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globals.pas
Global constants:
zero = 0

one = 1
half = .5

Global variables:

: ? _Whers Vaige s
process (feeddist.pas) .
CR process (feeddist.pas)
SA process (feeddist.pas)
coordinate file process (feeddist.pas)
gridfile process (feeddist.pas)
DENSiLe - process (feeddist.pas)
outfile
s feeddist.pas - main program
max drop length get user parameters (global.pas)
user lambd, get user parameters (global.pas)
cost per drop kf get user parameters (global.pas) ]
feed copper cable capacity get user parameters (global.pas)
dist copper cable capacity get user parameters (global.pas)
nid cost get user parameters (global.pas)
duct cost per kf et user parameters (global.pas)
takerate get srare data (global.pas) ]
lines per bus e ggt user parameters (global.pas) e
lines per houss get syate data (global.pas) o
max copp distance get user parameters (global.pas) ) j
MaxCopperFenalty get user parameters (global.pas) .
PP gauge xover get user parameters (global.pas)
copper tl xover get user parameters (global.pas) j
tl fiber xover get user parameters (global.pas}
copper_line max get user parameters (global.pas)
tl line max get user parameters (global.pas) j
fiber cable capacity get user parameters (global.pas)
th2016 get user parameters (global.pas)
th672 get user parameters (global.pas)
th9é get user parameters (global.pas)
a2016 get user parameters (global.pas)
b2016 get _user parameters (global.pas)
a672 get _user parameters (global.pas)
b672 get user parameters (global.pas}
ass get user parameters (global.pas)
b9é get user parameters (global.pas) ]
a24 get user parameters (global.pas)
b24 get user parameters (global.pas)
ac96 et user parameters (global.pas)
bcos get user parameters (global.pas)
| ac24 get user parameters (global.pas)
bc24

| get user parameters (global.pas)

globals.pas

SA_array process (feeddist.pas)

1

NumDensZones get user parameters (global.pas)
NumCableSizes get user parameters (global.pas)
NumFeedCableSizes get user parameters (global.pas)
MNumFiberCableSizes get user parameters (global.pas)
NumbDropTerminalSizes get user parameters (global.pas)
NumManholeSizes get user parameters (global.pas)
NumXCBoxSizes get user parameters {(global.pas)
NumTexTypes get user parameters {(global.pas)
CopDistCost[] get user parameters (global.pas)
DropTermCost[] get user parameters (global.pas)
CopFeedCost[] et user parameters (global.pas)
FiberFeedCost[] get user parameters {global.pas)
IntfcCost(] get user parameters (global.pas)
NormalStruc(] get user parameters (global.pas)
SoftRockStruc(] get _user parameters {(global.pas)
HRardRockStruc[] get user parameters (global.pas)
HanholeCost[] _| get_user parameters (global.pas)
ManholeSpac/] get user parameters (global.pas)
| DistPlantMix[] et_user parameters (global.pas)
E‘opraod?lwﬂﬁx[] get user parameters (global.pas)

| FibFeedPlantMix[] get_user parameters (global.pas)
FillFact{] get user parameters (global.pas)
SurfText[] et user parameters (global.pas)}
| Sharing[] | get user parameters (global.pas) o
{ t1 redundancy factor iget user parameters {(global.pas)
. pct dsi1 | get user parameters (global.pas)
 pct_lsa get user parameters (global.pas) ]
_SpclAccessRatio get state data (global.pas) !
‘ SpclAccesslinas per bus get user parameters (global.pas) .
fmultipliar 24 get user parameters (global.pas) ]
| coppexr pl t depth get user parameters (global.pas)
rf.i.ber_p].az:-nnt: depth get user parameters {(global.pas)

] CriticalWaterDepth get user parameters (global.pas)

| WaterFactor get user parameters (global.pas)
MinSlopeTrigger get user parameters (global.pas)
MinSlopeFactor get user parameters (global.pas)
MaxSlopeTrigger get user parameters (global.pas)
MaxSlopeFactor get user parameters (global.pas)
CombSlopeFactor get user parameters (global.pas)
SoilTexFactor get user parameters (global.pas)
DistRoadFactor get _user parameters (global.pas)

Feed: dFactor get user parameters {global,pas)
FiberFillFactoxr get user parameters (global.pas)
DistanceType get user parameters (global,pas)
mum_SAs process (feeddist.pas)

mgeoounter calculate microgrid cost {(distrib.pas)
tot ttexms process (feeddist.pas)

tot fterms process {feeddist.pas)

tot reslines process (feeddist.pas)

tot buslines process (feeddist.pas)

tot dropfeet process (feeddist.pas)
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Variabls Name . -

tot distfeet

process (feeddist.pas)

T - Proceduts Where Value Tg Set

b e R st

tot feadfeet

process (feeddist.pas)

tot feedcost

process ({(feeddist.pas)

“tot distcost

process (feeddist.pas)

tot P t

process (feeddist.pas)

tot ftcost process (feeddist.pas)
tot ttcost process (feeddist.pas)
tot fdicost process (feeddist.pas)
tot nidcost process (feeddist.pas)
tot_dtcost process (feeddist.pas)
“tot sais process (feeddist.pas)

tot SpclAcclines

process (feeddist.pas)

tot households

process (feeddist.pas)

lines served

process (feeddist.pas)

“grid_lines served

process (feeddist .pas)

Total investment

process (feeddist.pas)

Total lines
totdl -~

process (feeddist.pas)

“average investment

process (feeddist.pas)

temp
- avyg droplength process (feeddist.pas)
“avg distlength process (feeddist.pas)
| avg_feedlength process (feeddist.pas)
>l
Mmﬂz feeddist.pas - main program o
{ input exists process (feeddist.pas)
| batchfile feeddist.pas - main program

| feed ugd cable
| feed ugc

process (feeddist.pas)

 feed bur cable

process (feeddist.pas)

" feed aar cable

process (feeddist.pas)

" feed ugd fiber

process (feeddist.pas)

' feed bur_fiber

process (feeddist.pas)

"feed aer fiber

process (feeddist.pas)

structure

process (feeddist.pas)

structure

process (feeddist.pas)

structure

process (feeddist.pas)

FeedManholeCost process (feeddist.pas)
CalcCuFeedFill process (feeddist.pas)
CalcCuDistFill process (feeddist.pas)

"ot DIC_lines

process (feeddist.pas)

dist ugd cable

process (feeddist.pas)

"dist_bur cable

process (feeddist.pas)

dist aer _cable

process (feeddist.pas)

dist ugd structure

process (feeddist.pas)

dist bur structure

process (feeddist.pas)

dist aer structure

process (feeddist.pas)

pistManholeCost process (feeddist.pas)
Fac ugd cop get user parameters {global.pas)
l ac bur cop get user parameters {global.pas)
{ ac_aer_cop get user parameters (global.pas)
!ac ugd fib get user parameters (global.pas)
ac bur_fib get user parameters (global.pas)
ac asx fib get user parameters (global.pas)
ac ugd _struc get user parameters (global.pas)

globals.pas

coystiable Name

re

bur struc

(global.

pés)

ac get user parameters

ac_aer struc get user parameters (global.pas)
ac _tl texm get user parameters {(global.pas)
ac fib term get user parameters {(global.pas)
ac_fdi get user parameters (global.pas)
ac hole get user parameters (global.pas)
CloseWindow feeddist.pas - main program
VerbosaOut feeddist.pas - main program
UsePrimDist feeddist.pas - main program
CadPaxram feeddist.pas - main program

process (feeddist .pas)

feeddist.pas - main program

feeddist.pas - main program

get state_data (global.pas)

get state data (global.pas)

get cost data (global.pas)

get cost data (globail.pas)

process (feeddist.pas)

get cost _data (global.pas)

get cost_data_ {global.pas)

get cost data (global.pas)

get user parameters (global.pas)

function max

passed variables:

X
Y

pass two variables. rewurn the larger of the o

if x >= y then

max = x
else

max = y
end if

function min

passed variables:

