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Conflict resolution
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- Water
shortages and
infrastructure
development.

« Location: Turkey,
Gediz River Basin.

- Model: The multi-
objective
optimization and
heuristic methods
with dynamic
simulation

- Source: Fedra et
al. (2007),
Cetinkaya et al.
(2008)

Water markets and Pricing assigment
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- Design water
pricing policy.

- Location: Rio
Grande Basin, New
Mexico, USA

+ Model:
hydrological and
economical
analysis to
evaluate water
quality constraints

- Source: Ward and
Pulido-Velazquez
(2008, 2009)

Water distribution and use

- Water
Demand.

- Location: Neste
Basin, French.

- Model: economic
optimization.

- Source: Reynaud
y Leenhardt
(2008)

infrastructure

Water supply and expansién of the

- Water
preservation
and
infrastructure
expansion.

- Location: Jordan

« Model: stochastic
programming
model

- Source: Rosenberg
et al. (2008)
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Ground and underground water use

- Optimization
of ground-
water in an
integrated
system.

- Location: Israel
and South of
California, USA

- Model: economic
optimization
(demand curves)

- Source: Bear et al.
(1964), Bear and
Levin (1966,
1970), Harou and
Lund (2008)




2. Motivation

v" It concentrates 80% of the
population

v' 2% of population and generates 8%
of the national GDP
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country (137,000 bpd in 37 fields)

_ v" Second largest production region in the
Oil and Gas »
v" More refining capacity (300,000 bpd)
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The availability of water resources and variability (Morén et. al., 2013)
Water supply in Colombia (Rodriguez et. al., 2015)

Water Supply
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Figure 1. Water supply in Colombia. Source. Ideam. ENA. 2014

» Average performance of water in Colombia is 56 |/s-km?
» World average yield: 10 |/s-km?
» Performance Latin America: 21 |/s-km?
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| Total water demand

Water Demand Evaluated by: Department and Sector
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Figure 2. Water Demand per Departament in Colombia.
Source. Ideam. ENA. 2014
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Figure 3. Water Demand per Sector in Colombia. Source. [deam. ENA. 2014
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Aguilar et. al., Vayssaire et. al., 2008 ACP, 2008
1998 Rodriguez, 2012 Estrada, 2013
Avellaneda, 2003 Vargas, 2010
£ £
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Recovery pressure
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. . Low permeability Water injection (95%)
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'gh dept Fractured rock

. J/ . J

PhD Program

AR N ENGINEERING

INGENIERIR CIVIL

1986 = 20168 “co,que

Academic Programs in Civil and Agricultural Engineering WATER AND ENVIRONMENTAL ENGINEERING



> | 51 Productive Oil Wells
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D Shale oil and gas | Ecopetrol’s area :
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Oil Auction: Round Colombia 2014
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-] 60 millions L/day per well with recoveries of
15% to 70%

PhD Program

508 @ L L

1966 .J."E[@'"Eé)ﬂéﬁ% @l Academic Programs in Civil and Agricultural Engineering

Research Line

WATER AND ENVIRONMENTAL ENGINEERING



4 )

The effectiveness of

The scopeand measures and
manlfestatlons.of risk mechanisms to
and potential prevent and mitigate
damage to health the risks and
and the environment : .
impacts
_ L P J
s B A
Colombian State
Chemicals used capacities for
monitoring and
control
N Y - -
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IWRM: Water Use
Available Water supply | Water Demand

\ 4 -y
Sectors: To Optimize IWRM

Agricultural

, Restrict the water supply
Hydrologic Conditions: Domestic and availability:

1. Half Year Industrlal Ground
2. Wet Year /l Underground
Exploration processes an
3. Dry Year P P
Y Won of OI@
Volume and Quality

Volume and Quality =

(S
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e

\.

<
To conceive more efficient management tools in water management should social,

environmental and economic approaches be assigned?
J

(

\.

\

Could the economic cost of water be assigned differently to each use?

J

(

\.

Is the water use optimized in different sectors if the Organizations make a charge

associated with the impacts generated?
J

(

\.

S\
Hypothesis: The integrated management approach in determining the cost of water

associated with its use is a helpful tool in designing policies for water resource management
J
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To Analyze hydro-economic strategies Water
resources management
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In processes associated with exploration
and production of oil and gas.

.

r

To optimize the use of water resources:
Allocation and Prioritization

.
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PHASE I: PHASE 11: PHASE Il1: PHASE IV:
Organization of ] Hydrologic ==-1" | Interaction of Scenarios in [~={® Economic Valuation of
Information Characterization of System the Optimization Model Water
|
L 4 + l
. . ; Part a. Determination of Water L
ﬂhjecu-.:; tt.e Ei::;ﬁ;;::ﬂzi;::ﬁ; e Supply and Demand in the area h Objective 3: To optimize Objective 4: determine the cost
:‘:e ctudied area | associated with production ; economically the | associated with the water use
processes Hydrocarbons T
ACtivities: + 1
* * | Determination of the Interaction of scenarios Economic weighting for resource
Literature Filter of SR EL R zllocation by Sector and 5tage
Review Information Determination of #= | Hidrological l
—
¥ T Water Demand »| Economical Determination of
=) o
Topics: Mﬂl‘lﬂ‘d? Opportunity Cost- Allocation
—»| Temperature g Social of marginal value
Hydro-econocmic and +
maodels Precipitation Part b. Analysis of quality *
Sl el - . ] water produced Generation of tool to aid
. oonaric: " w u '
water demand pricing l 4 decision making in IWRM
Integral F— Determine the use
Management of | Land Uses of water produced
Resource ¥
MODEL MULTI-CRITERIA
Finding the optimal allocation of
= Analysis of availability

each interaction
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