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THE EFFECTS OF OIL OPERATIONS ON THE 
PACAYACU AND SACHA RIVER WATERSHEDS IN 
THE ECUADORIAN AMAzON

Darryl Nevels

ABSTRACT:  Since 1964 the northeast Ecuadorian Amazon has been afflicted by neglectful oil 
operations resulting in the degradation of vital ecological functions. Local residents and in-
digenous people have concerns that the improper disposal of oil and extraction byproducts are 
impacting their drinking water and causing negative health effects. This study focuses on the 
Pacayacu and Sacha River watersheds in the affected region. Statistical analysis and geographic 
information systems were used to map and operationalize spatial variables concerning the quality 
of drinking water and oil operations. The results expose significant correlations between inferior 
water quality and the location of oil sites/infrastructure. In order to improve the quality of life for 
local communities, policies aimed at diverting infrastructure development away from affected ar-
eas must be created; conservation efforts must be expanded, and incentive programs established., 
Expanding conservation efforts, and establishing incentive programs is necessary to improve the 
quality of life for local communities. The implementation of these policies would limit people’s 
exposure to polluted water while advancing restoration efforts and restoring ecological functions.

Introduction

Beginning in 1964, the Texaco 
Corporation, and years later Petro- 

Ecuador (a state-sponsored Ecuadorian  
company), carried out intensive oil op-
erations in the northeastern region of the  
Ecuadorian Amazon. In order to reduce 
production costs, Texaco neglected proper 
environmental safety measures by dump-
ing crude and by-products into pits and 
head waters, while occasionally burning 
them (Sawyer, 2004, p. 101). People who 
live in the region near production sites have 
concerns that their main source of drinking 
water, mainly wells and streams, may be  
affected by oil pollution, ultimately caus-
ing health problems (Sebastian & Hurtig, 
2004, p. 802). The purpose of this research 
is to assess water quality at both community 

and household levels in the northeastern  
Ecuadorian Amazon, an area that has been 
affected by oil extraction for nearly fifty 
years. Research indicates that there are 
strong correlations between poor water 
quality and oil pollution.

Streams and rivers have been considered con-
venient means of clearing and carrying wastes 
as well as transporting various forms of pe-
troleum and crude oil from discharge points. 
‘Similar’ oil producing communities have 
been faced with abnormal environmental deg-
radation associated with oil pollution of the 
environment resulting from refinery effluent. 
(Nduka & Orisakwe, 2007, p. 411).

Water quality parameters such as Dis-
solved Oxygen (DO), temperature, pH, tur-
bidity, and conductivity can all be affected 
by the presence of oil contamination (Ndu-
ka & Orisakwe, 2007, p. 867). DO is the 
solubility1 of oxygen in water. Water rich 
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in oxygen is a necessity for the survival of 
plant and animal life, and shares an inverse 
relationship2 with temperature. The amount 
of DO in water polluted with oil is often 
low when microbes consume hydrocarbons 
(Joye, MacDonald, Leifer & Asper, 2011  
p. 163). When pollution and resource  
harvesting along stream banks intensifies, 
the loss of plant life exposes water to more 
sunlight, causing increased water tempera-
tures. The indication of basicity or acidity 
of water can be measured with a pH scale. 
Oil contaminated waters exhibit low pH  
values indicating acidic conditions. Turbidity  
refers to the amount of light that can pene-
trate water. Water with high turbidity levels 
can affect photosynthesis and the produc-
tion of oxygen. Conductivity is the ability of  
water to pass electrical current, which is 
often low in the presence of oil (Brooks,  
Folliott, Gregersen, & DeBanon, 2003  
p. 264-272).

The purpose of this study is to gain a gen-
eral understanding of water quality within 
the Pacayacu and Sacha River watersheds, 
and to determine if there are any correla-
tions between water quality and the proxim-
ity of oil infrastructures. This information 
is intended to provide local agencies, such 
as Ecuador’s Ministry of the Environment, 
with an initial baseline of water quality in 
oil operation areas. With this information, 
local agencies will be able to create policies 
and standards to improve drinking water 
and develop an infrastructure for water dis-
tribution. The Minister of the Environment 
has implemented similar initiatives, such as 
the Socio Bosque program, aimed at reduc-
ing deforestation. This program provides 
direct monetary incentives in which land  

owners are paid per hectare when they agree 
to conserve native forests and ecosystems 
on their property. Initiatives to conserve  
forests and alleviate poverty like those 
found in the Socio Bosque program could be 
tailored to improve water quality. Providing 
inhabitants with alternative drinking water 
sources, such as rain barrels in exchange for  
conservation efforts would dramati-
cally decrease exposure to water with  
inferior quality.  While the promotion of forest  
conservation would decrease deforestation,  
ultimately improving water cycle regu-
lation.  Another result of this program is 
the “implementation of territorial plan-
ning, capacity building, and strengthen-
ing of legal and institutional frameworks”  
(Koning, et al., 2011, p. 533). One of the 
most prominent ways to decrease exposure 
to low-grade drinking water is to implement 
policies that, similar to the Socio Bosque 
program, promote community involvement 
and discourage building infrastructures near 
areas affected by oil operations (Koning, et 
al., 2011, p. 533).  