X
Y

/pass two variables, return the smaller of the two

if x <= y then

min = X
else

min = y
end if
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nction sqr

passed variables
x

“pass a number, return the square of the number

sqr = x * ¥

mction £ill_factor_fn

passed variables:
density
feeder_indicatoer

local variables: .
i “]
temp s

Loop from | to the value in NumDensZones using i For each vaiue of i, index the FillFact array to get the values for density,
FeedFillFactor, and DistFillFactor, as appropriate.

for i = 1 to NumDensZones
if density >= FillFact[i].density then
if feeder_indicator = 1 then
temp — FillFactl[i] .FeedFillFactor
else
temp - FillFact(i}.DistFillFactor
end if
end if
next

fill _factor fn = temp

procedure get user _parameters

local variables:
infile

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

m_drop_length
user_lambda
takerate

lines_per house
copper_gauge Xover
moltiplier 24
mx_coppcr_di stance
MaxCopperPenalty
copper_tl_xover

globals.pas

ti_fiber xover
copper_line max

tl line max
t1_redundancy_factor
fud_copp.r_cablc_capaci ty
dis t_cappoz_cnble_capnci ty
ﬂ.boz_clblc__capaci ty
copper_placemen t_dep th
fiber placement depth
criticalWaterDepth
WaterFactor
MinSlopeTrigger
MinSlopeFactor
MaxSlopeTrigger
MaxSlopeFactor
CambSlopeFactor
SoilTexFactor

th2016

th672

th96

SpclAccessRatio

lines per_ bus
SpclAccesslines y_per_bus
DistRoadFactor
FiberFillFactor
DistanceType
FeederRoadFactor

max SKYs

Procedure. gt cost data
local variables:
infile
i

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

cost_per_drop kf
nid cost
duct_cost _per_kf
22016

b2016

a672

b672

agé

b96

a24

b24

ac96

bc9b

ac24

be24

read the following variables from the file ANNCHG.TXT (annual charge data):
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ac_ugd_cop
ac_bur_cop
ac_aer cop
ac_ugd_fib
ac_buz_f£fib
2c_aer_fib
u'ugd_s truc
ac_bur_struc
ac_aer_struc
.c_mmho.la
ac_tl_term
;a_fib__ term
ac fdi

read the values for the array CopDistCost from the file 26g.txt:
yumCableSizes = O

ior each line in the £file
NumCableSizes = NumCableSizes + 1
read in
CopDistCost [NumCableSizes] .CableSize
CopDistCost [NumCableSizes] .CostUgd
CopDistCost (NumCableSizes] .CostBur
CopDistCost [NumCablaSizes] .CostAer

read the values for the array DropTermCost from the f£ile drop.txrt:
MumDropTerminalSizes = 0

for each line in the file
NumDropTerminalSizes = NumDropTerminalSizes + 1
read in
DropTermCost [NumDropTerminalSizes].size
DropTermCost {NumDropTemminalSizes] .CostBur
DropTermCost [NumDropTexrminalSizes] .CostAer
DropTermCost [NumDropTerminalSizes] .CostUgd

read the values for the array CopFeedCost from the file 26g.txt:
NumFeedCableSizes = 0

for each line in the file
NumFeedCableSizes - NumFeedCableSizes + 1
read in
CopFeedCost [NumFeedCableSizes] . .size
CopFeedCost [NumFeedCablesSizes] . CostUgd
CopFeedCost [NumFeedCableSizes].CostBur
CopFeedCost [NumFeedCableSizes] . .CostAer

globals.pas

*W ~ The file 26g.txt 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 separate because of the possibility that they
might contain different data, then separate txt files should be used to populate them. The way it is now, they will always be
identical,

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

for each line in the file
NumFiberCableSizes = NumFiberCableSizes + 1
read in
FiberFeedCost [NumFiberCableSizes].size
FiberFeedCost [NumFiberCableSizes] .CostUgd
FiberFeedCost [NumFiberCableSizes].CostBur
FiberFeedCost [NumFiberCableSizes] .CostAer

read values for the array IntfcCost from the file fdi.txt:
NumXCBoxSizes = 0

for each line in the file
NumXCBoxSizes = NumXCBoxSizes + 1
read in
IntfcCost [ NumXCBoxSizaes] . Numlines
IntfcCost [NumXCBoxSizes].Cost

read values for the array NormalStruc from the file normai.txt:
NumDensZones - {

ror each line in the file

NumDensZones = NumDensZones + 1

read in
NommalStruc [NumDensZones] .Density
NormalStruc [NumDensZones] . FeadUgd
NoxmalStruc [NumDensZones] . DistUgd
NormalStruc [NumDensZones] . FeedBur
NommalStruc [NumDensZones] . DistBur
NorxmalStruc [NumDensZones] . FeedAer
NormalStruc [NumDensZones] .Distler

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

for i = 1 to NumDensZones
read in
SoftRockStxuc(i] .Density
SoftRockStruc{i] . FeadUgd
SoftRock8truc(i] .DistUgd
SoftRockStruc|i) . FeedBur
SoftRockStruc(i] .DistBur
SoftRockStruc(i] . FeedAer
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SoftRockStruc (i} .DistAer

*W - see below

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

for i = 1 to NumDensZones
read in
HardRockStxuc|i)] .Density
HardRockStruc|i) . FeedUgd
HardRockStruc(i] .DistUgd
HardRockStruc[i] . FeedBur
HardRockStruc(i) . DistBur
HardRockStruc(il . FeadAer
HardRockStruc|i] .DistAer

*W — see below

read in the values for the array ManholeCost from the file mhcost.txt:
NumManholeSizes = 0

for each line in the file
NupnManholeSizes = NumManholeSizes + 1
read 1in
ManholeCost [NumManholeSizes] . DuctCap
ManhcleCost [NumManholaSizes] .NormalCost
ManholeCost [NumManholeSizes] .SoftCost
ManholeCost [NumManholeSizes] .HardCost

cead in the values for the array Manhelespas from the file mhspace.txt:

for 1 = 1 to NumDensZones
read in
ManholeSpac{i].Density
ManholesSpac|i] .ManholeSpacing

*W - see below

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

for i = 1 to NumDensZonas
read in
DistPlantMix(i] .Density
DistPlantMix[i] . UgdPct
DistPlantMix({i].BurPct
DistPlantMix(i].AerPct

*W - see below

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

globals.pas

for 1 = 1 to NumDensZones
read in
CopreedPlantMix(i] . Density
CopFeedPlantMix(i] . UgdPct
CopFeedPlantMix([i)] . BuxPct
CopFeedPlantMix{i) . AexPct

*W — see below

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

for i = 1 to NumDensZones
read in
FibFeadPlantMix[i] .Density
FibFeedPlantMix|i] . UgdPct
FibFeedPlantMix{i] . BurPct
FibFeedPlantMix{i} .AexrPct

*W — The file fdrmix.txt is used to populate both the CopFeedPlantMix array, and the FibFeedPlantMix array. If these
arrays are meant to be identical, then only one of the arrays should be used. If they are separate because of the possibility
that they might contain different data, then separate txt files shouid be used to populate them. The way it is now, they will
always be identical.

