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globals.pas globals.pas

pas)te data ('1sg

t.¥!
SA array nrocess (feeddist.nas)
i
-.Zonea get user parameters (alnbal~nas)

~ah~eSi.ea get user narameters (global.vas)
lftmlJ'eedCah~eSizea aet user Darameters (Olobal. vas)
_iberCah~eSizea get userDarameters (global.vas)
NUmD~TezaLna~i.ea get user parameters (global.nas)
~o~eSizea get user parameters (alobal. nas)
_CBozSizea aet user· narameters (a-lobal. nas)
~a get user parameters (alobal.nas)

I COpDiatCoat[] get user narameters (global. vas)
D~TezmCoatCl get user parameters (global.pas)

,. Capl'eedCoat[] aet user narameters (alobal. pas)
! Fiberl'eedCoat[] -- get user parameters (global. pas)
i IntfcCoatCl .- get user parameters (global. pas)
NO%m&~StrucCl get user narameters (global.pas)
Soft1lockStruc[] aet user parameters (olobal.nas)
BardRockStrucCl get user parameters (olobal.pas)
H&nho~eCoatCl get user narameters (global.vas)
H&nho~eSpacC1 get user parameters (olobal.oas)
Diatpl.ant:HiJC[] oet user narameters (alobal.nas)
Copl'eedP~ t:HiJCCl get user parameters (global.oas)
l'ibl'eedP~ t:HiJCC1 aet user parameters (Olobal.oas)

i Fi~Hact[] , get user parameters (global.nas)
, SurfText C1 net userDarameters (Olobal. oas)

i~~ factor I ~:~ ~::~ ~:~:::~:~: ;~~~~:~:~::;
ipet clal i get user parameters (global.pas)
pet 1.. ----------t ge~ user earameters (global.pas) _

I SpclAcceaaJtatio .' get state data (global.pas)o _
r SpclAcceaaLiDea per bua I get user parameters (global.pas) __
'IIRUtip~ier 24 I get user parameters (nlobal.nas)
c~r P~ee.eDt ~th ' get user parameters (global.pas)
fiber p~ac"'Dt de,pth get user parameters (global.pas)

I Critica~lI'aterDepth get user narameters (global. pas)
WaterFactor oet user narameters (olobal.vas)

I HiDS~ope1'rill9'"r get userDarameters (global. pas)
HinS~opeFactor get user parameters (global.nas)

. HlurS~ope1'ri=-r get user parameters (global. pas)
HlurS~O}>el'actor ,·net user oarameters (alobal'-oas)
CQmbS~o,pel'actor get user parameters (global.pas)
Soi~'l'azl'actor Icret user-oarameters (alobal.pas)
DiatRoadFactor get user parameters (global.nas)
l'eederRoadFactor lCiet user -parameters (alobal. pas)
l'iberFi~Hactor get user parameters (global.pas)
DiataDCe~ get user narameters (alobal.pas)
num BAa process (feeddist.vas)
mgcounter calculate microorid cost (distrib.nas)
tot tte~ process (feeddist.nas)
tot fte~ process (feeddist.pas)
tot rea~ea nrncess (feeddist.pas)
tot bua~a Drocess (feeddist.nas)
tot dropf_t Drocess (feeddist :-Cas)

th20l6 I aet user parameters (global.pas)
fiber cah~e capacity I get_user parameter_s (global. pas)

a96 I get_useryarameters (global. pas)

a672 I get user parameters (global. pas}

th96 I get userparameters (global. pas)
th672 I get.user parameters (global. pas)

~iJJa. per mz. I get __ user_ parameters (global.pas)

tl line.ax I get_user parameters (global.pas)

globals.pas

tl fiber ZOV8r I get user parameters (global.pas)

Global constants:

zero = 0
one ~ 1
h4.lf ~ .5

b24 I get user parameters (global.pas)
ac96 I aet user narameters (global.pas)

ac24 I get user parameters (global. pas)

In~•...: Value ):5 !liat

a24 [aet user parameters (global. pas)

CR I process (feeddist.pas)

GlObal variables:

GIl J process (feeddist. pas)

SA I process (feeddist.pas)

diat~r_cab~e_c~i~ I get _user. parameters (global.pas)

bc96 I aet user parameters (global.pas)

are4Dallle ! feeddist .pas - main program

~ __ I!,!ocess (feeddist.pas)
outfi~e

uaer .z-. get user parameters (gl-obal. as)
coat per dzap_Jr:f get user parameters (global.pas)

coordinate file process (feeddist. as)
gridfi~e process (feeddist.pas) ---

feed cqp,per cable c~city I get user parameters (global.pas)

copper_~e_.ax I get user parameters (global.pas)

b20l6 I-aetuseroarameters (global.pas)

copper gau9'" z.",.r get user parameters (global.pas)
copper_tl_z.",.r get user. parameters (global.pas) -.---

Did coat I get user parameters (global.pas)

max drop_~omgth I get user parameters (S!lobal.pas)

HlurC0.PP8rP....~ty I get user parameters (global.pas)
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globals.pas
globals.pas

et user parameters

feeddist.pas

et user parameters

feeddist.pas
feeddist.pas

get user_parameters

get user_parameters
get user parameters
get user parameters

ymin
end if

passed variables:
x
y

//pass two variables. return the smaller ofthe two

function min

if X <~ Y then
min = x

else

pass two vanables. return the larger olfhe nHi

passed variables:
x
y

function max

if x >= y then
max = x

else
max = y

end if

.·..ViltJ..ahle If~

Verboseoat

OIIdPar_

ac _ole
ac fdi

UsePrimDist

Close"iDdo..

ac t1 te...
ac fib teDO

ac bur st.ruc
ae ••r .true

to~ area process lIeeaal~L.~~~}

i p., '#•• :e:.....jet feeddist. pas main program

-1process Ifeeddist.pas)
i process (feeddist. pas)

~ i process (feeddist .pas)
process (feeddist.pas)
process (feeddist.pasl

feed bUr s t:.ruct:ure
feed 1J9d. structure

feed ug<! fiber
feed bUr fiber

, ffdd ••r fiber

,-r..........-.er .tructure process Ifeeddist.oas)

FeedIfaDholecost process (feeddist. pas) .-

! CalaCUTeedril1 process (feeddist.pas)

rCalcCUDist:Fill process (feeddist.pas)

rtot IJLC lines process (feeddist. pas) .-

r- di.t ug<! cable nrocess Ifeeddist. pas)

!cU.t bUr cable process (feeddist. pas)

di.t .er cable process Ifeeddist.pas)

di.t ug<! s t:.ructure process (feeddist.pas)

dt.t bUr structure nrocess (feeddist.oas)

di.t .er .tructure . nrocess (feeddist.pas)

lDi.tManhol8Coat process (feeddist .pas)

lOa u¢. cop get user parameters (alobal.pas)

I lOa bur cop aet user parameters (alobal:-oas)

lac ••reap aet user parameters (alobal. pas)

! lOa u¢. fib get user parameters (alobal.pas)

raa bur fib get user parameters (global.pas)

ac .Jar ~ib Qet user parameters lalobal. pas)

lOa u¢. strue Get user narameters (nlobal.pas)

/0 00.'00'.' //

tot dtst~_t orocess (feeddist.pas)

tot f~_t process (feeddist .pas)

tot f ..daost process (feeddist.pas)

tot distcost process (feeddist .pas)

tot drOI>Cost orocess (feeddist. oas)

tot ft:eost process (feeddist.pas)

tot ttcost process (feeddist .pas)

tot fdicost process (feeddist. oas)

tot nidcost process (feeddist.oas)

tot dtcost process (feeddist.oas)

tot sais process (feeddist .pas)

tot spclAccLiDes I process (feeddist.pas)

tot ho...eholda process (feeddist.pas)

liDes served
i (feeddist .pas)process

grid li.,.s served process (feeddist.oas)

Total inves_t process (feeddist. pas)

Total liDes process (feeddist.pas)

~avera~ investment process (feeddist .pas)

[temp
i avq droplaogtb process (feeddist .pas)

! avg dtstlengt:.l:l process (feeddist. pas)

i avq feedlengt:h .-
process (feeddist. pas)

13
do batch feeddist.pas - main program i

rinpUt exists process (feeddist .oas)

; batchfile feeddist.pas - main program 1feed ug<! cable process (feeddist .pas)

; feed bUr cable -orocess (feeddist.oas)

'feed _r cable process (feeddis~.. pas)
.~_.~_._.-

... _=.j
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)bals.pas

notion sqr

passed variables
x

pass a mlmber, return the square ofthe number

sqr := X ..... X

Lnction fill_factor_fn

passed variables:
density
feeder_indicator

local variables:
i
temp

I.oop from I to the value in NumDensZones using i. For each value of i. index the FiIIFact array to get the values fiJr den."ty.

