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Abstract

Dynamic economic load dispatch (DELD) is one ofrifegor operational decisions in power system operatind control. It is
a Dynamic problem due to dynamic nature of Powetegsysand the large variation of load demand. Thiscdlte problem is
normally solved by discretisation of the entirepditch period into a number of small time intervalger which the load is
assumed to be constant and the system is consideree in temporal steady state. This paper presemirticle swarm
optimization technique to solve the DELD problemtli@ determination of the global or near globatiopum dispatch solution.
To illustrate the effectiveness of the proposedr@ggh, three test systems consisting of 5,10 andetterating units, with
incorporation of load balance constraints, openatilimits, valve point loading, ramp constraintsdanetwork lossesare
considered and tested. The comparison of numergsllts demonstrate the performance and applidgbdif the proposed
method

Keywords: Dynamic economic load dispatch (DELD), Particle 8waptimization, Valve - point loading effect, RaRgte
Limits.

1. Introduction

Problem of allocating the Customer’s load demamdsrey the available thermal power generating units i
an economic, secure and reliable way has receiwesiaderable attention since 1920 or even earligis problem is
known as Economic Load Dispatch. Dynamic Economisp@tch (DELD) is an extension of the Conventional
Economic dispatch problem used to determine theamaptgeneration schedule of on-line generators. futhe
ramp — rate constraints of a generator, the operaltidecision at hour t may affect the operatiategision at a later
hour. For a power system with binding ramp-rateitsmthese limits must be properly modeled in piiitun
simulation. The DELD is not only the most accurdemulation of the economic dispatch problem bwspathe
most difficult dynamic optimization problem. Thesli paper in the area of optimal dynamic dispaghi@DD)
appeared in 1972 by Bechert and Kwatny [1] andfedld by [2] — [6]. In general, the DELD problem Haeen
solved by splitting the entire scheduling perintbismall intervals. The economic schedule ddrrifal units for
each interval is determined subject to power lmagonstraint of the interval and unit operatioc@hstraints. A
survey of literature on the DELD solution methodseals that the various numerical optimization méghes have
been employed to approach the DELD problem [7is ibbserved that the traditional and heuristic md¢hhave
some limitations to solve DELD problems[8-18]. Tinaditional methods suffer with large executiondiend the
heuristic methods are unable to find the optimaltsmn within the reasonable execution time dughter heuristic
nature.

Recent researches have been directed towards theadion of particle swarm optimization (PSO)
technique to solve DELD problem[12]. The PSO iseffitient global search technique and may be usefiht
optimal or near optimal solutions to numerical amgdalitative problems. It is easy to implement in sto
programming languages and has been proved to e efféctive and reasonably quick when applied thvarse
set of optimization problems. In this paper the A&Bed DELD algorithm is presented for the deteatiom of
global or near global optimum dispatch solution. the proposed method, the operating limit constsain
transmission losses with B-matrix Co-efficients aradve point loading effects are fully incorporatédhas been
shown that the algorithm is capable of finding thebal or near global optimum solutions for largatimization
problems. The proposed algorithm has been implesdeim MATLAB on Pentium® D, 2.7 GHZ personnel
computers with 1 GB RAM.

2. Mathematical Formulation

The main objective of DELD problem is to determihe optimal schedule of output powers of online
generating units with predicted power demands awegrtain period of time to meet the power demandiaimum
operating cost. The mathematical formulation of DEiroblem is as follows.
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2.1 Objective Function
The fuel cost function of the generating unit ipmssed as a quadratic function of real power geiogr
The objective function of the DELD problem is foriatied as:

T N
Min G = Zzéit(Pen) (1)

t=1li=1

Where G is the total operating cost over the whole dispatetiod; T is the number of hours in time
horizon; N is the number of dispatchable units;(Fz;) is the fuel cost offiunit at time ‘t’ and is a function of its
real power output at time ‘t’.

The thermal plant can be expressed as Input —uDuatpdels (Cost function), where the input is
the electrical power output of each unit and thigpotis the fuel cost.

