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ABSTRACT 

The Gustavo Galindo Field is considered a mature field, with more than 100 years of oil exploitation, so it 

becomes essential to carry out workover operations in oil wells more frequently to restore, prolong or improve oil 

production. These interventions can develop into a major problem since the interaction between the Workover fluid and the 

fluid in low permeability reservoirs is not considered, causing a great fluid reduction in the formation area near the well 

which would decrease production. The objective of this article is to design a Workover fluid compatible with the properties 

of the production and fluid formations of the Gustavo Galindo field, minimizing the formation damage generated by the 

well’s intervention. The results are justified with the compatibility tests for each formulation of the fluid made in the 

laboratory. 
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INTRODUCTION 

The Gustavo Galindo Field, also known as the 

Ancón Field, is located in the Santa Elena province of 

Ecuador, and began its petroleum production in the year 

1911. In actuality, with over 100 years of exploitation, it is 

defined as a mature field due to its progressive pressure 

decline, which also diminished its flow. In response to the 

diminished production, and due to the lack of the required 

power to elevate the fluid column, an artificial elevation 

system (largely mechanical pumps) has been implemented 

in the majority of wells. There has even been a 

development of water reinjection projects and hydraulic 

fragmentation projects. Before these operations, it was 

necessary to realize repair or workover operations in the 

wells, which have happened with increased frequency in 

recent years. 

The importance of this investigative work is 

based on the study of issues that arise with the well 

workover operations with respect to the workover fluid, 

and hopes to provide a solution through the design of a 

fluid that generates the least damage to the formation and 

is able to adapt to the production formations of the Ancón 

Field.  

For the investigation’s development, information 

was gathered from 20 wells in the Ancón Field (Figure-1), 

which are divided in 3 zones: Ancón, Tigre, and Santa 

Paula. Crude samples were gathered from each well to 

perform the fluid-to-fluid compatibility test. 

 

DESCRIPTION AND CHARACTERIZATION OF 

THE GUSTAVO GALINDO FIELD 

The Gustavo Galindo Field, located in the Santa 

Elena Province extends over an area of approximately 

1200 km
2
, and is comprised of 2882 wells, of which 1240 

are active. These produce petroleum of 35.5° API in 

average, and water cut of approximately 21%, which 

characterizes it as the highest quality petroleum in 

Ecuador. The analysis of the petro-physical properties of 

the petroleum produced in this field will allow us to 

determine the appropriate concentrations of additives for 

the fluid design. 

Detailed below is the lithology of the production 

formations in the Ancón Field, in descending order 

according to their location in the stratigraphic column: 

 

Socorro formation 

Composed by tobaceous clays laminated with 

shale, siltstone, and fine sandstone turbidites. 

 

Clay pebble beds (CPB) formation 

It is composed of diamictite conglomeratic clays, 

greenish-gray shale, and gray tobaceous siltstone. 

 

Santo tomas formation 
Comprised of a sandstone bank of modest 

potencies. 

 

Passage beds formation 
Consists of fine turbidites with thin strata of 

sandstones, and includes intercalations of calcareous. 
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Figure-1. Map of the locations of the well candidates for the workover 

operations in the Gustavo Galindo Field. 

 

sandstones of medium-to-coarse grain and claystones with 

carbonaceous remains. 

 

Atlanta formation 
Consists of turbidic sandstone of medium-to-

thick texture, conglomerates, and dark shales. 

 

Santa Elena formation 
It is composed of silicified pelagic clays, chert 

turbidites (white or gray, and of sedimentary origin), and 

doleritic intrusives. 

The Atlanta Formation is economically the most 

representative reservoir of the Gustavo Galindo Field, due 

to it having the highest petroleum production input with 

respect to the other production formations. For that reason, 

and due to the current availability of information, only the 

Atlanta Formation was considered for the mineralogical 

analysis. 

The Gustavo Galindo Fields’ deposits denote a 

low reservoir pressure, and a low permeability (Table-1). 

 

Table-1. Petro-physical properties of the Gustavo Galindo 

Velasco Field. 
 

