
eder.pas
feeder.pas

,f (abs(eos,,) > 1.0e-6) then
alpha _ ArcTan (sqrt(1 - easa • casal I casal' 180 I pl

else
alpha - 90.0

end if

L2 distance abs(alpha ~ MinPerDegree ". StatMiPerMin * KFPerStatMi)

us
bs
as
mh
ae structure
pet_ugd
pet_bur
pet aer
><lon
ylat

1:0cedure optillLi.Ee_f'_der_arranqement
variables passed in:
SwitchX
SwitchY
d~J'l'ltltY
uUID_S/16
"SA array
... feeder cost
*feed_splice cost
*ugd cable
"'bur-cable
"'aer-cable
'ugd-fiber
~bur-fiber

"aer-- fiber
*ugd=structure
"bur structure
"'aer structure
*ManholeCost

this is a procedure within the procedure

procedure calculate f ••der structure costa
passed variables: - -
SwitchX
SwitchY
den$}ty
*stru.cture cost
*FillFacto~
*ugd_structure
*bur structure
*aer-structure
*ManholeCost
'pet_ugd
*pct_bur
I<pct_aer

local variables:

This procedure calculates an average structure cost for the feeder based
on average line density for the feeder network (given).J

t.otllnes
fib lines
>..:op-lines
technology
n2016
n672
n96
n24
us
bs
as
mh
pu
pb
pa

local variables:

~J

k
n
dmtx

"y
from
ta

cut ord
DistToNode
DistToSwitch
feeder_distance
tcost
cable_cost
structure cost
FillFactar
primfile
ue
be
ac
uf
bf
rtf
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'eeder.pas feeder.pas

for i "" 1 to num SAJJ
totlines = t~tlines + SA array[i] .lines

next i -

density
FillFactor
"'technology
*n2016
*n672
*n96
*n24
pet ugd
pet::)ur
pet ael.'

FillFaetor ~ Fi~~_Factor_fn(density,ll (global.pas) next i

( Now calculate line-weighted averaqe structure cost and pet bur, aer, ugd. )for i = 1 to NUmDensZones
if (density >~ copFeedP~antH1XliJ.dsD6i~) then

pet_ugd = CopF_dP~antH1X{iJ.tTgdPct

pet_bur = CopF..dP~antH1X{iJ. Burpct
pet aer = CopF••dP~antHix{i].AerPct

end if
next i

if (pet ugd + pet_bur + pet ae1.') < one then

structure_cost
ugd structure
bur-structure
aer-structure
ManholeCost
pet_ugd
pet_bur
pet ael.'

zero
zero
zero
zero
zero
zero
zerO
zero

(provisionally, assign half of "free" percentage to aerial, half to buried )

pet aer = pet aer + ha~f * (one - pet ugd - pet bur - pet aer)
pet-bur pct=bur + ha~f * (one - pct=ugd - pet-bur - pct~aer)

for i = 1 to num BAa
if SA array[i] .feeder technology = fiber then

fib lines =(SA array[i] .n2016 + SA array[i] .n672 + SA array[i] .n96
- SA-array[1].n24) * 4 - -

end if
'II\\-' _ this is inconsistent with the way distribution does this same thing, dist'n assigns extra to portion with largest cost

~ppr~x-m~~c feeder techn;~ ~7Y hased :1~ 5 t: an .:,'2 r.~ '~t-.' 1

structure ~0S~ = structure cost + SA array ~ i I .lines
call structure_cost:fn
pass '\'ariables:

istIuctur.pas)

'us
*bs
*as
*mh
*pu
*pb
*pa

fib lines
density
SA array[i] .hardness
SA-array(i1.DepthToBedrock
SA-array[i] .SoilTexture
SA=array[i] .MinSlope
SA array[i] .MaxSlope
SA-array(ij.waterTb
1 -

o
1(feeder.pas)

(teeder .pas)Ll distance * FeederRoadFactor
variables:
SA_array[i] .x[l]
SwitehX
SA array[i] .y[l]
SwItchY

L2 distance * FeedlJrRoadFactor
variables:
SA array[i] .x[l]
swItehX
SA array[i] .y[l]
swItehY

call
pass
Xl
X2
Y1
Y2

end if

i 0= 1. t.o DtDD BAs
//not sure ;hat DistanceType ~s
if DistanceTYPe = 1 then

feeder distance = call
pass
Xl
X2
Y1
Y2

else
feeder distance

for

call c~cu~ate_feeder_techno~oqy

pass variables:
feeder distance

(tech.pas)
ugd structure
bur=structure

ugd structure + SA array[i) .lines * us
bur:structure + SA=array(i] .lines * bs
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der.pas feeder. pas

aer structure = aer structure + SA arrayii1 .lines • as
ManholeCost = ManholeCost + SA array[i] .lines • mh
pet ugd - pet ugd + SA array[i).lines • pu
pet-bur - pet-bur + SA-array[iJ.lines • pb
pct=aer = pct=aer + SA=array(i] .lines * pa

'as
'mh
'pu
'pb
'pa

else if SA array[i] . feeder technology - t 1 then
cop_lines ~ SA_array[i).lines f 12 -

'us
'bs
'as
'mh
*pu
'pb
'pa

ugd structure + SA array[i] .lines * us
bur-structure + SA-array(i] .lines * bs
aer:structure + SA=array(i] .lines * as

. : 6367723
:t1l-083!HI9501312

ugd structure
bur=structure
aer st.ructure

ManholeCost = ManholeCost + SA_arraylil.1ines * mh
pet~ugd = pet ugd + SA_array[i] .lines • pu
pet bur = pet bur + SA array(i].lines • pb
pet-aer ~ pct- aer + SA-array[i] .lines * pa

end If - -
next i

structure cost = structure cost / totlines
ugd structure : ugd structure I totlines
bur-structure = bur-structure / totlines
aer-structure = aer-strueture / tot lines
Manho1eCost = ManholeCost f totlines
pet ugd = pet ugd / totlines
pet-bur ~ pet-bur I totlines
pct-aer pet-aer I totlines

start of procedure calculate_feeder_strueture_costs

proc4l4u:.,e -nc..CIOA~
passed variables:
xl<!
ykf
reflon
raHat
'xlon
'ylat

(structur.pas)

(structur .pas)

nes ... uS

nes .. b::;

nes * as
... mh

structure cost + SA array[i] .lines
call structuxe ooat-fn
pass variables7 -
cop lines
o -
density
SA array[i] .hardness
SA-array[i].oepthToBectroek
SA-array [i] . Soi 1Texture
SA=array[i] .MinSlope
SA array[i] .MaxSlope
SA=array[i] .WaterTb

structure cost + SA array[i] ,lines
* call structure cost-fn

pass variables: -
SA array!i) .lines
o -
density
SA array[i] .hardness
SA-array[i].OepthToBedroek
SA-array!i) .SoilTexture
SA-array!i] .MinSlope
SA-array[i].MaxSlope
SA-array[i] .WaterTb
1 -