The fuel cost Cof generating unit'i'at any time interval ‘t’ isormally expressed as a quadratic function
as

Ci(Psi) =a + bPgii + G Poi’ (2

When the effect of valve point loadings taking iaicount, the fuel cost function 8f generating unit is
expressed as the sum of a quadratic and a sinlidanddon in the following form :

@Pci)=ai+biPsitCiPai’+ [&Sin{fi(Pimi—Pi)} | (3

Where a, b, ¢ are the fuel cost co-efficients of unit; e, f, are the fuel cost Co-efficients of unit
with valve point effectsPg; is the power output of'iunit in MW.
The minimization of above fuel cost function is fded to the following constraints.

2.2 Equality Constraint

Real Power balance Constraint

This constraint is based on the principle of equilim that the total generation at any time intéfta
should satisfy the load demand at the intervalatid the transmission loss. This constraint is nmattieally
expressed as,

N
2 Pei—Por—PL =0 (4)
i=1

Fot=1,2,........... T
where
Pp: is the forecasted total power demand at time t;
P, is the transmission power loss at time t.
The general form of the loss formula (George’s fadahusing B — co-efficients is

N N
Re = 21' g P:itBijPsjt (5)
1= j:
Where
Pait, Pgjt are real power injection dt and j" buses at timet* respectively;
B; is the loss co - efficients which are constamider certain assumed operating
conditions and
N is the number of generator buses.

2.3 Inequality Constraints
Generator operational Constraints
The generating unit operational constraints suchiagmum / maximum generating limit, ramp rate lisni
are as follows.

® Real power operating (Generator CapaciBgnstraints
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Rit min < Pgit < Pgit max for i =1,2, il N
t=21,2,....T. (6)
Where Rimin and Rimax are the minimum and maximum real power outputesfegator ‘i’ in MW that can
supply at time ‘t’ respectively.

(ii)  Spinning Reserve Constraints

N
ZV'DGitmax2 SRt
i=1

fort=12.T (7)

Where Rimax iS the maximum real power output that tf‘i‘egbnerator can supply at time t and; BRhe
forecasted spinning reserve demand at time t.

(iir) Generating unit ramp rate limits
The generator constraints due to ramp rate linfiteeaerating units are given as
a) When generation increases
Pait-Pai 1)< UR
b) When generation decreases
Pai(-1)-Peit< DR (8)
Fori =1,2,....... N

WhereUR andDR are the ramp-up and ramp-down limits Bfuinit in MW. Thus the constraints of (8)
due to ramp rate constraints is modified as

mMax(Rsi min»Pai ¢-17 DR)<Pgit < Min(Psi maxPei -1+ URY) 9)
Such that
Pgimir= Max (Rsi minPai 17 DR)

and Rsi max= MiN (Pgi maxPai (t»1)+URi) (10)
3. Determination of Generation Levels
To satisfy the equality constraint of equation, @)oading of any one unit is selected as the migipg

loadingPgnt
Assuming the power loading of (N-1) generatorspeified, the power level of'Nyenerator is given by

N-1
Pent= Pot +PLI_2PGH (11)
i=1

The transmission lo9y; is a function of all the generators including tbhtlependent, generator and it is given by
(N-1) (N-1) (N-1)

PLt:Z PcitBijPajr+ 2PNt(2 BNiPGjt) + BunPont (12)
1 i =1

=il j=

Expanding and rearranging equation (12) becomes

(N-1) (N-1) (N-1) (N)-
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BuP ent = (22;3:\“'3@{1) Pene + (PDt +22|;Git8ijPGjt 'ZI;’Gjt):O (13)
=1 -1

i=1 j=1

The loading of the dependent generator (18 &&n be determined by solving equation (13) ustagdard
algebraic method.

