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Summary: Oil companies operating in the Ecuadorian Amazon Basin have increased their 

effort to inject saline, hydrocarbon-contaminated production waters, thus decreasing the 

negative impact of their activity on the ecosystem and surface waters. 

Geological and numerical modeling and simulation and its implementation in a dedicated 

information system are the most effective tools to manage the aquifers in order to: 

- protect fresh aquifers; 

- use production water for oil reservoir pressure maintenance; 

- recuperate the areas affected by surface or downhole pollution. 

The Tena and Napo formations reservoirs are suitable to use for pressure maintenance and 

water disposal. Napo has the capacity to receive the produced water; this could also help to 

maintain the oil reservoirs pressure.  

The Hollin Formation and above Tena Formation aquifers must be preserved, at least until 

further studies prove otherwise. If the Napo and Tena Formations do not receive all the 

produced water then, it seems more logical to sacrifice the Hollin reservoir: this is a down 

deep reservoir; most of the old wells will, sooner or later, leak water from the Napo to the 

Hollin Formation. 

It is suggested that water injection in Tiyuyacu Formation reservoirs should be suspended 

until the conclusion of further studies. 
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In a worldwide context in which the protection of surface and underground fresh waters is of 

paramount importance, the oil companies currently operating in Ecuador have increased their 

effort to inject saline, hydrocarbon-contaminated production waters, thus decreasing the 

negative impact of their activity in the ecosystem and surface waters.  

However, only part of the production water generated by oil extraction activity in the 

Ecuadorian Amazon is injected (in the aquifers of Tertiary formations), the remaining volume 

(including drilling sludge and drilling test effluents) being discharged without bio-chemical 

treatment into the streams and swamps of the region. In addition, water injection needs to be 

studied in greater detail in order to minimize the possibility of destroying underground fresh 

water resources.  

The PETRAMAZ project, a joint effort by the European Union and the Government of 

Ecuador, aims to prevent and mitigate the environmental impacts of the oil-related activities 

in three protected areas of the Amazon region. The project has the following general 

objectives: 

- to protect the environment and natural resources; 

- to specifically preserve a strategic underground water reserve for future generations and 

- to obtain a better recovery of oil. 
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To attain those objectives, a simulation of the impact of production water injection in the 

aquifers of the Ecuadorian Amazon Basin was needed. That simulation includes the design, 

implementation and routine use of a geological model and a numerical model of the effects – 

static and dynamic - of the injection of production waters in selected reservoirs of the Cuenca 

Oriente
3
 region, including part of the sub-Andean zone. The simulation area is defined by: 

NW corner - 78º00’ W, 0º30’ N, SW corner - 78º00’ W, 2º30’ S, SE corner - 75º00’ W, 2º30’ 

S, NE corner - 75º00’ W, 0º30’ S. 

The simulation includes the reservoirs from the base of Hollin Formation up to the surface. 

Roughly 150 of the over 2.000 (production or exploration) wells drilled in the area were 

selected to build the needed data bank based on their location, local well density and reservoir 

information content. 

1 Methodology 

Pollution of either surface or downhole aquifers in the Cuenca Oriente is mostly due to oil 

operations. Judging from the reports about the problem there are two serious sources of 

pollution of the aquifers: 

- the surface pollution coming from oil spills, oil separation water and drilling sludge 

dumped into the open; 

- the down hole pollution due to behind case leakage and injection of oil separation water 

into fresh water aquifers. 

The recommended practical tool to deal with the problem is an Aquifer Numerical Model, 

used to predict and monitor the results of all the water-impacting operations either downhole 

or at surface. A reliable Geological Model is a fundamental, a priori, piece for the 

development of the Numerical Model.  

In order to collect, manage, analyse and visualize the information of the Geological and 

Numerical Models it is mandatory to create a dedicated information system, with a database 

with all the relevant geological, physical, petrophysical, water and oil production information. 