1
o

structure_cost

Jgd~sLruct~rc Jgd stru_t~re SA array
bur_struct.ure - bur_structure + SA_array[i 1.
der structure aer structure + SA array[i].
ManholeCost = ManholeCost + SA array[i] .lines
pet ugd = pet ugd + SA array(i1.1ines * pu
pet-bur = pct--bur + SA~array[i] .lines * pb
pct=aer = pet-aer + SA=array[il . lines * pa

else
structure cost

'us
'bs
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:eder.pas
feeder. pas

First, calculate structure costs to be used in tree calculation. }

Now we need to set up the distance matrix to be used by PrimTree. }

8e ugd struc * us + Be bur struc * bs + ae aer struc * as
+ sc=maniiole * mh - - - -

')pe n the file primfile with filename 'prim.asc'

(primfeed.pas!

pass variables:
Xl - xli]
X2 = x[j]
Yl = y[i]
Y2 = Y[j]

dmtx[i][j]

call prim tree
pass vari;bles:
n
dmtx
density
FillFactor
ac structure
* __from
"* _to
*DistToNode
*DistToSwitch
pct_ugd
pet_bur
pet aer

dmtx [j] [i]
end if

next
next i

( feeder-pas)

ac structure

n = num BatJ + 1
x[l] - switchX
y[l] = SwitchY

call ca1culate_feeder_stxucture_costs
pass variables:
switchX
SwitchY
d@~ity

*structure cost
*FillFactor
'us
'bs
'as
'mh
'pct ugd
"'pet_bur
*pct_aer

write to primfile: _from(i1, , " to(ll, ' 'f DlstToNode[l],
DistToSwitch[i], I " ;(1Q-11, , " ylat

:'"or i = ~ to n
xli] ~ SA arrayli-l) .x[l]
y[l) ~ SA-array[i-1J .y[l)

"ext::

for i = 0+1 to n -J- num BAs
XllJ SA array [i-l-nuza. SA6} .x~l
y[i] ~ SwltchY -

next

for 1 = n + num Sa. + 1 to n + DUID Sas + num $AS
x[il ~ swit~hX --
y[i] - SA_array [i-1-2*num_SA6] .y[l]

next

w~lte to prlmfile: I from

~" ... i = 1 to n
call ..-r.. convert

variables,

titude

~o DtoNod DToSw x y'

(feeder.pas)

for j = 1 to i
if Distance~ = 1 then

dmtx[il [jl ~ call Ll distance' FeederRoadFactor
pass va~iables:
Xl = x [i]
X2 - x [j]
Yl ~ y[il
Y2 ~ y[j]

n = n -t-

for i :::=

* nUDl_SAs

to n

(feeder .pas)

next

else
dmtx [i] [j] call L2_distance * F••derRoa~ac~or (feeder .pas) { Determine cuts by pruning branches }
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:eder.pas

call prune
pass variables:
n = n
to = to

*cut_ord = cut ord

(primfeed.pas)

structur.pas

structur.pas

the only procedure used outside of this module is structure~cost fn

function structure_cost_fn

Accumulate lines at each node, and sum total feeder cost J

(Initialize disaggregated structure cost to per-kf values. Cumulate [unction willi
(return total disaggreqated structure costs. )

cfltical depth
soil texture indlcator
fiber cables-
copper cables
NurnberOfDuets
ManholeSpacinq
ugd_share
bur_share
aer share
free_pet

ugd_structure = us
bur_structure = bs
aer_strucrure = as
ManholeCost = mh

call cumulate line.
pass variable;:
n
to

DistToNode
DistToSwitch
cut ord
structure cost
Jensity 
FillFactor
~feeder_cost

'ugd cable
~bur-cable

.... aer cable
'ugd-fiber
'bur-fiber
.... aer=.fiber
*ugd_structure
*bur_structure
"'aer structure
*Man'holeCost
pet ugd
pct=bur
pct_aer

(pr imfeed. pa s)

passed variables;
copper_lines
fiber lines
density
hardness
depth_to_bedrock
soil texture
~inSlope
MaxSlope
WaterTb
feeder_indicator
copper indicator
fiber_indicator
"'ugd structure
*bur=structure
*aer structure
*manhole cost
*pet ugd
*pct_='bur
*pct_aer

·-.'--1rlables:

{ tells us this is for feeder
{ tells us there is copper }
( tells us there is fiber )

for i = 1 to num &As
SA_array[iJ .DistToSwitch

next

DistToswitch[i+l]

63

pct_ugd
pet_bur
pet aer
critical depth
soil texture indicator
fiber cables-
copper cables
NumberOfDucts
ManholeSpacing
ugd_share
bur_share
aer share

zero
zero
zero
zero
o
o
o
o
sera
sera
sero
sero
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structur.pas structur.pas

manhole cost
bur structure
ugd=structure
aer structure

zero
zero
zero
zero

crltical depth ~ copper-p~ac8m8Dt_depth

if (copper indicator ~ 1) and (fiber indicator = 1) then
critical depth ~ max(copper-p~ac8m.nt_depth,~iber-p~acement_depth) (global.pas)

{ Calculate soil texture impact

if (copper indicator = 1) and (fiber indicator
critical depth ~ cqP,per-p~acement_depth

0) then

soil texture_indicator = if (copper indicator = 0) and (fiber indicator
critical depth = fiber-p~acement=depth

1) then

for i = 1 to Num2'ex~e8

if SurrTaxt[i].texture ~ soil texture then
soil_texture_indicator = SurfTaz~lil.~act

end if

free pct = one - pct ugd - pet bur - pct aer
if free_pet < zero t-hen free_p-ct = zero-

I~teract water table and rock hardness}

next
*\\' - should sort the Surffext array, use binary search

if (depth to bedrock < critical depth) and (hardness
use hard rock values] -

'HARD') then

for 1 1 to NumDensZones

if feeder indicator = C then

{ Calculate structure distribution
~ 1 t 0 NUII1Den6 Zones
if density >~ HardRockStruc[i].d8naity then

if feeder indicator = 1 then
ugd structure = ugd share * BardRockStruc[i].FeedUgd
bur-structure ~ bur-share * HardRockStruc[i].FeedBur
aer-structure = aer-share * BardRockStrucCiJ.Fe.~er

ugd share * BardRockStruc[i].DistUgd
bur-share * BardRockStruc[i}.DistBur
aer-share * HardRockStrucCi].DistAer

p1S0

ugd_structure
bur structure
-)er structure

end If
PTId if

for

( this is for distribution plant )

Distp~ant:Jlix [i] . density then
Diatp~ant:Jlix[i].UgdPct

Diatp~ant:Jlix[i] . BurPct
Diatp~ant:Jlix[i]. AerPct

l-hj'c: i_~ for feedet n:.'J.'"":+-

if density >=
pct_ugd
pet_bur
pet aer

e:-ld if
next

/l~""oks i_ike feed coppeL cable caparit.y is like maXlmum copper feeder Slze
if feeder lndicator ~ i lhen -

NumberOfDucts = round(copper lines / feed c~r cab~e capacity + ha~f)

+ round(fiber lines / fiber:cab~e_cap.ci~ + ha~f) + 1

next

~ 0 NumDen.sZonea
lf denslty >= CopFeedP~ant:Jlix[i] . density then

pct_ugd = CopF..dP~ant:Jlix[i].UgdPct
pet bur = CopF..dP~ant:Jlix[i].BurPct
pct aer ~ CopFeedP~ant:Jlix[i] .AerPct

end if else
NmnberOfDucts

end if

round(copper_lines / dist_copper_cab~e_capacity + ha~f) + 1

end if
*W - should set. density_index variable for use in all subsequent calculations, density does not change If NumberOfDucts < then NumberOfDucts

