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Abstract

Massive development of unconventional resources using hydraulic fracturing (HF) procedures, has been carried out since the last
three decades, with focus on Texas, USA, including the Eagle Ford (EF) play. International concerns have been raised regarding
water and environmental impacts closely related to shale production. The aim of this paper is to map spatio-temporal trends of HF
development (water use and well density) examining the entire production period in the EF. We used FracFocus as the main source
of HF information, from 2009 to 2017. Our database managed in Python, SAGA GIS and QGIS, comprised 15,013 oil and gas
well records. Statistical results show that median HF water use has been progressively increasing over time, from ∼18,000 m3/well
(2010) to ∼38,000 m3/well (2017). Mapping results illustrate that both well density and HF water use peaked in 2014, whereas the
area required for HF encompassed ∼16,800 km2 or ∼70% of the play surface area. We summarize our results in a public domain
dynamic GIS-based digital map.
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Resumen

El desarrollo masivo de recursos no convencionales de gas y aceite usando fracturamiento hidráulico (FH) se ha llevado a cabo des-
de hace tres décadas, con especial atención en Texas, EUA, incluida la Formación Eagle Ford (EF). Por lo anterior, se han generado
alarmas internacionales debido a los grandes volúmenes de agua e impactos ambientales relacionados con la extracción de gas y
aceite en lutitas. El objetivo de este artículo es cartografiar la tendencia espacio-temporal de los consumos de agua y la densidad
de pozos asociada al FH considerando todo el período de producción de la EF. Usamos FracFocus como la principal fuente de
información de 2009-2017. La base de datos manipulada en Python, SAGA GIS y QGIS constó de 15,013 registros de pozos de
gas y aceite. Los resultados estadísticos muestran que la mediana de los consumos para FH se ha incrementado progresivamente
con respecto al tiempo, de ∼18,000 m3/pozo (2010) a ∼38,000 m3/pozo (2017). Los resultados de la cartografía ilustran que el pico
de la densidad de pozos y consumos de agua ocurrió en el 2014, mientras que el desarrollo espacial del FH cubrió ∼16,800 km2 o
∼70 % del área superficial del play. Los resultados se presentan en un mapa dinámico disponible al público en formato SIG.
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1. Introduction

Hydraulic fracturing (HF), also known as hydrofracturing
or fracking, has become the standard procedure to develop hy-
drocarbon unconventional resources stored in clayey-based low
permeability reservoirs (Ikonnikova et al., 2016). Hydraulic-
related operations have allowed profitable extraction of gas and
liquid oil from shale and tight formations that four decades ago
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was nearly impossible to achieve. Novel advances in horizontal
drilling and HF stages have transformed the oil industry leading
to a new energy era: the shale revolution (Hughes, 2013). HF
involves the injection of a pressurized fluid composed by large
volumes of water (∼90%), sand and man-made chemical addi-
tives. Thus, international concerns have been raised regarding
water and environmental impacts closely related to shale pro-
duction, including surface and groundwater withdrawals, aquifer
pollution, baseflow decrease, air quality degradation, induced
seismicity during produced water disposal, landscape fragmen-
tation, changes in land use, threats to biota or human health
risks, among others (Arciniega-Esparza et al., 2017; Barcelo
and Bennett, 2016; Brittingham et al., 2014; Clancy et al., 2018;
Entrekin et al., 2018; Kim and Lu, 2018; Kondash et al., 2017;
Lee et al., 2016; Nicot et al., 2014; Rutqvist et al., 2013; Slo-
necker et al., 2012; Wolaver et al., 2018).

Large-scale expansion of shale gas/oil in Texas has been
carried out since ∼1990 with the development of the Barnett
play (central Texas), the main producer worldwide in the 2000s,
accounting for ∼66% of shale gas production in the US from
2007-2009 (Nicot and Scanlon, 2012). In Texas alone, 40,521
unconventional wells were drilled from 2008-2014 across the
major plays (Barnett, Eagle Ford, Haynesville and the Permian
Basin), which totaled ∼457 million m3 (Mm3) of water (Chen
and Carter, 2016) to satisfy HF procedures, i.e., HF water use.

The Eagle Ford play (∼24,000 km2) in central-south Texas,
which correlates with Cretaceous formations in northeast Mex-
ico within the Sabinas and Burgos basins, is a young play. Pro-
duction began in 2009 and currently totaled ∼15,000 unconven-
tional wells producing over 1 million barrels/day (EIA, 2017).
From 2009-2013, net water use accounted for 150 Mm3 to sat-
isfy 8,301 frac wells; mostly horizontals (Scanlon et al., 2014).
During 2009 to mid-2011, median HF water use was 16,100
m3/well (Nicot and Scanlon, 2012) whereas in 2016, this value
increased by a two-fold; that is ∼33,000 m3/well (Ikonnikova
et al., 2017). See Hammes et al. (2014) for a comprehensive
description of the geological and petrophysical details of the
Eagle Ford play.