Formation 
Porosity 

(%) 

Permeability 

(mD) 

Average 

°API 

Socorro 25 82 36.8 

CPB 10 55 39 

Santo Tomas 11 6 38.8 

Passage Beds 7.5 5 39 

Atlanta 10 3 40 

Santa Elena 11 7.7 33.6 

 

OPERATIONAL THEORY 

Studies have determined that the formation 

damage is due, in large part, to the use of conventional 

workover fluids, and that said damage is intensified due to 

the invasion from filtration in the production zones 

sensitive to water, in wells that present low reservoir 

pressure (also denominated subhydrostatic). This 

problematic implied looking for solutions in the design, 

developing a new type of fluid designated as sub 

hydrostatic work over fluid [1]. 

 

Formation damage 
The formation damage, also known as the Skin 

Effect, is an alteration of the permeability and porosity of 

the production formation within the proximity of the well. 

Basically, the formation damage can originate at any of 

the productive or operative life stages of a well 

(perforation, completion, cementation, and workover), be 

it due to the invasion of a perforation fluid, or that of a 

completion or workover fluid. 

Analysis of the issues pertaining to formation 

damage as a result of workover fluid show the causes as: 

1) hydration and swelling of the clay minerals, 2) fine 

migration, 3) bacterial effects, and 4) water and emulsion 

blockage due to fluid filtration. The fine migration can 

occur due to the production of deposit fluids that carry 

suspended solid particles, or is generated in situ through 

the interaction between the invasive fluid and the 

formation fluid or the rock minerals [2]. 

Figure-2 shows, to the left, the formation damage 

due to the plugging of the suspended solids, possibly due 

to faulty water filtration or an inadequate concentration of 

additives. To the right, Figure-2 shows an adequately 

designed fluid that minimizes formation damage. 

 

 
 

Figure-2. Formation Damage. 

 

Workover fluid 

The workover fluids are defined as a fluid for 

well control, generally composed of brines such as KCl, 
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NaCl, CaCl2, KBr, NaBr, CaBr2, ZnBr2, and NaHCO2.The 

fluid Works in direct contact with the production 

formation, and its main function is to control the formation 

pressure. To this end, the fluid must have physical-

chemical properties that are well defined and ideal for the 

operation’s conditions, as well as for the lithological 

formation, to ensure its optimal functioning: 

 

 Clean Fluid (minimal content of suspended solid 

particles). 

 Chemically compatible with the production formation. 

 Chemically compatible with the deposit fluid. 

 The fluid must not be corrosive. 

 The fluid must be stable under the time, pressure, and 

temperatures present during operations. 

 Must be safe to handle, easy to acquire, profitable, 

and safe for the environment. 

The brines are largely utilized in the completion 

and workover operations, since they provide a broad range 

of densification and have the characteristic of minimizing 

damage to the formation. The choice of the type of brine 

will depend in the first instance on the type of clay found 

in the production formation. The fluid used must be a 

clean fluid, which necessitates prior filtering of said fluid, 

so it may contain no particles with a diameter larger than 

the diameter of the pore throat, and will thus prevent 

clogging. It is recommendable that the brines’ solid 

particles have an average minimum size equal to 1/3 the 

diameter of the pore throat to achieve an adequate bridging 

strategy as is shown in Figure-2. This becomes more 

relevant when formulating a fluid for loss of circulation in 

productive zones. 

 

Fluid workover selection 

Due to each well producing from different 

deposits, the type of predominant clay within the deposit 

of intervention, the time in production, and the history of 

reconditioning executed within the well must be 

considered when formulating the workover fluid. 

The steps to selecting a completion/workover 

fluid appropriate for a determined deposit involve the 

following: 

 

a) Determining the volume of brine required and the 

displacements necessary for the completion of the 

work. 

b) Determining the necessary fluid density in respect to 

the well pressure and the true vertical depth (TVD). 

c) Determining the temperature of true crystallization of 

the brine and adjusting it per the requirements. 

d) Determining whichever compatibility problem that 

may occur: corrosion, clay sensitivity, 

incompatibilities in brine/formation [5]. 