FeedFillFaclor. and DistFillFactor. as appropriate.

for 1. = 1 to NumDeDsZone.
if density >~ Fi~.lFact[il .denaity then

if feeder indicator = 1 then
temp --Fi~~Fact[il .F..dri~.lFactor

globals.pas

tl fiber ",over
cdPPer £ine III4X
t1 Un• ...;
tr~factor
fHd copper c4D~e capacity
diat-copper-cab~.capaci ty
fiber cab~e-capaCity
copperyuc;....t_depth
fibery~ac_t_depth

critica~Jt'aterDepth

Jfat8rFactor
HinS~opeTrigger

HinS~opeFactor

Haxs~opeTrigr;ptr

HaxS~0pe7actor

CombS~0pe7actor

Soi~i'exF.ct:or

th2016
th672
th96
pet_cf41
pet ~aa

SpclAcc.aaJlati~
~ineayer_bua

SpclAcceaaLineayer_bUa
Diat1lDacrractor
FiberFil.lFactor
Diatance~

FeederRoadractor
.......:lIIlU.

else
temp - Fil~Fact[il . Diatyil.lFactor

end if
end if

next

fill factor fn temp

1'2:00«1»8 "",;.,OO.t_data
local variables:
infile

read the following variables from the file FDCOST.TXT (cost data):

procedure qet_user,;.,P8rameters

local variables:
infile

read the following variables from the file FEEDDIST.PRM (user parameters):

lUX drop ~ength

ua.-; lambda
talc.rate
lineayer_houae
coPP"r gauge ",aver
muJ.tiplier if
....... coppe;diatance
HaxCopperPen.l ty
copper_ t:1_",aver

11

coatyer_drop_Jcf
Did coat
duct_coatyer_Jef
a2016
b2016
a672
b672
a96
b96
424
b24
ac96
bc96
ac24
bc24
_Ji.~

read the following variables from the file ANNCHG.TXT (annual charge data):

12



lobals.pas

.c ugd cop

.<Cbur:::cop
ac aer aop.c-ugd-£il>
•c-buZ£il>
.c-.er-£il>
.;-ugdstrue
.c:>ur::strue
Be aer 5truc
.c-.....iiio~•
•c-tl teJ:>ll
';-£,;1; teJ:>ll
.';-£dr

~ead the values for the array CopDistCost from the file 26g.txt:

globals.pas

'W - The file 26g.tllt is used to populate both the CopDistCost array, and the CopFeedCost array. If these arrays are
meant to be identical, then only one of the arrays should be used. If they are separlte beelUse of the possibility that they
might contlin different dltl, then sep"r"te tIt files should be used to popullte them. The way it is now, they will alwlys be
identicil•

read values for the array FiberFeedCost from the file fibrcabl.txt:

NumFil>arCab~eSiz."=

for each line in the file
NUmFil>.rCab~.Siz..= _ibarcab~.Size. +

read in
FibarFeedCo.t[_iberC&b~eSiz••J."iz.
FibarFeedCo.t[_iberCab~.Siz••J.Co.tUgd
Fil>arFeedCo.t[_iberCBb~eSize"J.Co"tBur

Fil>arF.edCost[NUmFil>arCab~eSize.J.Co.tAer

read values for the array IntfcCost from the file fdi.txt:

l/uIIlCableSizes o NumXCBo~Sizes

~or each line in the file
NUsC&b~eSizeB = NUmCab~eSizeB + 1
read in
CopDistCo.t[Nu8CableSizesJ.Cab~eSize

CopDistCOst{Nu8Cab~.Size.J.CostUgd

CopDistCOst{Nu8Cab~eSizesJ.Co"tBur

CopDistCost[Nu8Cab~.Size"J.CostA.r

~ead the values for the array DropTermCost from ~he file dr0p.~xr:

~ropTeJ:>llin.~Sizes 0

for each line in the file
NUmDrqpTe%mdnalSizes = NumDrqpTe~alSizes + 1
read in
DropTezmoost[NUmDrcpTeJ:>llin.~SizesJ.size

DropTexmco.t[NUmDropTeJ:>llin.~Siz.sl.CostBur

DropTezmoost [NuIIDropTeJ:>llin.~SizesJ . CostAe%'
DropTexmcost{NuIIDropTeJ:>llin.~SizesJ.CostUgd

read the values for the array CopFeedCost trom the file 26g.txt:

NUmFeedCab~eSizes ~

for each line in the file
~eedCab~eSizes~ NUmFeedCableSix.s ~ 1
read in
CopFeedCostC_eedCab~.Sizesl.size

CopFeedCo.t[_HdCab~eSiz.sJ . CostUgd
CopFeedCo.t [_eedC'ab~eSix.sJ . Cos tBur
CopFeedCo.t [_eedC'ab~eSiz.sJ . CO.tAer
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for each line in the file
NuIIlXC80JcSizes = NuzaXCBoxSizes + 1
read in
IntfcCo.t[NUaXCBoxSizesl.~ines

IntfcCost{NUaXCBoxSizesJ.Cost

~pad VallJeS for the array NormalStruc from the file Ilorffial.txt:

NUmDensZones - 0

ror each line in the file
Nr:1IIIDensZones = NumDezulZotJes -+ 1
read in
NOJ:>llS~Struc[NUmDensZonesJ.Densi~

Nozma.lStruc [NUmDensZonesJ . FeedUgd
No....Utruc[_Zon••J . DistUgd
No.au..1Struc[_Zor»sJ. F.edB1Jr
No....Utruc[_zonesJ . DistBur
No.au..1Struc [_Zon.sJ . FeedAer
NOJ:>llS~Struc[RUaDensZon.sJ.DistAer

read in the values for the array SoftRockStruc from the file softrock.txt~

for i = 1 to NUmDensZones
read in

So£tRockStruc[iJ . Density
So£tRockStruc ( i ] . FeedUgd
SoftRockStruc [i ] . DistUgd
SoftRockStrac ( iJ . Feedl!lar
SoftRockStruc[i] . Dist8ur
SoftRockStruc[ij . FeedAer

14



obals.pas

SoftRockStrue[i] . DiatAer

'W - see below

read in the values for the array HardRockStruc from the file hardrock.txt:

for i = 1 to NUmDeDsZODes
read in

HerdllDckStruc[iJ .Density
HardllDckStrue [ i J •Feedt1gd
BardllDckStruc [iJ . Diatt7gd
HerdRockStruc [ i J . FeedBur
HardRockStruc [ i 1.Diat:Bur
HerdRockStruc [ i J •FeedAer
HardRockStrue [i] . Diatller

'W - see below

read in the values for the array ManholeCost from the fl1e mhcost.txt:

NUmKanholeSizea ~ 0

~nr each line in the file
NUmH&nho~.Si%e. ~ NUmHanho~.Si%es + 1
read 1n
H&aholeOoat[~oleSizeaJ.DuetCap

MaDboleOoatC~oleSizeal.Nor841Coat

H&aholeOoatC~olesizeaJ.SoftCoat

H&aholeOoat[~oleSizeaJ.HardCoat

Lead in the values for the array Manhnlpspac fLom th~ file mhspace.txt:

for i = 1 to HUmDen8Zones
read in

HanholeS,pae[il.Density
Hanho~e~ae[i].Hanhole~aeing

'W-seebelow

read in the values for the array DistPlantMix from the file distrrnix.txt:

for i = 1 to BUmDeDaZones
read in

DistPlantMix[ij.Dansity
DiatP.1aAtMix[i].t7gdPet
DiatP~tMix[i).lNrPet
DiatPlaDtMix[ij.Ae%Pet

'W - see below

read in the values for the array CopfeedPlantMix from the file fdrmix.txt:

15

globals.pas

for i = 1 to NUmDensZODeS
read in

CopreedP.1aAtH:i-z[ J. Dezuoity
CopreedP.1aAt.Niz[ J .l7gdPet
CopreedPl...t.Niz[ J .lNrPet
CoprHdPlaDt:H1.xl J .AerPet

'W-seebeIGW

read in the values for the array FibFeedPlantMix from the file fdrmix.txt:

for i = 1 to N"lmDensZones
read in

FibrHdPl...t:Hix[iJ .Dezuoity
Fi.b7HdP.1aAtH:i-z [i J .l7gdPet
FibFeedP.1aAt.Niz [ i J . lNrPet
FibFHdPlant.Nizli] . AerPet

'W - The file fdrmix.tst is used to populate both the CopFeedPlantMix array, and tbe FibFeedPlantMix array.lfthese
arrays are meant to be identical, then only one of the arrays should be used. If they are separate because of the p.,.sibility
that they might contain different data, then separate txt files should be used tG populate them. The way it is now, they will
always be identical.