*W — see below

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

tor i = 1 to NumbDensZones
read in
FillFact(i].Density
FillFact{i].FeedFillFactor
FillFact{i] .DistFillFactor

*W - see below

read in the values tor the array Sharing from the file sharing.txt:
for 1 = 1 to MumbensZones
read in
Sharing(i].Density
Sharing(i).bur share
Sharing(i] .ugd _share
Sharingli) . aer_ share

*W - see below

read in the vaules for the array SurfText from the file soiltx.txt:
NumTaxTypes = 0
for each lire in the file

NumTexTypes = NumTexTypes + 1

16
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read in
SurfText {NunTexTypes] . Texture
SurfText [NumTexTypes] . impact

program feeddist

procedure process
passed variables:
*W — the files softrock.txt, hardrock.txt, mhspace.txt, distrmix.txt, fdrmix.txt, fillfact.txt and sharing.txt are all assumed to areaname
have the same ber of density el ts as the file normal.txt. This requirement is never enforced.

local variables:
i
data density
make sure the file {areaname!.COO exists and has data

make sure the file {areaname}.BIN exists and has data
open the file gridfile with the filename: {areaname}.BIN

make sure the file {areaname}.DEN exists and has data

open the file DENfile with the filename: {areaname}.DEN
rocedure DisposeTables

This procedure frees up memory used by the table arrays. This is a memory management if bpoth files exist and have data then continue
procedure only.

read the values in coordinate_file into CR

call get user parameters
call get cost dats
221l get state data

First . rfaloulate distribution cost,
<Tnre 3ll SA information In an array.
lines served = zero

num SAs = 0

for each record in the file gridfile
num SA8 = pnum SAs + 1
read a record from the file gridfile into GR

call optimize_SAY arrangement
pass variables:
SwitchX = GR. SwitchX
SwitchY = GR.SwitchY
GR = GR
*SA = SA
*grid_lines_served = grid lines_served

*W - These are all global variables being passed to and from the procedure,

including SAI cost.

cpen the file coordinate file with the filename: {areaname}.COO

we will

insert the value returned in SA into the array SA array

SA array(pum SAs] = SA

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

(distrib.pas)
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lines served - lines served + grid lines served
next record

Read from-DEMrile ihto variable dens

call optimize feeder_ arrangement (feeder.pas)
pass variables:
SwitchX GR. SwitchX
switchy GR. SwitchY
den@icy. o 0 U =deREity
num_SA's = num SAs
*SA_array = SA_:z'ray

*feederwcost tot feedcost
FEEGN SPIIRE BNt = reel By

*ugd_cable = fced_uq‘é_cable
*bur cable = fead bux_cable
*aer_cable = feed aer cable
*ugd_fiber = feed ugd fiber
*bur_fiber = feed bur_ fiber
*aer_fiber = feed aer fiber

*ugd_structrue = feed ugd structure
*bur_structure = feed bur_ structure
*aer_structrue = feed_aer structure
*ManholeCost = FeedManholeCost

ot feedcost: = tot’ fasdoost & féed splice cost
{ Now collect results and print out. ;

*W - These are all global variables being passed to and from the procedure.

tot_ttexms =0

tot_fterms =0

Total investment = zero
Total lines = zero
tot_reslines = zero
tot_buslines = zero
tot_dropfaet = zero
tot_distfeet = zero
tot_feedfeet = zero
tot_distcost = zearo
tot_drcpcost = zearo
tot_ftcost = zero
tot_ttcost = zero
tot_ fdicost = zero
tot_nidcost = zero
tot_dtcost = zero
tot_SpclAcclines = zexo
tot_households = zero

feeddist.pas

dist_ugd cable = zero
dist bur cable = zero
dist_aer cable = zexo

dist _uogd structure = zero
dist bur structure = zero
dist ser structure = zero

DistManholeCost = zero
CalcCuFeedFill = zero
CalcCuDistFill = zero
tot DIC lines = zero
tot_sais = Zero
tot_area = zero

for i = 1 to num SAs

Total lines = Total lines + SA array|[i].lines

tot_tterms = tot tterms + SA array[i].nc96 + SA_array[i].nc24
+ SA array[i].snc96 + SA arrayl[i].snc24

tot fterms = tot fterms + SA array[i].n2016 + SA_array[i].n672
+ SA array[i].n96 + SA array[i].n24

tot reslines = tot reslines + SA array[i].Reslinaes

tot buslines = tot buslines + SA array[i] .Buslines

tot sais = tot _sais -~ SA_array[i].number of SAIs

tot area = tot area + SA_array[i].lines / SA_array[i],density
tot_dropfeet = tot dropfeet i SA_array(i].grid drop feet

tot_distfeet = tot_distfeet + SA array[i].grid line feet

tot_feedfeet - tot feedfeet + SA array[i].DistToSwitch * SA _array[i].lines

tot_distcost = tot_digtcost + SA array[i].grid distribution cost
tot_dropcost = tot dropcost + SA arrayl[i].drop cost
tot_ftcost = tot ftcost + SA_array[i].fibexr terminal cost

tot_ttcost = tot ttcost + SA array[i].tl terminal cost
+ SA_array[i].secondary tterm cost

tot fdicost = tot fdicost + SA array[i].interface_cost
tot_nidcost = tot nidcost + SA array[i].nid cost
tot_dtcost = tot dtcost + SA_array[i].drop terminal cost
tot_households = tot households + SA_array[i].bouseholds

tot SpclAcclines = tot SpclAcclines + SA_array[i].SpclAccessLines
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neXt

+ SA_artay[i].SPclAccesstl * 12.0

dist bur_cable = dist_bur_cable + SA_array([i].bur cable
dist aer_cable = dist aer cable + SA_array[i].aer cable

dist ugd cable = dist ugd cable + SA_array[i] .ugd_cable
dist _ugd structure = dist_ugd structure + SA array[ i) .ugd structure

dist bur_structure = dist bur structure + SA_array {i] .bur_structure
dist aer structure = dist_aer structure + SA_array [i].aer_ structure

pistManholeCost = DistManholeCost + SA_arzay[i].ManholeCost

calcCuDistFill = CcalcCuDistFill + SA_arrayl[i]. lines
* fill_factot_fn (SA_array[i]. density, 0) (global.pas)
if (sA_arrayli] .n2016 + sa_array[i] .n672 + SA_array[i] .n96 + SA_azzay[i] .n24y = C
then CalcCuFeedFill = CalcCuFeedFill + SA_array[i] .lines
* £ill_factor_fn (SA_array[i]. density, 1) (global.pas)

i f (sA_array[il.nles + SA_array[i].n672 + SA_artay[i]‘n96 + sa_array[i].n24) >0
then tot DLC_lines = tot DIC lines + SA_array[i].J.ines

fotal investment - tot_feedcost + tot_distcost + tot_dropcost + tot fdicost

“-ezage_inves tment =

+ tot_ttcost + tot ftcost + tot nidcost tot_dtcost

total_ investment / total lines

avg_droplength - tot_dropfeet / total lines

,Vg_distlenq-th = tot_distfeet / total lines

,vq_feed.length = tot feedfeet / total lines

calcCuDistFill = CalcCuDistFill / total lines

caleCuFeedFill = CalcCuFeedFill / total lines

call PrintOut

START OF
chec

ar

MAIN PROGRAM

x for conmand line parameters - set the following variables

eansoe
clonﬂim:hv

verposeout
U"prj.npiat

e

21
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if areaname = 'batch' then
do_batch = true
open the file batchfile with the filename 'batch.lst’
call process for each areaname in batchfile
else
call process with areaname
end if

*W - Passing a global varable to the routine

(feeddist.pas}

(feeddist.pas)

22
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istrib.pas

he only procedure used outside of this module is optimize SAI_arrangement

'ROCEDURE sort2vecs

passed variables:
n

*ra

*rb

-his procedure sorts th

e

arrays ra and rb into ascending order based on the value of ra

srocedure calculate_microgrid cost

passed variables:
GR

SA

microgrid lines
NS_lots

EW lots

gauge
“line_vector
*tie in_vector
*vdim
*microgrid_cost
*mg_line_feet
*drop_feet
“drop_cost

*drop_terminal_cost

*MG_nid_cost
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables:
i

3

lines

factor
drop_length
lines_per_lot
total_lots
density

cable cost
structure_cost
FillFactor

23
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uc

be

ac

us

bs

as

mh
frontage
line_feet
pct_ugd
pct_bur
pct_aer

mgcounter - mgcounter + 1

lines = zero
factor = zero
drop_length = zero
lines_per_lot = z@ro
total lots = zero
density = zero
cable_cost = zero
structure_cost = zero
mg_line_feet = zero
FillFactor = zero
uc = zero
bc = Z@ro
ac = Zaro
35 = zerxo
s = zero
A5 - zZero
mh - zero
ugd_cable =~ zZero
pur_cable = Z@ro
aer cable = zero
ugd_structure = zerxo
bur_structure = zero
aer_structure = zero
ManholeCost = zero

for i = 1 to 50

line_vector{i] = zero
tiefin_vector[i) = zaero
next

dengity’ = SRidenaity

{ Correct for fill factor }
FillFactor = fill_faccaz_fn(density,0) (global.pas)
if FillFactor < 1.0e-6 then stop the program, Error = 'ERROR: Fill factor too small’

microgrid lines = microgrid_lines / FillFactor
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total_lots = NS_lots * EW_lots

if total_lots < one then stop the program. Error =

Total lots < 1

'ERROR:

lines_per_lot = microgrid_lines / total lots

(Starting at lower left of microgrid, 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
the midpoint of the northern boundary.}

microgrid_cost = zero

drop_terminal_cost = zerc

MG_nid_cost = zero
drop_cost = zero

lines = zero
line feet = zero
drop feet = zero
i=1

vdim = §

loop while i <= EW_lots
factor = one
lines = zero
3= 1

ioop while 3 <= NS_lots

border,
corner.,

Take in lots on both sides, top an ot
in which case take in lots only on
take in only one lot.

