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ABSTRACT

Sectioning is one of the key mitigation strategies in pipeline transport of liquid hydrocarbons. The valves
located along pipelines reduce the maximum volume that may be spilled decreasing economic, social
and environmental losses. Defining the location and number of valves in a specific pipeline section is a
challenging decision due to the countless combinations of these two design components (i.e., where and
how many valves). In this work, we address the valve location problem (VLP) for sectioning using an
optimization approach based on a shortest path problem, which assesses the possible location of valves
to minimize environmental risk and guarantee a tolerable value of individual risk. To estimate and
quantify both the environmental vulnerability and individual risk a new framework is proposed,
employing the spill volume and ecological and social characteristics as inputs. We present two case
studies for sectioning in Latin-American pipelines; the problem is solved using a Bellman-Ford algorithm
with CPU times up to 40 s. The results show reductions on the order of 50%-85% of the maximum
possible spill volume compared with the current situation, in each case respectively. The resulting valve
configurations cover areas with high environmental vulnerability, reducing ecological losses and guar-

anteeing a level of individual risks lower than the acceptable value on all populated areas.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The installation of flow cut devices (e.g., valves) to split a
pipeline in segments is known as sectioning and constitutes a
mitigation strategy which enables the isolation of a pipeline
segment when a primary loss of containment (LOC) takes place. The
main objective of isolation is to reduce the possible spill volume
(British Standard, 2003). Given that the social and environmental
risks related to hydrocarbon transportation are directly linked to
the spill volume, sectioning is a tool that can be used to minimize
those risks. The challenge faced here is to define the most suitable
location/number of valves in order to reach this goal.

Commonly, the installation of flow cut devices is subject to
legislation, international standards, and recommended practices
(RP) such as US DOT CFR 195.260—-195.179 (US DOT, 2011; US DOT,
1998), ANSI/ASME B31.4 (ASME/ANSI, 2012), CSA Z662 (CSA, 2011)
and BS 1416 (British Standard, 2003). The above are prescriptive

* Corresponding author.
E-mail address: je.fontechal0@uniandes.edu.co (J.E. Fontecha).

http://dx.doi.org/10.1016/).j1p.2016.07.017
0950-4230/© 2016 Elsevier Ltd. All rights reserved.

approaches that assess sectioning based on general criteria (mostly
related to the social characteristics of an area such as population
type -urban, suburban- and density) and that define a maximum
distance between valves. These prescriptive approaches do not
consider the particularities of the system, environmentally
vulnerable areas and the operating conditions of each pipeline.
Because of this new methodologies are being developed. The
resultant approaches are usually based on the performance of the
system, potential spill volume, risk calculations, and, in some cases,
they are coupled with optimization models as presented by Weir
et al. (2006), Weir and Li (2008); Grigorieva and Grigoriev,
(2007); Grigoriev and Grigorieva (2009); Li and Weir (2012); Rout
(2012). For example Weir et al. (2006) which consider risk reduc-
tion instead of the often used rule-of-thumbs and regulatory
requirements.

Weir et al. (2006) developed the Intelligent Valve Placement
(IVP) approach in order to identify optimum valve locations on
existing pipelines in the United States. Weir's approach in-
corporates risk evaluation in order to attempt to reduce negative
consequences of potential spill volumes and their impact on sen-
sitive areas in an iterative manner. In recent years, the author has
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+ Growth model for spatial network subject to optimization criterion,
« 5Scaling exponent depends on optimization criterion.

« Transition from exponential to scale-free behavior studied.

o Discussion of network size effects.