'W - see below

read n the values for the array FillFact from the file fillfact.txt:

+~r : = 1 to NUmDens%ones
:~ad in

FillFaet["] .Denaity
FillFaet[i] . FeedJ'il1Faetor
Fi~1Faet[i] . DiatFil1Faetor

"W - see belo'W

read in the values tor the array Sharing from the file sharing.txt:

for 1 = 1 to ~n.JoDes

read in
ShariJlg[ij.Density
ShariJlg[i].bur ahare
SbariJlg[ i ] . uqdabare
ShariJlg[i].aer:abare

'W - see below

read in the vaules for the array SurfText from the file soiltx.txt:

N\J111'8Jd'l'pea ~ 0

for each line in the file
N\J111'ex2)pea = _1'_~a + 1

16



obals.pas

read in
SurfrextCNua'l'ex2'ypes] .1'el<ture
Surf'l'ext CNua'l'exTypes] • impact

'W - the files softrock.tx\, hardrock.txt, mhspace.lxt, distrmix.txt, fdrmix.txt, fillfacUxt and sharing.txt are all assumed to
have the same number of density elements as the file normal.txL This requirement i. never enforced.

infil,.

read,,,'I:-ne '.foll"''''inq variables frOlll the file states. txt, based on the eutnmt state,

Irocedure DisposeTables

This procedure frees up memory used by the table arrays. This is a memory manaqement
procedure only.

feeddist.pas

program feeddist

procedure process
passed variables:
areaname

local variables:

make sure the file {areanarnel.COO exists and has data
?pen the file coor~te_fil.with the filename: lareanamel.COO

make sure the file {areanarne}.BIN exists and has data
~pen the file gridfile with the filename: {areanamej.BIN

make sure the file {areanamel.DEN exists and has data
open the file D£Nfile with the filename: {areanarnej .DEN

if both files exist and have data then continue

Lead the values in coordinate file into CR

cal g~~~~~~~~~~ter8Cd~ "t:__t: _

:d1 "t:_St:aUl__ta

(global.pas)
(global.pas)
(global.pas)

r:'" roc: t 1,-'111ate distrihut.lC'!J cost, Including SAL cost, We v.ali
;. SA .information in a.~ CiLIay.

17

lines served zero
num_SA. ~ 0

for each record in the file grid:fi~.

num_SAs = num_SAJ5 + 1

read a record from the file gridfi~e into GR

call optimize SAl arrangement
pass varIabl;s:
SwitchX = GR.SwitehX
SwitchY ~ GR.SwitchY
GR = GR
·SA - SA
*grid_lines_served = grid_~iD.B_S.rved

'W - These are all global variables being passed to and from tbe procedure.

insert the value returned in SA into the array SA array
SA_arraY[DUID_SA8J = SA -

(distrib.pas)

18



1 to Dum_SAs

:ddist.pas

~in••_s.rved = ~in••_s.~d + grid_1inas_served

ne:){t record

R<.tad frOta·_U.1nto'vartat>le denS1t;y

call optimize feeder arrangement
pass variables: -
SwitchX ~ GR. Sri tchX
SwitchY ~ GR.SritchY
d~ilftiY{ ""~jj~ty
num SA's = num BAa
*SA-array = SA array
+feeder cost ~ tot feedcoat
*·.Il'ii!~b.~jj~"~.tli!;;_l!"'j~
+ugd_cable - ~ feed_ugd_cab~'-
+bur cable ~ feed bur cab~.

*aer-cable = feed-a.r-cab~.
+ugd-fiber = feed-ugd-fiber
'bur-fiber feed-~fiber

~aer-fiber = feed-.er-f1ber
'ugd-structrue ~ feed-ugd-atructure
'bur-structure ~ feed-bgr-atructure
*aer-structrue = ~.ed-a.r-.tructare
*ManholeCost = F••~o~eCb.t

(feeder.pas)

feeddist.pas

diat ugd cab~..
diaebur-cab~.
diat-a.r-cab~.
diat-ugd-atructure
diat-bur-atructure
diat-a.~atructur.
Dia~~ecoat
Ca~cCUE.-dFi~~

Ca~cCuDiat7i~~

tot_DLC_llmta
tot_aaia
tot_area

for 1

Total_linea

tot_ ttez::G1B

tot fterma

tot_real.ines

tot_bualinea

zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero

Tota~_~iDea + SA_arraYlil.~iDea

tot ttezms + SA arraYlil.nc96 + SA arraylil.nc24
+ SA_arraYliJ .sriC96 + SA_arrayl:i.] .•.,c24

tot ftezms + SA arraylil.n2016 + SA arraylil.n672
+ sA_arrayli].n96 + SA_arraylil.D2[

tot_realines + SA_arraylil.ReaLinea

tot_bualinea + SA_arraylil.SaaLinea

tote_~,. tot:_~t: + ~apUCMt_ClOat tot_sais tot_sais + SA_arrayli].number_Of_SAIS

tot_area
f Now collect results and print out.

'W - These .re .11 glob.1 v.ri.bles being p.ssed 10 .nd from Ibe procedure.

t:ot_area

tot_dropfeet

tot_diatfeet

tot_feedfeet

SA_arraYlil.~inea / SA_arrsylil.denaity

tot_dropfeet + SA_arraYlil.grid_drop_feet

tot_distfe.t + SA_arraYlil.grid_line_feet

tot_feedfeet + sA_arrayli].DiatToSlritch • SA_arraYlil. ~inea

tot_dtcoat ~ tot_dtcoat + SA_arraYlil.drOF_terminal_coat

tot_houaeho~ds = tot_houaaho~ds + SA_arraYlil.bouaeho~da

tot_~c1AccLinea

tot tte.....
tot-fte"..
1'oti~ iDv>tatmsnt
Tota~- ~iDea
tot r.a~inea
tot-bualiDea
tot-Glropfeet
tot-diatfeet
tot-feedi!_t
tot-diatcoat
toedropcoat
totCftcoat
tot ttcoat
toefdicoat
tot-Didcoat
tot-dtcoat
toeSpclAccLinea
tot::::houaaho~da

zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
.era
,.ero
,.ero
zero
zero
.era

19

tot_diatcost

tot_ drapeoat

to t_ftcoat

tot_ttcoat

tot_fdicoat

tot_nidcoat

tot_diatcoat + sA_arrayli].grid_diatribution_coat

tot_drapeost + SA_arraylil.drop_coat

tot_ftcoat + SA_arraYlil.fiber_termina~_coat

tot ttcoat + SA arraylil.tl terminal coat
+ SA_arraYliJ .aecoDdazy_tt..m_coat -

tot_fdicoat + SA_arraYlil. interface_coat

tot_nidcoat + SA_arraYlil.nid_coat

tot_Spc1AccLinea + sA_array[il. SpclAcceaaLinea

20



eeddist.Pas

ciist_bur_cable

cii s t _aer_cable

+ SA_array[i}.spclAcceSSDSl • 12.0

dist_bur_cable + SA_array[i} .bur_cable

dist_aer_cable + SA_array[i}.aer_cable

feeddist.pas

if areaname = 'batch' then
cID batch ~ true
op~n the file batch~i~. with the filename 'batch.1st

1

call process for each areaname in b.tchfi~.

else
call process with areanam&

end if

(feeddist.pas)

(feeddist .pas)

elist ugd cable ~ dist ugd cable + SA array[i}. ugd cable
dis(ug,fstructure - Cust:ug<Lstruct'ire + SA_arrsy[i} .ugd_structure

'W - Passing a global varable to the routine

dis t_bur_structure

dist_ser_structure

dist_bur_structure + SA_array[i}.bur_structure

dist_aer_structure + SA_array[iJ.aer_structure

Dis~olecost ~ DistNAnholecost + SA_array[i}.Manholecost

calceuDistFill ~ CalcCUDistFill + SA array[i}.lines
* fill_factor_fnISA_array[i}.density,O) (global.pas)

if (SA array[i}.n2016 + SA array[i}.n672 + SA array[i}.n96 + SA array[i}.n24) ~
the";; CalcCuFeedFill ~ calcCuFeedFill + SA array[i} . lines -

* fill_factor_fnISA:array[i}.density,l) (global.pas)

if I,SA array[i} .n2016 + SA array[i} .n672 + SA array[i} .n96 + SA array[i} .n24) > 0
then tot_DLC_lines = tot_DLC_lines + SA_array[iJ.lines -

';eX~

ro ta.1_inV8stment .;;;. tot_feedcost + tot_distcost + tot_dropcost + tot_fdicost
~ tot_ttCOBt + tot_ftcost + tot_nidcost t tot_dtcost

average_investment total_investment total_lines

''V9'_droplengtb - tot_dropfeet to ta~_ ~i.DeB

''V9'_dist1engtb ~ tot_di"tfeet tota~_~ines

avg_£eedlengtb ~ tot_feedfeet I total_lines

calceuDiatFill = CalcCUDistFill total_lines

calcCuFeedFill = CalcCuFeedFill I total_~ines

call pdntOUt

STp.RT OF MAIN PROGRAM

Check for command line parameters - set the following variables

.r.~

Clo.eJlindD1f
VerJ>OaeOUt

Uael'rUJDist

pr;Jlllilit.tiU,,,,,,,dty - 0
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istrib.pas
distrib.pas

istrib.pas

he only procedure used outside of this module is optimize_SAl_arrangement

~OCEDURB 8ort2vec8

passed variables:
n
*ra
*rb

uc
be
ae
us
bs
as
mh
frontage
line feet
pet ugd
pet-bur
pet aer

mgcounter ~ mgcounter +

for i = 1 to 50
line vector[i]
tie~in_vectorli1

next

-his procedure s8rts the arrays ra and rh into ascending order based on the value of ra