d bottom, unless this is a microgrid |}

s
one side. If it is the i

If at the top of grid OR the far right of grid, set factor 10 2 luts

i = EW lots or 7 -~ NS lots =hen
factor = 2

else
factor = 4

endg if

Ifat the top AND the far right of the grid (corner), set facior to 1 lot
if i = EW lots and j = NS_lots then factor = one

lines = lines + factor * lines_per_lot

structure‘cost =

call structure_cost_fn
pass variables:

(structur.pas)

copper_lines = lines
fiper_ lines =0

density = density
hardness = GR.hardness

depth to_bedrock = GR.DepthToBedrock
scil_texture GR.SoilTexture

Minslope = GR.MinSlope
Maxslope = GR.MaxSlope
WaterTb = GR.WaterTb
feeder_indicator = 0
cooper_indicator =1

fiber_ indicator = 0
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cable_cost = call dist_cable cost

*ugd_structure = us
*bur_structure = bs
*aer_structure = as
*manhole_cost = mh
*pct_ugd = pct_ugd
*pct_bur = pct_bur
*pct_aer = pct_aer

{cable.pas)

pass variables:

lines = lines
denisty = density
gauge = gauge

*ugd_copper = uc
*bur_copper = bc
‘aer_copper = ac

pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

if 4 <= (NS_lots - 2)

frontage =

then {frontage of 2 1lots}

(2 / NS_lots) * GR.MicroGridNS * DistRoadFactoxr

microgrid_cost = microgrid _cost + frontage

1gd_cable =
bur_cable =
aer_cable =

* (cable cost + structure_cost}
ugd_cable + uc * frontage
bur cable + bc * frontage
aer cable + ac * frontage

ugd_structure ~ ugd structure + us * frontage

bur structure — bur structure + bs * frontage

aer structure = aer structure + as * frontage

Manholelost MannoleCost + wmnh * frontage

line feet - iine feer + frontage * lines

arop:termlna; cost - drop terminal_ceost + call drop_terminal_cost_fn

else if j =

frontage =

(NS_lots - 1) then

(terminal.pas)
pass variables:
lines = factor * lines_per_lot
density = density
pct_ugd = pct_ugd
pct_bur = pct_bur
pct _aer = pct_aer

{frontage of 1 lot}

(1 / NS_lots) * GR.MicroGridNS * DistRoadFactor

microgrid_cost = microgrid cost + frontage

ugd_cable =
bur_cable =
aer_cable =

+ (cable_cost + structure_cost)

ugd_cable + uc * frontage
bur_cable + bc * frontage
aer_cable + ac * frontage

ugd_structure = ugd_structure + us * frontage
bur_structure = bur_structure + bs * frontage
aer_structure = aer_structure + as * frontage
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ManholeCost = ManholeCost + mh * frontage

line feet = line_feet + frontage * lines
drop terminal_cost = drop_terminal_cost + call drop_terminal cost_fn
(terminal.pas)
pass variables:
lines = factor * lines_per_lot
density = density
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

else 1f (1 = NS lots) then {at the borger, only drop terminals; nc cabling}

drop terminal cost = drop terminal cost « call drop_terminal_cost_fn
(terminal.pas)
pass variables:
lines = factor * lines_per lot
density = density
pct_ugd = pet_ugd
pct_bur = pct_bur
pct_aer = pct_aer

//move up 2 lot lines
=4 + 2
end of i loop (loop while j <= NS_lots)

mg line feet = mg_line feet + line_feet
line feet = zero

sdim = vdim + 1
Llneﬂvectorivdim] = ,lnes
tle_in"vector[vdim] = (1 / EW_lors) * : 7 GR.MicrogridEW

//move over twe lot lines
i= 1 v 2

end of i loop (loop while i <= EW_lots

/ Now we need to calculate drops Lo customer locations |

drop_length = use;_lambda * 0.5
* sqrt{ sqgr((l / Ns_lots) * GR.MicroGridNS * DistRoadFactor )
+ sgr({l / EW_lots} * GR.MicroGridEW * DistRoadFactor ))
+ (1 - user_lambda)* 0.5 * (1 / NS_lots) * GR.MicroGridNS
* pistRoadFactor

if drop_length > max _drop_ length then drop_length = max drop_length

drop_cost = total_lots * drop_length * cost_per_drop kf
drop_feet = total lots * drop_length

{ Finally, calculate cost of nids for this microgrid }

MG nid_cost = nid cost * total_lots
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procedure calculata_g:id_distribution_cost

passed variables:
GR

S&

number_cof_SAIs
SAIX

SAIY

*SAT lines
*grid_distribution_cost
*grid line_feet
*link_line_feet
+*grid_drop_feet
+*density
*grid_drop_cost
*grid_terminal_cost
*grid nid_cost
*dist lines_served
*link_cost
*term_cost

*nc9%6

*nc2é
*MaximumDistance
*ugd_cable

‘bur cable
‘aer_cabpie

*ugd structure
*hor structture
taer_structure
*ManholeCost

tocar variables:
1

1

n

k

microgrid cost
backbone_lines
main_back_lines
lines

flag

midx

midy

mindist
divider_col
divider_row
lots
microgrid_lines
EW_lots

NS_lots
microgrid line_feet
microgrid drop_feet
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area

cable_cost
structure_cost
microgrid_drop_cost
microgrid_nid_cost
microgrid_terminal_cost
total_lines
rows_conpleted

rc

t1_lines
FillFactor
line_vector
line_vectorl
iine_vector2
+ie_in_vector
tie_in_vectorl
tie_in_vectorz
vdiml

vdim2

MaxDist

n96

n24

gauge

penalty

uc

ba

ac

us

s

as

mh

prim distribution_cost
prim_ugd_cable
prim_bur_cable
prim_aer_cable
prim _ugd_structure
prim_bur_structure
prim_aer_structure
prim_ManholeCost
prim_line_feet
prim_drop_feet
prim_drop_cost
prim_nid_cost
prim_lines_served
prim_term_cost
prim_MaximumDistance
test

pct_ugd

pct_bur

pct_aer

This is a procedure within the procedure

procedure accumulate backbone
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local variables

k

pct_ugd
pct_bur
pct_aer

vdiml
vdim2

[
oo

(i > 0) and (flag{i,3} = n) and (lines[i,j] > 0)
and (i > rows_completed) then

if microgrid below is populated |}

iots = round(GR.households[i,j] * takerate)
+ round{(GR.buslines(i,j}] / lineq_pe;_bus)

microgrid lines = lines(i,J)

call lot_divide(lots, NS lots, EW_lots ) (lotdiv.pas)
call calculate microgrid cost (distrib.pas)
pass variables:

GR = GR

%23 ; = B&

microgrid_lines = microgrid_lines

NS_lots = NS_lots

EW_lots = EW_lots

gauge = gauge

ii

*line_vector
*rie in vector

line_vectorl
tie in vectorl

vdim vdiml

*microgrid cCost = microgrid_cost
*mg_line_feet = microgrid_line_feet
*drop_feet = microgrid drop_feet
*drop_cost = microgrid_drop_cost
*drop_terminal_cost = microgrid_terminal_cost
*MG_nid_cost = microgrid_nid_cost
*ugd_cable = uc