There is no need to develop a specific model simulator for the Cuenca Oriente. The needed 

tools (models) exist in the market as well as the adequate hardware. The collection of reliable 

data to feed into the model in an appropriate way is then the most critical step of the project to 

be done beforehand. 

Given the fact that hardware, software and human resources are available and accessible 

(from a budget point of view), the project’s feasibility is then only dependent of the existence 

and access to relevant data to feed the models.  

A project work program in four main steps was established: 

1. Data preparation that includes data gathering, data screening and data validation; 

2. Creation of an Information System to manage all the validated data; 

3. Implementation and validation of the geological and numerical models; 

4. Application to the field scenarios: 

a) Cuenca Oriente regional scenario 

b) Oil field scenarios (City case) 
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Figure 1 – A framework for model applications – Zheng & Bennet (1995). 



 

1.1 Geological model of the Cuenca Oriente 

The activities involved in the development of the Cuenca Oriente geological model include: 

1) Data acquisition: 

a) Definition of the area concerned. 

b) Definition of the lower horizon to 

be considered. 

c) Definition of the key wells with 

information relative to: 

i) Key reservoir parameters per 

well, indicating: 

(1) Type (fresh, saline or brine) 

and density of water. 

(2) Porosity, permeability and 

temperature. 

ii) Outcrops limits. 

iii) Key structural and stratigraphic 

features at each reservoir level, 

indicating: 

(1) Faults. 

(2) Pinchouts and lateral 

changes. 

2) Data screening: 

a) Quality assessment. 

b) Correction and selection of data to 

be used. 

c) Selection of software: 

d)  Constraints (due to data) 

e) Features required (flexibility, easy 

use, upgradable) 

f) Outputs and routines. 

3) Model implementation: 

a) Start up. 

b) Selected data input. 

c) Model run. 

d) Results visualization. 

e) Model tuning in order to obtain the 

required quality. 

4) Model presentation, approval and 

training: 

a) Approval of the model by the 

interested authorities. 

b) Training and capacitation. 

5) Routine running and updating. 

1.2 Numerical model of the Cuenca Oriente aquifers 

The activities involved in the development of the Cuenca Oriente aquifers numerical model 

include: 

1) Data acquisition: 

a) Data from the geological model. 

b) Definition of the reference datum at 

each water reservoir. 

c) Information relative to: 

i) Pressure at reference datum, initial 

and at present date. 

ii) Flowing pressure at reference 

wells. 

iii) Temperature at reference datum. 

iv) Water and formation 

compressibility and viscosity at 

datum conditions. 

d) Water balance: 

i) Start up date of production and or 

injection. 

ii) Production from each reservoir 

per well. 

iii) Injection at each reservoir per 

well. 

iv) Assumed recharge at each 

reservoir through outcrops. 

v) Cumulative production and or 

injection at each well. 

e) Time interval to update data. 

2) Data screening: 

a) Quality assessment. 

b) Correction and selection of data to be 

used. 

3) Selection of software: 

a)  Constraints (due to data) 

b) Features required (flexibility, easy 

use) 

c) Required outputs. 

4) Model implementation: 

a) Start up. 

b) Selected data input. 

c) Model run. 

d) Results visualization. 

e) Model tuning in order to obtain the 

required quality. 

5) Model presentation, approval and 

training: 

a) Approval of the model by the 

interested authorities. 



 

b) Training. 6) Routine running and updating. 

1.3 Geological and numerical modeling of a selected oil field 

1) Geological modeling: 

a) Data acquisition and integration with 

the Cuenca Oriente geological model. 

b) Data screening. 

c) Model implementation: 

i) Start up. 

ii) Selected data input. 

iii) Model run. 

iv) Results visualization. 

v) Model tuning. 

d) Model presentation and training 

e) Routine running and updating. 

2) Numerical modeling: 

a) Data acquisition: 

i) From the field’s geological model. 

ii) From the Cuenca Oriente 

numerical model. 

iii) From the field’s hydrogeological 

properties. 

b) Data screening. 

c) Model implementation: 

i) Start up. 

ii) Selected data input. 

iii) Model run. 

iv) Results visualization. 

v) Model tuning. 

d) Model presentation and training 

e) Routine running and updating. 