~rocedur. ca1cu1ate_microqrid_oost

passed varlables:
GR
sA
microgrid_lines
NS lots
£W lots
gauge
*1ioe vector
*tie in vector
*vdirn -
*mlcrogrid cost
*mg line feet
*dropJeet
~drop cost
*drop-terminal cost
*MG nid cost 
*ug"d cable
"'bur-cable
*aer=,cable
*ugd_structure
*bur_structure
*aer structure
*ManholeCost

lines
factor
drop length
lines per lot
total=lots
density
cable_cost
structure cost
mg_llne feet
FillFactor
ue
be
ac

r~

-'(',D
dgd_cable
bur_cable
aer_cable
Llgd structure
bur=structure
aer structure
Manholecost

zero
zero
zero
zero
zero
zero

= zero
zero
zero
zero
zero
zero
zero
zero

= zero
zero
zero

- zero
... zero

zero
zero
zerO
zero
zerO

zero
zero

local variables: oMlld_y, H;,1l8" fJ,llll'J .. tM.elleglliili:JhlU"'t ,GiliiMillJuQlli.* Sl'hMielil6l!iAlij

{ correct for fill factor

FillFaetor fill_factor_fn(density,O)

if FillFactor < 1.0e-6 then stop the program. Error

density ',-, Slh'delrllit.y

(globa I.pas)

'ERROR: Fill factor too small'

FillFactormicroqrid linesmicrogrid lines

lines
factor
drop length
lines per lot
total-lots
density
cable_cost
structure cost
FillFactor
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istrib.pas distrib.pas

{Starting at lower left of microgridl we walk north up every other lot line,
accumulating lines and cable. If we accumulate enough lines for a
new cable, we add it, repeating the exercise until we reach either
r.he midpoint of the northern boundary.}

microgrid cost = zero
drop terminal cost = zero
MG_nId_cost =-zero
drop cost = zero
l~nes "" zero
line feet = zero
drop=feet = zero
l ~ 1
vdim ~ 0

total lots = NS lots * EW lots
if total lots <-one then-stop the program. Error

if j <~ (NS lots - 2) then

(cable.pas)

{frontage of 2 lots}

us
bs
as
mh
pet ugd
pet-bur
pet- aer

lines
density
gauge
uc
be
ae
pet ugd
pct:bur
pet_aer

*ugd_structure
*bur structure
*aer- structure
*man'hole_cost
'pet_ugd
*pct_bu:c
*pct_ae:c

lines
denisty
gauge
*ugd copper
""bur=copper
*aer copper
pct_ugd
pet_bur
pet aer

call dist cable cost
pass variables:-

cable cost

'ERROR: Total lots < I'

microgrid lines / total lots1 ines per lot

frontage (2 I NS lots) * GR.MicroGridNS * DistRoadFactor

mierugrid cost = microgrid cost + frontage
- * (cable cost + structure cost)

ugd cable = ugd cable + u~ * frontage -
bur-cable = bur-cable + be * frontage
aer=cable - aer~cable + ae * frontage
uqd~structure - ugd_structure ~ us * frontage
bur structure - bur_structure + bs * frontage
aer structure aer structure + as * frontage
~JnhcleC05t M~~h~leCost + mh * frontaqe

loop while i <= EW lots
factor = one
lines = zero
j ~ 1

lOOp while j <= NS lots
Take in lots on both sides, top and bottom, unless this is a microgrid

I border, in which case take in lots only on onc side. It It is the
~orner, take in only one lot.

Ifatthe lOp ofgrid OR thefarright ofgmJ, ,etfac/or /0 ] luts
• i. = EW lots ~r j -~ NS lots +:her

factor
'?Lse

factor
end if

Ifat the top AND the far fight ofthe grid (corner), set factor to I lot
if i = EW lots a~d j = NS lots then factor = one

lines = lines + factor * lines_per lot

- ~ine feet + frontage
cost - 6rop terminal

Ilnes
ccst ~ :a~l drop terminal cost fn

(terminal.pas) -
pass variables:
lines = factor * lines per lot
density density
pct_ugd ~ pet_ugd
pet_bur ~ pet_bur
pet _aer = pct_aer

frontage = (1 ( NS_lotsl • GR.MieroGridNS • DiatRoadFactor

ugd cable = ugd cable + uc * frontage
bur~cable = bur-cable + be * frontage
aer-cable = aer cable + ac * frontage
ugd-structure =-ugd structure + us * frontage
bur-structure = bur-structure + bs * frontage
aer=structure = aer=structure + as * frontage

else if j - INS lots - 1) thenstructure cost call structure cost fn (structur.pasJ
pass variables7 -
copper lines = lines
fiber lines = 0
density ~ density
hardness = GR.hardness
depth to bedrock ~ GR.DepthToBedroek
soil texture GR.SoilTexture
Minslope = GR.MinSlope
Maxslope = GR.MaxSlope
WaterTb = GR.WaterTb
feeder indicator = a
cooper-indicator = 1
fiber Indicator = 0

microgrid cost

(frontage of 1 lot)

mierogrid eost + frontage
+ (eable_~ost + structure cost)
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distrib.pas

ManholeCost = ManholeCost + mh * frontage

else If (j NS lots) then {at the border, only drop terminals; no cabling}

//move up 2 lot lines
"] ~ j + 2

end of j loop (loop while j <= NS_lots)

~g line feet = mg 1ine feet + line feet
line_feet = zero -
;dim = vdim .... 1
line vectorlvdimJ ~lnes

t.ie_io__vector[vdim] == (1 / EW_lotS) • .l * GR.M.lcrogr1dEW

line feet = line feet + frontage * lines
drop~terminal cost = drop termlnal cost + call drop ter.minal cost fn

(terminal.paS! -
pass variables:
lines ~ factor • lines per lot
density ~ density --
pet ugd ~ pet ugd
pet:bur ~ pct=bur
pet aer = pet aer

"hJ: str'jct 1Jre

passed variables:
GR
$.I\;
number of SAIs
SAIX -
SAIY
'1'51\1 lines
*grid distribution cost
"'grid~line feet
"'link-line-feet
"'grid-drop-feet
"'densi ty -
*grid drop cost
*grid=termInal cost
*grid nid cost
*dist~lines_served
... link_cost
"'term cost
'ne96-
-o-nc24
"MaximumDistance
·ugd_cabl e
·bur- cable
·a(;~_cable

*ugd structure

"d.e~-_structure

-'-ManholeCost

procedure caloulate_9rid_distribUtioD_cost

drop termlnal cost • call drop terminal cost fn
- - (terminal.paS!-

pass variables:
lines = factor'" lines per lot
density = density --
pct_ugd ~ pct_ugd
pet_bur pet_bur
pet aer = pct_aer

drop terminal cost

//move over two lot lines
i ~ i t 2

end of i loop (loop while i <~ EW_lotS)
:ocal var1.ables:

{ Finally, calculate cost of nids for this microgrid )

r Now we need to calculate drops to customer locations !

if drop length > max_dr~_~engtb then drop_length ~ max_droP_~ength

drop_length

drop cost
drop-feet

MG oid_cost

user ~8mbda • O. 5
• sqrt( sqr(ll / NS lots) • GR.MicroGridNS * DiatRoadFactor )

+ sqr((l / EW-lots) * GR.MieroGridEW • DiatRoadFactor ))
+ (1 - user ~.-bda)* 0.5 * (1 I NS lots) • GR.MicroGridNS

* DiatRo.dF~ctor

total_lots • drop length ' coat-per_drop_k£
total lots' drop_length

Did_cost * total lots

n
k
microgrid_cost
backbone lines
main_back lines
lines
flag
rnidx
midy
mindist
divider col
divider_row
lots
microgrid llnes
a,_lots -
NS lots
microgrid line feet
microgrid=drop=feet
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microgrid lines lines[i,j]

i if microgrid below is populated

call lot_divide (lots, NS_lots, EW lots

gr~d_drop cost = grid~drop_cost + rnicrogrid_drop_cost

(distrib.pas)

