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Abstract

This paper presents and discusses data on the application of DNA tracers to a waterflood project in Edmisson Clearfork field in Permian
Basin, Tx. The field is divided into two sections, West and East. The West section includes five injection wells, fifteen producers and
the East section includes two injection wells and nine producers. To fully understand the flow path within both sections, seven unique
DNA tracers were selected and injected. In addition, it was desirable to accurately determine water breakthrough through each
production well and to evaluate heterogeneity of the formation between the injection and production wells. Furthermore, identification
of high and low permeability zones within the reservoir was identified. Reservoir properties such as drainage area, porosity, water
saturation, connate water saturation and water injection rate per well along with the minimum detection limit of DNA tracers were used
to calculate the amount of DNA tracers needed to inject in each injection well. A robust sampling schedule was used to make sure an
early detection of tracer(s) at each production well. A selected number of samples were used for analyses of tracers. Other samples were
kept for future analyses as needed depending on tracer response curve between each injection well and producer.

Introduction
Edmisson Clearfork Field

Edmisson field is located in central Lubbock County, TX. The formation is a north extension of the Edmisson Field (Clearfork). The
field is an offset to the Southwest and Southeast by two other fields. Both offset fields have been under waterflood for many years. The
gross net pay interval of Edmisson field is up to 280 feet, which is identified as five distinct zones of one to five. These five zones are
continuous through both East and West sections of Edmisson field. These zones are generally connected through some very thin, porous
layers of about 23 ft thickness. The communication between zones is limited to some very narrow and thin vertical permeable fractures.
The lack of vertical permeable zones is believed to be due to the dense and impermeable dolomite structure, which makes up the
geological structure of the field.

The field is geologically structured on a nose dipping to the north, west and south. Due to the geological structure dipping, the uniform
water moving is not present in the formation and, therefore its effect on the waterflood efficiency must be evaluated. It is assumed that
due to the structural dipping of the formation, water injection is favored to the geological dipping, which may have resulted in a huge
water cut and low hydrocarbon recovery. In fact, the geological dipping structure limits the porosity and permeability affect, which may
have lessened hydrocarbon recovery.

The geological structure of the rock formation consists of light brown dolomite sand containing both anhidrotic dolomite and shaly sand.
Field porosity averages at about 10% with an average permeability of 1.0 mD. Water saturation is around 45%. The reservoir volume
is estimated at 500,000,000 bbls.

The field was developed in the early 1980s.! Over the production lifetime, the production rate started to decrease by more than 20%
after just a few years. The field started to get benefits from offset wells waterflooding in later years. However, production started to
decrease and water injection in some random wells started within Edmisson field (no injection production patterns). In fact, over a period
of 17 years (from 1994 to 2011), five wells were randomly selected for water injection.

Table 1 shows injector and producer wells of the East section of the field and Table 2 shows injection and producer wells of the West
section of the field. Due to a decrease in oil production and increase in water cut over a short period of time a tracer program was
designed and implemented within the current injection production patten to obtain breakthrough time at each producer, evaluate flow



path within the reservoir and to evaluate formation heterogeneity. The results will help to possibly re-pattern the injection production
and select a location for new wells to be drilled and completed to optimize oil production and reduce water cut.

East Field West Field
Producers Injectors Producers Injectors
Wright-2 Stanton MclLeod-5 Fischer1 Spooner M-6
Stanton McLeod-7 Stanton MclLeod-4 Fischer 5 Hastings LP-9
Stanton McLeod-3 Spooner 3 Hastings A-10
Stanton MclLeod-2 Spooner M-1 Hastings A-11
Stettner-6 Spooner M-4 Gray 3
Stettner-5 Spooner M-5
Steggemann-4 James M D-4
2/|cMenamy-1 Hastings LP-8

Hasting LP-12
Table 1- Production and Injection wells of the East Section Hastings LP-2
Hastings LP-24
Hastings LP-23
Hastings LP-16