Recent research has revealed the key role of water man-
agement in the shale production chain, comprising horizontal
drilling, hydrofracturing, flowback/recycling, produced water
disposal and surface/groundwater monitoring. Overall, pub-
lished literature discussing water footprint associated with the
Eagle Ford play development (e.g. Hernández-Espriú, et al.
2019; Gallegos et al., 2015), reflect short periods of time (i.e.,
2-5 years) and thus, spatio-temporal trends of HF water use
considering longer periods is comparative scarce (Kondash et
al., 2018).

The aim of this paper is to map spatio-temporal trends of
water use associated with the Eagle Ford Shale play develop-
ment in Texas, examining the entire production period, from
2009 to 2017. In addition, we aimed at estimating representa-
tive water use values vs time, to inform further HF water use re-
search in Mexico and other early-stage plays, worldwide, with
similar conditions.

2. Methods

FracFocus Chemical Disclosure Registry Version 3.0
(https://fracfocus.org/) was used as the main source of
information to depict spatio-temporal trends of HF water de-
mand in the Eagle Ford play, evaluated from 01 January 2009
to 31 December 2017.

FracFocus is a freely database managed by the Groundwater
Protection Council and the Interstate Oil and Gas Commission,
which provides oil and gas information from the US and some
parts of Canada, including fracturing start and end date, state,
county, API number (API = American Petroleum Institute), op-
erator name, well name, well latitude and longitude (NAD83
datum), true vertical depth, HF fluid composition expressed as
Chemical Abstract Service (CAS) numbers, and the total base
water volume. The latter was directly used as HF water con-
sumption or water use to satisfy shale production per well.

A dataset comprising 15,013 wells were explored in Mi-
crosoft Excel to detect inconsistences (i.e., missing values, in-
accurate units, etc). The modified dataset was then exported and
managed using advanced mathematical tools such as Python
(Python Core Team, 2015) by means of Pandas 0.20.3 (Mck-
inney and Team, 2015) and Seaborn 0.8.0 libraries (Waskom,
2017).

Spatio-temporal and statistical mapping analysis included:
(1) well density (i.e., number of wells per surface area) and
(2) HF water use evaluation. A 5x5 km2 vector layer grid was
defined covering the whole play extent, by using SAGA GIS
(Conrad et al. 2015) and QGIS (QGIS Development Team,
2018) spatial tools. The grid size was established in order to
improve the visual representation since spatial results in a 1x1
km2 grid were unreadable. Unconventional well counting per
year (2009-20017) was carried out by means of the Module
count points in polygons, in which FraFocus wells represent
the HF wells and the square grid, previously created, embodies
the polygon. Finally, well density (number of wells/km2) was
computed by dividing the number of wells/cell by the cell’s to-
tal area (25 km2).

Furthermore, we estimated total water use per year (2009-
2017), considering the sum of all wells/cell and the mean HF
water use/well. No distinction was made between vertical and
horizontal (e.g. laterals) wells, as this information is lacking in
FracFocus.

The associated geographical information system and related
maps were developed in QGIS. Plates 1 and 2 show the main
mapping outcomes of this assessment. The dynamic version of
the map can be visualized on the journal platform.

Finally, to show the significant impact of unconventional
hydrocarbon exploitation on the landscape we have included
two Landsat scenes in the dynamic map. We chose cloudless
scenes acquired before and after the beginning of the exploita-
tion by fracking of the Eagle Ford play. The initial scene is a
Landsat 7 image acquired on 09-26-2002 and the final scene
is a Landsat 8 acquired on 11-01-2018. The processing in-
cluded RGB band combinations to enhance the well platforms,
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the fracking wastewaters pools and the xerophytic vegetation.
We used bands 4, 3, and 2 for the Landsat 7 image and bands 5,
4, and 3 for the Landsat 8 image. A panchromatic enhancement
was also used.

3. Results

3.1. Statistical results

HF water use per well considering the production period
from 2009-2017 is shown in Figure 1. As noted, water con-
sumption/well has been progressively increasing over time, as
pointed out by previous studies (Ikonnikova et al., 2017). The
year 2009 was negligible for practical purposes, while total an-
nual HF water use peaked to ∼100 Mm3 in 2014 and since then
declined (Figure 1), related to oil price decrease in 2015-2016
(EIA, 2019).

9

Figure 1. Boxplots showing temporal trends of hydraulic fracturing water use
per well (103 m3) and cumulative annual HF water use (blue line) over time

(2009-2017). Diamonds refer to outlines.
Figura 1. Boxplots mostrando las tendencias temporales del uso de agua para
fracturamiento hidráulico por pozo (103 m3) y acumulado anual (línea azul)
para el periodo analizado (2009-2017). Los valores atípicos se representan

como diamantes.