(lotdiv.pas)

grid_distribution_cost + microgrid_cost ... penalty

ae
us
bs
as
mh

= microgrid lines
NS lots -

" EW-lots
gauge
line vectorl
tie in vectorl
",diml
microgrld cost

~ microgrid-line feet
microgrid-drop-feet
microgrid-drop-cost
microgrid-terminal cost
rnicrogrid=nid cost
ue
be

cost

grid_distribution_cost

9au g e
*line vector
*t-ie in vert-nr
'vellm
*mlcrogrid_cost
*mq line feet
*drop feet
*drop cost
*drop-terminal
*MG nid cost
*ugct cable
""bur-cable
*aer=cable
*ugd_structure
*bur_structure
*aer structure
*ManholeCost

call calculate microqrid cost
pass variables~ -
GR
SA
microgrid lines
NS lot s
EW lots

lots = round(GR.households[i,j] * taker.te)
+ roundIGR.buslines[i,j] I lines-psr_bus)

if Ii > 01 and Iflag[i,j] ~ nl and Ilines[i,j] > 0)
and (i > rows_completed) then

vdiml
vdlm2

local variables
k
pet ugd
pet_bur
pet aer

·W - need to see if penalty is being applied twice

)

a.s
mr.
~rlm dlstrlbutioo_cost
Grlm ugd cable
prim-bur-cable
~rim=aer=cable
prim ugd structure
prim=bur=structure
prim aer structure
prirn-ManholeCost
prim-line feet
prim-drop-feet
prim-drop-cost
prim-nid cost
prim=lines_served
prim_term_cost
prim_MaxirnumDistance
test
pet_ugd
pet_bur
pct_ aer

area
cable_cost
structure cost
microgrid-drop cost
microgrid-nid cost
microgrid-terrninal cost
total lines -
rows_completed
rc
tl_lines
FillFaetor
line_vector
line vectorl
line-vector2
'_ie in vector
'=ie-in-vectorl
tie-in-vector2
vdiml -
vdirn2
MaxDist
n96
n24
gauge
penalty
'JC

be
ae
uS

DS

grid_terminal cost = grid terminal cost + rnicrogrid_terminal cost
This is a procedure within the procedure

procedure accumulate_backbone
grid_nid_cost grid_nid_cost + microgrid_nid_cost
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distrib.pas

end if

( if microgrid above is populated

grid_drop_feet - grid_drop feet + microgrid_drop feet

lots round{GR.households[i+l,ij * takerata)
+ roundIGR.buslines\i+l,jj I ~Ln.s-P8r_busl

mh

grld_drop_feet + microgrid_drop_feet

grld_line~feet + rnicrogrid_line_feet

zero
zero
zero
zero

*ManholeCost

us
bs
as
mh

grld_drop feet

grid_line feet

~gd cable = ugd cable + tiC * penalty
bur-cable = bur-cable + bc * penalty
aer-cable = aer-cable + ac + penalty
ugd-structure =-ugd structure + us * penalty
bur-structure = bur-structure + bs * penalty
aer-structure = aer-structure + as * penalty
ManholeCost ~ ManholeCost + mh • penalty
uc ;:;; zero
be :;:. zero
ae = zero

grid_nid_cost = grid_nid~cost + rnicrogrid_nid_cost

grid~terminal cost = grid_terminal_cost + microgrid_terrninal_cost

grid_drop_cost = grld_drop cost + microgrid_drop_cost

grid_distribution cost:: grid_distribution cost + microgrid cost ~ penalty

end it

grid line feet + microgrid_line_feet

ugd cable = ugd cable + uc • penalty
bur-cable = bur-cable + be * penalty
aer=cable = aer-cable + ac * penalty
uqd_structure = ugd_structure + us * penalty
bur structure = bur structure + bs * penalty
aer-structure = aer-structure + as * penalty
ManholeCost = Manholecost + mh * penalty
ue = zerO
be = zero
ac = zero
us = zerO
bs = zero
as = zero
mh = zerO

grid_line~feet

if Iii + 11 <~ GR.nrowl and Iflag[i+l,j] ~ 01
and llines[i+l,j] > 01 and ((i+ll ,. rows_completed 1 then

ffi1croaflO ilne~ i~nesl~il,j' -"11m j:;' tlle.-,

:all lot_divide (lots, N~_lots, EW luts

Idistrib.pas)

(structur .pas)call strUcture coat fn
pass variables~ -

for k ~ 1 to vdim2
line vector[vdiml+k) ~ line vector2[k]
tie in vector[vdiml+k] = ti~ in vector2[k]
dist lines served = dist_lines served + line_vector2(k}

next

for k ~ 1 to vdlml
llne vector[k] = line vectorl[k]
tie in vector[k] = tie in vectorl[k]
dlst lines served ~ dist lines served + line vectorl[k}

next

call 8ort2vecs(vdirnl+vdim2 ,tie_in_vector, line~vector)

structure cost

(Bring forward lines from previous microgrids

end if

if (vdiml+vdim21 > 1 then

If vdim2 > 0 then

! i0td~\/,pas)

(distr1.b.pas)

NS_lots
EW_lots
gauge
line vector2
tie In vector2
vdim2 -
microgrid cost
microgrid-line feet
microgrid-drop-feet
microgrid-drop-cost
microgrid-terrninal cost
microgrid=nid cost-
uc
bc
ac
us
bs
as

microgrid_lines
NS lots
EW=lots
gauge
*line vector
*tie in vector
*vdirn -
*microgrid cost
*mg line feet
+drop feet
+drop-cost
*drop-terrolnal cost
*MG nId cost 
*ugd cable
*bur-cable
*aer:cable
*ugd_structure
*bur_structure
i<aer_structure

call calculate microqrid cost
pass variables~ -
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backbone lines
o
density
GR. hardness
GR.DepthToBedroek
GR.soilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
'us
'bs
'as
'mh
*pct ugd
*pct=bur
"'pct_aer

distrib.pas

ManholeCost ManholeCost + mh * abs{tie in vector[l]) * DistRoadFactor
* penalty -

ue = zero
be = zero
ae = zero
us = zero
bs = zero
as = zero
mh = zero

gr~d lIne feet = grid line feet + backbone lines
- * abs(tie in_vector[l]) * Di.tRoadFactor

else

li~es here, so cross microqrid }

grid distribution cost = grid distribution cost + abs(GR.MicroGridEW)
* DiatRoadFactor ... (cable cost + structure cost)
... penalty

gd structure =. ugd_structure + us .., abs(GR.MicroGridEW) .., DistRoadFactor
.., penalty

st"" ruc:ture

cable cost = call dist cable cost
pass vari;bles:
backbone lines
density -
gauge
'uc
'be
.., Be

pct_ugd
pet_bur

del

(cable.pas)
ugd cable

bur cable

acr cable

ugd cable + lie * abs{GR.MicroGridEW) ... DistRoadFactor * penalty

bur cable + be ... abs(GR.MicroGridEW) .., DistRoadFactor * penalty

aer cable + Be .., abs(GR.MicroGridEW) .., DistRoadFactor * penalty

bur structure + DS .... abs(GR.Mi~roGrld£W) .... DistRoadFactor

r-~~ :a..1.. ': y

,vdlml ' \'d:-:"12,I
grid_distributlon

~hen

cost = grid distribution cost
+ abs(tie_in vector(ll) .., DistRoadFactor
* (cable cost + structure cost) .., penalty

38-::- S"'=.:"Ucture - aer structure + as .... abs (GR.MlcroGrldEW; ". DistRoadFactor
.... pena:ty

ManholeCost = Manho1eCost + ~h * abs(GR,Mi~roGridEW) * DistRoadFactor
* penalty

if (vdiml + vdim2) > 0 then

{ Captur:e lines from these microgrids

ugd cable ugd~cable + uc * abs(tie in vector[lJ) * DistRoadFactor
* penalty

bur cable = bur_cable ~ bc * abs(tie in_veetor[l]) * DistRoadFactor
• penalty

aer cable = aer_cable + ac * abs(tie in veetor[l]) • DistRoadFactor
* penalty

ugd_structure = ugd_structure + us * abs(tie in_vector[l]) + DistRoadFactor

penalty

bur structure = bur_structure + bs + abs(tie in vector[l]) * DitltRoadFactor

* penalty

aer structure = aer_strueture + as * abs(tie in_veetor[l]} * DiBtRoadFactor

* penalty

33

ue = zero
be = zero
ae = zero
us = zero
bs = zero
as = zero
mh = zero

grid line feet

end if

grid line feet + backbone lines * abs(GR.MicroGridEW)
Ditl tRoadFac tor
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backbone lines = backbone lines + line_vector[lJ

if (vdiml + vdim2) >- 2 then

ugd structure =' ugd structure + us
- * abs(tie in vector(kJ - tie in vector[k-l])

* DistRoadractor * penalty

ManholeCost = ManholeCost + mh
, abs(tie in vector[k] - tie in veetor[k-lJ)
* DistRoadFactor * penalty

aer structure + as
* abs(tie in vector[kJ - tie in vector (k-l))
* DiatRoedFactor * penalty

bur structure + bs
* abs(tie in veetor[k] - tie in vector[k-lJ)
* DistRoadFactor * penalty

uc = zero
be = zerO
ae = zero
us = zero
bs = zero
as = zero
roh = zero

aer structure

bur structure

grid line feet ~ gr~d Ilne feet f backbone Ilnes
• abs(tie in vector[k) - tie in vector[k-l))
• DistRoadFactor -

(structur .pas)
+ vdirn2

call structure_cost fn
pass variables:
backbone_lines
o
density
GR. hardness
GR. DepthToBedroek
GR.soilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
*us
*bs
*as
*mh
"'pet ugd
*pct=bur
*pct_aer

for k = 2 to vdiml
structure cost

ugd cable = ugd cable + uc
- • abs(tie in vector[k) - tie in vector[k-l])