1.4 Formation water studies 

The formation water studies includes: 

1) Water basic properties data collection: 

a) Mean density at each reservoir datum. 

b) Chemical composition. 

c) Compressibility. 

d) Viscosity. 

2) Water compatibility studies: 

a) Compatibility between the different 

saline waters of each reservoir and the 

oil-bearing formation waters. 

b) Problems of scaling, corrosion and 

bacteria for the different useful 

mixings. 

1.5 Water management simulation 

The final component of this project is a water management simulation based on the built 

models, including:  

1) Water use scenarios: 

a) Present situation – current water 

management practices. 

b) Injection of all the produced brines in 

oil reservoirs. 

c) Split the injected of brines between 

oil reservoirs and non risky salt 

aquifers or other “useless”– 

extremelly deep and/or contaminated 

or contamination-prone) - aquifers. 

2) Simulation of selected scenarios: 

a) Data input. 

b) Model run. 

c) Results visualization. 

d) Interpretation. 

3) Recommendations. 

2 Geological setting 

The Republic of Ecuador lies in the western coast of South America, between Colombia and 

Peru. The country is geographically dominated by the Andes, dividing the Ecuadorian 

mainland in three natural regions that reflect fundamentally different geological 

environments: the Coast, the Sierra (the Andes) and the Oriente (the East) - the Cuenca 
Oriente, part of the Upper Amazon Basin.  



 

The Cuenca Oriente Basin occupies an area of approximately 100.000 km
2
. This basin is one 

of the foreland/back arc basins forming the Sub-Andean province
4
, which separates the Pre-

Cambrian Guyana and Brazilian shields from the Andean cordillera. 

2.1 The Cuenca Oriente  

The Cuenca Oriente
5
 is limited in the north by the southern Colombian Vaupes Swell and in 

the south by the Contaya Arch in northern Peru. These east-west basement highs separate it 

from the Llano and Middle Ucayali Basins, respectively in Colombia and Peru. 

 

 
Figure 2 – Structural cross-section (E-W) of the Cuenca Oriente – Rivadeneira & Baby (1999). 

The Oriente Basin is strongly asymmetrical; it has steeper western and gently steeping eastern 

flanks.  The basin axis has an approximately N-S direction and its depocenter in northern Peru 

has a Tertiary and Cretaceous sediments’ thickness of over 5.000 m.  

2.1.1 Basin geology 

The Cuenca Oriente is a sequence of Mesozoic to Tertiary sediments that were deposited by a 

succession of sedimentary cycles separated by erosional periods. Marine conditions prevailed 

in the Lower Jurassic and Upper Cretaceous, whereas the Upper Jurassic-Lower Cretaceous 

and Tertiary sediments are mainly of brackish/fresh-water or continent origin. Some Pre-

Cambric more or less metamorphosed and some Paleozoic rocks may occur in some outcrops 

or underneath Mesozoic and Tertiary sediments. The relevant schematic geological 

information about this basin is presented in Figure 2. 

3 The information system architecture 

Geological and numerical models are essential tools for decision makers at the DNH – 

Direción Nacional de Hidrocarburos
6
, implying the constitution of a specialized information 

system, both for the accomplishment of immediate objectives and as a future management 

tool of the Cuenca Oriente aquifers. 

This chapter presents a brief description of the designed and implemented information system 

architecture: 

- Software – see below. 

- Hardware – see 3.2 Hardware, pp. 7. 

- Information – see 3.4 The geological, reservoir and production/injection database, pp. 8. 

- Human resources – see 3.3 Human resources, pp. 7. 
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3.1 Software 

 

Function 

 

 

Software package 

Data warehouse 

 

EQUIS Geology and 

Chemistry 

Interface 

 

EQUIS interface with 

Groundwater Vistas 

Interface 

 

EQUIS interface with 

ArcView 

Interface 

 

EQUIS interface with 

EVS 

Interface 

 

EQUIS interface with 

gINT (Logwriter+) 

Log plotter 

 

GINT (Logwriter +) 

Geological modeling 

 

EVS-PRO 

Aquifer modeling 

 

Groundwater Vistas 

Mapping software 

 

ArcView 3.2 

Quantitative data 

analysis 

SURFER 

Table 1 – Software applications and functions. 