4. Particle Swarm Optimization

Particle swarm optimization is one of the most ntaevelopments in the category of combinatoriataineuristic
optimizations. This method has been developed utiterscope of artificial life where PSO is inspired the
natural phenomenon of fish schooling or bird flogkiPSO is basically based on the fact that in tqpieeaching
the optimum solution in a multi-dimensional spaaeyopulation of particles is created whose presentdinate
determines the cost function to be minimized. Aftach iteration the new velocity and hence the pesition of
each particle is updated on the basis of a summafkeince of each particle’s present velocity taliee of the
particle from its own best performance, achievéasauring the search process and the distandeegbarticle from
the leading particle, i.e. the particle which aegent is globally the best particle producing tidlw the best
performance i.e. minimum of the cost function acha so far. Let x and v denote a particle posito its
corresponding velocity in a search space, respagtiherefore, theiparticle is represented as= (X1, X, . -
.Xqg) in the 'd’ dimensional space. The best previoosition of the | particles recorded and represented as pbest
(pbesk, pbest, . . .,

pbest). The index of the best particle among all thetipias in the group is represented by the ghddte rate of
the velocity for the particle i is represented a(wi, Vi, . . ., Vg). The modified velocity and position of each
particle can be calculated using the current vetaoid the distance from pbgdb gbest as shown in the following
formulae:

Vit = W* vig“rey* rand()* (pbest- x)+c, * rand ()* (gbesi-xid') (14)

)qdk+1 — Xidk+ Vig k+1
i=1,2,....,Nd=1,2,...... N (15)

where, N is the number of particles in a group, Ng the nemdf members in a particle, k the pointer of itierzs,
w the inertia weight factor, {£C, the acceleration constant, rand( ) the uniforndoam value in the range [0,1]v
the velocity ofa particle i at iteration ky¥/'< Vig< vg™ and Xis the current position of a particle i at iteratik.
In the above procedures, the paramef&f determined the resolution, with which regions toebe searched
between the present position and the target pasitio™* is too high, articles might fly past good solugoif V"
is too small, particles may not explore sufficigniteyond local solutions. The constantsadd G represent the
weighting of the stochastic acceleration terms thdt each particle toward the pbest and gbesttiposi. Low
values allow particle to roam far from the targegions before being tugged back. On the other haigt, values
result in abrupt movement toward or past, targgiores. Hence, the acceleration constantsu@ G were often set
to be 2.0 according to past experiences. Suitadécton of inertia weight ‘w’ provides a balancetween global
and local explorations, thus requiring less itenatbn average to find a sufficiently optimal sabuti As originally
developed,” w ‘often decreases linearly from ab@@to -0.2 during a run. In general, the inertigight w is set
according to the following equation:
W = Wy - M X iter (16)
iter .

where itefax IS the maximum number of iterations and ‘iterthe current number of iterations.

5. Computational Algorithm

In this section, An algorithm based on particlea8w Optimization for solving the dynamic econonadad
dispatch problem is described as follows :

Let
PK = [ P]_]_, P21, P,]_, ...... , R\ll)! P (Rm, P2m, ..... ,P,m, . R\]m) ,]

Be the trial vector designatingarticle of the population and K =1, 2, 3, ....... Njme elements of vectoriRre
real power outputs of N generating units over rretsub — internals.
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Stop

Figl. Flow chart of PSO based DELD

Step 1

Read the System input data which consisting of dost curve c—efficients, valve point loading effect—
efficient, power generation limits, ramp rate lignibf all generators, load demands, transmissioreR<—
efficients, number of sulirtervals and duration of si— intervals.

Step 2

Initialize the particles of the population in a dam manner according to the limits of each unituding
individual dimensions, search points and velocitigsese initial parcles must be feasible candidate solutions
satisfy the practical operating constrai

Step 3

Calculate the cost valug, (Pg;;) for each individual Rin the population.
Step 4

Compare the cost of each particle with that ofP best. If the newcost value forPg is less than that
obtained withP,.sy, then replace the -ordinates of P best K with the presentardinates oP.

Step 5
Compare the cost values Py k Of all particles to determine the best particleethe c-ordinates of the
best particle agbest.