* DistRoadFactor * penalty

bur cable = bur cable + bc
* abs(tie in vector[k] - tie in vector[k-lJ)
* DistRoadFactor * penalty

aer cable = aer cable + ac
* abs(tie in vector[k] - tie In vector[k-l])
* DistRoadFactor * penalty - -

- grid distribution cost +
abs(tie in vector[kJ - tie in vector[k-l])
* DiatRoadFactor - -
• (cable cost + structure_cost)· penalty

(5 t ru c t u r . pa s)

backbone lines + line vector[k)

~ t V(ilrn~ • vdlrn~

bdckbone .'-ines

next k

*us
'bs
, as
'mh
*pct ugd
*pct-bur
*pct=:'aer

BrJ.a(j fcrw'aro' lines tC next mlcrogrids ;

s:ructure cost ~ call structure cost fn
pass variables~ -
backbone_lines
U
density
GR.hardness
GR. DepthToBedroek
GR.soilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o

p.nQ J.:

leableopas!

y~~u_distributicn cos~

cable cost ~ call dist cable cost
pass variables:
backbone :-,-nes
Jensity
qauge
*1.1C

*be
*ae
pet_ugd
pet bur
pct_aer
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cable cost call dist eBble cost
pass variables:
backbone lines
density
gauge
*uc
*bc
*ae
pet ugd
pet_bur
pct_aer

(cable.pas)

grid Ilne teet = grid line feet + backbone lines
- * abs(GR.MicrOGridEW - tie In vector A [vdiml+vdim2])

* DiatRoadFactor -

vdiml
vdim2

end if (if (vdiml+vdim2) > 0)

end procedure calculate_grid_distribution_cost

(main procedure

aer cable = aer cable + ae
abs(GR.MlcroGridEW - tie ~~ vectorA[vdiml+vdim~])

DiatRoadFactor ~ pena.lt.y

Jgd cable - ugd cable + uc
* abs(GR.MicroGridEW - tie in vector[vdiml+vdim2])

DistRoadFactor ~ penalty

uad st~~cture = ugd structure + us
- * abs1GR.MicroGridEW - tie in vectorrvdiml+vdim2])

* DistRoadFactor * penalty

aer structure = aer structure + as
* abs(GR.MicroGridEW - tie in vector[vdiml+vdim2])
* DistRoadFactor * penalty

zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero

mgcounter
microgrid cost
backbone lines
main back lines
midx-
midy
mindist
lots
microgrid lines
EW lots
NS_lots
mi2rogrid line ~eet

microqrict=drop-feet
area
-:able cost
structure cost
~;~rogrid_drop ~ost

;-:-,lcrogrld__nid cost
Tlcrogrld tRrrninal cost
total lines
grid distrIbution cost
grid-line feet 
llok-line-feet
grid-drop~feet

density -
grid drop cost
grid-terminal cost
grid-oid cost
dist-lin~s served

grid distribution cost
+ abs(GR.MicroGridEW - tie in vector[vdiml+vdim2])
* DistRoadFactor * (cable cost t structure cosl)
* penalty

bur structure = bur structure + bs
* abs(GR.MicroGridEW - tie in vector[vdiml+vdim2]l
* DistRoadFactor * penalty

bur cable = bur_cable + be
* abs(GR.MicroGridEW - tIe in vector[vdiml+ v dim21l
~ DistRoadFactor * penalty-

grid_distribution cost

ManholeCost = ManholeCost + mh
* abs{GR.MicroGridEW - tie in vector[vdirnl+vdim2])
* DiatRoadFactor * penalty-

ue = zero
be = zero
de = zero
us = zero
bs = zero
as = zero
mh = zero

divider col
divider=:row
rows_completed
rc
nc96
nc24

uc
be
ac
us
bs

o
o
o
o
o
o

zero
zero
zero
zero
zero
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for = 1 to 50
ne vector[i] = zero
ne~vectorl[iJ = zero
ne-vector2[i] = zero
e in vector(ij = zero

t e-in-vectorl[i] = zero
t e in~vector2[i] = zero

next

as
mh
ugd_cable
bur cable
aer-cable
ugd=:structure
bur_structure
aer structure
Manholecost
link line feet

zero
zero
zero
zero
zero
zero
zero
z.,ro
zero
zero

for j = 1 to GR.ncol
//flag is used to indicate which SAl
flag[i,jj = 1
midx ~ GR.LawerLeftX + (j - 0.51 • GR.MicroGridEW
midy = GR.LawerLeftY + (i - 0.5) * GR.MicraGridNS
mindist = abs(midx - SAIX[l)1 + abs(midy - SAIY[l)1

for n = 2 to number of SAls
if (abs(midx - SAIx[n]) + abs(midy - SAIY[n))) < mindist then

mindist = abs(midx - SAIX[n]) + abs(midy - SAIY[n)I
flag[i,jj = n

end if
next n

next
next i

for n = 1 to number of SAIs

SAI_lines[nJ = zero
MaxDist[n] = zero

next
next l

next n

for 1. = 1 to 50
far i ~ 1 ta 50

lines[i,jl = zero
flag[i,j) ~ a

;lex'!::

r.ex.t

drea = zero
tQtal_lines ~ zero
:-1P.DSlty = zero

cumulate lIneS and area tor the gr10
~or l ~ 1 to GR.nrow

for J -= l. Lo GR.ncol
~iDea[i,jJ ~ GR.housebo~dII[i,jJ • takerate • ~iDeB...J'er_houBe

+ GR.bua~iDea[i,jJ

//looks like this is an attempt to remove DSl lines
_ (11 / 12) • (1 - spclAcceaaRatio)' pet_dill • GR.bua~iDeB[i,jJ
_ (11 I 12) • pet_~Ba • spclAcceaaRatio • GRA.bus~iDeB[i,jJ

for: l ;:.

far
to GR.nrow
~ 1 ta GR.ncal

If (flag[i,j] = n ) and (lines[i,jJ > 0) then
SAl lines[n] = SAl 1ines(n] + lines[i,jJ
i/~~y don't these calculations use the same format as above?
rnidx ...". GR.LowerLeftX + j * GR.MicroGridEW - ha~f ... GR.MicroGridEW
midy = GR.LowerLeftY t i * GR.MicroGridNS - h.~f * GR.MicroGridNS

should use global max() function
if !?lhs(rnidx - SAIX[n}l + abs(midy - SAIY[n}))

DistRoadF.ctor > MaxDist~\n1 tnen
MaxDist [n] = <abs (midx SAIX n J at,s ::;r,l!j)

* DistRoadFactor

eno 1.£

end if

'W _GR.bu.lines was modified in the optimize_SAl_arrangement procedure 'W _Not necessary to loop throught entire grid .tructure twice to find min, max di.tances

If ~iDea[i,jJ > a then
area = area + GR.HicroGridEW • GR.HicroGridNS / 15.28 • 5.28)

MaximumDistance = MaxDist[l]

total lines
next

next i

total lines + lines[i,j]
for n = 1 to number_of_SAIS

if MaxDist[n] > MaximumDistance then MaximumDistance MaxDist [n]

if area > 0 then
density = total lines / area

else
density = zero

end if

{First, we need to determine which microgrids are attached to which SAl}

for i = 1 to GR.nrow
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next n

Now flag points to the nearest SAl for each microgrid cell.
We are now ready to calculate backbones.

grid drop cost = zero
grid-terminal cost ~ zero
grid=nid_cost-~ zero

40



listrib.pas distrib.pas

grId dIstrIbutIon_cost = zero
grid line feet = zero
grid-drop-feet = zero
dist=lines_served = zero

if GR.ncol > divider col then
for J = GR.ncol downto dIVIder col

accumulate_backbone -
next

end if

+ 1 (from eastern border to SAl column)
(dis trib .pas)

for n = 1 to number of SAIs

Now we handle any si tuations where customers are too far from an SAT j

We now need to divide the SA into quadrants with the SAI
serving as the "origin."

{ First, calculate the gauge needed. }
if MaxDist[n] > copper gauge xover then

gauge ~ g24 - -
else

gauge ~ g26
end if

main back lines ~ main_back_lines + backbone lines

(structur.pas!