ARTICLE INFO ABSTRACT
ﬂn‘:’f{f history: First, we estimate the connectivity properties of a predefined (fixed node locations)
Received 25 October 2013 spatial network which optimizes a connectivity functional that balances construction and

Received in revised form 27 May 2016

transportation costs. In this case we obtain a Gaussian distribution for the connectivity.
Available online 14 October 2016 P ty

However, when we consider these spatial networks in a growing process, we obtain a

power law distribution for the connectivity. If the transportation costs in the functional

gg:;’:{ﬁ;m o involve the shortest geometrical path, we obtain a scaling exponent y = 2.5. However, if

Traffic networks the transportation costs in the functional involve just the shortest path, we obtain y = 2.2,
Both cases may be useful to analyze in some real networks.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Complex networks have received substantial attention in recent years, because they provide a useful representation
for many technological, biological and social systems [ 1-4]. Many of the networks in nature have common features, such
as the connectivity distribution P(k), which often results to behave as a power law P(k) ~ k™% for large degree k [5-14].
Several authors have developed network models that seek to replicate these distributions. One of the most emblematic cases
was proposed by Barabasi-Albert [1,15,16], in which a weighted random growth model is used to generate a power law
distribution with y = 3.0. In this model in each step a new vertex appears and it is connected randomly with a vertex of the
network with a probability proportional to its connectivity degree. Empirical networks show similar characteristic exponent
v, such as citation networks [5] and electronic circuits [6]. However there are other important sets of systems which exhibit
a network structure with a different exponent, for example: telephone calls [7,8], World Wide Web [9], metabolic [10],

* Corresponding author,
E-mail addresses: sguillier@ug.uchile.com (5. Guillier), vmunoz@fisica.ciencias.uchile.cl (V. Mufioz).
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Abstract

In this paper, the rescheduling arc routing problem is introduced. This is a dynamic routing and scheduling
problem that considers adjustments to an initial routing itinerary when one or more vehicle failures occur
during the execution stage and the original plan must be modified. We minimize the operational and schedule
disruption costs. Formulations based on mixed-integer programming are presented to compare different
policies in the rerouting phase. A solution strategy is developed when both costs are evaluated and it is
necessary to find a solution quickly. Computational tests on a large set of instances compare the different
decision-maker policies.

Keywords: rescheduling; disruption schedule costs: mixed-integer programming; arc routing problem

1. Introduction

Arc routing problems arise in applications where streets require maintenance or customers located
along roads must be serviced. Most of the real applications deal with the capacitated case where the
vehicle capacities must not be exceeded, for instance in waste collection or in salt-spreading vehicles
have a load capacity to consider. Other applications, such as snow plowing, belong to multivehicle
rural postman problems where vehicles do not have a load capacity; they serve the streets but do
not load or unload materials.

Arc routing operations are planned normally for several vehicles that start and finish at the
same depot and cover all or part of a network in order to provide services. Several works have
been devoted to produce optimal or near-optimal solutions for arc routing problems (Corberan
and Laporte, 2014). A solution describes a routing schedule, that is, the sequence of roads to be
traversed by every vehicle. Once a solution is presented as an initial schedule, drivers should follow
the planned routes if no unexpected events happen.

However, various disruptions may occur during the execution of the plan; they include traffic
jams, vehicle breakdowns, and traffic accidents. It may also be necessary to include new services.

© 2016 The Authors.

International Transactions in Operational Research © 2016 International Federation of Operational Research Societies
Published by John Wiley & Sons Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK and 350 Main St, Malden, MA02148,
USA.
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Abstract

Background and Objective: Although kangaroo mother care (KMC) has been shown to be safe and effective in randomized controlled
trials (RCTs), there are no published complete economic evaluations including the three components of the full intervention.

Methods: A cost utility analysis performed on the results of an RCT conducted in Bogotd, Colombia between 1993 and 1996. Hospital
and ambulatory costs were estimated by microcosting in a sample of preterm infants from a University Hospital in Bogotd in 2011 and at a
KMC clinic in the same period. Utility scores were assigned by experts by means of (1) direct ordering and scoring discrete health states
and (2) constructing a multi-attribute utility function. Ninety-five percent confidence intervals (Cls) for the incremental cost—utility ratios
(ICURs) were computed by the Fiellers theorem method. One-way sensitivity analysis on price estimates for valuing costs was performed.