In 2010 FracFocus registered only 5 frac wells using a mean
HF water demand of ∼18,000 m3/well. In contrast, four years
later, drilling increased spectacularly to ∼4,300 wells in 2014
demanding a mean volume of ∼23,600 m3/well, equaled to an
accumulated volume of ∼100 Mm3, play-wide, for that partic-
ular year.

Since 2014, HF water volume decreased in 2015 and 2016
to ∼70 and 46 Mm3, respectively, and increased again to 70
Mm3 in 2017 (Figure 1). However, mean HF water use per
well has been gradually growing to ∼28,500, 31,800 and 40,800
m3/well for 2015, 2016 and 2017, respectively. Over the eight-
year production period, HF water use ranged between 14,656-
32,257 m3/well (25th – 75th percentiles), whereas in the most
recent year (2017), HF water use fluctuated by 26,675-52,349
m3/well (25th – 75th percentiles).

Overall, total water use associated with the Eagle Ford play
development, totaled 392.73 Mm3. That is, for instance, the to-
tal groundwater abstracted in the state of Morelos during 2015
to satisfy a dominant percentage of irrigation, industry and do-
mestic supply (CONAGUA, 2016). Table 1 summarize these
outcomes.

3.2. Map synopsis

Spatio-temporal mapping for the period 2009-2017 of un-
conventional well density in the Eagle Ford play, expressed as
the number of unconventional wells per surface area (wells/km2),
is shown in Plate 1. Moreover, water use spatio-temporal map-
ping to satisfy HF production is displayed in Plate 2. Wells
density and HF water use were classified into a five class maps,
using a percentile-based rule to appreciate the statistical varia-
tion of the most critical development year (2014). The classes
in both maps follow the same color classification to compare
differences among both maps in terms of wells density and wa-
ter use.

Plate 1 shown that well density peaked in 2014 with a mean
value of ∼0.26 wells/ km2, which represented a ∼70% of the to-
tal play surface area partially covered by unconventional wells
in that year. In 2017, well density decreased to ∼0.21 wells/
km2 covering only ∼33% of the play area. Over the whole pro-
duction period, well density accounted for 0.16 well/ km2.

On the other hand, in concordance with the well density
map (Plate 1), HF water use also peaked in 2014 with a me-
dian value of ∼22,500 m3/well (Plate 2). Unconventional wells
that were fractured in 2014 using 30,000-40,000 m3 of water,
covered ∼9,100 km2 of the play (38%), followed by wells us-
ing less than 15,000 m3 (3,400 km2 or 14% of the play), or
wells consuming 40,000-50,000 m3 (3,350 km2; 14%). Fi-
nally, fracturing wells with the largest water use (> 50,000 m3)
were distributed along 900 km2, which is only ∼3% of the play
area. These figures suggest that HF development encompassed
∼16,800 km2 or ∼70% of the Eagle Ford play for 2014. In 2017,
HF extension decreased by more than half, to about ∼8,000
km2, or ∼33% of the play surface area.

4. Conclusions

We present a GIS-based, dynamic map showing spatio-tem-
poral trends of water use and well development linked to hy-
draulic fracturing in the Eagle Ford play (Texas, USA). Here,
we show spatio-temporal results at annual scale for the produc-
tion period from 2009 to 2017. For this, we used freely avail-
able data and open-source tools for managing, assessing and
linking spatial information.

From the statistical analysis we concluded that median HF
water use has been progressively increasing over time, from
∼18,000 m3/well (2010) to ∼38,000 m3/well (2017). On the
other hand, spatio-temporal analysis showed that both well den-
sity (wells/km2) and HF water use peaked in 2014, whereas HF
development encompassed ∼16,800 km2, equivalent to ∼70%
of the surface area, play-wide.

5. Map design

The map was configured in NAD83 projection (North Amer-
ican Datum 1983), using vector files developed by our research
team, derived from FracFocus information. We used Python
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and SAGA GIS for managing and assessing spatial information,
and QGIS for displaying the final plates, with the following fea-
tures:

• Scale 1:3,000,000

• Total area of 260,333 km2

• Graticule spacing: 1◦ 0′ 0”
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Plate 1. Well density spatio-temporal mapping linked to hydraulic fracturing across the Eagle Ford play (Texas) from 2009-2017.

Lámina 1. Mapa de la densidad espacio-temporal de pozos asociados al fracturamiento hidráulico en el play Eagle Ford (Texas) para el periodo 2009-2017.



Plate 2. Water use spatio-temporal mapping linked to hydraulic fracturing across the Eagle Ford play (Texas) from 2009-2017.

Lámina 2. Mapa espacio-temporal del uso de agua asociado al fracturamiento hidráulico en el play Eagle Ford (Texas) para el periodo 2009-2017.