*bur_cable = bc

*aer_cable = ac

*ugd_structure = us

*bur_structure = bs

*aer_structure = as

*ManholeCost = mh

grid_distribution_cost = grid_distribution_cost + microgrid_cost * penalty

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

grid_drop_cost = grid_drop_cost + microgrid_drop_cost
grid_terminal_cost = grid_terminal cost + microgrid_terminal_cost

grid_nid _cost = grid_nid_cost + microgrid_nid_cost
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grid_line_feet = grid_line_feet + microgrid line_ feet
grid drop_feet = grid drop_feet + microgrid_drop_feet

ugd cable = ugd_cable + uc * penalty
pur_cable = bur_cable + bc * penalty
aer_cable = aer_cable + ac * penalty
ugd_structure = ugd_structure + us * penalty
pur_structure = bur_structure + bs * penalty
azer structure = aer_structure + as * penalty
ManholeCost = ManholeCost + mh * penalty

uc = zero

bc = zero
ac = zere
us = zero

bs = zere
as = zero
mh = zero
end if
if ({1 + 1) <= GR.nrow) and (flagl{i+l,3] = n}
and (lines[i+1,3] > 0) and ({i+1) > rows completed ) then

{ if microgrid above is populated }

lots = round (GR.households[i+1,7] * takerate)
+ round{GR.buslines{i+l, 3} / lincs_per_bus)

miCrogri1d_iines = finesiiti, g
2all lot_divide(iots, N5_1OtS, EW_lots

riordiv.pas)

call calculatn‘yicroqrid_cost
pass variables:

(distrib.pas)

GR = GR

[-7F Pl i =18A

microgrid_lines = microgrid_lines
NS_lots = NS_lots

EW_lots = EW_lots

gauge = gauge

*line_vector = line_vector2
*tie_in_vector = tie_in_vectorZ
*vdim = vdim2
*microgrid_cost = microgrid_cost
*mg_line_feet = microgrid_line feet
*drop_feet = microgrid_drop_feet
*drop_cost = microgrid_drop_cost
*drop_terminal_cost = microgrid_termipal_cost
*MG_nid_cost = microgrid_nid_cost
*ugd_cable = uc

*bur_cable = bc

*aer_cable = ac

*ugd_structure = us

*bur_structure = bs

*aer_structure = as
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*ManholeCost = mh
grid_distribution#cost = grid_distribution_cost + microgrid cost * penalty
grid drop_cost = grid_drop_cost + microgrid_drop_cost
grid_terminal_cost = grid_terminal_cost + microgrid_terminal_cost
grid_nid_cost = grid_nid cost + microgrid_nid_cost
grid_line_feet = grid_line feet + microgrid_line_feet
grid_drop_feet = grid drop_feet + microgrid_drop_feet
ugd_cable = ugd_cable + ucC * 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 = zere
bc = zaro
ac = zero
us = zero
bs = zero
as = zero
mh = zero
end 1f
crowdrmi o o» Lo Lhen
for k = i to vdiml
-Lne_vector[k} = line_vectorl[k)
tie_in’vector[k] = tie_in_vectorl[kl
dist lines_served = dist_lines_served + line_vectorl ik}
next
if vdim2 > O then
for k = 1 to vdim2
line_vectorlvaiml+k] = line_vector2ik]
tieiin_vector[vdiml+k] = tiefin_vectorZ[k}
dist lines_served = dist_lines_served + line_vector2 (k]
next
if (vdiml+vdim2) > 1 then
call sort2vecs (vdiml+vdim2 ,tie_in_vector, line_vector) {distrib.pas)
end if

(Bring forward lines from previous microgrids }

structure_cost = call structure_cost_fn
pass variables:

(structur.pas)
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cable cost = call dist_cable_cost

backbone_lines
0

density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.Max5lope
GR.WaterTb

0

1

0

*us

*bs

*as

*mh

*pct_ugd
*pct_bur
*pct_aer

{cable.pas)
pass variables:
backbone_lines
density

gauge

*uc

“bc

*ac

pct_ugd
pct_bur

pot aer

cvdimi o+ wvdimZ: > 0 <hen

grid distributien_cost = grid_distribution_cost
+ abs(tie_in vector({i]) * DistRoadFactor

* (cable_cost + structure_cost) * penalty

ugd cable = ugd cable + uc * abs (tie_in_vector(l]) * DistRoadFactor
* penalty

bur_cable = bur_cable + bc * abs(tiekin_vector[l]) * DistRoadFactor
+ penalty

aer_cable = aer_cable + ac * abs (tie_in_vector(l]) * DistRoadFactor
* penalty

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

pur_structure = bur_structure + bs * abs(tie_in_vector(l)) * DistRoadFactor
* penalty

aer structure = aer_structure + as * abs (tie_in_vector{l]) * DistRoadFactor
* penalty
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ManholeCost = ManholeCost + mh * abs(tieAin_vectorlll) * DistRoadFactor
* penalty

uc = Zero

bc = zero

ac = zero

us = zero

bs = zero

as = zero

mh = zero

grid line_feet = grid_line feet + backbone_lines

* abs(tie_in_vector({l}) * DistRoadFactor

else

here, so cross microgrid }
grid distriburion cost grid_distribution_cost + abs (GR.MicroGridEW)
DistRoadFactor * (cable_cost + structure_cost)
penalty

* % I

ugd_cable = ugd_cable + uc * abs (GR.MicroGridEW) * DistRoadFactor * penalty

bur_cable bur cable + bc * abs (GR.MicroGridEW) * DistRoadFactor * penalty
aer cable = aer_cable + ac * abs (GR.MicroGridEW) * DistRoadFactor * penalty

ugd_structure = ugd_structure + us ¥ abs (GR.MicroGridEW) * DistRoadFactor
penalty

*

by structure = bur Structure + bs ¥ abs {GR.MLCcroGridEW; - DistRoadFactor
men

Airy
nainy

aer structure + as ~ abs (GR.MicroGridEW; - DistRoadFactor
* penalty

- ManholeCost + mh * abs (GR.MicroGridEW) * DistRoadFactor
* penalty

uc = zZero
bc = zero
ac = zero
us = zero
bs = zero
as = zero

mh = zero

grid_line_feet = grid line_feet + backbone_lines * abs (GR.MicroGridEW)
* DistRoadFactor

end if

{ Capture lines from these microgrids )

if (vdiml + vdim2) > 0 then
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backbone_lines =

if

backbone lines + line_vector(l]

(vdiml + vdim2) >= 2 then

for k = 2 to vdiml + vdim2
structure _cost = call structure cost fn (structur.pas)

pass variables:

backbene_lines

0

density

GR.hardness

GR.DepthToBedrock

GR.SoilTexture

GR.MinSlope

GR.MaxSlope

GR.WaterTb

0

1

O i
*us Py
*bs

*as

*mh

*pet_ugd

*pct_bur

*pct_aer

cable_cost = call dist_cable_cost (cable.pas)

pass variables:
packbone iines
Jensity

gauge

*uc

*be

*ac

pct_ugd
pct_bur
pct_aer

grid_distributien_cost - grid_distribution_cost +

ugd_cable

bur_cable

aer_cable

abs(tie_in_vector[k] - tie_ingveCtor[k—l])
* DistRoadFactor
* (cable_cost + structure_cost)* penalty

ugd_cable + uc
abs{tie_in_vector[k] - tie_in_vectorik-1])
DistRoadFactor * penalty

bur_cable + bc
abs (tie_in_vector(k] - tie in_vector(k-1])
DistRoadFactor * penalty

aer_cable + ac
abs (tie_in_vector (ki - tie_in_vector{k-1])
DistRoadFactor * penalty
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ugd_structure

bur_structure

aer structure

ManholeCost

w4

uc = zero
bc = zero
ac = zero

us = zero
bs = zero
as = zero

mh = zero

grid_line_feet

backbone lines
next k
and i ¢ otivdimi » vd

. Bring forward lines

all
ass
a

o's O

4]

ugd_structure + us

* abs(tie_in_vector({kl - tie_in_vector[k-1})
+ DistRoadFactor * penalty

= bur_structure + bs

* abs(tie_in_vector(k] - tie_in_vector([k-1])
* DistRoadFactor * penalty

= aer_structure + as

* abs(tie_in_vector (k] - tie_in_vector {k-11)
*

DistRoadFactor * penalty

ManholeCost + mh

abs (tie_in_vector(k] - tie_in_vector(k-1])