Turnbough LK-3
Turnbough LK-5

Table 2- Production and Injection wells of the West Section
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Fig. 1- Edmisson (Clearfork) Field, East Section



Lubbock Wells
West Side

Fig. 2- Edmisson (Clearfork) Field, West Section

DNA Technology

Deoxyribonucleic Acid (DNA) and Ribonucleic Acid (RNA) are a type of polymer consisting of many different nucleotides such as
thymine, cytosine, guanine, or adenine. These nucleotides are bonded together in a set chemical form to create a base pair, which in
turn connects the Deoxyribonucleic Acid (DNA) strands together. Once these formed base pairs are connected to one another with the
use of a hydrogen bond they form a unique signature to the nucleotides. DNA may be synthetic, which has basic components of substrate,
template, primer, and enzyme. The synthetic DNAs are made to primarily simulate chemical reactions in human body. The functionality
of a cell in a living organism can be fully understood and evaluated through their DNA, which is called genomic DNA. Genomic DNA
consists of millions of paired nucleotides which assemble a system of coding to provide unique information about cellular processes.

Synthetic DNAs have many other applications such as in electronic base industry, data storage, information technology, cybersecurity,
chemical industry, pharmaceutical industry, global economy, and automation industry to name a few. In oil and gas, DNA tracer may
be used as a tracer amongst other applications. With its abundant availability and their unique characteristics to make each one identified
easy and accurately, DNA tracer has an enormous potential to overcome all the shortcoming factors associated with other tracer
technologies, such as fluorobenzoic acid, FBA- 234

Tracer Technology

A full understanding of reservoir flow path is the key to a successful water flood project. Prior knowledge of the flow path helps
design engineers to select the right injector producer pattern for a maximum hydrocarbon recover and a minimum water cut, in other
words, a maximum volumetric sweep efficiency, which is defined as the fraction of the reservoir (pore volume) that is swept
orcontacted by displacing fluid at the breakthrough.® The estimation of volumetric sweep efficiency is very important to know which
portion of the reservoir is swept by the invaded fluid (waterflood) and which portion is not touched. Sometimes, a tracer system is
used to map flow path within the reservoir. The results will help the reservoir engineer to re-pattern the current pattern to maximize
volumetric sweep efficiency. There are many techniques to obtain knowledge about the flow path within a reservoir such increase and
decrease of the injection rate at an injection well. The fluctuation in the injection rate should influence the oil and or water production
at a producer(s). Another technique is to simply inject a dye into an injection well and observe its production at a production(s) well.
A more technical technique is to inject tritiated water into an injection well and analyze produced samples from production well(s).
Due to the shortcoming of these techniques more advanced techniques were developed and applied. The shortcoming of these
techniques was merely the fact that most of these techniques would provide qualified vs quantified results. Although tritiated water



provided both qualified and quantified results, the technology is limited to the number trace available. One of the latest tracer
technologies is the utilization of Fluorobenzoic Acid (FBA). These chemical tracers have long been utilized in various industries such
as chemicals, petroleum, finance, electrical, etc. They have also been utilized to map reservoir fluid flow and to evaluate reservoir
heterogeneity as well as flowback analyses in hydraulic fracturing.®” The disadvantages of this technology are well presented in a
study conducted by Asadi, et al.*

Edmisson Filed Tracer Project Discussion

The objectives of the Edmisson field tracer project were to evaluate flow path within the reservoir, between the injection and
production wells, to obtain breakthrough time at each producer and to evaluate formation heterogeneity.

A tracer program was, therefore, designed to inject tracers in each selected injection well in a brief period of time. Subsequent
produced samples were collected for tracer analyses, starting with the next day of injection, Table 3. Upon detection of tracer,
breakthrough was obtained. Over a month of sample collection, an elution curve was developed between each injection well and the
producer(s) where tracer was detected. The elution response curve between each producer and injection wells provided information on
the flow path between the producer and injection wells and formation heterogeneity.

