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Multi-Objective Heuristic Optimization

“"The extrapolations are the only things that have any real value.
... Knowledge is of no real value if all you can tell me is what happened yesterday....

you must be willing to stick your neck out.”

R. P. Feynmann,

The Uncertainty of Science,
John Danz Lecture,

April 23, 1963



Decision Variables




Simplifications

Table 1. Remopliation standards and State discharge limits for compeunds of COReSrn (n ground water a¢
tive LLNL site,

Concentration limit for drinking water®
Pre-remediation
concentration  Bacharge linit® for
range at LLNL treated water
March 1990- (ppb)
March 1991
(ppb)
<0.1-1,050 4
<0.1-4,800 5
<0.5-370 5

<0.5-24 $ Gowl 1, 2.DCE)
10 <0.5-1 5 (otal 1, 2-DCE)
5 . <0560
03 <0.1-190
05 <G:.1-91
100 <0.5-270
Benzesn 1.0 14,600 7 f . .
e 680 R | pes of Contamination
Toluene - <0.5-4,200 ‘
Xylenes (tot) 10,000 1,7504 <0.5-3,700
Ethylene dibremide 0.05 ‘ 0.02 <0.1-51
— - wp w0 5,508 ‘
50 ot Cry 50 (ol Cr) <S-150 (el C) 50 Ctoent €1
50 oulC)  <10-140 n
50 <2~ 56
20,000 pCL  <200-33,100 ™
® Human receptor. The more stringent concentration limits on this part of the table are showa In 8 Iarger typeface to illustrase st
LLNL will comply with the most stringent requirements.
® From NPDES Permit No. CA0029289 (revised 8/1/90) and RWQCB Order No. 90-106. YOC-sperific State discharge lmits exist
1a RWQCB Order No. $0-106 only for PCE (4 ppbd) and benzene (0.7 ppb). Other YOCs listed In this table sre included in the
S ppb total YOC limit. Discharge tinits for metals differ slightly sccordlag $o dlscharge location, ’
€ Tota] trihslommethanes (THMs); Includes chlorotorm, bromoform, cRlorediorsmemehase, and Wromodichlorosethane
{Callfornls Drinking Water Requirement).
S MCOLisTor elther 2 single isomer ov the sum of the ortho, mets, and pars lsomers,
* Natlonal Interim Primary Drinking Water Regulation for totsl chromium ks 59 ppb.
[ National Primary Drinking Water Reguiation Enforcesbie Action Leve! {Federst Register, voluma 54, Rumber 110, June 7, 1991,
P 263858,
& Thorpe et ol. (1390) show that ground water 1o the ooe well that currently excowd the tritlutn MCL will be naturally remediated

long before It migrates offsite.
B There is currently no NPDES discharge Kmit for tritiwm. LLNL will wae the MCL for tritiwm ss the discharge lmk.
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Problem Description

= Reduce solute concentration, C(i), everywhere (onsite €2, and
offsite Q,_, ) to below MCL (C.., = 5ppb) over 30 years while
minimizing costs.
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= Maximum number of distinct wells installed over the total 30-yr
simulation is fixed at 28.
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Problem Description

= Reduce solute concentration, C(i), everywhere (onsite €2, and
offsite Q,_, ) to below MCL (C., = 5ppb) over 30 years while
minimizing costs.

Constraint:

= Maximum number of distinct wells allowed to pump over the
total 30-yr simulation is fixed at 28.

m EX
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L=50 N=upto28 2C(50,i)~1015




Problem Description

= Reduce solute concentration, C(i), everywhere (onsite €2, and
offsite Q,_, ) to below MCL (C., = 5ppb) over 30 years while
minimizing costs.

Constraints:

= Maximum number of distinct wells allowed to pump over the
total 30-yr simulation is fixed at 28.

= Maximum number of wells allowed to
pump simultaneously is fixed at 18.




Multiple Management Periods

Period Period Period Period Period Period
1 | 2 | 3 | 4 | 5 6

A management period = time interval over which the
design variable (e.g., location of wells) and the
corresponding intensity of its application (e.g.
pumping rate) remain fixed.

= Allows for time-varying management goals and
priorities



Additional (practical) constraints:




Challenges Arise:

= Computational resources needed to accommodate
large number of decision variables and constraints

m EX

L =50 N =28 P=18 and m=6

Possible Configurations ~ 10°%
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Constrained Optimization Function

Minimize: Treatment/O&M Installation
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Constrained Optimization Function

Minimize: Treatment/O&M Installation

Ny
Real Costs = g Z O; Firea: [N
i=1

Subject to:




Unconstrained Multi-Objective Optimization
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Multi-Objective Optimization

Concentration

Design Costs

High

Minimize:
Treatment/O&M Installation Clean Water Location

_qu' et T NwFeap T 4 T(C, Cucr) + 21 1(Q, 7)

k=1 1=1



Multi-Objective Optimization

Minimize:

= Design Costs $ + 7\,1*(Water Quality) + Kz*(lmpacts to Environment/Human Health)



Multi-Objective Optimization

Minimize:

= Design Costs $ + 7\,1*(Water Quality) + Kz*(lmpacts to Environment/Human Health)



How to represent Solutions/Results?

Performance of Several Well Configurations
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Multiple Stakeholder Goals

Mass Remaining and Cost

Mass (Mg)

Cost ($ 10M)

Time (years) Time (years)

Rizzo and Dougherty, Water Resources Research, 30 (2), pp. 483-497, 1994.



Multi-objective Optimization

Cost ($ 10M)

Time (years)

Rizzo and Dougherty, Water Resources Research, 30 (2), pp. 483-497, 1994.

e \Which scheme is “optimal” ?

- How long do we really have to operate?

- How long do we really have to monitor?

- How much residual risk are we willing to accept?

- Will a new technology or public policy shift become available?
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This workshop is funded by the National Science Foundation via Vermont
EPSCoR Grant Nos. EPS-1101317 and EPS-1556770




Performance Cost ‘Ratio’
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Challenges Arise:

= Computational resources needed to accommodate
large number of decision variables and constraints

= Formulation of certain physical and operational
objectives and constraints into “continuous and
differentiable” functions

= Complexities of real decision making and fixed or
integer-related costs, non-convex behavior of
complicated physical processes



