eder.pas

i f {abs{cosa) > 1.0e-6)
alpha = ArcTan(sgrt(l - cosa

else
alpha = 90.0
end if

L2 distance = abs(alpha * MinPerDegree * StatMiPerMin * KFPerStatMi)

SwitchX
SwitchY
density

num_ SAs
*SA_array
+*feeder_cost
*feed splice_cost
*ugd_cable
*bur_cable
*aer_cable
*ugd_fiber
‘bur fiber
*aer_fiber
*ugd_structure
*bur_structure
raer_structure
*ManholeCost

iocal variables:
1

)l

k

n

dmtx

x

Y

_from

to

cut_ord
DistToNode
DistToSwitch
feeder_distance
tcost

cable cost
structure_cost
FillFactor
primfile

uc

bc

ac

uf

bf

af

then

rocedure optimize_t-edar_przanqamant
variables passed in:

*

cosa)

/ cosa)

*

180 / pi
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ac_structure
pct_ugd
pct_bur
pct_aer

slon
yiat

this is a procedure within the procedure

procedure calculate_feeder_structure costs

passed variables:
SwitchX

SwitchY

dengity
*structure cost
*FillFactor
*ugd structure
*bur_structure
*aer_structure
*ManholeCost
*pet_ugd

*pet _bur
*pct_aer

local var:iables:

Ltorliines
fip_lines
cop_lines
technology
n201¢
n672

n96

n24

us

bs

as

mh

pu

pb

pa

{ This procedure calculates
on average line density f

totlines = zerxo

an average structure cost for the feeder based
or the feeder network (given) .}
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for i = 1 to num SAs
totlines = totlines + SA‘arrayil].lines
next i

rFillFactor = Fill Factor_fn{density,1) (global.pas)

for i = 1 to NumDensZones
if (density >= CopFeedPlantMix[i].density) then
pct_ugd = CopFeedPlantMix([i].UgdPct
pct bur = CopFeedPlantMix[i].BurPct
pct aer = CopFeedPlantMix[i].AerPct
end if
next 1

if (pct _ugd + pct_bur + pct_aer) < ome then

{provisionally, assign half of “free" percentage to aerial, half to buried |}

pct_aer = pct_aer + half * (ome - pct ugd - pct_bur - pct_aer)
pct bur = pct_bur + half * (one - pct_ugd - pct_bur - pct_aer)

end if

*W - this is inconsistent with the way distribution does this same thing, dist'n assigns extra to portion with largest cost

eximarn feeder technois

onodrstance To Swritoh o

for 1 = 1 to num SAs
//not sure what DistanceType I1s
if DistanceType = 1 then
feeder_distance = call Ll_distance * FeederRoadFactor (feeder.pas}

pass variables:
X1 = SA array([il.x[1]
X2 = SwitchX
Yl = SA_arrayl[il.y(1l
Y2 = SwitchY

else
feeder_distance = call L2_distance * FeederRoadFactor (feeder.pas)

pass variables:
X1l = SA_array(i].x[1]
X2 = SwitchX
Yl = SA _array(i).y(1]
Y2 = Switchy

end if

call calculate_ feeder_technology (tech.pas)

pass variables:
feeder_distance
1
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density
FillFactor
*technology
*n2016
*n672

*n9%6

*n24
pct_ugd
pct_bur
pct_aer

next i

{ Now calculate line-weighted average structure cost and pct bur, aer, ugd. }

structure_cost = zero
ugd_structure = Zzero
bur_structure = zero
aer_structure = Zzero
ManholeCost = zero
pct_ugd = zero
pct_bur = zZero
pct_aer = zero
for 1 = to num SAs
if array{i}.feeder_technology = fiber then

fib_lines ={5A_array{i].n2016 + SA_array[i].n672 + sA array{i].n%6
+ SA array[il.n24) * 4

structure_cost = structure_cost * SA‘arrayii}.anes
* call structure_cost_fn (structur.pas)

