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Abstract. In the first model, we build a set of parameters to describe the degree of water
purification demand of each city and successfully get the water desalinization plant building
scheme. In the second model, we introduce the pollution coefficient into our multi-objective
optimization problem and got the pollution fee of et+05 and the total minimum cost of
4,1795¢+8 .Through the sensitivity analysis,we obtain the reasonable water strategies for
california.In the whole modeling process, we search for the accurate data and give full
consideration to validity, feasibility and cost-efficiency of our models, obtain the reasonable and
objective water strategy.

Introduction

Strategy of the water resources is a hot problem waiting to be solved in the scope of the world.
This century is faced with the situation of the distribution of water resources and water demand
status in the United States[1]. Some research previous mainly focused on the water purification and
conservation.Many people try to solve the problem of the water shortage by developing
water-saving plan which is combined with the population growth models[2].

The innovation of this paper is the combination of the distribution of the water resources and the
economical and geography factors, which makes the consideration more comprehensive.The main
task of this paper is to comprehensively consider several factors, including the desalination of water
and the water protection, an optimal model was set against the best strategy of the United States in
different areas and different time.

Methodology and materials

Multi-objective programming of desalination strategy.Lack of fresh water has become the
focus of the 21st century. In the Earth's total surface area of 510 million km?, the marine area of 360
million km2, accounting for about 70.8 percent of the earth's surface. Earth's oceans have 95% of
the total amount of water in the global. Under the shortage situation of the fresh water resources,
desalination is becoming increasingly important [3, 4].

The task of this part is to solve the problem of the desalination. The desalination is an
energy-intensive industry with the big amount of water consumption. So the key point of this
problem is to develop strategies ofsetting the updated cycle of the desalination equipment and
control the economic loss.

The calculating steps.It can be seen from the forecast data that the total demand of water
resources of the California. Where the Q(0) stands for the amount of water demand of the 2010,the
Q(t) the amount of water of the year t.

Q(t) =9><t+Q(O) (1)
We assume that the update of the equipment of the desalination are 5 years. On the basis of this
assumption, we divide the 2010-2015 into three procedures: the 2010-2015, the 2015-2020 and the
2020-2025. We make the t1,t2,t3 stang for the three periods.The demand growth of the three
periods are as follow:0.50t1,0.56t2,0.50t3.In terms of cost estimates, we set the cost of 2010 the PO
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and the cost of the next years are illustrated as follow:

P= P()e_o‘t o=4 (2)
F=0.5P,(t, +t,e™ +t,e 7" (3)
Where the F stands for hte total costs of this strategy.So the total cost growth can be showed as:
AQ = 0.56T? 4)

The optimization of the desalination strategy requires the minimum of the total cost. So we set
the F to the minimum and obtain the value of the optimized plan.In this plan t1=t2=2,t3=11So we
confirm the optimum maintenance time as 2years.We define the benefit factor as the ratio of the
increasing cost of this period and the total cost.

|
1= 2" = r (5)
T F - ot “6+%)
;9 P, (tl +t,e7 +t3e‘<tl+tz>) Rt +te ™ +te )

Through the access to the relevant information, we obtain that PO=7 yuan per ton. After the
calculation of the MATLAB, n=16.
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Fig.1 the desalination strategy
The Sensitivity Analysis.We consider the change of strategy development period T affect
economic benefit 1.
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With the extension of strategic cycle of water resources, the sustainable development in the
economic recovery of desalination costs into quadratic growth, a long-term water strategy of the
water desalination obtains more economic benefits. Desalination capacity factor of change on the
influence of the economic benefits of desalination is small,combined with the status circumstances,
desalination still exist in the present development of technology and equipment bottlenecks,Periodic
renewal process is relatively slow, need to be efficient desalination equipment and technology

756



development,so the changing of the ¢ causes the fluctuation of the 1 is small.

Multi-objective programming of water protection.The shortage of global freshwater
resources and the extremely uneven of the regional distribution are the worries of many countries.
What is even more frightening is that the world population will double by 2025, 40 countries and
regions will face freshwater scarcity[5, 6].

In addition to saving water, we need to control contaminants. Task of this section is to set a
multi-objective programming. Under the condition that a minimum total cost to develop the most
optimal water pollution control policy.

The calculation steps.The amount of water that transport out of each state is known for us. The
amount of fresh water is consisted of the fresh water in the sea and the fresh water by
desalination.Due to the strong self-purification capacity of the ecosystem, we can think of that the
overall area of the sea have no changes and the area of the fresh water are decreasing with the
pollution of the water resources. We believe that this decline obey a generally exponential law.Take
the data of the Texas as an example, we set pollution coefficient as:

1 2
' _(1+W/Qneed] ©)

Where the W stands for the total costs of the pollution control and the Qneed stands for the
amout of water that need transporting. The total cost of water is set as the objective function:

- _ Afresh Asea
MinF = ><Qneed x Pfresh + Qneed x x Psea +W (7)
Afresh + A&ea Afresh + Asea

Where the Afresh stands for the area of the fresh water,the Asea the are of the sea water,the
Pfresh the unit price of the fresh water and the Psea the unit price of the sea water. For Texas, the
restriction confidences of this issue are as follow:

Ao = (19075-1040)xe™

k
1+ W/ Qe )
W >100

A, =1040, Q. =15610
Pfresh = 29 Psea =7

After the operation of the MATLAB, we obtain the final strategy:w=105,fval=4.1795x108.

The Sensitivity Analysis.Water as a resource sustainable development, increasing demand in
the future strategic cycle, water resources protection in economic benefits will be generated by the
increased linearly with the increase of water demand. The protection of water resources as an
important part in the water strategy, contribution to improve the economic benefit is remarkable.
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Conclusion

In this study, the effects of desalination capacity factor of change on the influence of the
economic benefits of desalination were measured and analyzed. And the effects of the protection of
water resources as an important part in the water strategy, contribution to improve the economic
benefit were measured and analyzed.

(1) With the extension of strategic cycle of water resources, the sustainable development in the
economic recovery of desalination costs into quadratic growth, a long-term water strategy of the
water desalination obtains more economic benefits. Desalination capacity factor of change on the
influence of the economic benefits of desalination is small,combined with the status circumstances,
desalination still exist in the present development of technology and equipment bottlenecks,Periodic
renewal process is relatively slow, need to be efficient desalination equipment and technology
development,so the changing of the ¢ causes the fluctuation of the 1 is small.

(2) Water as a resource sustainable development, increasing demand in the future strategic cycle,
water resources protection in economic benefits will be generated by the increased linearly with the
increase of water demand. The protection of water resources as an important part in the water
strategy, contribution to improve the economic benefit is remarkable.
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