'us
'bs

1 then {only one microgrid depth}
call struoture cost fn
pass variables~ -
main back lines
0--

density
GR. hardness
GR. DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o

if i = divider row 
structure cost

> max cqp,per dj.tance then
HaxC.;pp.rPena~ty

one

if MaXDist [n]
penalty

else
penalty

end if

Below, we ~alculate LOi the region south of the SAT

dlvicier col
div1der-row

roundlabs(SA1X[n}
round!absISAIY[n]

GR.LowerLeftXj
GR.LowerLeftY)

GR.MicroGridEW)
GR.MicroGridNS)

"'as
'mh
"'pet_ugd
"'pet_bur
"'pet_aer

maln back J..l.nes .=;; zero
·.rdirnl = ()-

vdim2 '"' 0
rows_completed
re = 0

,~3ble ~all dist_cable_cost
pass variables:
main back lines
density
qauge
"'uc
+bc

I '-."3.1.1.1.'::.j.-)<3S)

main back lines ~ main back lines + backbone lines
backbone lines = zero
vdiml ~ 0
vdim2 ~ a

rc = l + 1
backbone_lines = zero
vdiml ~ a
vdim2 - a

if divider col> a then
for j :- 1 to divider col {from

call aCCUJlMlate_backbone
next

end if

loop while <.= divider _row

western border to SAl column}
(distrib.pas)

'ac
pet ugd
pet=bur
pet aer

grid distribution cost = grid distribution cost + GR.MicroGridNS
- '" DistRoadFactor -

* (cable_cost + structure cost) * penalty

'W _looks like cable distance penalty is also applied to structure cost.. also why isn't penalty applied to cable over critical
distance

grld llne feet = grid line feet + main back lines
- '" GR.MIcroGridNS * DistRoadFictor

ugd cable = ugd cable + uc * GR.MicroGridNS * Di.tRoadFactor
* penalty
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istrib.pas distrib.pas

bur structure bur structure + bs * GR.MicroGridNS
* DiatRoadFactor * penalty

aer structure = aer structure + as * GR.MicroGridNS
- * DisiRoadFactor * penalty

ugd structure = ugd structure + us * GR.MicroGridNS
* DistRoadFactor * penalty

ManholeCost ManholeCost + mh * GR.MicroGridNS * DistRoadFactor
• penalty

I run backbone down every other row }J ~ i ..- ;:

end if

grid line feet = grid line feet + 2 + main back lines
~ GR.MlcroGridNS * DistRoadFactor

ManholeCost == ManholeCost + mh * 2 * GR.MicroGridNS
* Dj_tRoadFactor * penalty

hur str',v::t"ure = bur structure + bs * 2 * GR.MicroGridNS
* DistaoadFactor * penalty

uqd structure = ugd structure + us * 2 * GR.MicroGridNS
- * DiataoadFactor * penalty

ugd_cable ~ ugd cable + uc * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

bur cable - bur cable + bc * 2 * GR.MicroGridNS DiatRoaaractor
- * penalty

aer structure = aer structure + as * 2 * GR.MicroGridNS
* DistRoadFactor * penalty

aer cable = aer_cable + ae • 2 * GR.MicroGridNS DistRoadFactor
* penalty

p.nd loop iloop while 1 <= divider row)

(structur .pas)

(two microgr,d depth)

call structure cost fn
pass variables7 -
main back lines
o -
density
GR. hardness
GR. DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

bur cable = bur~cable + be r GR.MicroGridNS * Djs~.dFactor

* penalty
aer cable = aer_cable + ae * GR.MicroGridNS * DistRoadFactor

• penalty

structure cost

else if i <> divider row then

:::"ows completed =

::eec. f,')" +-he re":;l ~cIth "f rt!e SAT
'"r1S

grid distribution cost grid distribution cost
- + GR.MlcroGridNS * DiatRoadFactor * 2

* (cable cost + structure_cost) * penalty

main back lines = main back lines + backbone lines
backbone_lines = zero - -
vdiml ~ 0
vdim2 ~ 0

lOOP whlle \1 ;>= rows completed)
backbone lines == zero
vdiml "0
vdim2 = 0

if divider col > 0 then
for j ~ 1 to divider col (

call accumu1ate_baakbone
next

end if

from western border to SAL column )
(distrib.pas)

zero
::JR. r,:::"ow

main back Ilnes
vdiml = C
vdirn2 = 0

(cable.pas)

'bs
*as
*mh
*pct_ugd
*pct_bur
*pct~aer

call dist cab1e cost
pass vari;bles:
main back lines
density -
gauge
*uc
*bc
'ac
pct ugd
pct:::bur
pct_aer

cable cost
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strib,pas
distrib.pas

if GR.ncol > divider col then
for i = GR.ncol downto divider col + 1 {from eastern border to SAl column}

call accumulate_backbone
next

end if

(distrib.pas)

aer_cable = aer~cable + de • GR.MicroGridNS * DiatRoadFactor
* penalty

ugd structure = ugd_structure + us * GR.MicroGridNS + DistRoadFactor
, penalty

bur structure = bur structure + bs * GR.MicroGridNS * DistRoadFactor
* penalty

main back lines main back lines + backbone_lines

ManholeCost = ManholeCost + mh * GRMicroGridNS * DistRoadFactor
* penalty

aer structure = aer_structure + as * GR.MicroGridNS * DistRoadFactor
, penalty

"'us

(structur .pas)

(two microgrid depth)

call structure cost fn
pass variables7 -
main back lines
o -
density
GR. hardness
GR.DepthToBedroek
GR.SoilTexture
GR. MinSlope
GR.MaxSlope
GR.WaterTb
o

structure cost

else if i ~> divider row then

one microgrid depth )
(struetur.pasi

'us
*bs
'as
'mh
*pct ugd
*pct:=bur
*pct_aer

if (i = divider row + 1) then (only
structure cost = call structure cost fn

pass variables7 -
main back lines
0--

density
GR. hardness
GR. DepthToBedroek
GR.soilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o

grid line feet = grid line feet + main back lines
* GR.MIcroGridNS * DistioadFactor

uqd cable = ugd cable + uc * GR.MicroGridNS .. DistRoadFactor
.. penalty

gr~d d~strlbutlon cost = grid distribution cost + GR.MicroGridNS
* DiBtRoadTactor
* (cable cost + structure cost) * penalty

grid distribution cost = grid distribution cost + GR.MicroGridNS
- .. 2 * DistRoadFactor

.. (cable_cost + structure_cost) .. penalty

(cable.pas)

*bs
~d5

'mh
'pct_llgd
"'pct bur
*pct_aer

call dist cable cost
pass variables:
main_back_lines
density
gauge
'uc
*be
'ae
pet ugd
pet=bur
pct_aer

cable_cost

~ ,1:-: ;;call dist cable cost
pass vari;bles:
main back lines
density -
gauge
'ue
'be
'ac
pet ugd
pct=bur
pct_aer

:';d;:'~..:..2 :":'::;5i::

bur cable = bur cable + bc * GR.MicroGridNS .. DistRoadFactor
* penalty

grid line feet grid line feet + 2 * main back lines * GR.MicroGridNS
~ - * Di8tRoadF.c~or
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:istrib.pas
distrib.pas

ugd cable = ugd cable + ue * 2 * GR.MicroGridNS * DistRoadFactor
- ... penalty

bur cable = bur_cable + be * 2 * GR.MicroGridNS * DistRoadFactor

* penalty

aer cable = aer_cable + ac * 2 * GR.MicroGridNS * DistRoadFactor
penalty

ugd_structure ugd_structure + us ... 2 * GR.MicroGridNS * DistRoadFactor
... penalty

*prim nid cost
.prim-lines served
*pr im- term cost
*prim=MaximumDistance
"'prim ugd cable
·prim-bur-cable
·prim-aer-cable
*prirn-ugct-structure
*prim=bur=structure
*prlffi aer structure
*prim=ManholeCost

cur struc~ure = bur structure + bs ... 2 ... GR.MicroGridNS ... DistRoadFactor

* penalty

aer structure = aer structure + as * 2 * GR.MicroGridNS ... DistRoadFactor
... penalty

~f {Be u~ cqp * prlm ugd cable + sa bur c~ * prim bur cable
+ ac-aer-cop + prim-aer-cable + ac-ugd:atruc + prIm ugd structure
+ ac-bu~.truc + prIm bur structure + ac aer struc * prim aer structure
+ ac:Hanbole * prim_Manholecost) - - - -

end loop (loop while (i >= rows_completed))

ManholeCost = Manholecost + mh * 2 + GR.MicroGridNS + DistRoadFactor

* penalty

1 r UsePriJDDist or (density ~ "'jf~tQl"~t,y) then
prlrn dlstrlbutlOn cost = zero
prim-ugd cable = zero
prim-bur-cable = zero
prim-aer-cable = zero
prim-ugd-structure = zero
prim=bur=structure = zero
prim aer structure = zero
prlm-Manholecost = zero

call calculat.~ri._distr~tion_co8t

pass variables:
GR
number_of_SAIS
SAIX
SAIY
density
Fi llFactor
lines
flag
+prirn distribution cost
*prirn-line feet 
*prirn-drop-feet
"prim=drop=cost

(primsai .pas)

;-hen
rid_distribution_cost = prim_distribution cost
qd cable = prim ugd cable
~r--cable '"'" prim-bur-cable