The parameters to consider when selecting the 

workover fluid are: 

 

 Fluid Density 

 Rheological Properties 

 Solid Contents 

 Filtration Characteristics 

 Fluid Loss 

 Presence of corrosive producers 

 Costs 

The bottom-hole temperatures registered in the 

Gustavo Galindo Field’s Wells oscillate between 100 to 

120 °F, which means that - according to Figure-3 - both 

KCl and NCl are appropriate for usage since there would 

be no risk of precipitation of salt crystals. 

 

 
 

Figure-3. Temperature of true crystalization of Potassium 

Chloride and Sodium Chloride. 

 

In the case of Ecuador, through a study done on 

23 wells from 5 different fields in the Eastern region, it 

was determined that the loss of workover fluid during well 

repair operations was harmful to the deposits, causing the 

production to be reduced between 30-50% after well 

intervention (Figure-4). Likewise, they determined that the 

solid particles with the chosen dimensions contained in the 

fluid loss control pills were damaging the formation, due 

to the invasion of solids in the matrix [3]. Independently of 

the intervened well, the workover fluid will be formulated 

with the following components: 

 

Clay inhibitor: The most important property to 

inhibit theswelling of clays is the property of cationic 

exchange, in which a cation of a larger ionic radius is 

exchanged for a cation of smaller ionic radius. In this 

operation the exchanged cation is Potassium (K) which is 

found in the Potassium Chloride brine. This minimizes the 

swelling of the clays as a result of hydration when exposed 

to water. 

 

Anti-corrosives: It scavenges for oxygen, an 

element which is a cause for corrosion. Its use depends on 

the days of operation; usually a workover operation is 

completed in an average of 4 days, and the volume of 

anticorrosive is in relation to the length of the job. If the 

job is extended for a period between 8-15 days, and 

depending on the type of brine used, this could have a 

negative effect on the deposit by increasing the residence 

time of the workover fluid. In the case of the Ancon Field, 
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the use of the anticorrosive would not be considered since 

there is also a usage of Sodium Chlorine brine. However, 

for the safety of the well’s integrity, the fluid will be 

formulated with an anticorrosive concentration of less than 

0.05%. 

 

Bactericides: They are aldehydes that control the 

development of bacteria, and are commonly used in water-

based fluids, preventing the degradation of the additives 

employed in the fluid. A concentration between 0.03-

0.05% is recommended.  

Two formulations of brine were proposed for 

preparation, KCl and NaCl. The use of air-based fluids 

was discarded on the criteria that while they are the most 

optimum when working with low pressures (such as is 

present on the Gustavo Galindo Field), they are not 

economically profitable when compared to the expected 

productivity of the workover operations. 

The Sodium Chloride (NaCl) has a densification 

range of 8.4 to 10 ppg, has the advantage of not damaging 

the formation, and is cost effective. However, it is highly 

corrosive and irritating brine that could cause a 

precipitation of salts if it were to exceed its saturation 

limits. 

The Potassium Chloride (KCl) has a densification 

range of 8.4 to 9.7 ppg, the advantage of inhibiting the 

hydration and migration of clays, and presents a low 

corrosivity. Despite that, it is not compatible with 

formations where the kaolinite clay is predominant, due to 

its provocation of fines migration. 

 

 
 

Figure-4. Production before and after the workover operations realized using conventional 

techniques. Source: SPE-143771-MS 

 

Compatibility 
One of the most important criteria to be 

considered when selecting the fluid is the chemical 

compatibility that must exist between the designed fluid 

and the deposit’s matrix/fluid. To this end, numerous 

laboratory tests will be run with each formulation of the 

proposed fluid with the objective of determining which 

fluid is the most compatible with the fluid and stone of the 

well. If the fluid presents incompatibilities with the 

deposit, formation damage would be generated which 

would be reducing the well’s productivity during the 

workover operation. 