{ Get sharing information

for i = 1 to NUmDensZonea
if density >~ Sharing[i].densi~then

ugd share ~ Sharing[i].Ugd share
bur-share = Sharing[i].Bur-ahare
aer-share = Sharing[i].Aer-share

end if -
next

{Calculate water table effect }

for i = 1 to NUmDensZones
if density >- H&aho~e~ac[i].densitythen

ManholeSpacing ~ H&aho~e~ac[i].H&aho~espacing

end if
next

{attempt to find the manhole with the correct number of ducts}
for i = 1 to NUmHaDho~.Siz•• - 1

if NumberOfDucts >~ Manho~eoost[i].DuctCapthen
manhole_cost ~ M&nbo~eOOat[i].HardCost/ ManholeSpacing

{ manhole cost per foot for underground}
end if
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uctur.pas structur.pas

next.

!add any extra cost if necesssaryJ
if NumberOfDucts > H4nholecost[NumHanboleSi~.s-l}.DuctCap then

manhole cost ~ manhole_cost + MaDbolecost[RUmH&nboleSi~e.}.BardCost

'(NumberOfDucts - Haabolecost[~oleSi~es-l}A.DuctCapl

end if

V· looks like soiUexture_indiutor is not used properly, above test should result in 'soft rock' conditions

then

• So~tRoekStrucCiJ.FeedD'gd

• So~tRoekStruc [i) . FeeclBar
• So~tRoekStrucCi}.r..dAer

ugd share * So~tRoekStrucCiJ.DistUgd

bur-share * So~tRockStruc[i}.DistBur

aer=share * So~tRockStrucCi}.DistAer

roundicopper_lines I dist_copper_cable_capaci~'" half) ... 1

i ~ 1 to NumDensZones
if density >- (So~~Struc[i},daaai~1

if feeder indicator ~ 1 then
ugd structure - ugd share
bur-structure = bur-share
aer-structure = aer=share
if

else
NumberOfDucts

end
else

ugd_structure
bur_structure
aer_structure

end if
next

if feeder indicator ~ 1 then
NUmberOfDucts roundlcopper lines I feed copper cable capacity + half)

+ round (fiber lines I ~.tber=cable_~apaCity + half) + 1

·W. see note above
for

11 then

* No~lStruc[i} . FeedIJgd
* No~lStrucCi}.FeedBur

* No~lStrucCi}.Fee~r

~ 1 then
ugd_share
bur_share
aer_share

if feeder indicator
ugd_structure
bur_structure
aer_structure

end if

for i = 1 to NUmDensZones
if density >- No~lStruc[i}.densi~then

else if (depth to bedrock >= critical depth) and (soil texture indicator
( use normal values ) - -

1£ feeder indicator = 1 then
NUmberOfDucts = round{copper lines / feed copper cable capacity 1'" half

round[fiber__ lines / :fiber:Cable_capacity ~ ba2f\ + 1

NumberOfDucts
end i. f

round ( copper. lines/d1.st_copper_cab2e_capacity + ha~£

next

else
ugd_structure
bur_structure
aer st ructure

end if -

ugd share * NozmalStruc[i}.DistUgd
bur-share * NozmalStrucCi}.DistBur
aer-share * Nozma~Struc[i}.DiatAsr

If NumberOfDucts < 2 then NumberOfDucts 2

for i ~ 1 to NUmDensZones
if density >- Hanbolespac[i}.density then

ManholeSpacing ~ Hanbolespac[i}.~olespacing

end if
;"ext

~oleSi%eB - ~

I'bmberOfDucts >= Haz2ho.leCoBtliJ . DuctCap t.hen
manhole cost = ~o~.CoBtliJ.So£tCo.t I ManholeSpacing

ma~hQle cost per foot tor underground}
end It

1£ NurnberOfDucts < 2 then NumberOfDucts :-"ext

for i = 1 to NuIIlDeJ18Zon••
if density >= MAnholespac[i}.density then

ManholeSpacing = MAnholespac[i}.MAnholespacing
end if

next

for i - 1 to NUmHanboleSizes - 1
if NumberOfDucts >- M&nholecostliJ.DuctC4p then

manhole cost - HaaboleCostCi},NozmalCOst I ManholeSpacing
{ manhole cost per toot for underground}

end if
next

if NumberOfDucts > HanboleCOst[NUmHanboleSizes-l}.DuctCap then
manhole cost ~ manhole cost + HaaboleCOstC~leSize.J.No%mlllCost

* (NumberOfDucts - HaaboleCOst[~leSizeB-l}.DuctCapl
end if

It NumberOfDucts > MAnholeCost[NUmHanboleSizes-lJ.DuctC4p then
manhole cost ~ manhole cost + manbol.Cost[~oleSizes}.SoftCoBt

- * (NumberOfDucts - HanboleCostC~oleSize.-l1.DuctCap)

end if
end if
/Iadjust manhole cost for sharing
manhole cost = ugd share + manhole cost * 1000 (results in dollars per kilofoot )
ugd structure = ugd-structure * 1000
bur-structure = bur-structure * 1000
aer-structure = aer-structure * 1000

if (MinSlope < HlnSlo,peTrigger) and (Max Slope > MazS10,PeTrigger) then
ugd structure = ugd structure * CaabS~qpeFaceor

bur structure = bur-structure * co.bS~F&Ctor
aer-structure = aer-structure * CaBbS~qpeE.ctor

manhole_cost = manhole_cost * eo.bS~qpeFactor

else (use soft rock values )
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:ructur.pas cable.pas

!/ad_7ust. percel1tages SO they balance to 1.0, throwing any difference
with largest dollar amount
if (ao ugd struc * ugd structure + aa manhole * manhole cost)

<~ m:i'n((ac bur struc-"" bur structure) -
1 (ac_aer_st.rue ,.,. aer_structure)) then

e} 5e if (MinSlope <:
ugd structure
bur=structure
aer structure
manhole_cost

else if (MaxSlope
ugd_structure
bUT_structure
aer structure
manhole_cost

end if

~nS~opeTrigger) then
ugd_structure * HinS~opeFactor

bur_structure * ~lqpe'actor

aer_structure * ~nslope'actor

manhole_cost * ~DS1~.Factor

> _~opeTr.t99"r) then
ugd structure * HaxS~opeFactor

bur-structure * ~~opeF.ctor
aer-structure * ~~~F.ctor
manhole_cost * ~Slqp.F.ctor

into plant type

(global.pas)

cable. pas

the two functions used outside of this module are feed cable cost and dist cable cost

function feed cable coat
passed v~iables:
lines
density
technology
*ugd_copper
*bur copper
*aer copper
*ugd-fiber
*bur-fiber
.... aer-fiber
pet ;:;gd
pe<)ur
pct_aer

pct ugd ~ pct~ugd + free~pct local variables:

else if (BC bur atrue * bur structure)
<~ min((ac ~ atrue * ugd structure + se manhole * manhole cost) (global.pas)