Methods and Data

My hypothesis can be formalized as a 
mathematical equation wherein each water 
quality parameter at site i (WPi) can be ex-
pressed as a function of distance from oil 
production features (DisOilPj) and local 
topography (Topoi).

WPi=f((DisOilPj),(Topoi))
 
Specifically, this equation is a linear  
regression model of the following form:

Nevels

1Solubility refers to the amount of oxygen that is dissolved in water or the amount of oxygen held in water. 
2Inverse relationships indicate an increase of a particular variable resulting in the decrease of another. 
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WPi=a+b1DisOilPj+b2Elevationi+b3Slopei+ 
b4Curvaturei

where WPi equals water quality parameters 
such as turbidity, conductivity, dissolved 
oxygen, temperature, and pH at site i. 
DisOilPj equals distance from oil produc-
tion features corresponding to oil wells, re-
sidual oil pools, and pipelines at site j, and 
Topoi equals topographical characteristics 
such as slope, elevation, and curvature at 
site i. 

The spatial relationship of tested water 
sites from oil features and the effect distance 
had on water quality was one of the vari-
ables that my hypothesis aimed to explore. 
However, it was necessary to determine if 
other factors influenced the parameters of 
the water quality tested.  These independent 
topological variables are known to contrib-
ute to varying water-quality parameters. 
The slope is the steepness or incline of the 
earth’s surface, while curvature indicates 
the type of surface. A slope is not always 
a straight line; often it displays a variety 
of curvatures that influence the speed of  
water flow or promote stagnation, thus  
ultimately influencing certain water char-
acteristics. Elevation provides the height 
above a geographical reference point.  
Different elevations often demonstrate wa-
ter quality variations. I was interested in  
including all of these variables to rationalize 
the most influential element contributing to 
each parameter’s assessment.  

The initial phase of this research focused 
on collecting fifty-five georeferenced3 
water samples within the Pacayacu and  
Sacha River watersheds, where oil  

operations have taken place. The water 
quality data collected included the same 
five indicators previously discussed. For 
the purpose of comparing the results to  
water quality standards, it was necessary to  
create a comparison table with means (n=55)  
presented as ± 1 standard deviation. 
The chosen research methods included  
interviews with local inhabitants, sample 
gathering, and documenting analysis. This 
method was significant for locating areas 
near oil operations, which are often coupled 
with people experiencing illness, and testing 
samples as soon as they were collected to 
ensure accuracy. Inferior water quality was 
expected due to the region’s oil-production 
history; however, the level of quality and 
the spatial analysis related to quality were 
unknown.   

To maximize the detection of previously 
unnoticed oil features within each water-
shed, I use remote sensing in the form of 
satellite images to locate oil wells, oil 
pools, and areas of interest that appear as  
rectangular clearings in forests near oil 
wells indicating oil operations (Google 
Earth, 2011).  

 After collecting the data, a colleague 
and I entered the information into two  
corresponding watershed tables. The 
next step was to utilize Geographic  
Information System (GIS) software to map 
and operationalize spatial variables, such 
as path-distance and topographic factors in  
order to find the exact distances between 
sample sites and oil production infrastruc-
tures. The purpose was to determine the 
relationship between water quality and 
distance from oil operations. I started this 
process by using Esri ArcGIS with a Digital 

The Effects of Oil Operations

3 Georeferencing, in this case, is the act of defining the location of a particular sample site in physical space.
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Elevation Model, which is a representation 
of the terrain within the two watersheds, 
and used standard GIS functions to obtain 
accurate topographic measurements such as 
slope, elevation, and curvature.

To distinguish watersheds for indi-
vidual analysis, it was necessary to iso-
late each watershed with its perspective  
boundaries by using the editing tool to define  
boundaries manually. After defining the 
boundaries and setting the extent of analysis  
according to the watershed with which I was  
working, I chose to map the water sam-
ple sites and oil operation features using  
ArcGIS due to its spatial analysis capa-
bilities. This allowed me to determine if  
distance from oil operations had any effect 
on water quality while including topograph-
ic elements. Once I completed the analysis, 
I simplified my maps to visually demon-
strate the quality of each parameter tested in  
relation to the spatial distribution of testing 
sites and oil operations.  

After completing the maps and tables, 
I started statistical analysis  using predic-
tive analytics software (PASW) statistics 
to run bivariate correlations4 and linear re-
gressions5 in order to find relationships be-
tween variables. Before starting the analysis 
of the data, both watersheds were grouped 
together, each with their own correspond-
ing identification number.  The Sacha River  
watershed was assigned a value of one and 
the Pacayacu River watershed a value of 
two.  First, I ran the bivariate correlation 
test to find correlations between distanc-
es, all of the topological features, and the 
water quality values. The equation for the 
Pearson’s6 correlation coefficient I used in 
calculating the bivariate test was: 

Nevels

4A bivariate correlation is measurement of correlation or strength of relationship between two variables.  
5Stepwise linear regressions calculate multiple models to find the strongest correlation between variables by 
continually removing the weakest correlations.  
6The Pearson’s correlation coefficient is the measurement of correlation between two values or variables. 
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Where r is the Pearson’s correlation coef-
ficient, x is the independent variable, y is 
the dependent variable, and n represents the 
sample size. 