 

Fluid-fluid compatibility 

We proceed to perform compatibility tests 

developed in fluid laboratories, mixing the crude and the 

brine with varying concentrations: 75/25, 50/50, 25/27. 

This is to determine the optimum concentrations of the 

product in order to define the formulation of the workover 

fluid. These tests have the objective of determining if the 

interaccion between the fluids causes emulsions, and 

determines the volume percentage of anti-emulsifier that 

the fluid requires to prevent the clogging of the porous 

medium due to emulsions. 

The formation damage due to incompatibility of 

fluids is caused by the precipitation of solids, chemical 

reactions that cause the blockage or clogging of the porous 

medium due to the formation of emulsions in situ. To 

prevent this, special care must be taken when using high 

density or low pH brines; if the fluid is designed with 

CaCl2 we must be careful that the pH does not get too 

high, else it would produce precipitations of Calcium 

Carbonate if it comes into contact with the Carbon 

Dioxide within the natural gas [4]. 

Once the optimal fluid is selected, tests will be 

done to the workover fluid to determine its properties, and 

see that these be within the established parameters so the 

formation properties are not affected. These tests are the 

chlorides content, pH, turbidity, and density, as dictated by 

the norm API 13B. 

The parameters of the properties most commonly 

measured in the field in order to verify that the fluid is in 

optimum conditions to be shipped to the well are an NTU 

< 40, and a suspended solids concentration < 50 ppm or 

lower than 0.1% of the total volume. 

 

Rock-fluid compatibility 

The type of brine to be employed in a determined 

production formation must be compatible when interacting 

with the rock, since some salts act in a more efficient 

maner than others as clay stabilizers, as is the case with 

the KCl at 3% or the Amonium Chloride at 3%. 

The mineralogical analysis study of X-ray 

diffraction (XRD) executed to two cores samples from the 
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Atlanta formation has determined the minerals found in 

the greater percentages, shown in Table-2. In descending 

order of percentage they are: 

 

 Quartz 

 Significative traces of feldspar   

 Highly expandible mixtures of Illite/Smectite  

From the smectite group the predominant clay 

mineral is the montmorillonite [7]. 

 

Table-2. Results of the Analysis of X-Ray Diffraction 

(XRD). [7] 
 

XRD MINEROLOGICAL ANALYSIS (% 

WEIGHT) 

MINERALS Core #1 Core #2 

QUARTZ (SiO2) 73 60 

PLAGIOCLASE 

FELDSPAR 
11 19 

POTASSIUM FELDSPAR 3 ND 

CALCITE (CaCO3) ND TRACE 

DOLOMITE (CaMg[CO3]2) TRACE TRACE 

GYPSUM (CaSO4+H2O) ND TRACE 

PYRITE (FeS2) ND TRACE 

KAOLINITE TRACE 2 

MICA AND/OR ILLITE 1 TRACE 

MIXED-LAYER ILLITE 

50-55/SMECTITE 50-45 
10 15 

TOTAL 100% 100% 

 

RESULTS 
For the fluid-fluid compatibility tests, two 

workover fluids have been formulated (KCl and NaCl) 

with the following products, which are displayed in Table-

3: bactericides and anti-corrosives. The presence of anti-

emulsifiers in the formulation was discarded due to the 

observation that no emulsions were generating in between 

the mix of fluid-crude. 

 

Table-3. Concentrations of the additives used in the 

formulation of the workover fluid. 
 

Products Concentration 

Brines KCl NaCl 

8.4 ppg, lb/bbl 4 3.5 

Anticorrosive (%v) 0.05 0.05 

Bactericide (%v) 0.03 0.03 

Anti-emulsifier (%v) 0 0.1 

 

A comparative analysis was carried out between 

the brines employed in the workover fluids. Considering 

their cost-benefit when employed in the Gustavo Galindo 

Fields, the most efficient brine for this project was 

determined to be Potassium Chloride (KCl), due to it 

inhibiting the clay’s hydration, specially the 

montmorillonite. 

The KCl and NaCl brines were prepared at a 

density of 8.4ppg when working with relatively low 

pressures. 