pass variables:
]
fib_lines
density
SAﬁarray[i].hardness
SA_array{i].DepthToBedrock
SAﬁarray[il.SoilTexture
SA_arrayli] .MinSlope
SA_arrayl[i].MaxSlope
SA_array(i].WaterTb
1
0
1
*us
*bs
*as
*mh
*pu
“pb
*pa

ugd_structure = ugd_strucrture + SA_array[i].lines * us
bur_structure = bur_structure + SA_array{i}.lines * bs
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aer_structure = aer_structure + SA array(i).lines * as
ManholeCost = ManholeCost + SA array[il.lines * mh
pct_ugd = pct_ugd + SA_array(i].lines * pu

pct_bur = pct_bur + SA_array(i}.lines * pb

pct_aer = pct_aer + SA_array{i].lines * pa

else if SA_array[i].feeder_technology = t_l1 then
cop_lines = SA_array(i}.lines / 12
structure_cost = structure cost + SA arrayl[i].lines
* call structura cost fn
pass variables:
cop_lines
0
density
SA_array{i].hardness
SA _array(i].DepthToBedrock
SA_array{i].SoilTexture
SA_array[i].MinSlope
SA_array(i].MaxSlope
SA_array(i].WaterTb
1
1
0
*us
*bs
*as
*mh
*pu
* pb
“pa

ugd_structure - ugd structure - SA array{i]l.lines ¥ us
bur_sfructure = bur_structure + S5SA array(i].lines * bs
aer_structure = aer structure + SA_array(ij.lines * as
ManhoieCost = ManholeCost + SA arrayl{i}.lines * nn
pct_ugd = pct _ugd + SA array(il.lines * pu

pct_bur = pct _bur + SA_array(i].lines * pb

pct_aer = pct_aer + SA array{i].lines * pa

else
structure_cost = structure_cost + SA_array[i].lines

* call structure_cost_ fn
pass variables:
SA_array{i).lines
0
density
SA_array[i].bardness
SA array([i].DepthToBedrock
SA_arrayli].SoilTexture
SA_array{i).MinSlope
SA_arraylil.MaxSlope
SA arrayl[i].WaterTb
1

1
o
*us
*bs

(structur.pas)

{structur.pas)

feeder.pas

*as
*mh
*pu
*pb
*pa

ugd_structure = ugd_structure + SA_arrayf{i].lines * us
bur_structure = bur_structure + SA_array(i).lines * bs
aeY_structure = aer_structure + SA_array(i).lines * as

ManholeCost = ManholeCost + SA_array(il.lines * mh
pct ugd = pct_ugd + SA_array(i].lines * pu
pet_bur = pct bur + SA array(il.lines * pb
pct_aer = pct_aer + SA_arrayfi].lines * pa
end 1if
next i

structure_cost = structure_cost / totlines
ugd_structure = ugd structure / totlines
bur_structure = bur_structure / totlines
aer_structure = aer_structure / totlines
ManholeCost = ManholeCost / totlines
pct_ugd = pct_ugd / totlines

pct bur = pct_bur / totlines

pct_aer = pct_aer / totlines

Pocedure rovarsn Convert

start

padged variables:
xkf

ykf

reflon

refliat

*xlon

*ylar

local constants:
EgrbhRading meters: = 6367723

KFPerMeter = 0.60328083980501312

local varianles:

N§Cize

ERCi¥e

NgCire =2 pl * gdrthRadius meters * KiPeiMeter

EWCIre = NSCirec . * cosf{retlac » pi 7 180y

of procedure calculate feeder structure_costs



seder.pas feeder.pas
; First, calculate structure costs to be used in tree calculation. / pass variables:
X1 = x[i]
call calculate feeder_structure costs (feeder.pas) X2 = x[3]
pass variables: Yl = yli]
SwitchX Y2 = y{jl
SwitchyY
dengity dmtx (9] (i] = dmtx[i)[3]
*structure_cost end if
*FillFactor next j
*us next 1
*bs
*as
*mh call prim_tree {primfeed.pas)
*pet_ugd pass variables:
*pct_bur n
*pet_aer dmtx
density
FillFactor
ac_structure = ac_ugd struc * us + ac_bur_struc * bs + ac_aer struc * as ac_structure
+ ac_manhole * nmh * from
* o
*DistToNode
/ Now we need to set up the distance matrix to be used by PrimTree. } *DistToSwitch
pct_ugd
n = num Sas + 1 pct_bur
x[1}] = SwitchX pct_aer
y[1] = Switchy
oven the file primfile with filename = 'prim.asc’
for i = 2 ton
x[i] = SA_array[i—l]Ax[ll write to primfile: ' from _to DtoNod DToSw b3 '
y{i] = SA array{i-1].y{1]
ext far 1 = 1l ton
call reverse _convert (feeder.pas)
for i = n+l to n + num SAsS pagssing variables:
x[i}] = SA_array[i-l-num SAs}.x{1} 214}
y(i] = Switchy yid]
fnext 1ginX
efarance latitude
for 1 = n + num Sas + 1 to n + num Sas + num SAS
x[{i] = SwitchX
y{il = SA_array[i—l—Z*nuq_SAs].y[l]
next write to primfile: _from{i], ' ', _tolil, " ', DistToNode(i], ' ',
DistToSwitch(il, ' ', ®xlea, ' ', ¥Yiat
n=n+ 2 * pum SAs
231l zevenes convere (feeder.pas)
for i =1 ton :
for j =1 to i
if DistanceType = 1 then
dmtx[i][j] = call L1l_distance * FeedsrRoadFactor {feeder.pas) _Iatitude
pass variables:
X1 = x[i)]
X2 = x[j]
¥l = yii} next
Y2 = yl(j]
else
dmtx[i](j] = call L2_distance * FeederRoadfactor (feeder.pas) { Determine cuts by pruning branches ]
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call prune

pass variables:
n=n

_to = _to

*cut_ord = cut_ord

(primfeed.pas)}

(Initialize disaggregated structure cost to per-kf values., Cumulate function will}

‘return total disaggregated structure costs. }

ugd_structure = us
bur_structure = bs
aer _structure = as
ManholeCost = mh

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

call cumulate lines
pass variables:
n

to

DistToNode
DistToSwitch
cut ord
structure_cost
density
FillFactor
*feeder_cost
*ugd_cable
“bur_cable
+aer_cable
*ugd_fiber
*bur_fiber
taer_fiber
*ugd_structure
*bur_structure
raer_structure
+*ManholeCost
pct_ugd
pct_bur
pct_aer

for i = 1 to num SAs
SA_array[i].DistToSwitch = DistToSwitch[i+l]
next

(primfeed.pas)
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function structure cost_fn

passed variables:
copper_lines
fiber_lines
density

hardness
depth_to_bedrock
soil_texture

MinSlope

MaxSlope

WaterThb

feeder indicator { tells us this is for feeder )
copper_indicator tells us there is copper |

fiber_indicator { tells us there is fiber }
*ugd_structure

*bur_structure

*aer_structure

*manhole_cost

*pct_ugd

*pet_bur

*pof_aer

iocal variables:

critical depth
soil_texture_indicator
fiper_cables
copper_cables
NumberOfDucts
ManholeSpacing
ugd_share

bur_share

aer_share

free_pct

pct_ugd = Z8ro
pct_bur = zero
pct_aer = zero
critical_depth = zero
soil_texture_indicator = 0
fiber_cables =0
copper_cables = Q
NumberCGfDucts =0
ManholeSpacing = zero
ugd_share = zero
bur_share = zero
aer_share = zero

e is structure_cost_fn
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manhole _cost = zero
bur_structure = zero
ugd_structure = zero
aer_structure = Zzero