DistRoadFactor * penalty

= grid line_ feet + backbone_lines

* abs(tie_in_vector[k} - tie in_vector[k-1]

* DistRoadFactor

= backbone_lines + llne_vector[H

Tl oe= L
o next microgrids

structure_cost_fn
variables:

ckbone_lines

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

0
1
0
*us
*bs
*as
*mh

*pct_ugd
*pct_bur
*pct_aer

i

(structur.pas)
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cable_cost

grid_distributicon_cost

agd_

bur

aer

uga

bur_ structure

aer_structure

cable

cable

cable

struc

ManholeCost
uc = zero
bc = zerxo
ac = zero
us = zZero
bs = zero
as = zaro
mh = zero

= call dist_cable_cost (cable.pas}
pass variables:
backbone_lines
density
gauge
*uc
*bc
*ac
pct_ugd
pct_bur
pct_aer

= grid_distribution_cost

+ abs{GR.MicroGrideEWw - tie in vector{vdiml+vdim2j)
* pistRoadFactor * (cable cost + structure_cost)

* penalty

ugd_cable + uc
abs (GR.MicroGridEW - tievin_vector[vdiml+vdim2])
DistRoadFactor * penalty

bur_cable + bc
abs (GR.MicroGridEW - tle#in_vector[vdiml+vdim2])
DistRoadFactor * penalty

aer cable + ac
abs (GR.MicroGrideEw - tie in_vector” [vdiml+vdimz]!
DistRoadFactor * penally

ture = ugd_structure + us

* abs (GR.MicroGridEW - t1e71n_ve:tor(vd1m1+vd1m2}
DistRoadFactor * penalty

*

bur_structure + bs
abs (GR.MicroGridEwW - tieiinivector{vdiml+vdim2])
DistRoadFactor * penalty

*

= aer_structure + as
* abs (GR.MicroGridEW - tie_in_vector [vdiml+vdim2])
* DistRoadFactor * penalty

ManholeCost + mh

* abs{GR.MicroGridEW - tie_in_vector{vdim1+vdim2])
* DistRoadFactor * penalty
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grid line_feet = grid_line feet + backbone_lines
* abs(GR.MicroGridEW - tie_in_vector”{vdiml+vdim2])
* DistRoadFactor

vdiml = 0
vdim2 0

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

end procedure calculate grid distribution cost

{main procedure }

mgcounter =0

microgrid_cost = zZero
cackbone_lines = zero
main_back_lines zaro
midx = zero
midy = zero
mindist = zero
lots = zero
microgrid lines = zero
EW_lots = zero
NS lots = zero
microgrid_line feet = zero
microgrid_drop_feet = zero
area = zero
nmable cost = zero
structure Cost = Zero
microgrid_drop cost = zero
microgrid nid cost zero
microgrid_trerminal cost - zero
total_lines = zero
grid distribution_cost = zero
grid_line_ feet = zero
link_line_feet = zero
grid_drop_feet = zero
density = zaro
grid drop_cost = zero
grid terminal _cost = zero
grid_nid_cost = zexo
dist_lines_served = zero
divider_col =0

divider_row =0

rows_completed =0

rc =0

nco%6 =0

ncz4 =0

ue = zero
be = zaro
ac = zero
us = zero
bs = 2@ro
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as = zaro
mh = zaro
ugd_cable = Z@Tro
bur_cable = Z@ro
aer_cable = zero
ugd_structure = Zero
bur_structure = zero
aer_structure = zZero
ManholeCost = zero
link_line_feet = zero

for i 1 to 50

line_vector(i] = zero
1ine_vectorl[i} = Z&Bro
line_vector2[i] = zero
Lle_in_vector{il = ZOYOo
tie_in_vectorl[i] = zero
tie in vector{i] = zero

for 1 = 1 to 50
for i = 1 to 50
lines{i,j] = zero
flagli,j1 = 0
next
next

area = Zero
total _lines = zero
density = zero

cumuiate iines and area for the grid
for 1 = 1 to GR.nrow
for ) = i to GR.ncol
linesfi,j] = GR.households[i,j] * takerate * lines per house
+ GR.buslines (i, 3]
//looks like this is an attempt to remove DS1 lines

- (11 / 12) * (1 - SpclAccessRatio)* pct_dsl * GR.buslines[i,j]
- (11 / 12) * pct_lsa * SpclAccessRatio * GR”.buslines([i,J]

*W - GR.buslines was modified in the optimize_SAI_arr

g t procedure
if lines[i,3] > 0 then
area = area + GR.MicroGridEW * GR.MicroGridNS / (5.28 * 5.28)

total lines = total lines + lines[i, 3]
next j
next i

if area > 0 then

density = total lines / area
else

density = zero
end if

{First, we need to determine which microgrids are attached to which SAI }
for 1 = 1 to GR.nrow

39

distrib.pas
for j = 1 to GR.ncol
//flag is used te indicate which SAI
flag(i,j) = 1
midx = GR.LowerLeftX + (i - 0.5) * GR.MicroGridEW
midy = GR.LowerLeftY + (i - 0.5) * GR.MicroGridNS
mindist = abs{midx - SAIX[1]) + abs (midy - SAIY[1l]
for n = 2 to number_ of_ SAIs
if (abs(midx - SAIX[n]) + abg (midy - SAIY(n))) < mindist then
mindist = abs (midx - SAIX{n)]) + abs (midy - SAIY[n])
flagfi,j] = n
end if
next n
next j
next i

for n = 1 to number_of SAIs
SAI_lines(n] = zero
MaxDist[n] = zero

for i = 1 to GR.nrow
for 3 = 1 to GR.ncol

if (flagli,3} = n ) and (lines{i,3] > 0) then
SAI_lines(n] = SAI lines({n] + lines(i,J]
//why don't these calculations use the same format as

above?

midx - GR.LowerLeftX + j * GR.MicroGridEW - half * GR.MicroGridEW
midy - GR.LowerlLeftY + i * GR.MicroGridNS - half * GR.MicroGridNS

‘should use global max({) function
i€ iabs(midx - SAIX[n}]) + abs(midy - SAIY{n]})
+ DistRoadFactor > MaxDist~in}! then
MaxDist{n! = {abs(midx - SAIX{nj
+ DistRoadFactor

aps imidy
ena 1L
end if
next j
next 1
next n
*W - Not necessary to loop throught entire grid structure twice to find min, max distances
MaximumDistance = MaxDist[1]
for n = 1 to number_of_ SAIs
if MaxDist({n] > MaximumDistance then MaximumDistance = MaxDist {n]

next n

{ New flag points to the nearest SAI for each microgrid cell.
{ We are now ready to calculate backbones.

grid_drop_cost = zero
grid_terminal_cost = zero
grid_nid_cost = zero
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grid distribution_cost = zero
grid_line_feet = zero
grid_drop_feet = zero
dist_lines_served = zero

for n = 1 to number_of SAls

{ First, calculate the gauge needed.