The project’s objectives imply the 

implementation of an integrated set of 

specialized software applications for the 

geological and numerical modeling and 

management of the Cuenca Oriente aquifers. 

The system’s functions and the corresponding 

selected packages are presented in Table 1 – 

see also Figure 3. 

3.2 Hardware 

DNH – Dirección Nacional de 

Hidrocarburos information system hardware 

first phase implementation requires the 

following items: 

- One Windows based workstation with the 

following general characteristics: 

 Powerful enough to handle large data 
sets (for the geological and aquifers 

models).  

 A large screen monitor. 

- Backup and data loading peripherals. 

- One standard inkjet printer. 

- One large format inkjet plotter (A0 size). 
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Figure 3 – Designed geological and numerical management information system – data storage, visualization  and analysis modules 

and information flows. 

3.3 Human resources 

Given the innovative character this type of project configures in the Ecuadorian oil industry, it 

was believed necessary to train DNH technicians in the methodology, techniques and 



 

applications used for the geological and numerical modeling and the management of the 

Cuenca Oriente aquifers. 

The training occurred in several periods in Quito (Ecuador) and Lisbon (Portugal) and 

involved five technicians from DNH. Part of the training (and data input and analysis) effort 

also involved ten junior engineers/geologists or graduating students. 

3.4 The geological, reservoir and production/injection database 

The reservoir and production blocks data for the Geological and Numerical Models are 

imported to the information system data warehouse application (Equis Geology and Equis 

Chemistry). 

Over 150 oil exploration/production wells were selected as the basic data source of this 

project. The information needed for the geological model was collected from the 

- Drilling logs with site geologist report. 

- Schlumberger logs. 

Other information used in the geological model design included: 

- Field studies (comprehensive or synthetic). 

- Basin studies. 

The database information was divided in three main blocks: geological data, reservoir data 

and production data. 

4 The Cuenca Oriente case 

The area concerned in this study comprises the Oriente Basin, including the sub-Andean zone 

and is defined by: 

- NW corner: 78º00’ W, 0º30’ N. 

- SW corner: 78º00’ W, 2º30’ S. 

- SE corner: 75º00’ W, 2º30’ S. 

- NE corner: 75º00’ W, 0º30’ N. 

The depth concerned and reservoirs to simulate include all down to the base of the Hollin 

Formation. 

4.1 Geological model 

Information contained in the built data bank is imported into the different software 

applications (of which EVS-PRO is nuclear in the geological modeling) and analyzed in order 

to obtain: 

- the geological log diagram; 

- the isobaths at the top of each relevant aquifer; 

- the isopcahs of the main geologic post-Jurassic units; 

- the isopachs of each relevant aquifer. 

The model will need to satisfy the basic geological framework of the Cuenca Oriente and its 

results to be validated by expert judgement and data from origins not contained in the created 

database (e.g. seismical sections). 

The results will be presented in industry standard representations, using the available software 

(namely EVS-PRO, ArcView and SURFER). 

The isobaths and isopachs of each relevant aquifer and formation are presented in  

4.2 Numerical Model 

After the completion of the geological model design, validation and approval process, 
resulting in the definition of lithologies and geometrical constraints, it is then be possible to 

build and use the numerical model. 

The simulation network configuration is defined by: 



 

- Square grid. 

- Regular spacing grid: 10 km x 10 km. 

4.2.1 Scenarios 

As stated in the objectives, the numerical model will be useful:  

- to have a practical tool to assist in the management of the aquifers related with the oil 

operations; 

- to protect both the shallow and deep the fresh water sands aquifers either the shallow and 

the deep ones from oil and other types/sources of pollution. 

