well connectivity or gain
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Comparisons.....

Conventional world CRM world
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Mature West Texas Waterflood —
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Mature West Texas Waterflood
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Mature West Texas Waterflood

7258000

726000

724000

722000 H

720000

18000

716000

#14000

F12000

Gains > 0.3

Anjector

Producer

475000

430000

4390000

495000

500400



Mature West Texas Waterflood
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Mature West Texas Waterflood —
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Time Constants
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Lost Injection
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Basic Equations

Applications

— Effect of BHP

— Primary production

— CRM and tracers

— Oil rate modeling

— Optimization

— Tracking CO2 floods
—CRM machine learning
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Applications
— Effect of BHP

Basic Equations
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North Sea Case
Production and BHP Data

Production
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North Sea CRMP wo BHP =

600 80¢
Time, Days

Production Data
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North Sea CRMP with BHP =

400 600
Time, Days

Production Data
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/ell Management--ldentify Problem Wells  —=
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e Use productivity indices to
evaluate well performance

* Requires pressure data
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Basic Equations

Applications
— Effect of BHP
— Primary production




Drainage Volume--Omani Field (primary recovery)
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o@ 30 Well 1 & 2
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ae 25 el 3 Original oil in place (OOIP)
g % fg estimated from other methods
g.‘qu 10 ranged from 31 to 59 million m3
w3 5
L g 0

May-05 Feb-06 Oct-06 Jun-07 Feb-08 Oct-08

0.35 Well 1| Well 2 | Well 3
g 03 Well 1 V., 76.75 | 74.66 | 3.25
5> 025 Well 2 3
53 Well 3 (m?/kPa)
ga 02 V, (10°m3) | 15.7 | 13.4 | 12.6
Q-;' 0.15
gg 01 ) (m¥day| 0.09 | 0.05 | 0.03
= 0.05 kPa)
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Basic Equations

Applications

— Effect of BHP

— Primary production
— CRM and tracers




Reservoir Characterization
An alternative to tracers...

12 Chemical Injectors
6 Producers +
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Injection rate (bbl/d)

Production rate (bbl/d)
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Tracer Performance—
How does CRM compare?

ey
Total =
Injector Tracer injection . Total Total
Observed in | measured Tracer Tracer
(gr) produced
Producer | produced | recovery recovery
tracer (gr)
tracer (gr)

Inj1 3.4 5-TFBA 6000 P4 3532 59% 3459 58%

Inj2 4-TFMBA 11000 P3, P4 6171 56% 7209 66%

Inj3 | 3,5-bisTFMBA 7500 P3 115 2% 0 0%

Inj4 2,34 5-TFBA 17000 P1,P2,P4,P6 9551 56% 7881 46%

Inj5 2.4 5-TFBA 7500 P2 6472 86% 6517 87%

: 2,4-DFBA o 0

Inj& AEBA 7500 P2,P9 3257 43% 3292 44%

Inj7 2-TFMBA 7500 P1,P2 3034 40% 3815 51%

e | SiMbA 7500 | P7PsP10 | 2547 34% 2279 30%

=, 2-FBA

PEW Inj9 23.4-TFBA 10000 P3, P4 11479 115% 11714 117%
rational Inj10 2.5-DFBA 7500 P1,P3,P4,P5 4547 61% 5027 67%




Tracer and CRM Results

A side by side comparison...

Tracer Peak Concentrations

CRM Allocations

----- Peak Concentration < 10 mg/bbl
—— Peak Concentration 10-50 mg/bbl

—— Peak Concentration > 50 mg/bbl PS
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Comparison to Buck Draw Data =
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Basic Equations

Applications

— Effect of BHP

— Primary production
— CRM and tracers

— Oil rate modeling
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q,(t)

|l
e

q,(t)

il Rate Equation

For each well in CRMP

Equation
Developed by QOil Fractional-flow Model
Number
| £, = (1410 @)
1 Timmermann (1971) o~ Eq. (4-7)
_ N, o
2 Makszimov (1959) /o= (” ba ln") Eq. (4-8)
Craft-Hawkins (1959); . bs, \ !
3 /= (1+ae ) Eq. (4-9)
Ershagi-Omoregie (1978)
P (106N,
4 Kazakov (1976) °" (al[12bN,)(17IbN,)+bN,(aTIbN,) | Eq.(4-10)
Gunkel Ny
=, 5 f‘U:(1+a+(1+CNP)b€N ) Eq. (4-11)
R‘% Marsal-Philip (1968)
rnational 1 1
ar; Gentil (2005) L= = Eq. (4-12)
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CRM: QOil Fractional-Flow Model

q,(t) =q(t)f,(t)
¢ (t) q,(t) 1

T q,(0+q,(t) 1+ WOR(t)

f(t)=——

1+a(cwi(t)