The amount of injected tracer, presented in Table 4, in each injection well was calculated using reservoir properties such as porosity,
pay zone thickness, water saturation and radius of drainage area between each injection and a production well. In addition, the DNA
tracer low detection concentration of 0.0009 ppm as well as a safety factor was used in the calculation. Due to field operation and
other restrictions, samples were not collected from some the production wells like Spooner M5, Hastings LP24, Stettner 6,
McMenamy 1 and well number 1.

Sampling Schedule

Producers Day 1 Day4 Day7 Day 10 Day 14 Week3 to 20, one/w eek
g Fischer 1 1 1 1 1 1 17
< Fischer 5 1 1 1 1 1 17
Spooner 3 1 1 1 1 1 17
Spooner M-1 1 1 1 1 1 17
Spooner M-4 1 1 1 1 1 17
Spooner M-5 1 1 1 1 1 17
¢ James MD-4 1 1 1 1 1 17
g Hastings LP-8 1 1 1 1 1 17
- Hasting LP-12 1 1 1 1 1 17
Hastings LP-2 1 1 1 1 1 17
Hastings LP-24 1 1 1 1 1 17
Hastings LP-23 1 1 1 1 1 17
Hastings LP-16 1 1 1 1 1 17
. Turnbough LK-3 1 1 1 1 1 17
$  Tumbough LK-5 " ] ] 1
8 Wright-2 1 1 1 1 1 17
< Stanton McLeod-7 1 1 1 1 1 17
Stanton McLeod-3 1 1 1 1 1 17
% Stanton McLeod-2 1 1 1 1 1 17
2 Stettner-6 1 1 1 1 1 17
3 Stettner-5 1 1 1 1 1 17
Steggemann-4 1 1 1 1 1 17
. McMenamy-1 1 1 1 1 1 17
fﬁ 1 1 1 1 1 1 17

Table 3- Sampling Schedule



Injectors Tracer Tracer Injected, gr

Hastings LP-9 F-105 8,100.00
Spooner M-6 D-108 6,075.00
Hastings A-10 E-115 10,125.00
Hastings A-11 F-118 12,150.00
Gary 3 F-120 16,200.00
Stanton McLeod-5 E-111 4,050.00
Stanton McLeod-4 E-113 4,050.00

Table 4. Tracer Type and Amount

Almost all tracers were detected in the samples collected from the West section 24 hours after the tracer injection. Some tracers
showed concentrations as high as 6,000 ppm, Fig 3.
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Fig. 3- Flow Communication Between Inaction and Production Wells at High Tracer Concentrations, West Section

According to the elution response between the production well Hastings LP8 and the injection well Hastings A10, it is well observed
that a high permeable zone exists near the injection well Hastings A10 as fluid travels toward the production well. Similar observation
is noticed between the injection well Spooner M6 and the production well Hastings LP8 where a high permeable zone exists near the
production well Hastings LPS8, Fig. 4. This argument is clearly observed in the elution response curve of the production well Hastings
LP23 and the injection well Hastings A10, Fig. 5. As observed in Fig. 5, there exists a high permeability zone closer to the injection
well Hastings A10. Considering the 3,000 ppm high concentrations of tracers in the samples collected early on from the production
well Hastings LP23 and its sudden drop to below 500 ppm, Fig. 5, it is more evidence that there exists a high permeability channel. In
fact, this pattern, where the early samples exhibit high tracer concentration and the subsequent samples show extremely low tracer



concentrations, is all due to the existence of high permeability channel(s). A full elution response curve can provide more information
to the location of these high permeability channels. It is therefore recommended that more samples be collected for analyses to fully
develop the elution response curve between each injection and production wells.