Step 6
Modify the member velocity of each particle accargdto following equatiol

Vit = V¥ + C ranc, (P best— $) + G rand (g best — &) + C; rang (g bes §¥) a

(® max — omin)
Where w= Wnax [ ]iter.

iter max

and wheraw,«is the initial weighiu,nis the final weight;ter., is the maximum iteration number and iter is
Current iteration number.
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Step 7
Modify the member current position (Searching podari each particle according to equation following

Sk+l - Sk + V‘k+1
Step 8
If the number of iterations reaches the maximumantgo to step 9 other wise, go to Step 3.

Step 9
The particle that generates the latest tzetdte solution of the problem.

6. Simulation Results

The effectiveness of proposed methodology forisghDELD problem described above has been tasted
with three different cases of power system ie.,unit, 10-unit and 15-unit systems. The generatinig operational
constraints, ramp rate limits, effects of valverpddadings and transmission losses are considerethe analysis.
The simulations were carried out in MATLAB 7.0 ptatn and executed with Pentium-® Dual core, withBLG
RAM, 2.7 GHZ processor. The best solution obtaittedugh the proposed PSO method is compared t&Gthe
method.

6.1 Test Case — | : 5 — Unit System

The five — unit system [8 - 9] with non-smoothlfaest function is used to demonstrate the perfoxaaf
the proposed method. Table-1 gives the optimaldidivgy of all units for 24 hrs by using PSO techmqTable-2
shows the total cost comparison of test case |I.

Table 1. Optimal dispatches of 5-unit system

Hour PG1 PG2 PG3 PG4 PG5 Loss Demand gg;r(?éig?
1 51.2456 20.1976 42.8260 250.0000 50.0000 4.2693 10.0800 1608.5674
2 75.0000 34.3343 30.4485 250.0000 50.0000 4.7828 35.0800 1624.6876
3 10.2204 107.4335 60.0822 75.3530 227.0788 5.1680 475.0000 1753.4238
4 68.1216 102.7230 94.3703 212.7369 58.2899 6.2418 530.0000 1791.4760
5 75.0000 20.5376 118.9222 123.9758 226.1562 6.5918 558.0000 1702.4132
6 34.6159 20.0000 148.2685 185.5492 227.3140 7.7476 608.0000 2089.2800
7 75.0000 125.0000 175.0000 209.5030 50.0000 8.5030 626.0000 2048.6304
8 11.6250 97.7564 122.9043 138.2697 292.7871 9.3425 654.0000 2118.7030
9 73.2615 125.0000 62.1309 213.5632 226.6034  10.559 690.0000 2263.2605
10 10.6492 38.5567 170.7634 226.4828 268.0817  38.53 704.0000 24545191
11 75.0000 125.0000 175.0000 250.0000 106.0948  948.0  720.0000 2624.4094
12 75.0000 125.0000 175.0000 250.0000 126.6465  46%.6  740.0000 2572.3918
13 10.0000 103.3458 175.0000 201.7246 2243948  630.4  704.0000 2138.9582
14 73.0505 110.5847 100.3448 131.7886 284.6033  710.3  690.0000 2324.2674
15 75.0000 125.0000 175.0000 238.3709 50.0000 9.370 654.0000 2273.9304
16 71.6093 87.8829 45.4087 194.3098 188.2620 7.4727 580.0000 2121.8570
17 33.6913 67.0726 164.1943 250.0000 50.0000 6.9582 558.0000 2133.7475
18 35.5721 20.0000 117.0004 213.6815 229.6621 1.916 608.0000 1831.8840
19 11.1548 60.6435 82.4314 217.4171 291.9514 9.5983 654.0000 2309.2464
20 75.0000 84.1605 152.8852 174.1731 228.0892  80.30 704.0000 2389.4659
21 61.0661 106.0007 33.3400 216.3120 170.9630 7.681 580.0000 1989.5730
22 75.0000 124.3045 175.0000 40.8312 197.7896 2.925 605.0000 2168.9264
23 75.0000 48.1128 52.2012 211.7345 146.1228 6.1713 527.0000 1852.5568
24 46.6321 61.5139 120.9766 97.6512 140.6145 4.3883 463.0000 1784.2558
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Table-2. Cost comparison of test case — |