Results: ICUR at 1 year of corrected age was $ —1,546 per extra quality-adjusted life year gained using the KMC method (95% CI $
~7.963 10 $ 4,910).

Conclusion: In Bogotd, the use of KMC is dominant: more effective and cost-saving. Although results from an economic analysis
should not be extrapolated to different systems and communities, this dominant result suggests that KMC could be cost-effective in similar
low and middle income countries settings. © 2016 Elsevier Inc. All rights reserved.

Keywords: Kangaroo mother care method: Cost-effectiveness analysis; Quality-adjusted life years: Randomized controlled trial; Colombia; Cost comparison;
Infant; Premature

1. Introduction related to neonatal care of LBW infants is very high, and
this is a cause for concern both in developed [3—7] and in
developing countries where the problem is even greater
[8—10]. Cost-effective alternatives are badly needed.
Kangaroo mother care (KMC) is a human-based tech-
nology of well-established effectiveness and safety that

could improve the affordability and efficiency of LBW in-

Low birth weight (LBW) is a major public health
problem, particularly in developing countries [I].
Currently in Colombia, about 12% of all live newborn in-
fants are under 2,500 g at birth [2]. The economic burden

Funding: The study is funded by Departamento Administrativo de
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cias (grant number 120351929189).
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fants care. It is based on the kangaroo position: continuous
skin-to-skin contact between the mother and her baby that
allows appropriate thermal regulation among other benefits.
Other components are breastfeeding-based nutrition and
timely (early) discharge with close follow-up [I1—13].
KMC does not substitute for proper neonatal care [10]
but complements it. KMC was originally developed in
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Chaotic behavior refers to a behavior which, albeit irregular, is generated by an
underlying deterministic process. Therefore, a chaotic behavior is potentially controllable.
This possibility becomes practically amenable especially when chaos is shown to
be low-dimensional, i.e., to be attributable to a small fraction of the total systems
components. In this case, indeed, including the major drivers of chaos in a system into
the modeling approach allows us to improve predictability of the systems dynamics.
Here, we analyzed the numerical simulations of an accurate ordinary differential equation
model of the gene network regulating sporulation initiation in Bacillus subtilis to explore
whether the non-linearity underlying time series data is due to low-dimensional chaos.
Low-dimensional chaos is expectedly common in systems with few degrees of freedom,
but rare in systems with many degrees of freedom such as the B. subtilis sporulation
network. The estimation of a number of indices, which reflect the chaotic nature of a
system, indicates that the dynamics of this network is affected by deterministic chaos.
The neat separation between the indices obtained from the time series simulated from
the model and those obtained from time series generated by Gaussian white and colored
noise confirmed that the B. subtilis sporulation network dynamics is affected by low
dimensional chaos rather than by noise. Furthermore, our analysis identifies the principal
driver of the networks chaotic dynamics to be sporulation initiation phosphotransferase
B (Spo0B). We then analyzed the parameters and the phase space of the system
to characterize the instability points of the network dynamics, and, in turn, to identify
the ranges of values of SpoOB and of the other drivers of the chaotic dynamics, for
which the whole system is highly sensitive to minimal perturbation. In summary, we
described an unappreciated source of complexity in the B. subtilis sporulation network by
gathering evidence for the chaotic behavior of the system, and by suggesting candidate
molecules driving chaos in the system. The results of our chaos analysis can increase our
understanding of the intricacies of the regulatory network under analysis, and suggest
experimental work to refine our behavior of the mechanisms underlying B. subtilis
sporulation initiation control.