According to the elusion response curve of the production well Fischer 1, Fig. 6, fluid is moving from both injection wells Hasting
A10 and Hasting A11 toward the injection well Spooner M6 area where it moves downward. The elution curves between each
injection well and the production well follow a similar pattern. Location of these three injection wells, Fig 2, and their elution
response curves, Fig. 6, indicates the existence of a high permeability channel where fluid is moving through all three injection wells
from southeast to northwest of the field and then moving downward.
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Fig. 4. Elution Response Curve of Production well Hastings LP8
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Fig 5. Elution Response Curve of Production Well Hastings LP23
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Fig 6. Elution Response Curve of Production Well Fischer 1

In the East section, the story is different. Breakthrough occurred in two days, compared to that of one day in the West section. The
highest tracer concentration in the produced samples from the West section was about 4,000 ppm compared to that of 1,600 ppm for
the East section, Fig. 7. Reservoir fluid velocity in the West field is as high as 6,000 ft per day between some injection and production
wells, compared to that of the East field, which has reached as high as 2,000 ft per day. Please note that fluid velocity in the reservoir
depends on many factors such as porosity, permeability, reservoir pressure, fluid viscosity, API gravity, etc.® Interesting to know, this
reservoir is characterized by narrow vertical fractures, which creates vertical sweeping between the reservoir layers. The elution
response curve for production wells Wright 2, Stanton McLeod 3, Stettner 5 and Steggemann 4 are presented in Figs § to 11. As
presented in Fig. 8, concentration of tracer injected in the injection well Stanton McLeod 4 exhibits a maximum of 25 ppm at the
production well Wright 2 over 30 days sampling period. This indicates a very homogenous formation between the two wells. In fact,
similar observation is made from the elution response curve between the production well Stanton McLeod 3 and the injection well
Stanton McLeod 4, where the tracer concentration of samples collected over a 30-day period has not reached over 100 ppm.
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Fig. 7- Flow Communication Between Inaction and Production Wells at High Tracer Concentrations, East Section



However, according to Fig. 7, the formation between the injection well Stanton McLeod 5 and the production well Wright 2, seems to
be more heterogeneous, also presented in Fig. 8. The elution response curve between the production well Stanton McLeod 2 and the
injection wells Stanton McLeod 5 and 4 (not shown here) indicates a homogeneous formation. Comparable results obtained from
elution response curve between the production well Stanton McLeod 3 and the injection wells Stanton McLeod 5 and Stanton McLeod
4, Fig. 9. However, the elution response curve between the production wells Stettner 5 and Teggamann 4 and both the injection wells
Stanton McLeod 4 and 5, Figs. 10 and 11, show a more heterogenous formation on the west side of the East section.
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Fig 8. Elution Response Curve of Production Well Wright 2
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Fig 9. Elution Response Curve of Production Well Stanton McLeod 3



Stettner 5
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Fig 10. Elution Response Curve of Production Well Stettner 5
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Fig 11. Elution Response Curve of Production Well Teggemen 4

Conclusions

According to sample analyses of both West and East sections of Edmisson field, the breakthrough occurred in one day in the West
section and in two days in the East section. Reservoir fluid velocity in the West section is as high as 6,000 ft per day between some
injection and production wells compared to that of the East section where it only reaches as high as 2,000 ft per day. In addition,
tracer concentrations in the samples collected early in the West section was as high as 4,000 ppm and in the East section was as high

as 1,600 ppm. These high tracer concentrations dropped rapidly after a few days. These results indicate the existence of high
permeability channels in both sections of the field.



According to the elution curves presented earlier on the West section, there exists a high permeability channel in the West section that
runs through Southeast corner of the section, moves toward the Northwest section of the West field, and moves downward.
Accordingly, this area needs to be studied further for repatterning of injection production or possibly conformance.

Tracer concentration of samples collected from the production wells along with the elution response curves between the injection and
production wells of the East section, indicate a more homogeneous formation on the west of the East section and a more
heterogeneous formation on the east of the East section.

It is also recommended to continue sample collection and analyses for a longer period to fully map fluid flow within both sections of

the Edmisson field.
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