,(aC_aer_5truc * aer_structure)) then

pet_bur ~ pct_bur + free_pct

templ
temp2
ugd2
bur2
aer2

'!this test ShO\11d wrap this function, exit if there are no lines
if (copper_lines + fiber lines) >= ha~f then

~lse If iac_ser_serue * aer_structure)
min((ac bur struc * bur structure)

, (&C_u9d_Btruc * ugd_structure + se_manhole

!/lines must be total lines
if lines < half then

feed_cable cost = zero

zero
zerO
zero
zero
zero

- zero
zero
zero
2ero
zero
zero

aer2
templ
temp2

ugd_copper
bur_copper =

aer copper
ugct=fiber
::'ur fiber
aer=fiber
ugd2
Dur2

(global.pa.s)
then* manhole cost

--- free __pc~

pct_ugd * ugd_structure
pet aer * aer structure
pet-bur * bur-structure

= pct-ugd ~ manhole_cost

~"d

["_ - del ',,"

'jgd_structure
aer_structure
bur_structure
manhole_cost

structure_cost_fn = ugd_structure + bur_structure + aer structure + manhole cost
else

ugd_structure = zero
bur_structure = zero
aer_structure = zero
manhole cost = zero
structure_cost .tn = zero

end if

else
if (technology ~ copper26) or (technology = copper24) or (technology

if lines <~ £.ed cqp,per cab~. capacity then
for i = 1 to-NumF.edcab~.si.z.s

·W - looks Ilke cables are undenized bere, test should be revened. need to use break on this loop
if lines >= COpDistCOstC.t].Cab~Si%. then

( costs are input per foot; werre working with kt )
ugd_copper = pct_ugd * co,preedCo8tC.t].ODstOgd * 1000
bur copper = pct bur * COpFeedCostC.t].CostBur * 1000
aer=copper = pct=aer * co,preedCostCi].ODstAer * 1000
templ = ugd copper + bur_copPer + aer_copper

end it
next

t 1) then
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)Ie.pas

else
for > ~ 1 to NUaFeedCab~eSizea

if Iroundlfeed c~r cab~e ca,pacity)) >~ CopFeedCoat[i}.Si~ethen
IJthis is lnteger-diviSion,calculating number of max size cables

temp1 ~ Iroundllines) div round(feed c~r cab~. capacity))
ugd copper ~ temp1 * pet ugd * copreeacoatlil.Co.tUgd * 1000
bur-copper ~ temp1 * pet-bur * copreedOoat[i}.CoatBUr * 1000
aer-eopper ~ temp1 * pet-aer * copFeedOoat[i}.CoatA6r * 1000
templ = ugd copper + bur-copper + aer copper

end if - - -
//calculate residual cable size
if (round(lines) mod round (feed copper cab~e capacity))

>~ copFeedCost[i)'.Size then - - -
ugd2 ~ pet_ugd * CopreedCost[il.CoatUqd * 1000
bur2 ~ pet_bur * CopFeedCoat[il.CostBur * 1000
aer2 ~ pct_aer * CopFeedCost[i}.CoaeAer • 1000
temp2 ~ ugd2 + bur2 + aer2

end if
next

end if

cable.pas

aer fiber ~ templ * pet aer * riberreedCoat[i}.CoatA6r * 1000
tempI = ugd fiber + hur-fiber + aer fiber

end if -
*W -looks like this should be fiber_cable_capacity

if (roundl1ines) mod round(feed_c~r_caba_capacity))
>~ FiberFeedCoatCi}.Si~e then

ugd2 ~ pet_ugd * riberreedCoatlil.CoatUgd * 1000
bur2 - pet bur * FiberFeedCo.tCi}.Co.tBur * 1000
aer2 ~ pet-aer * riberFeedCo.tli].Co.tA6r * 1000
temp2 - ugd2 + bur2 + aer2

end if
next

end if

templ = templ + temp2
ugd fiber ~ ugd fiber + ugd2
bur-fiber = bur-fiber + bur2
aer-fiber ~ aer-fiber t aer2

feed~cable_cost = templ
end if

local variables:

function dist c&b1e cost
passed v~iabl€$:
lines
density
gauge
-"ugd_copper
""bur_copper
-"aer_c:opper
pet_ugd
pet_bur
pct_aer

end if

JII11~tip~ier 24
JII11~tiP~ier-24
JII11~tiP~ier-24

* JIIU~ tip1ier=24

~f technology = copper24 then
feed cable cost = templ *
ugd copper ugd .copper
bur=copper = bur-copper
aer copper = aer~copper

else { technology is fiber }

else

temp1 ~ temp1 + temp2
ugd copper - ugd copper + ugd2
bur-copper = bur-copper + bur2
~cr-copper aer=copper + aer?

W-24 Cauge copper is assumed to be a constant multiplier of 26 gauge

feed_cable cost = tempI
end if

templ
temp2
ugd2
bur2
aer2

if lines <~ fiber cab~e cspaci~ then
·W - see cable sizing note above - -

for i - 1 to NUmFibercab~eSizes

if lines >~ FiberreedCost[iJ.aize then
ugd_fiber = pct_ugd * FiberreedCoat[i}.CoatUgd • 1000
bur fiber ~ pet bur' FiberFeedCoatlil·CoatBur • 1000
aer-fiber ~ pet-aer * FiberreedCoat[i].CoatAer * 1000
templ ~ ugd fiber + bur fiber + aer fiber

end if - -

next
else

for i = 1 to NUmFtbercab~eSizea

*W - looks like this should be fiber_cable_capacity
if (round(~eed copper cab~e ca,pacity)) >~ FiberFHdCost[i}.Size then

*W - looks like this should be fiber cable capatit). - -
temp1-= (round(lines) div round(feed copper cab~e ca,pacity})
ugd fiber ~ temp1 • pet ugd * FiberFeedCoat[i}.Coatugd * 1000
bur=fiber ~ templ * pct=bur * FiberFeedCost[i}.CO.tBur * 1000

ugd_copper = zero
bur_copper = zero
aer_copper = zero
templ = zero
temp2 = zero
ugd2 ~ zero
bur2 zero
aer2 = zero

if lines <~ ha~f then
dist cable cost zero
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lble.pas

Rise
tempI
temp2

zero
zero

primdist.pas

primdist.pas

the only procedure used outside of this module is calCulate_prim_distribution~cost

if lines <= dist copper cab~. capacity then
for i ~ 1 to-NuJlICab1eSize";