Keywords: systems biology, computational modeling, sensitivity analysis, low dimensional chaos, signal
transduction, sporulation, Bacillus subtilis
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Abstract

Clostridiurm botulinum produces botulinum neurotoxins (BoNTs), highly potent substances
responsible for botulism. Currently, mathematical models of C. botulinum growth and toxi-
genesis are largely aimed at risk assessment and do not include explicit genetic information
beyond group level but integrate many component processes, such as signalling, mem-
brane permeability and metabolic activity. In this paper we present a scheme for modelling
neurotoxin production in C. botulinum Group | type A1, based on the integration of diverse
information coming from experimental results available in the literature. Experiments show
that production of BoNTs depends on the growth-phase and is under the control of positive
and negative regulatory elements at the intracellular level. Toxins are released as large pro-
tein complexes and are associated with non-toxic components. Here, we systematically
review and integrate those regulatory elements previously described in the literature for C.
botulinum Group | type A1 into a population dynamics model, to build the very first compu-
tational model of toxin production at the molecular level. We conduct a validation of our
model against several items of published experimental data for different wild type and
mutant strains of C. botulinum Group | type Al. The result of this process underscores the
potential of mathematical modelling at the cellular level, as a means of creating opportuni-
ties in developing new strategies that could be used to prevent botulism; and potentially
contribute to improved methods for the production of toxin that is used for therapeutics.

Author Summary

Clostridium botulinum produces botulinum neurotoxins (BoNTs), highly potent sub-
stances responsible for botulism. Currently, mathematical models of C. botulinum growth
and toxigenesis are largely aimed at risk assessment and do not include explicit genetic

PLOS Computational Biology | DOI:10.1371/journal.pchi. 1005205 November 17, 2016
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We characterize the behavior and the social structures appearing from a model of general social interaction proposed by Sakoda.
The model consists of two interacting populations in a two-dimensional periodic lattice with empty sites. It contemplates a set of
simple rules that combine attitudes, ranges of interactions, and movement decisions. We analyze the evolution of the 45 different
interaction rules via a Potts-like energy function which drives the system irreversibly to an equilibrium or a steady state. We discuss
the robustness of the social structures, dynamical behaviors, and the existence of spatial long range order in terms of the social

interactions and the equilibrium energy.

1. Introduction

Throughout the history, the society has self-organized in
a myriad of social structures and behaviors which appears
as a response to the attitudes, decisions, and expectations
among individuals, that is to say, from local (usually simple)
rules to global behavior [1]. This capacity appears in animals
[2], insects [3, 4], among others, and it flourishes in human
beings since the early life [5]. The basic underlying mecha-
nism of this self-organization lies on the evaluation of the
expectations resulting from the attitudes among individuals
inducing, or not, a mobility decision.

Interestingly, despite the complex nature of social inter-
actions, the social behavior shares many common features
with a variety of physical systems. Segregation, inclusion,
and aggregation are examples of a collective order arising
from simple and local individual rules based on attitudes,
decisions, and expectations among individuals [6-9)].

In the late forties, Sakoda introduced in his Ph.D. thesis
[10] a first general discrete dynamical model for social
interactions and published later [11], at the same time of
the well-known Schelling’s social segregation model [12,
13], which is, as we will show, only a special class already

included in the original Sakoda model. The particular case
of the Schelling segregation model and its variations have
been studied widely through agent based models [9, 14-23].
However, the Sakoda dynamics and its underlying richness,
which explain other different social phenomena far from
segregation, are mostly unknown; thus they have not been,
to the best of our knowledge, studied previously in a deeper
manner.

The original Sakoda model roughly consists of social
interactions among two groups of individuals evolving in
a network according to specific attitudes of attraction,
repulsion, and neutrality. An individual evaluates its social
expectative at all possible available locations, preferring
those near individuals associated with attractive (positive)
attitudes and avoiding locations near individuals associated
with repulsive (negative) ones. This procedure is repeated
randomly among all possible individuals; henceforth Sakoda’s
algorithm is iterated recursively driving the system, under
some conditions, to a well-organized spatial pattern.

The dynamics is quite rich because of three aspects: (1)
the large number of combinations of the possible attitudes, (2)
the effect of the separation distance among individuals (ie.,
the interaction could be of short or long range), and (3) the
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