1er__caole = prlm=aer='cable
lad structure = prim ugd structure
b~r=structure = prlm=bur=structure
~er structurp - prim aer structure
ManholeCost prim-ManholeCost
grid line feet - prIm line feet
grid-drop-feet prim-drop-feet
grid-drop-cost ~ prim-drop-cost
grid-nid cost = prim-nid cost
gridt~iD•• served = prIm lInes served
grid-terminal cost = prim term-cost
MaximurnDistance = prim MaximurnDistance

end if -

(ac ugd c~ + ugd cable + sc bur c~ + bur cable
+ ac-a.r-c~ + aer-cable + ac-ugd-struc * ugd structure
t ac-bur-.truc + bur structur~ + ac aer .~rua-+ aer structure
-+ ac=Hanbo18 * ManholeCost) - - -

call get link cost
pass variables~
number_of_SAIS
SA
SAl lines
saix

end if

(Now we need to handle the connection between the primary and secondary SAIs.)
{We minimize structure cost in connecting the SAIs using the algorithm suggested}

{by Prim, Bell System Technical Journal, 1957. }

Iprimdist .pas)

-i~S ::iec,,ted,J.l..::>Lnp j eet

run backbone down every other row }
1 i·-

end if

:'of': : ee:

,ext
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istrib.pas

saiy
density
*link_cost
*term cost
""link-line feet
*nc96-
*nc24
'ue
'be
*3C

'us
'bs
'as
'mh

Jrld distribution cost ~ grid distrIbutIon cost + lInk cost + term cost
uqd cable = ugd cable + ue - -
bur-cable = bur-cable + be
aer-cable = aer-cable + ae
;jgd=structure =-ugd_structure + us
bur_structure = bur_structure + bs
aer structure = aer structure + as
ManhOleCQst = ManholeCost + mh

'W • doesn't appear that distance for linking cabl.. are carried forward

procedure optimdz8_SAI_&rranqement

rassed varlabLAs:
3wi tchX
SwitchY
oR
, SA
* grid_lines_served

local variables:

distrib.pas

ne96
ne24
MaximumDistance
ue
be
ac
us
bs
as
mh
SAl lines
link line feet

SA.SwitcnX ~ GR.SwitchX
SA.SwitchY = GR.SwitchY
SA.ResLines = GR.gHouseholds * takerate * ~ines~r_house

SA.BusLines = GR.gBusinessLines
SA. lines = SA.ResLines + SA.BusLines
SA.DepthToBedrock ~ GR.DepthToBedroek
SA. Hardness = GR. Hardness
SA.SoilTexture = GR.SoilTexture
SA.WaterTb ~ GR.waterTb
SA.MinSlope ~ GR.MinSlope
SA.MaxSlope - GR.MaxSlope
SA. quadrant = GR. quadrant

Calculate special access and switched DSl lines j

SA.SpclAccessLines = $PC2AccessRatio * GR.gBusinessLines
SA.SpclAccessDSl = SA.SpclAccessLines * pct_lsa
SA.SpclAccessLine s = SA.SpclAccessLines - SA.SpclAccessDSl
;::;A . .swi~chedDSl = ~GP.:;B'..lsin ssI~nps - SP-, Spc:1Acce~sLlnes pct_dsl
';R.qBuslnessLines = GR.gBl..lS nessLloes - round (S.A.. S'",iv::"hedDS 1 - S.n... Spc_~r.... ,-: :essDS1
SA. Households = GR.qHouseho ds

Need two copper lines for each DS1, which carries 24 rhannels }
*'W - not sure what this accomplishes, units are Iines"l/~h.nnel

SA.SpclAccessDSl - SA.SpclAccessDSl ' 2/24
SA.SwitchedDSl ~ SA.SwitcnedDSl ' 2/24

j
number of SAls
X
y
distribution gauge
grid distribution cost
grid-line feet 
grid-drop-feet
densIty -
drop cost
drop-terminal cost
nid cost
mincost
link_cost
term_cost
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SA. number of SAlS
SA.Grid_DIstribution_Cost
SA.MaxDistance
SA.n2016
SA.n672
SA.n96
SA.n24
SA.nc96
SA.ne24
SA.snc96
SA.snc24
SA. fiber terminal_cost
SA.tl terminal cost
SA. secondary tterm cost
SA.interface~cost -

zero
zero
o
o
o
o
o
o
o
o
zero
zero
zero
zero
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Iistrib.pas
distrib.pas

for number of SAls ~ 1 to .... ar. do
grid_i1.oeS_served ~ ",ero -

for i = number of SAIs + 1 to 4
x[i] ~ GR.cx4[iJ
y[i) - GR.cy4[i]

next

grid_distribution cost = zero

(distrib.pas)

GR.cx4[i]
GR.cy4[iJ

x [i]
y[i]

next

call calculate grid distribution cost
pass variables-; - -
GR
SA
number of SAIs
X
y

"'SAl lines
*grid_distribution_cost
*grid line feet
klink-line-feet
*grid=-drop~feet
*density
*drop_cost
*drop terminal cost
"'nid cost
*grid_lines_served
':'..lnk cost

end case

zero
zero
zero
zerO
",ere
zero
",ero
zero
zero
zero
zerO
zero
",ero
zero
zero
zero
zerO

for i ~ 1 to 4
SA.SAl lines[i] = zero

next

mincost = 1.0e+16

SA. drop_cost
SA.nid cost
SA. drop terminal cost
SA. grid-line feet
SA.grid-drop-feet
SA. densIty -
SA. DepthToBedrock
SA.WaterTb
SA.MinSlope
SA.MaxSlope
SA. DistToSwitch
SA.ugd cable
SA. bur-cable
SA.aer=cable
SA.ugd structure
SA.bur~structure

.-:,.n. TypeOfSAI i i primary

GR.cxl[l]
GR.cyl[lJ

~f nurnber_of_SAlS > 1 then

for i = 2 to number of SAIs
SA.TypeOfSAl[iJ-~secondary

next

case number of_SAls
case 1

x[l]
y[lJ

"'nc24
*MaximumDist.ance
*uc
*be
/rae

'us
*bs
*as
*mh

case 3
for i ~ 1 to 3

xli] ~ GR.cx3[i]
y[i] ~ GR.cy3[iJ

next

case 2
for i ~ 1 to 2

xli] ~ GR.cx2 [i]
y[i] ~ GR.cy2 [i]

next

if (ae u~ c~ * uc + Be bur c~ * be + ae ••r cop * ac
+ 8C-ugcf.true * us + :;0 bUr atruc * bs -:; &0-.er .true * as
+ ac=maDho~. * mh + ac_tI_te%m * term_cost) < mincost then

mincost = Be u~ cqp * ue + Be bur oo,p * be + ae .ar co,p * aC
+ ac-u~-.~c * us + .0 bUr .true * bs -:; ac-.er .true ... as
+ ac:maDbo~. * mh + ac_tl_t.~ * term_cost - -

number of SAls
X --

Y
grid_distribution cost - term_cost
term_cost

SA.number_of_SAIS
SA.X
SA.Y
SA.grid_distribution_cost
SA.secondary_tterm_cost

1 to 4for i
case
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Iistrib.pas
feeder. pas

feeder.pas

the only p~ocedure used outside of this module is optimize feeder arrangement

function L2 distance
variables passed in:
xl
x2
yl
y2

function Ll distance
variables passed in:
xl
x2
yl
y2

abs (xl - x2) + abs (yl - y2)Ll distance

\
)

nc96
nc24
grid line feet
link-line-feet
grid-drop-feet
densIty
drop cost
drop-terrn1nal cost
nid cost -
MaxlmumDistance
ue
bc
ac
us

~ bs
as
mh
grid_~inea_served

SAl lines[i]

SA. sne96
SA.snc24
SA.grid line feet
SA.link-line-feet
SA.grid-drop-feet
SA. density -
SA. drop cost
SA.drop-terminal cost
SA.nid cost 
SA.MaxDistance
SA.ugd cable
SA.bur-cable
SA. aer-cable
SA.ugd-structure
SA.bur-structure
SA.aer structure
SA.ManholeCost
SA. lines served

for i = 1 to 4
SA. SA I _1 i nes [i]

next
end if

end if

next Dumber of SAIs ~ocal constants:
KFPerStatMi ~ 5.28
StatMiPerMin = 1.1515
MinPerDegree = 6C

-: oc'a 1 variables:
icgYl

tlPgY
(jegX

degX
cosa
dlpha

MinPerDegree) + CR.OriginY
MinPerDegree) + CR.OriginY

* MinPerDegree
180)) + CR.OriginX

yl / (KFPerStatMi • StatMiPerMin •
y2 / (KFPerStatMl • StatMiPerMin
xl / (KFPerStatMi * StatMiPerMin

* cos (CR.ra£erence_latitude * pi /

degYl
dcgY2
degXl

degX2 x2 / (KFPerStatMi + StatMiPerMin * MinPerDegree
• cos (CR. reference_lati tude • pi / 180)) + CR.OriginX

Here is the formula to calculate the great circle arc, taken from}

Love, Morris, and Wesolowsky: }

cosa _ cos (degYl • pi / 180) • cos (degY2 • pi/180)

casa casa cos ((degXl - degX2) , pi / 180)

casa cosa + sin(degYl • pi / 180) *sin(degY2 • pi / 180)
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