Total Fuel Cost (in $)

Method Execution time (Sec)
Best Average Worst
GA 49970.431100  50216.588197  51803.295421 10.919153
PSO 48742.125217 50083.84708752339.780205 27.153922
6.2 Test Case — Il. 10 — Unit System

In this case 10-Units System is considered. Thedast data was extracted from [10].

Table 3.0ptimal dispatches of 10-unit system

Hour  PGL PG2 PG3 PG4 PG5 PG6 PG7 PGS PG9 PG10 emargg:tr(?rt]igg);
1 150.0000 135.0000 73.0000 60.0000 111.0714 160.00130.0000 110.8463 51.0823 55.0000 1036.0000 720038
2 150.0000 135.0000 148.6619 617503 224.9785 133.5 126.9219 534570 20.7151 55.0000 1110.0000 438661
3 150.0000 251.5097 290.8727 60.6440 234.8814 T9.00 20.2373  47.7960 68.0575 55.0000 1258.0000 3398
4 4422164 3939755 733717 60.3513  82.2046  57.56089.3465 52.3742 595092 55.0000 1406.0000 37670.5
5  150.0000 382.3080 254.0895 68.0434 243.0000 88.75127.8772 61.9272 80.0000 55.0000 1480.0000 30908
6  184.6976 460.0000 1937084 63.6048 243.0000 5a6.3 123.1364 120.0000 38.4997 55.0000 1628.0000 4Gi3260
7 470.0000 460.0000 278.8810 117.7416 74.7329 B8B.86111.6926 51.6417 21.4467 55.0000 1702.0000 49852
8  470.0000 460.0000 240.9446 60.2814 191.4108 68.84 60.3335 120.0000 52.1833 55.0000 1776.0000 48888
9 470.0000 355.6690 339.3071 102.7938 220.1290 3368. 1215030 84.2616 20.0000 55.0000 1924.0000 3316894
10  470.0000 460.0000 340.0000 300.0000 211.9018 0488. 21.4331 105.1282 48.4931 55.0000 2072.0000 5358856
11  470.0000 460.0000 340.0000 300.0000 243.0000 7578. 130.0000 47.5651 26.6773 55.0000 2146.0000 2152632
12 4700000 460.0000 340.0000 300.0000 243.0000 .0060 1211715 50.5985 20.2300 55.0000 2220.00001278586
13 4700000 398.9729 337.6285 139.0549 243.0000 .942@ 130.0000 120.0000 65.4008 55.0000 2072.00028164954
14  470.0000 3255662 209.2198 300.0000 212.7898 .0060 104.0332 47.0115 40.3795 55.0000 1924.000082040759
15  470.0000 460.0000 226.4577 61.9426 151.0992 4223. 1259081 78.0092 25.1557 55.0000 1776.0000 6646915
16 464.1964 250.5439 292.7530 60.1861  77.0894 @60.0 53.3521 120.0000 20.8791 55.0000 1554.0000 44082
17 470.0000 396.0921 89.1605 61.3896 182.5181 66.12 81.8681  47.0180 30.8321 55.0000 1480.0000 36849.
18  455.8865 2222870 337.0273 61.2060 220.9209 9367. 49.3883 48.0643 20.2833 55.0000 1628.0000 1861
19  446.0480 460.0000 109.6093 92.6814 224.9473 0@60. 130.0000 47.0352 50.6788 55.0000 1776.0000 3315362
20 470.0000 397.9957 334.8113 253.8644 229.7580 0080. 130.0000 120.0000 23.5697 55.0000 2072.000045(52058
21 470.0000 460.0000 340.0000 190.3943 73.1533 0320. 53.7977 89.0470 52.5757 55.0000 1924.0000 59608
22 4700000 1854293 2135526 60.6946 243.0000 0060. 102.1602 1167740 21.3893 55.0000 1628.000026143280
23 150.0000 1415200 337.0218 60.1941 180.7313 0@60. 93.2689 87.3329 66.9310 55.0000 1332.0000 436133
24 1500000 1350000 184.0461 186.2702 107.6550 4928 94.1831 1052357 40.1164 55.0000 1184.000003838371
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Fig 2. Convergence characteristics of PSO fordase -1
Table 4. Cost comparison of test case-ll.
Method Total Fuel Cost (in $) Execution time
(Sec)
Best Average Worst
GA 768278.300549 769292.782845773854.756593  158.434365
PSO 767829.887398 768840.407242 773829.706121 B85
w10” Objective function
3171 — — —
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Fig 3. Convergence characteristics of PSO fordase —II
6.3 Test Case — Il : 15 — Unit System