I then ran a series of stepwise linear re-
gressions using each of the water quality pa-
rameters as my dependent variables against 
the topographic variables and distances to 
oil features. The stepwise linear regression 
in PASW statistics works by entering or re-
moving variables in the multiple variable 
equation featured conceptually at the begin-
ning of this section, ultimately determining 
the strongest correlations between variables. 

Results

Test results indicate that drinking  
water samples collected in the Pacayacu and 
Sacha River watersheds are not within the 
quality parameters set by international and 
national environmental agencies. 

The dependent variables of pH, dis-
solved oxygen, turbidity, conductivity, and  
temperature differed considerably between 
sites. Calculating the independent variables,  
elevation, slope, curvature, and path  

distance, was an integral part of under-
standing these differences, as independent  
variables often influence the depen-
dent variables. The scale of pH ranges 
from zero, which is extremely acidic, to  
fourteen, which is very alkaline. The  
basic understanding of slope comes from 
the notion that higher numbers correlatively 
respond to more incline. Curvature can be 
understood as a linear value of zero where 
a negative value is considered concave and 
a positive value is considered convex. All 
other variables include their units of mea-
surement. 

The subsequent maps feature dependent 
water quality variables tested in relation 
to the position of oil operation sites in the  
Pacayacu and Sacha River watersheds. As 
water flows from north to south, through 
and near operation sites, it is apparent that 
each water quality parameter varies.

The Effects of Oil Operations
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Figure 1a: Water quality Sample Sites and Oil Features in the Pacayacu River Watershed
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Figure 1b: Water quality Sample Sites and Oil Features in the Pacayacu River Watershed
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Figure 2a: Water quality Sample Sites and Oil Features in the Sacha River Watershed
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Figure 2b: Water quality Sample Sites and Oil Features in the Sacha River Watershed
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Bivariate correlations between water qual-
ity parameters, topographical features, and 
oil features are represented below. Signifi-
cant correlations between distances from oil 
operations were found in regards to temper-
ature and dissolved oxygen. In other words, 
the further water was from oil operations, 
the better the temperature and DO quality. 

Table 4 displays the correlations between 
water quality parameters and distance to oil 
operations using stepwise linear regressions. 
Distance from oil operations was found to 
be the main variable contributing to more 
appropriate drinking water parameters for 
temperature, DO, and pH. 

 
 
 

Conclusion  

This study indicates that oil operations, 
which include oil pools, oil wells, and areas 
that have been cleared for operations identi-
fied as areas of interest, have an association 
with potable water within both watersheds. 
This link is clearly evident when referring 
to Table 1 where drinking-water parameters 
were compared to drinking-quality stan-
dards. All of the water-quality variables’ 
means were outside of the recommended 
drinking-level ranges. According to the re-
sults of the bivariate analysis and linear re-
gression, significant correlations between 
three of the dependent variables (DO, tem-
perature, and pH) and distance from oil op-
erations were found. The maps demonstrate 
water quality variations of all five dependent 

Table 3: Bivariate Correlations Between Water quality Parameters

  Table 4: Stepwise Linear Regression Results

Nevels
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variables while showing their locations in 
contrast to oil operations. 

The greater implications of this study 
come from the degree to which oil opera-
tions within the micro-watersheds affect 
water qualities, further oil and community 
developments, and the distribution of infra-
structures. Many families inhabiting rural 
areas of the northeast Ecuadorian Amazon 
live on farms that are too small to provide 
sustainable living, and are thus affected 
by unequal land distribution and poverty  
(Murphy, Bilsborrow, & Pichön, 1997, p. 
37). In other words, they do not have the 
monetary resources to relocate away from 
oil operations, nor do they have access to the 
physical resources to limit their exposure to 
inferior water quality.  The creation of poli-
cies similar to the Socio Bosque program 
aimed at conservation, poverty alleviation, 
and infrastructure planning while focusing 
on water quality would greatly benefit rural 
communities.  

Oil companies, communities, and gov-
ernment can also work to reduce the long-
term consequences of oil exploitation and 
extraction by creating no-drilling policies 
and enforcing water-quality standards. 
There are currently no standards enforced 
for potable water within these regions.  
Although oil production is the leading 
source of revenue for Ecuador, accept-
ing money to keep oil underground could 
be a viable option.  Programs like the  
Yasuni-ITT Initiative, wherein the  
international community donates money to 
keep oil from being extracted in an effort to 
preserve and conserve biodiversity, could 
be expanded to include already affected  
areas (Martin, 2011, p. 22).       

A major factor that will decrease expo-
sure to low-grade drinking water is to ab-

stain from building houses, schools, and 
other public facilities in affected areas. 
If government agencies, developers, and  
community members are better educated on the  
correlations between oil-production fea-
tures and areas of human housing, more 
can be done to change zoning and building 
practices that limit the possibility of being 
exposed to substandard drinking water. 
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