II _ looks like cables are undersized here, lesl should be reversed, need 10 use break on Ihis loop
if lines <= CopDiatCoatCi}.Cab~eSizethen

ugd copper = pct ugd * CopDiatCOatCi}.COatogd * 1000
bur-copper ~ pet-bur * CopDistCoatCij.CostBur * 1000
aer=copper = pct=aer * CopDiatCostCi}.CostAer * 1000
templ = ugd copper + bur copper + aer copper

end if - -
next

else
for 1 ~ 1 to NuJlICab~eSizea

if (roundldiat copper cab~e capacity) <~ CopDistCoatCi].Cab~eSize) then
templ ~ (roundllines) div round(diat copper cab~e capacity))
ugd copper ~ templ * pct ugd * COPDistCoatc1].CostUgd * 1000
bur-copper ~ templ * pet-bur * CopDistCostCi].CostBur * 1000
aer=copper ~ templ * pet=aer * CopDistCostCi].CostAer * 1000
templ = ugd_copper + bur copper + aer_copper

end if

if (roundllines) mod roundldist copper cab~e capacitYl1
>~ CopDistCostCi].CabLeSize then - -

ugd2 = pct ugd * CopDistCostCi].CostUgd lOOO
bur2 ~ pet-bur * CopDistCostCi].CostBur * 1000
aer2 = pct-aer * CopDistCostCi].CostAer * 1000
ternp2 = uqd2 ~ bur2 + aer2

end 1f

;"ext
,ce,d ,f

temp! = templ + temp2
ugd copper = ugd copper + ugd2
bur=copper = bur=copper + bur2
aer_copper = aer copper + aer2

if gauge ~ g24 then
dist cable cost = temp! * muItiplier 24
ugd copper = ugd copper * ~tip~ier-24
bur-copper bur-copper * ~tip~ier-24
aer~copper = aer copper * ~tip~ier-24

else - -
dist cable cost ~ templ

end if

end if

procedure cumulate lines
passed variabies:
GR
n { number of nodes }

to
line vector
DistToNode
DistToSAI
cuts
density
E'illFactor
*dist cost
*ugd cable
*bur~cable

*aer-cable
*ugd-structure
+bur-structure
+aer structure
*ManholeCost

local variables:

<;-,as::u'_
g26~llnes
qL4_11nes
structure_cost
cable~cost

technology
uel
bel
acl
ue2
be2
ae2
us
bs
as
mh
penalty
pet ugd
pet=bur
pct_aer
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us
bs
as
mh

ugd structure
bur_structure
aer_structure
ManholeCost
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primdist.pas

ugd_structure
bur structure
aer-structure
Manholecost
ugd cable
bur-cable
aer-cable
ucl-
bcl
acl
,Jc2
bc?
de2

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

density
GR. hardness
GR. DepthToBedrock
GR. SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
*us
*bs
'as
*mh
*pet ugd
*pet_bur
*pct_aer

fer i = 2 to n
if cuts[i]>nc then

nc ~ cuts[i]
end if

next

nc ~ cuts[l]

for 1 = 1 to n
was cut[i]

next

false

:able cost call d!st cable cost +
pass variables:-
gZ6 lines[i]
density
g26
"'uel
"'bel
*ac1
pet ugd
pct::bur
pet aer

call d!st cable costlcable.pas)
pass vari~ble8:-
gZ4 lines[i]
density
gZ4
*uc2
*bc2
*3c2
pct_ugd
pet bur
pct __ aer

next

to
~:6 :ncs - zero
024 lneS ~J zero

next

for i = 2 to n
if DistToSAI\ij > copper_gaug8_xover then

gZ4 llnes[l] ~ line vector[i]

else
g26 lines[i] = line vector[ij

end if -

if gZ6 lines[i) + g24 lines[i] > zero then
structure cost = call structure coat fn

- pass variables7 -
gZ6 lines[i]+gZ4 llnes[i]

o
ugd_cable + (ucl + ucZI * DistToNodeli) * penaltyugd_cable

-,jD ... e '-.::>s~ -" zero
structure_cost = zero
,-"c: - zero
bel ~ zero
del 0;.. zero
uc2 ~ zero
bc2 := zero
ac2 "'" zero
us ~ zero
bs zero
as - zerO
mh = zero

end if

if (gZ6 lineslij + gZ4 lines[iJ) > 1.0e-6 then
if DistTOSAI[iJ > max c~r distance then

penalty ~ Haxeopp;rPe,..ity
else

penalty =' one
end if

*W - this penalty calculation i. repeated elsewhere
dist cost = dist cost + (structure cost + cable cost)

* DistToNode[i] * penalty -(structur.pas)

gZ6 lines[k] + gZ6 lines[i]
g24-1ines[kl + qZ4 linesli)

to nc
i == 2 to n
if not (was cutli]) then

if cutsti1=c then
k ~ toli]
gZ6 lines [k]
gZ()ines[kJ

for c =
for

dist cost = zero
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bur cable
aer-cable

bur cable + (bel + bc2) * DistToNode[i} * penalty
aer-cable + (ael + ac2) * DistToNode[i] * penalty

primdist.pas

end if
next

ugd_structure
bur_structure
aer_structure
ManholeCost

end if

was cut[i] ~ true
end

end
next

next

ugd_structure + us
bur_structure + bs
aer structure + as
ManholeCost + mh

* DistToNode[i]
* DistToNode(i]

oistToNodelil
* DistToNode[iJ

* penalty
* penalty
* penalty
+ penalty

if cut it then
cLlt_ord[iJ
was_cut [i]
total cuts

end if
end if

next

cut num = cut num + 1

until total cuts = n - 1

cut_num
true
total cuts + 1

(Calculates d provi.s7onal distribution cost for a given customer based on allocating
both structure dnd cable eost l)etween the customer and the tree, and a c-'able .:.-~ost

~nly tnr ~hp pnt]rp dlsranrp from the customer [0 the ~A~.,

procedure prune
passed variables:
n { number of nodes }
to
cut ord

loval variables
total cuts
cut num
'.-Jas cut

'Iit It

)
function

lines
GR
dist
dist2SAI
density
FillFactor

distance to the tree }
distance to the SAL via tree

I average density for tree}

total cuts =

for i = 1 to n
CLlt _ord [i]

next

repeat
for i = 2 to n

if not (was_cut[i]I then
cut it = true
for-j ~ 2 to n do

if not (was cut[j]) then
if to[)] ~ , then

cut it = false
end if

cut num

for i = 1 to n
was_cut[i]

next
false
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lucal variables:
cable cost
n2 0 16 ~

n672
n96
n24
gauge
uc
bc
ac
us
bs
as
mh
structure_cost
ac structure
ac-cable
penalty
pct ugd
pc<)ur
pct~aer
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if i

First, make the technology determination.
ac cable

pet aer

ac_ugd_cop .. uc + ac_bur_coP ... be + ac_aer_cop * ac

if dist2SAI > cqP,per gau~ xaver then
gauge = g24 - -

else
gauge = g26

end if

if lines > 0 then
provisional cost

else -
provisional cost

end if

(dist .. ac structure + dist2SAI ... ac_cable) * penalty

zero

if dist2SAI
penalty

else
penalty

end if

> max copper diatance then
MaxCqP,perpe"dey

0""
end if

Now calculate structure and cable costs.)

procedure prim tree
passed variables:

struct.ure cost call structure cost fn
pass variables7 -
lines
o
density
GR. hardness
GR.DepthTOBedrock
GR.SoilTexture
GR.Minslope
::3R.MaxS1 D pe
'':;R,WaterTb

(structUI.pas)

GR
n
line_vector
dmtx
density
FillFactor
~ from
• to
*dist2node
*rlist2SAI

... ··..;·C.3

dlarge = ~9~999999.~

r number of nodes, including SAL)