}

if MaxDist{n] > copper gauge xover then

gauge = 924
else

gauge = g26
end if

Now we handle any situations where customers are toc far from an SAI }

if MaxDist{n] > max copper_distance then

penalty = MaxCopperPenalty

else
penalty = one
end if
{ We now need to divide the SA into quadrants with the SAI }

{ serving as the "origin."

divider col = round(abs{SAIX[n}
divider_row = round{abs(SAIY[n] - GR

Below,

main_pack lines = zero
vdiml = 0

vadim2 = 0
rows_completed = 0

rc =0

joop while i <= divider_row

rc = i+ 1
backbone_lines = zero
vdiml = 0
vdim2 = 0

if divider_col > 0 then
for j = 1 to divider_col
call accumulate backbone
next
end if

- GR.LowerLeftX) / GR.MicroGridEW)

.LowerLeftY) / GR.MicroGridNS)

{from western border to SAI column]
(distrib.pas)

main back lines = main_back_lines + backbone_lines

backbone_lines = zero
vdiml = 0
vdim2 = 0
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if GR.ncol > aivider_col then
for j = GR.ncol downto divider_col + 1 (from eastern border to SAI column/

accumulate backbone

next
end if

main_back_lines =

if i = divider_row - 1 then

(distrib.pas)

main back_lines + backbone_lines

structure cost

grig_distribution cost

= call structure_cost_fn

{only one microgrid depth}
(structur.pas)
pass variables:
main back_lines

0

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

0

1

0

*us

*bs

*as

*mh

*pct_ugd

*pct_bur

*pot_aer

~ call dist cable cost
pass variables:
main_back lines
density
gauge
Tuc
*bc
*ac
pct_ugd
pct_bur
pct_aer

foaoie,.0asg

= grid_distribution_cost + GR.MicroGridNS
* pistRoadFactor
* (cable_cost + structure_cost) * penalty

*W - looks like cable distance penalty is also applied to structure costs, also why isn’t penalty applied to cable over critical

distance

grid_line_feet = grid line_feet + main _back_lines

ugd_cable

+ GR.MicroGridNs * DistRoadFactor

= ugd_cable + uc * GR.MicroGridNS * DistRoadFactor
* penalty
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bur_cable = bur _cable + bc * GR.MicroGridNS * DistReoadFactor
* penalty

aer _cable = aer_cable + ac * GR.MicroGridNS * DistRoadFactor
* penalty

ugd_structure = ugd_structure + us * GR.MicroGridNS
* DistRoadFactor * penailty

bur_structure = bur_structure + bs * GR.MicroGridNS
* DistRoadFactor * penalty

aer_ structure = aer_structure + as * GR.MicroGridNs
* DistRoadFactor * penalty

ManholeCost = ManholeCost + mh * GR.MicroGridNS * DistRoadFactor

penalty
else if i <> divider row then {two microgrid depth}
structure_cost = call structure_cost_£n (structur.pas)

pass variables:
main_back_lines

0

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

s
“bs
*as
*mh
*pct_ugd
*pct_bur
*pet_aer
cable cost = call dist_cable_cost (cable.pas)

pass variables:
main_back_lines
density

gauge

*uc

*be

*ac

pct_ugd
pct_bur
pct_aer

grid_distribution_cost = grid_distribution_cost

+ GR.MicroGridN§ * DistRoadFactoxr * 2
* (cable_cost + structure_cost) * penalty
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grid_line_feet = grid_line_feet + 2 * main_back_lines
* GR.MicroGridNS * DistRoadFactor

ugd _cable = ugd_cable + uc * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

bur_cable = bur_cable + bc * 2 * GR.MicroGridNS DistRoadFactor
* penalty

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

ugd_sftructure = ugd_structure + us * 2 * GR.MicroGrist
* DistRoadFactor * penalty

bur structure = bur_structure + bs * 2 * GR.MicroGridNs
* DistRoadFactor * penalty

aer_structure = aer_structure + as * 2 * GR.MicroGridNs
* DigtRoadFactor * penalty

ManholeCost = ManholeCost + mh * 2 * GR.MicroGridNs
* pistRoadFactor * penalty
end 1f

i= 1« 2 { run backbone down every other row }

end loop {(loop while i <= divider_row)

rows completed = ro
Nowowe need o 2l e the region north of rhe SAT
- = SR.nrow - !
main _back_lines = zero
vdiml = C
vdim2 = 0

1oop while {i »>= rows_completed)
backbone_lines = zero
vdiml = ©
vdim2z = 0

if divider_col > 0 then
for 3 = 1 to divider_col { from western border to SAI column }
call accumulate backbone (distrib.pas)
next
end if

main_back_lines = main_back_lines + backbone_lines
backbone lines = zero

vdiml = 0

vdim2 = 0
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if GR.ncol » divider col then
for j = GR.ncol downto divider_col + 1 {from eastern border to SAI column}

call accumulate backbone
next
end if

{distrib.pas}

main back_lines = main_back_lines + backbone_lines

if (i = divider_row + 1) then {only one microgrid depth |
structure cost = call structure cost fn (structur.pas)
pass variables:
main_back_lines
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope

GR.WaterTb

0

1

0

*us

*bs

*as

*mh
*pct_ugd
*pct_bur
*pct_aer

cable U0ST call dist_cable_cost (~akie.pas)

pass variables:
main_back_lines
density
gauge
*uc
*bc
*ac
pct_uad
pct_bur
pct_aer
grid distribution_cost = grid distribution_cost + GR.MicroGridNS
* DistRoadFactor
* (cable_cost + structure_cost) * penalty

grid_line feet = grid line feet + main_back_lines
* GR.MicroGridNS * DistRoadFactor

ugd_cable = ugd_cable + uc * GR.MicroGridNS * DistRoadFactor
* penalty

bur cable = bur_cable + bc * GR.MicroGridns * DistRoadFactor
penalty

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

ugd_structure

bur_structure

aeristructure

ManholeCost

slse if i <> divider_row then

structure_cost

cable_cost

* penalty

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

= bur_structure + bs * GR.MicroGridNs * DistRoadFactor
* penalty

= aer_structure + as * GR.MicroGridNS * DistRoadFactor
* penalty

ManholeCost + mh * GRMicroGridNS * DistRoadFactor

{two microgrid depth)

= call structure cost_fn
pass variables:
main_back_lines
0
density
GR.hardness
GR.DepthToBedrock
GR.50ilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
0

i

(structur.pas)

)

*us

*rs

cas

*mh
*pct_ugd
*pct_bur
*pct_aer

call dist_cable_cost
pass variables:
main_back_lines
density

gauge

*uc

*be

*ac

pct_ugd
pct_bur
pct_aer

(cable.pas)

grid_distribution_cost = grid distribution_cost + GR.MicroGridNsS

+ 2 * DistRoadFactor
* (cable_cost + structure_cost) * penalty

grid_line_feet = grid_line_feet + 2 * main_back_lines * GR.MicroGridNs

* DistRoadFactor
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ugd_cable = ugd_cable + uc * 5 + GR.MicroGridNS * DistRoadFactor

* penalty

bur_cable = pur_cable + bc * 2 * GR.MicroGridNS * DistRoadFactor
*

penalty

aer_cable = aer_cable + ac x 2 * GR.MicroGridNS * DistRoadFactor
“

penalty

ugd_structure = ugd_structure + us *
* penalty

cur structure = bur_structure + bs *
* penalty

aer_structure + as *

aer_structure =
* penalty

ManholeCost = ManholeCost + mh * 2 *
* penalty
end if
{ run backbone down every

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

2 * GR.MicroGridNS * DistRoadFactor

5 + GR.MicroGridNS * DistRoadFactor

2 * GR.MicroGridN§S * DistRoadFactor

GR.MicroGridNS * DistRoadFactor

other row |

1t UsePrimDist or (density < ¥6¢ PrimtatoffDensity) then

prim distribution_cost = zero
prim_ugd_cable = zerc

prim bur_cable = zero
prim_aer cable = zero
prim_ugd_structure = Zzero

prim_bur structure = Zero
prim_aer_structure = Zero
prim ManholeCost = zero

call calculate prim distribution cost
pass variables:

GR

number_of SAIs

SAIX

SAIY

density

FillFactor

lines

flag
+prim_distribution_cost
*prim_line_feet
*prim_drop_feet
*prim_drop_cost

(primdist.pas)
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*prim_nid_cost

*prim_lines_served

*prim_term_cost

*prim_MaximumDistance

*prim_ugd_cable
*prim_bur_cable
+prim_aer_cable

*prim ugd_structure
*prim_bur_structure
*prim_aer_structure
*prim_ManholeCost

1 f {ac_ugd cop *
+ ac_aer_cop *
+ ac_bur_struc
+ ac_Manhole *

{ac_ugd cop *
+ ac_aer_cop *
+ ag_bur_struc
+ ac_Manhole *

Then
grid distrib
ugd cable =
pur cable =
ljer_cable =
igd_structur
bur_structur
aer_structur
ManholeCost
grid_line fe
grid_drop_fe
grid_drop_co
grid nid_cos

prim ugd _cable + ac_bur_cop * prlm_bur_cable
prim_aer_cable + ac_ugd struc * prim_ugd structure