—1|=loga+blogCWI(t)




A Method for Predicting the Performance of Unstable =
Miscible Displacement in Heterogeneous Media Webina

CALIFORNIA RESEARCH CORP.

i
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Koval Model

A Method for Predicting the Performance of Unstable
Miscible Displacement in Heterogeneous Media

CALIFORNIA RESEARCH CORP,

E. J. KOVAL® l LA HABRA CALIE.

1
Koval model: fl =
(1-¢))
K =H,E L+ 1
v Tk KVCI
H, Heterogeneity factor

E = effective viscosity ratio

H, =1(hom ogeneous) E =1(tracer)



Basic Equations

Applications

— Effect of BHP

— Primary production
— CRM and tracers

— Oil rate modeling
— Optimization
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Waterflood and EOR Optimization

®

Work Flow

Workflow for Optimization

Fit CRM to total production data

Fit oil fractional flow model to oil
production

b

Use CRM and oil fractional flow model to

optimize future injection and maximize NPV of
future production

n .
P "t podoj(ticfpTs) M Tt
Npy=y 3 R sy P
Flk=1 (1+Df) i=1k=1(1+Df)

Total Production (bbl/d)

Field Total Production

*_Total Production (bbi/d)
= Model Production (bbl/d}

T~
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—win(tk)At

0Oil Production (bbl/d)
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The Technology
CRM Optimizes Operations

Injection Rate - Base vs. Optimum

1000
M Base ™ Optimum
900

Decrease in injection wells
800
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e Technology
M Optimizes Production - Proof —

600 .
= Permian Study
Pre CRM productipn Post CRM production N
uyen et al,, 2012

550 (Nguy )
— - = Optimized oil
© v .
250 ——f % production
'§450 N = Modified only
: ety injection
o v
5 \ A2 '
400 e = Reduced decline

o " \aote e = No additional capital

: ’ costs
300 T T T T T
J-08 F-09 S-09 M-10 0-10 A-11

Date




\ate vs. Cumulative Oil Production Oil
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Monthly average oil rate (bbl/day)
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for regressmn Fitted oil production rate

rate
=—Unfitted Oil Production Rate

103,042 109,252 142,998
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\ )
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Basic Equations

Applications

— Effect of BHP

— Primary production
— CRM and tracers

— Oil rate modeling
— Optimization

— Tracking CO, fronts




Steady-State Connectivity Map
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Interwell Connectivity
Two Equally Viable Solutions
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Transient Interwell Connectivity

After 10 days
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Transient Interwell Connectivity

After 30 days
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Transient Interwell Connectivity

After 90 days
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Transient Interwell Conne
After 180 days

ctivity
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Transient Interwell Connectivity

After 365 days

@
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Basic Equations

Applications

— Effect of BHP

— Primary production

— CRM and tracers

— Flow capacity curves

— QOil rate modeling

— Optimization

— Tracking CO, front

— CRM and machine learning




1ed Bootstrapping Prediction Distribution =
1g CRMP with Bottomhole Pressure (BHP) ™"

PAO3: 30 Days Prediction
r-squared = 0.8912

—— Ftting
—— True Value
10000 1 —— Average

* 100 Bootstrap realizations — PlO&P90

8000 +

e Goodness Measure: 0.9030

6000 -

* MSE: 260,772

4000 A

Production Rate [bbls/day]

2000 -

. 38'0 460 4?:0 41'!0 4('50 4é0 560
From Portia and Foster Days




onverged Errors of Models for North Sea

1012 -

Mean Squared Error
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Field Example

North Sea Field: Quality of Prediction for 30 Days Using Different Models
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BN CRMP-BHP
Linear Regression
Bayesian Ridge Regression
Huber Regression
MLP Regression

From Portia and Foster
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