( distance matrix)
density for SA }

list ot lots, with #1 = SAl j
lot that each node points to )
distance from each lot to next node }
distance to switch from each lot }

ae structure = aC ugd struc "* uS + ac bur struc * bs + ac aer struc * as
+ ac:maz:ihole * mh - - - -

cable cost

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

call diat cable cost
pass vari;bles:
lines
density
gauge
·uc
'bc
'ac
pct ugd
pet-bur

(cable.pas)
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local variablp.s:

k

a
b
c
dl
d2s
min
idx
dist
dist2
cost
technology

for i = 1 to n do
ali] = true
b (i 1 ~ 0
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eli] - dlarge
dl [i] ~ zero

next

e[l] ~ zero
d2s[l] ~ zero

primdist.pas

dist2node[iJ = dl[i]
dist2SAI[i] = d2s[i]

next

frorn[l] = 1
toll] ~ 1

dist2nodell] = zero
dist2SAlll] = zero

] =

for i = 2 to n
d2 s [ i I ~ drnt x [ i ) [l]

next

for 1 = 2 to n
ffiln = dlarge
for k = 2 to n

~f Ik <> j) then
if a [k] then

dist
cost =

lines
GR
dist
dist2SAI
density
FillFactor

rIllS
1 ine vector [k]
GR
dist
dist + d2s[j]

- density
FillFactor

(pnmdist .pas!

procedure qet line.
passed variables:
GR
density
row
col
NS lots
EW-lots
lines
*n
*line vector
*x
'y
*drop terminal cost
*MG_nId_cost 
*drop cost
"drop-feet

local variables:

end
end if

end if
next k

, .. cost < elk] then
e[k] cost
dl [k] ~ dist
b[ k] ~ J

end if

if min> e[k] then
min = elk]
I = k
dist2 ~ dl[k] + d2s[b[kl]
if
I if a [k] )

j ~ I
a[j] ~ false
d2s[l] = dist2

next 1

for i = 2 to n do
frornli] = i
tori] = b[i]

81

factor
-l.-lnBS per lot
total-lots
drop_length
pet ugd
pct=bur
pet_aer
tmp
us
bs
as
mh

drop terminal cost = zero
total lots = EW lots * NS lots
lines=per_Iot --lines / total lots

i-I
loop while i <= EW_lots

factor = one
j = I
loop while j <= NS lots

r Take in lots-on both sides, top and bottom, unless this is a microqrid }
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irndist.pas prirndist.pas

! border, in which case take in lots only on one side. If it is the
corner, take in only one lot. ,1I,TON h'e need to ca 1cula te drops to customer Ioea tions )

If (i = EW lots)
faetor-= 2

else
factor

end if

or (j NS lots) then drop_length U5er ~ambda ' O. 5
, sqrt(sqr((l / NS lots) , GR.MieroGridNS ' DistRoadFactor)

+ sqr((l / EW-lots) , GR.MieroGridEW ' DistRosdFactor))
+ (1 - U5er_~.mbda) , .5 ' (1 / NS lots) , GR.MieroGridNS ' DistRoadFactor

if (i = EW_lots) and (j
factor = one

end if

NS lots) then
if drop length> max drop ~.ngth then

drop length = m&i drop ~engtb
End if - --

n+ 1
drop_cost tota 1 lots drop_length ' cost-per_drop_kf

line vector[n] = factor· lines_per_lot

i ~ i+2
end {while i }

j = j + 2
end loop Ij <= NS lots)

drop_terminal cost

total lotsDid_costMG nid cost

j
n
k
midx
midy
lots
EW_lots
NS_lots

( Finally, calculate cost of nids for this microgrid )

local variables:

procedure calculate~rim_distribution_cost

passed variables:
GR
num_SAIs
SAIX
SAIY
densit_y
fillFactor
l.:nes
flaq
*prim dlstrlbul~o~_~n~,

·prlm_line_feet
*prim_d-rop_feet
"'"prim drop cost
"'"prim-nid cost
~prim-lines served
*prim=term_cost
*MaximuroDistance
*ugd cable
*bur-cable
*aer cable
*ugd-structure
*bur=structure
*aer_structure
*ManholeCost

drop_feet = total lots * drop length

(terminal.pas)

(on! / EW lots I
(O~) / NS=lots)

(structur.pas)

* GR.MicroGridEW + 1
GR.MicroGridNS + j *

drop terminal cost
+ call-drop terDdnal cost fn

pass vari;bles: -
factor * lines per lot
density -
pet ugd
pc<:bur
pet aer

GR.LowerLeftX + (col - 1)
GR.LowerLeftY + (row - 1)

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

call structure cost fn
pass variables7
line vector [n]o -
denSIty
GR.hardness
GR.DepthToBedroek
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
:::;R. WaterTb

x [n]
yin)

tmp
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area
cable cost
structure cost
total lines
SAl LInkDistance
tl lines
gauge
penalty
ue
be
ae
us
bs
as
mh
dmtx
x

primdist.pas

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

if Iflag[i,i] - k) and (lines[i,i] > zero) then
lots = round(GR.households[i,j] * ~aker4~e)

+ roundIGR.buslines[i,jj / liDes-P8r_busl

call lot divide
pass variables:
lots
*NS_lots
"'EW lots

call qet_lines
pass variables:
GR
density

(lotdiv.pas)

(primdist .pas)

'y
*grid dropterm cost
*grid-nid cost
*grid-drop cost
,",gri.d=drop~feet

y
llne vector

from
to

cut_ord
DistToNode
DistToSAI
route_distance
tcost
grid dropterm cost
grid-drop cost
qrid-nid cost
grld=ctrop_feet
jist cost

prl~ distribution cost
prim-drop cost 
prim=nid_cost
prim term cost
prim-drop-feet
ugd cable
bur=eable
aer_cable
ugd_structure
bur structure
aer structure
ManholeCost
MaximumDistance
prim_line feet

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

er.d

next l
next i

round(NS_lotsl
round IEW lot s)
lines[i,J]
*n
*line_vector
*x

-,- ... ITl~drop_cost
T1ITl rlld cost

:lm term ':OSt
r1 m drop feet

prlITl_drop_cost
- ;.H ITl file1 cost

pr m term cost
pr m drop-feet

gr d drop cost
qr d=nid_=cSL
gr d_dropterm_C0s~

~ gr d_drop feet

for k = 1 to nurn SAIs
( First, we need to set up the distance matrix to be used by PrimTree. )

" [ 1] ~ SAIX [ k]
y[ll = SAIY[kJ
line_vector[l]
n ~ 1

zero
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rimdist.pas
primdist.pas

<mh

prim_distribution_cost = prim_distribution__cost + dist~cost

for i = 1 to n do
for j ~ 1 to i

dmtx [il [j J
dmtx\j] li]

next j
next i

do
(abs(x[i) - x[j)) + abs(y[iJ - y[j])) < DistRoaaractor

~ dmtxlillj]

ugd cable
bur-cable
aer-cable
ugd=structure
bur_structure
aer_structure
ManholeCost

ugd_cable + uc
bur_cable + be
aer_cable + ac
ugd_structure + us
bur_structure + bs
aer structure + as
ManholeCost + rnh

for i = 1 to n
if DistToSAI[il > MaximumDistance then MaximumDistance

next

i Now calculate the spanning tree. }

call prim tree
pass vari;bles:
GR
n
line vector
dmtx
density
FillFactor
* from
* to
*OistToNode
*DistToSAI

f Determine cuts by pruninq branches }

call prune
pass variables:
n
to

*cut_ord

{ Accumulate lines at each node, and sum total feeder cost }

call cumulate lines
pass variables:
GR
n
to

line vector
DistToNode
DistToSAI
cut_ord
density
FillFactor
*dist_cost
<uc
*bc
<ac
*us
*bs
<as