For a greater workover fluid efficiency, filtrated 

water was used when performing the workover operation 

to diminish the content of suspended solid particles. 

The brine designed with Potassium Chloride does 

not present emulsions with the petroleum, achieving an 

immediate separation of the fluids (petroleum-fluid 

designed). The results achieved in the tests performed in 

the designed fluid were done so as dictated by the norm 

API RP 13B, leading to turbidity values of 6 NTU, 

chlorides content of 9300 mg/L, and a pH of 8 which 

characterizes it as an alkaline fluid. 

The laboratory tests carried out on the 20 crude 

samples determined an average of 39.2 degrees API. Also 

performed were tests that gave an average BSW of 8.15, 

and the viscosities at < 8.0 cSt, a particular characteristic 

of the light petroleums. Results are displayed in Table-4. 
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Table-4. Data from the well candidates studies and results of the crude tests from each well. 
 

  
CURRENT PRODUCTION 

[6] 
RESULTS 

 

Wells RESERVOIR BFPD BOPD BWPD °API BSW% 
ARTIFICIAL 

LIFT 

ANC081 AT 6.79 6.79 0 37.3 0 BM 

ANC114 AT 6.7 6.7 0 38.9 0 BM 

ANC147 AT 9.16 7.03 2.13 39.3 23.38 BM 

ANC149 PB/AT 30.44 30.44 0 43.7 0 BM 

ANC179 SO/CPB/PB/AT 12.68 12.68 0 36 0 BM 

ANC237 SO/CPB/PB/AT 8.59 8.59 0 39.9 0 BM 

ANC435 AT 32.83 32.83 0 38.6 0 BM 

ANC550 AT 41.51 41.51 0 45.7 0 BM 

ANC1213 CPB/PB/AT 24.45 14.11 10.33 36.1 42.27 BM 

ANC1218 CPB/PB/AT 23.75 23.75 0 39.4 0 BM 

ANC1253 SO/CPB/ST/PB/AT 4.03 3.92 0.12 36.7 2.86 BM 

ANC1630 AT 32.93 20.43 12.5 40.1 37.96 BM 

ANC1863 CPB/ST 10.47 10.47 0 38.6 0 BM 

ANC1866 CPB 24.74 24.74 0 36.8 0 BM 

ANC1871 CPB/PB 7.92 7.92 0 37.6 0 BM 

ANC1879 CPB/PB 29.5 25.21 4.29 49.1 14.53 BM 

ANC1896 ST 45.81 45.81 0 37.6 0 BM 

ANC1939 CPB/ST 10.09 10.09 0 39.3 0 BM 

SPA1004 AT/SE 4.33 4.33 0 34.2 0 BM 

TIGRE23 PB/AT 3.95 2.29 1.67 38.6 42.17 BM 

 

CONCLUSIONS 
The X-Ray Diffraction analysis indicates that the 

clay minerals most predominant in the Atlanta formation 

are illite and smectite, specifically montmorillonite.  

It was determined that the most effective and 

profitable fluid is the Potassium Chloride brine of 8.4ppg, 

and in the case that an upwelling presents itself a density 

of 9.5 can be achieved. This, according to the wells’ 
records, is the highest density ever required to control the 

well. 

The designed workover fluid presents the 

characteristics of minimizing the formation damage, rapid 

preparation, low cost, minimizing of fines migration, and 

controlling of the formation pressures.  

In respect to the fluid-fluid interaction, it will not 

represent an issue at deposit levels due to not generating 

any emulsions, contrasting with the laboratory obtained 

results. 

 

RECOMMENDATION 
It is recommended that pilot tests with cores that 

facilitate the rock-fluid compatibility analysis be carried 

out, in order to determine a more optimal concentration of 

Potassium Chloride to be used. 

During the workover operations, the workover 

fluid’s hydrostatic pressure must be maintained under 

control, with the goal that the formation damage generates 

a minimal effect. The filtration of the fluid prior to 

circulation into the well is necessary to prevent possible 

formation damages due to solids precipitation. 
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