In this case (Table 5), the system contains Heigging units whose data was extracted from [11].

Table-6 cost comparison of test case-ll|

Total Fuel Cost (in $)

Method Execution time (Sec)
Best Average Worst
GA 1055681.360690 1060091.004757 1069658.552632 49.846248
PSO 1052655.804395 1055963.298853 1064633.416370 18.569127
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7. Analysis

In the PSO simulation study on the test case, #ieevof inertia weightv plays an important role for
maintaining the balance between the global and kearch. A large value af facilitates a global search while a
small value ofw facilitates the local search. The process of liyedecreasing the value offrom a relatively large
value to small value through the course of PSOemsures better global search ability at the begmoi the run
where as more local search ability near the emdimfIn order to achieve best performance, thetimereight was
linearly varied from 0.9 to 0.2 with;&2 and ¢=2. The value of swarm size and number of genesatmre
considered to be 20 and up to 200 respectively.

8. Conclusion

Dynamic economic load dispatch is a complex oatidon problem whose importance may increase as
competition in power generation intensifies. Thiger has attempted to clarify the techniques thatige feasible
solution. This paper presented PSO technique tedbe DELD problem for the determination of globalnear
global optimum dispatch solution. The comparisaf numerical results demonstrate the performanog an
applicability of the proposed PSO method. It isestsined that the PSO method as computationallyebet
convergence property as it converges with lessetben of iterations than GA.
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Table 5. Optimal dispatches of 15-unit system