(pnmdlS t .pas)

r;;rj),~1- ~C~5)

(primdist .pas)
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for 1 = 1 to n
prim_line feet

next

next k

DistToSAI[i]

prim_line feet + line vector[i] * DistToSAI[i]
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1qd_ st ructure
DS ~ our structurE
as ~ aer structure

bel
ael
ufl
bfl
afl
uc2
be2
ae2
uf2
bf2
af2
uc3
be3
ae3
un
bf3
en.....
&e4
ae4
<Of.4
l>U....
us
bs
as
mh
feel
fcc2
fib~lines

Jrirnfeed.pas

:he three procedures available outside of this module are:
cumulate_lines
prune
prim_tree

procedure cumulate lines
passed variab~s:
n {number of nodes
to

DistToNode
DistToSwitch
cuts
structure cost
density
FillFactor
"'feeder cost
*ta~sp¥ij<;liiqost:
"'ugd_cable _.
Tbur cable
~aer cable
*ugd-fiber
*bur-fiber
"aer-fiber
~..;.gd_structure

rbur structure
'aeL structure
*ManholeCost
pet_ugd
pet_bur
pet aer

local variables:
e

ne
k
was cut
g26-lines
g24-lines
tl lines
fiber lines
1!mP~j
cable cost
technology
n20l6
n672
n96
n24
uel

89

mt - MauholeCost

clgd_ structure
bur_structure
ael_structure
ManholeCost
ugd_eable
bur_cable
aer cable
ugd-fiber
bur-fiber
aer=fiber
uel
bel
ael
ufl
bfl
afl
ue2
be2
ac2
uf2

zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
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select case SA array[i-1J . feeder technology
case copper26 -

g26 lines[i] - SA array[i-1].ResLines / Fi11Faetor
- +(SA-array[i-l}.BusLines

11- / 12 * SA array[i-1] .SwitehedDS1
_ 11 / 12 * SA=array[i-11.SpclAccessDS11 / Fil1Factor

(SA array[i-1].SwitchedDS1
SA=array[i-1] .Spc1AccessDS11 / Fil1Factor

bf2
af2
ue3
be3
ae3
un
bn
an

zero
zero
zero
zero
zero
zero
zero
zero tl 1ines[il

case copper24
g24 lines [i 1 ~ SA array[i-l] .ResLines / FillFactor

+ (SA- array[i-l] .BusLines
- lC / 12 * SA_array[i-1] .switchedDSl
- 11 I 12 * SA_array[i-11.spe1AecessDSll / FillFactor

First, make the technology determination. )

nc ~ cuts[ll for i
end if

next

i ::.: 2 to n
if i <= Dum Baa + 1 then

call calculate feeder technology
pass variables~ -
DistToSwitch [i]

i - 1
density
FillFactor
"'technology
*n2016
"'n672
*n96
"n24
pct._ugd
pet_bur
pet aer

for c = 1 Lo nc
for 1 = ;: to n

if not (was cut[i]) then
if cuts[iJ~c then

k = ta[i]
g26 l,nes[kl ~ g26 lines[kl + g26 lines[i]
g24-1ines[kJ ~ g24-1ines(kl + g24-1ines(ij
tl lines[k] ~ t1 1ines[k] + tl lines[iJ

(SA.array[l-l] .n2016 + SA array[i-l] .n672
SA array[i-11.n96 + SA array[i-l] .n24)

4 /-FLberFi2LFactor -

(SA array [i-ll . Res Lines / Fi11Factor
SA-array[i-1] .BusLines I FillFactor)

tl_redw1dancy_factor / 12

(SA_array[i-1] .SwitehedDS1
SA_array[i-1] .SpclAceessDS11 / FillFactor

tl lines [11

case t 1
tl-linesfil

end seleCt

case fiber
fiber lines[il

next

feeder cost ZERO
feed_spliC0_cost '" DJlC

e,lJ ... .e-

(tech .pas)

2 to n do if CUtS[l l>nc then TIC ~ cuts[iJ

false
for i = 1 to n

was_cut[i]
next

for

for i = 1 to n
g26 lines[i] ~ ZERO
g24-lines[i] - ZERO
t1 lines[i] ~ ZZRO

next

for i = 2 '(0 n
if i <= num_Sas + 1 then
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rimfccd.pas

;pas)

".<', :::2:':::;-: 00'.···0 f' ~4:4t:1f:o'~.t'ca.t>lce CO$t ...itch splicing I

primfeed.pas

,filOGr_cables fld fib$r_cables[kJ +fiber_c4bles(il

(cable.pas)

93

cable cost call feed cable cost
pass variables;
q26_11neslll
denslty
copper26
*'.1c1
'bcl
*acl
*ufl
'bfl
'afl
pct ugd
pet-bur
pct=aer

+ call ~_d cable cost
pass variables:-
g24 hnes[l]
density
copper24
*uc2
*bc2
*ac2
'uf2
'bf2
'af2
pct~ugd

(cable.pas)

(cable.pas)
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pet_bur
pet aer

• call £..6 cable cost
pass vari;bles:
tl lines [i]
density
t 1
·uc3
*bc3
*ac3
*uf3
*bf3
*af3
pct ugd
pct:bur
pet aer

(cable.pasl
procedure prune

passed variables:
n { nu~ber of nodes
to

"-cut_ord

local variables:
total_cuts
cut num
was cut

:1]i'" it

if (g26 lines(i] + g24 linesll! + tl :Lines i J + f1.ber c~bles~l}\

> 1. Oe=6 then
feeder cost = feeder cost + (structure cost + cable cost)

- * DistToNode[ij

for i .=c 1 to n

cut_num
true
total cuts + 1

for ':::t::;r,
if not (was cut l j J) then

if _tor]] ~ i then
cut it = false

end if -
end if

next

n
if not (waS_cut[l ther

cut It = true

if cut it then
cut ord[i]
was-cut[i]
total cuts

end if
end if

=- '>r

~(;Deal

for i = 1 to n
cut ord[il

next

total cutS =

'2ut_num

was_cut[i} ~ false
next

+ us * DistToNode(
+ bs * DistToNode[
+ as * DistToNode[
+ mh * DistToNode[

ugd structure
bur:structure
aer structure
ManholeCost

ugd_structure
bur_structure
aer structure
ManholeCost

end if cut nurn = cut_Dum + 1

was cut Ii)
end if -

end if
next

next c

true until total cuts = n - 1

function provisional cost
passed variable~
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Calculates a prnvisional feeder cost for a given SAl based on allocating both
tructure and cable cost between the SAl and the tree, and a cable cost only for
he entire distance from the SAl to the sw~tch. i

case fiber
lines ~ (n20l6 + n672 + n96 + n24) , 4 f F1l>erFillEactor

select case technology

cable cost - call feed cable cost
pass variables:
lines
density
technology
'ue
'be
*ae
*uf
'bf
'af
pct ugd
pet_bur
pct_aer