The useful scenarios would therefore include: 

- Scenario A - the present situation. 

- Scenario B - the injection of all the produced brines into oil reservoir for pressure 

maintenance or only for disposal. 

- Scenario C - the split of the injection of all the produced brines between oil reservoirs 

(water leg or in spot) and/or non-risky salt aquifers.      

The non-risky scenarios correspond to the injection of contaminated water in the Napo and 

Tena Formations aquifers. Hollin, Tiyuyacu and overlying formations aquifers need to be 

considered safe after interpretation of the results obtained in the Regional (Cuenca Oriente) 

Model. 

In order to assist water injection decisions and for the sake of being sure about the 

compatibility of the injected and indigenous waters some water compatibility studies were 

recommended. 

5 Conclusions and recommendations 

This project is of paramount importance for the management of both salt and fresh aquifers in 

the Cuenca Oriente. In addition, after completion, it will be a permanent tool for the 

prevention and the cure of the aquifers pollution. 

Unfortunately it was not possible to complete all the Program as initially intended. 

Two of the four steps were fully accomplished, that is: 

1. Data preparation that includes data gathering, data screening and data validation; 

2. The creation of an Information System to manage all the validated data. 

The third step - implementation and validation of the Geological and Numerical Model was 

only partially completed, and the fourth step - application to the Field Scenarios will need to 

be implemented by the local staff latter on. 

For this purpose software and hardware is in place with enough technical and operational 

information to be used by local technicians (for ex. the junior engineers that were trained for 

this objective). 

Meanwhile, at this point of the work there are some important conclusions that can be derived 

from the studies done. The conclusions are: 

- It is not sure that important fresh aquifers as Hollin and Tiyuyacu are closed aquifers. 

- The same could apply to less important Orteguaza water reservoir. 

In fact, the analysis of the pressure gradients and geological pattern suggests that the 

reservoirs between the top Hollin and base Tiyuyacu (Napo and Tina Formations) are more or 

less insulated, forming a pressure system unit that has an independent pressure behavior. They 

behave as a quasi pressure closed system. Pressure gradients in this hydraulic pressure unit are 

higher due to the higher water salinity (up to 70.000 ppm). 

Hollin reservoir and aquifers above Upper Tena present a different pressure gradient behavior, 

suggesting that all these reservoirs have a hydraulic connection to the surface. It happens that 

all these are fresh aquifers. 



 

This hypothetical behavior will be checked through the numerical model and, if verified, it 

will have a very important operational implication on oil reservoir pressure maintenance and 

water disposal practice. This means that all the reservoirs within Tena and Napo domains are 

suitable to be used for pressure maintenance and water disposal. In addition, Hollin and above 

Tena aquifers must be preserved, at least until further studies prove otherwise. 

As a consequence, it is suggested that the water injection in Tiyuyacu should be suspended 

until the conclusion of those studies. 

In fact, Napo has enough capacity to receive all the produced water and additionally this 

could help to maintain the pressure of oil reservoirs. If, for operational and economical 

reasons, injection in Napo Formation does not receive all the produced water then, form the 

authors’ point of view, it seems more logical to sacrifice the Hollin reservoir. Because the 

Hollin Formation is a down deep reservoir most of the old wells will, sooner or later, leak 

water from the Napo to the Hollin Formation. 

The Mio-Pliocene and Quaternary reservoirs are for sure water table reservoirs in important 

areas of the Cuenca where the oil operations are developed and must be protected and cured if 

polluted. 

And again as for the Hollin, Tiyuyacu and Orteguaza the Numerical Simulation is at the 

present state of the art fhe best, the finest and the most effective tool to the wise management 

of the aquifers in the sense of: 

- the efficient use of the water for pressure maintenance and disposal; 

- the protection of the fresh aquifers that must be preserved; 

- the recuperation of the areas that were affected by surface or downhole pollution. 

The authors strongly recommend the conclusion of the project by local technicians in order to 

be possible to use the models help the management and control of the future water operations 

at the surface and in the underground. 
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