Hour PG! PG2 PG3 PG4 PG5 PG6 PG7 PGS PG9 PG10 PG1PG12  PGI13 PGl4  PG15 Sg;;f;“g? loss Demand
1 4550000 4550000 30.0000  130.0000 283.9536 1I96.3 350.6896 94.4186  34.5740 252551 32.4264 60.3525.9765 26.7222 15.0000 28574.8373 25.4390  2086.0
2 4550000 4550000 130.0000 130.0000 196.4887 5388. 178.4046 123.3820 50.7207  47.5829  24.8015 882.1 47.9794 34.8955 15.0000 28759.9535 24.6032 .00@0
3 4550000 455.0000 130.0000 130.0000 367.0061 9066. 181.4186 89.3867  33.4532  36.5310 33.1911 746.4874.5521 357252 15.0000 28720.3019 27.4037  0006.
4 3364218 347.4294 121.0266 25.0844 292.5248 20B.4 354.2087 300.0000 26.7085  26.8894  49.1405 32.4785.0000 55.0000 15.0000 29245.4128 36.0494  0QG.
5 4550000 455.0000 130.0000 127.0686 254.9009 7883. 144.0694 60.0000  25.5117  66.8143 80.0000 88.8028.7076 55.0000 15.0000 29312.2973 24.2358  0QOS.
6  455.0000 254.4125 130.0000 43.0963  300.0415 @60.0 2027918 61.8872  162.0000 73.2643 43.2567 60.0031.2576 31.7874 15.0000 29718.5487 26.4433  00.
7 4550000 455.0000 130.0000 130.0000 187.4040 7862. 140.8093  60.6599  72.6017  122.4009 71.0829 080.0 38.8692 15.0000 15.0000 29670.6037 24.1748 .0G6Q
8  327.4358 4550000 130.0000 81.8511 190.1175 B@3.6 394.9367 103.0709 144.9321  87.2493  35.0459 028.7 25.3293 27.5990 15.0000 30930.6674 30.5313 .004G
9 4550000 455.0000 130.0000 130.0000 470.0000 6348. 193.1029 60.6505 162.0000 28.1598  29.7135 188.1 35.7570 17.5353 15.0000 32982.9009 40.1840 .26G0
10 455.0000 455.0000 130.0000 130.0000 163.0573 .0860 465.0000 147.0706 28.8900  160.0000 80.0000.5132 25.9364 18.7356 15.0000 33831.5805  36.4994 28.2000
11  455.0000 455.0000 130.0000 114.8343 268.2912 .0860 305.8594 127.6363 162.0000 139.1903 47.7475.3838 54.4948 15.0000 15.0000 34701.6029  41.663583.2000
12 4550000 455.0000 130.0000 130.0000 277.7861 .7879 4650000 61.4347 251051 1425574 69.4539 0080. 85.0000 55.0000 15.0000 34537.7375 32.4224 5.0060
13 455.0000 455.0000 130.0000 130.0000 470.0000 .0860 390.8762  63.9947  29.4388  74.0300  21.4934 080.0 257383 20.6615 15.0000 34342.1911 39.6385 .QU60
14 4550000 455.0000 130.0000 130.0000 470.0000 .0860 465.0000 80.5842  56.0827  26.0768  20.1059 781.7 30.4742 18.1946 150000 34882.7400 41.4264 .08G0
15  455.0000 455.0000 130.0000 130.0000 470.0000 .0860 196.7564 2415708 1253336 160.0000 80.0000.2783 253546 28.3822 15.0000 36942.7699  61.835370.2000
16 455.0000 455.0000 130.0000 130.0000 470.0000 .0860 465.0000 122.0004 251743  98.4848  80.0000 9088. 33.5414 17.9158 15.0000 36227.3946 45.1178 0.2060
17 455.0000 455.0000 130.0000 130.0000 470.0000 .0860 463.8575 62.0837  77.4813 452790  80.0000 0R9.1 39.3170 33.9680 15.0000 35713.2565 42.4449 .200Q
18  455.0000 455.0000 130.0000 130.0000 470.0000 .0860 357.0486 61.0677 108.3192 52.6463 21.1558 27B7. 58.4528 15.0000 15.0000 34743.7888 41.3179 3.2600
Jo 4550000 4550000 130.0000 1300000 470.0000 460.00307.1463 60.0000  27.3575  29.3268 224734 80.0007.5190 215531 15.0000 o000 ca1s 377057 26510000
20  370.2538 258.2713 130.0000 21.1824  414.1133 0860. 465.0000 97.9128  20.1347 1587492 80.0000 829.9 69.3840 30.7144 15.0000 32630.6135 36.2391 .066@
21 455.0000 4335242 93.9466 130.0000 157.8839 0860. 299.0259 162.8953 29.2621  26.2041  80.0000 288.8 34.0061 39.5330 150000 30753.9952 26.7565 .04GQ
22 455.0000 455.0000 130.0000 130.0000 216.4957 .884Q 275.3086 65.0980  84.7162  28.3002  72.2439 O0BQ.4 27.8519 10.9681 150000 29360.2907 23.8149 .Q6Qd
23 2742480 150.8999 130.0000 130.0000 464.3938 .6385 410.5658 60.4536  107.4239 106.8781 78.7423.2330 29.1906 29.7263 15.0000 29055.4999  34.0890 61.2200
24 455.0000 224.6691 127.7122 102.4704 157.8257 .2488 442.4469 1354376 162.0000 28.3150  80.0000.0080 83.1537 55.0000 15.0000 29198.3614  28.922654.2200
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