Jf
ac_ser_cop
ac_ser_fib

(cable.pas)

tlC -I" ac bur cop t'l:

If -I" ae=bur:fib hf
.!Ie u¢ cop
ac=ugcCfi.b

Jlst • ac str~cture + dist2switch

SA_array[i] .lines ' tl_redUDdaDcy_xactor / 12

SA array[iJ .ResLines / FillFaetor + (SA array[ij.BusLines
- 11-/ 12 ' SA array[i] .SwitehedDSl -
- 11 / 12 ' SA=array[iJ.spelAccessDS1) / FillFactor

lines
case t 1

case else
lines

:f lines ~ 0 then
~rov~Slonal_cost

end select

indexes the SAl
distance to the tree }
distance to the switch via tree }
average density for tree }

bc
ae
uf
bf
af
sai index

uc

local variables:
cable cost
n2016
,,672
n%
024
lines
technology

i
dist
dist2switch
density
Fi IlFactor
ae structure
pct_ugd
pet_bur
pct_aer

,--f i <0= num_SAs then {look only at "live" nodes~ WlliCh are ~ndexed 1 . . num SAs

{ First, make the technology determination.

else
provis~onal 2CSt zero

end if

{ Now calculate structure and cable costs, assuming that geologic factors
throughout feeder route are the same as those for this SA. }

swi teh )

dist / 1000

list of SAIs, with Hl - switch
SAI that each node points to )
distance from each SAI to next node

prov~s~onal cost

end if

else

prooedure prim tree
passed va;lables:
n { number of nodes, including
dmtx { distance matrix}
density ( average density for tree )
FillFactor
ae st ructure
* _from
* to
*dist2node

(tech .pas)call calculate feeder technology
pass variables~ -
dist2switch
i
density
FillFactor
'technology
*n20l6
'n672
*n96
*n24
pet ugd
pet=bur
pet aer
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imfeed.pas
primfeed.pas

local variables:

1
k

local constants:
dlarge ~ 999999999.9

pet aer

e[k] then
cost
dist

if cost <
elk]
dl(kl
b[kJ

end if

if min> e[k] then
min - e[k]
1 ~ k
dist2 ~ dl [k] + d2s [ b [k] ]

end if
end if

end if
next k

distance to switch from each SAl}+dist2switch
pet_ugd
pet_bur
pct_aer

dl
d2s
min
idx
dist
dist2
:ost
technology

for i = t to n do
ali] true
b [l] "" 0
eLi] = dlarge
rllfil "" zero

,ext

j ~ 1
a[j] - false
d2s[1] ~ dist2

next i

for l = 2 to n
from[il ""

~to[i] = b[iJ
dist2nodeliJ ~ dlli)
dist2switchli1 = d2s[i]

next

f'rom[1 '" 1

".,

<:[1J = zero
d2s[1] ~ zero

d\st?nodelL~ = zero
ii.st2switch [1: o-c zero

tor i = 2 to n
d2s [ i J ~ dmt x [ i J [1]

next

i =

for i = 2 to n
min = dlarge
for k = 2 to n

if (k <> j) then
if ark] then

dist ~ dmtx[j] [k]
cost = call prov18ional ooat

pass variables: -
k-l
dist
dist+d2s[jJ
density
FillFactor
ae structure
pet ugd
pe<)ur

Iprimfeed.pas)

100
99



primsai.pas

;>rlmS31.pas

the only procedure used outside of this function is get~link_cost

primsaLpas

for i = 2 to n
if cuts[iJ>nc then

nc ~ cuts[i]
end if

for c = to nc
for =:2 to n

:: not (was cut [i J) then
cuts[iJ~c then

k = tori]

procedure cumulate lines
passed variables:
n { number of nodes }
to

dsO lines
DistToNode
DistToPrimary
cuts
density
SA
"link cost
*term cost
*096 -
*024
*ugd_cable
*bur cable
*aer~cable

*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables

\
/

for i .0:;. 1 to n
was cut[i]

next

for i = 1 to n
tl_lines[iJ

next

for i = 2 to n
tl_lines[iJ

next.

link cost
term cost
ugd_cable
bur cable
aer:=cable
ugd_structure
bur_structure
aer structure
ManholeCost

false

zero

dsOlines [i] • tl_redundancy_factor / 12

zero
zero
zero
zero
zero
zero
zero
zero
zero

was cut
T~l lines
cable cost
technology
structure_cost
ue
be
ae
uf
bf
af
us
bs
as
mh
tmp
pet ugd
pct=bur
pet aer

technology t 1

nc ~ cuts[l]

101

lTIes:i<i = t, l.l.nes[k-j t: J..iii~S

t1 Ilnes[i, ha~f then
tmp = call structure cost fn

pass variables~ -
tl lines[il
o -
density
SA.hardness
SA. DepthToBedrock
SA.SoilTexture
SA.MinSlope
SA.MaxSlope
SA.WaterTb
1
1
o
'us
'bs
'as
'mh
*pct ugd
kpct=bur
*pct_aer

else

(structur.pas)

102



rimsai.pas
primsaLpas

cable cost = tmp

end if

if tl lines[i] > ha2£ then
trnp - call tl_terminal_co8t fn

pass variables:
dsO_lines[i}
*n96
*n24

tmp call structure cost fn
pass variables7 -
9999
o
density
SA. hardness
SA. DepthToBedrock
SA. soilTexture
SA.MinSlope
SA.MaxSlope
SA.irlaterTb
1
1
o

(structur.pas)

else
trnp
n96
n24

end if

ae24
o
1

(terminal.pas)

structure cost = tmp

~t ~~ lines[i] > ha~f then
tmp = call feed cable cost

pass vari;bles:
tl_linesliJ
jenslly

procedure prune
passed variables:
n { number of nodes
_to
*cut ord

was cut [i ] ,..,. true
if

ugd cable + uc * DistToNode[i] *DistRoadFactor
bur~cable + be * DistToNode[i] * DistRoadFactor
aer-cable + ae * DistToNode[i] * DistRoadFactor
ugd-structure + us * DistToNode[i) * DistROadFactor
bur-structure + bs * DistToNode(i1 * Di.tRoadFactor
aer-structure + as * DistToNode[i] ~ DistRoadFactor
ManholeCost + mh * DistToNode[i] * DistRoadFactor

link cost + (structure cost + cable cost)
DistToNode[iJ ' DistRoadFactor

term cost + tmp

ugd_cable
bur_cable
aer cable
ugd=:structure
bur_structure
aer structure
Manholecost

linK_cost

term~cost

end
end }f

l:ext
next c

(cdble.pas)

'":_1

*uc
~bc

'ac
*uf
'b£
'a£
pct_ugd
pet_bur
pet_aer

'us
'bs
'as
'rnh
'pet ugd
*pct=bur
*pct _aer

end if

else
trnp call feed cable C08t

pass variables:
9999
density
t 1

*uc
'be
'ac
'u£
'b£
'a£
pet ugd
pc<)ur
pet aer

(cable .pas) local variables:
total_cuts
cut_num
was~cut

i
j
cut it

tota 1 cuts =

for i = 1 to n
cut ord[i] ~ 0

next

104
103