* prim_bur_structure + ac_aer_struc * prim_aer_structure
prim_ManholeCost)

ugd_cable + ac_bux_cop * pur_cable

aer_cable + aq_uqq_sttuc * ugd_structure

* pur_structure + ac_aer_struc * aer _structure
ManholeCost}

ution cost = prim_distribution cost
primvugd_cable

prim_bur_cable

prim_aer_cable

e = prim_ugd_structure

e = pr1m_bur_structure

e = prim_aer structure

= prim_ManholeCost

et = prim line_feet
et = prim drop feet
st = prim_drop_cost
t = prim nid_cost

grid lines served = prim_lines_served

grid_termina
MaximumDista
end if

end if

1_cost = prim_term cosSt
nce = prim_MaximumDistance

{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 Pechnical Journal, 1957. )

call get_ link_cost
pass variables:
number_of_ SAIS

SA

SAI_lines

saix

(primsai.pas)
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saly
density
*link_cost
*term cost
*link_line feet
*nc96
*nc24

*uc

*bc

*ac

*us

*bs

*as

*mh

grid_distribution_cost = grid_distribution_cost + link cost + term cost
ugd_cable = ugd cable + uc
bur cable = bur_cable + bc
aer cable = aer_cable + ac
ugd_structure = ugd_structure + us
bur_structure = bur_structure + bs
aer_structure = aer_structure + as
ManholeCost = ManhcleCost + mh

«W - doesn't appear that distance for linking cables are carried forward

procedure optimize_SAI_arrangement

passed variables:
SwitchX

SwitchY

GR

* SA

* grid lines_served

local variables:
i

]

number of_ SAIs

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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ncY%e

nc24
MaximumDistance
uc

be

ac

us

bs

as

mh

SAI_lines
link_line feet

SA.SwitchX = GR.SwitchX

SA.SwitchY = GR.SwitchY

SA.ResLines = GR.gHouseholds * takerate * lines per_house
SA.BusLines = GR.gBusinesslines
SA.lines = SA.ResLines + SA.BusLines
SA.DepthToBedrock = GR.DepthTcBedrock
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 DS1 lines }

3A.SpclBccesslines = SpclAccessRatio * GR.gBusinessLines
SA.SpclAccessDSl = SA.SpclAccesslines * pct lsa
3 ipclAccesslines = SA.SpclAccesslLines - SA.SpclAccessDS1

tchedDsl =
.gBusinessLines = GR.gBusinesslLines - round (SA
.Households = GR.gHouseholds

{ Need two copper lines for each DS1, which carries 24 channels }

*W - not sure what this accomplishes, units are lines*2/channel

SA.SpclAccessDS1l = SA.SpclAccessDSt * 2/24
SA.SwitchedDS1 = SA.SwitchedDS1l * 2/24

SA.number of SAIs =1
SA.Grid_Distribution_Cost = zero
SA.MaxDistance = zero
SA.n2016 =0
SA.n672 =0
SA.n9%6 =0
SA.n24 =0
SA.nc9é =0
SA.nc24 =0
SA.snc96 =0
SA.snc24 =0
SA.fiber_terminal_cost = zero
SA.tl_terminal cost = zero
SA.secondary_tterm_cost = zero
SA.interface_cost = zero
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SA.drop_cost
SA.nid_cost =
SA.drop_terminal_cost =
SA.grid_line_feet =
SA.grid_drop_feet =
SA.density =
SA.DepthToBedrock =
SA.WaterTh =
SA.MinSlope =
SA.MaxSlope =
SA.DistToSwitch =
SAh.ugd_cable =
SA.bur_cable =
SA.aer_cable =
SA.ugd_structure =
SA.bur_ structure =
SA.aer_structure =
SA.ManholeCost =
Smipessiey vy

for i = 1 to 4
SA.SAI_ lines[i] = zero
next

mincost = 1.0etlé

for number of SAIs = 1 to max: #AIs do

grid lines served = zero
IA . TypeOfSAlil: = primar

if number_ of SAls > 1 th

for i = 2 to number_of_ SAIs

SA.TypeOfSAI[i)
next

case number of SAIs

case 1
x{1] = GR.cxl{
y[1] = GR.cyl{
case 2

for 1 = 1 to

x[i] = GR.cx2[1)

yli] = GR.cy2[i]
next
case 3
for i = 1 to 3
x{i] = GR.cx3[1i]
y[i) = GR.cy3{i}]
next
case 4

for 1 = 1 to

= Zzero

zerxro
zero
zoro
zero
zaro
zero
zaro
zero
zexro
zero
zerc
zearo
zaro
zexro
zero
zero
zeroe

CaLGR Dengity

b4

en

1]
1]

2

4

= secondary
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x[i] = GR.cx4{i]
y(i] = GR.cy4l[i]
next

end case

for i = number of_ SAIs + 1 to 4
x[1] = GR.cx4[1})
y[i) = GR.cy4[1]

next

grld»distribution_cost = zero

call calculate_qrid_gistzibution_post
pass variables:

GR

SA

number of_ SAIs

X

Y

*SAI_lines
*grid_distribution cost
*grid_line_feet
*link_line_feet
*grid drop_feet
*density

*drop_cost
'drop_terminalicost
*nid cost
'griq_lineq_served
vlink_cost

Tt eszﬁast

“nc3é

*nc2d
*MaximumDistance
*uc

*be

*ac

*us

*bs

*as

*mh

if (ac_ugd cop * uc * ac_bur cop * bc + ac_aer_cop * ac
+ ac_ugd struc * us + ac_dur_struc * bs + &
+ ac_maphole * mh + ac_t1_term * term cost)

(distrib.pas)

* as

< mincost then

mincost = ac_ugd cop ¥ uc ¢ ac_bur_cop * bc + ac_aer_cop * ac

+ ac_ugd struc * us * ac_bur_struc * bs + ac_aer_ struc * as
+ ac_manhole * mh + ac_tl1 term * term_cost

sA.numpber_of_ SAIs = number_of_SAIs
SA.X - X
SA.Y =Y

SA.grid_distribution_cost = grid_distribution#cost - term_cost

SA.secondary tterm_cost = term_cost
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end if

SA.snc96 = nc96

SA.snc24 = nc24
SA.grid_line_feet = grid_line_feet
SA.link_line_feet = link_line_feet
SA.grid drop_feet = grid drop_feet
SA.density = density
SA.drop_cost = drop_cost
SA.drop_terminal_cost = drop_terminal _cost
SA.nid_cost = nid cost
SA.MaxDistance = MaximumDistance
SA.ugd cable = uc

SA.bur_cable = bc

SA.aer_cable = ac
SA.ugd_structure = us
SA.bur_structure = bs
SA.aer_structure = as

SA.ManholeCost = mh
SA.lines_served = grid lines_served

for i = 1 to 4
SA.SAT_lines[i] = SAI_lines{i]
next

rext number of SATs

-

feeder.pas

feeder.pas

the only procedure used outside of this module is optimize feeder_arrangement

function L1_distance
variables passed in:
%1

Ll_distance = abs(xl - x2) + abs(yl - y2)

function L2 distance
variables passed in:

local constants:
KFPerStatMi = 5.28
StatMiPerMin = 1.1515
MinPerDegree = 6C

1ncal variables:

= yl / (KFPerStatMi * StatMiPerMin
= y2 / (KFPerStatMi * StatMiPerMin
= x1 / (KFPerStatMi * StatMiPerMin
* cos (CR.reference_latitude * pl /

degX2 = x2 / (KFPerStatMi * StatMiPerMin
* cos {CR.reference_latitude * pi /

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

180)) + CR.OriginX

+*+ MinPerDegree
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 (deg¥2

cosa = cosa * cos((degXl - degX2) * pi /

* pi/180)

180)

cosa = cosa + sin(degYl * pi / 180) *sin(deg¥2 * pi / 180)
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