{ Calculate soil texture impact J
soil texture_indicator = 0
for i = 1 to NumTexTypes

if SurfText[i].texture = soil_texture then
soil_texture_indicator = SurfText[i].impact
end if

next
*W - should sort the SurfText array, use binary search

{ Calculate structure distribution }
if feeder_indicator = C then { this is for distribution plant |}

for 1 = 1 to NumDensZones
if density >= DistPlantMix[i].demsity then
pct_ugd = DistPlantMix[i].UgdPct
pct_bur = DistPlantMix[i].BurPct
pct_aer = DistPlantMix[i].AerPct
end if
next

- ! to NumDensZones
1f density >»= CopFeedPlantMix[i].density then
pct_ugd = CopFeedPlantMix[i] .UgdPct
pct_bur = CopFeedPlantMix[i].BurPct
pct_aer = CopFeedPlantMix[i] .AerPct
end if
next

end if
*W - should set a density_index variable for use in all subsequent calculations, density does not change

{ Get sharing information |}

for 1 = 1 to NumDensZones
if density >= Sharing[i].density then
ugd_share = Sharing[i].Ugd share
bur_share = Sharing[i].Bux_share
aer_share = Sharing[i].Aexr_ share
end if
next

{Calculate water table effect }
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critical_depth = copper_placement depth

if (copper_indicator =

critical_depth = max {copper placement depth,

if (copper_indicator =

if (copper_indicator =

1) and (fiber_indicator = 1) then

1) and (fiber_indicator = 0) then
critical_depth = ccpper‘placamanq_dqptb

0) and (fiber_indicator = 1) then
critical_depth = fiber placement depth

free_pct = one - pct_ugd - pct_bur - pct_aer
if free_pct < zero then free pct = zero

Interact water table and rcock hardness |}

if (depth_to bedrock < critical depth) and {hardness = 'HARD'
iuse hard rock values]

for = 1 to NumDensZones
if density >= HardRockStruc[i].density then
if feeder_indicator = 1 then
ugd_structure = ugd_share * HardRockStruc[i]
pur_structure = bur_share * HardRockStruc[i]
aer_structure = aer_share * HardRockStruc[i]

1

2Ise

ugd structure = ugd_share * HardRockStruc[i]
bur structure = bur_share * HardRockStruc[i]
aer_structure = aer_share * HardRockStruc{i]

end 1f
ond if

eder 1indicato
NumberCfDucts

else
NumberOfDucts
end 1if

1f NumberOfDucts < 2

r

+

= i then

fiber placement_depth)

) then

.FeadUgd
. FeedBur
.FeedAer

.DistUgd
.DistBur
.DistAer

(global.pas)

round (copper_lines / feed copper cable capacity + half)
round(fiber lines / fiber cable capacity + half) + 1

round (copper lines / disq_coppor_cablq_capacity + half ) + 1

then NumberOfDucts = 2

for i = 1 to NumDensZones
if density >= ManholeSpac[i].density then
ManholeSpacing = ManholeSpac[i].ManholeSpacing

end if
next

{attempt to find the manhole with the correct number of ducts}
for i = 1 to NumManholeSizes - 1

if NumberQfDucts >= ManholeCost[i].DuctCap then

manhole_cost = ManholeCost[i].HardCost / ManholeSpacing

{ manhole cost per foot for underground}

end if
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nexv

!add any extra cost 1f necesssary)
if NumberOfDucts > ManholeCost[NumManholeSizes-1].DuctCap then
manhole_cost = manhole_cost + ManholeCost [NumManholeSizes].HardCost

*{NumberOfDucts - ManholeCost[NumManholeSizes-1]“.DuctCap)
end if

e2lse if (depth_to_bedrock >= critical_depth) and (scil_texture_indicator = 1) then
{ use normal values }

Y - looks like soil_texture_indicator is not used properly, above test should result in 'soft rock’ conditions

for 1 = 1 to NumDensZones
if density >= NormalStruc[i].density then
if feeder_indicator = 1 then
ugd_structure = ugd_share * NommalStruc(i].FeedUgd
bur_structure = bur_share * NormalStruc[i].FeedBur
aer_structure = aer_share * NormalStruc(i].FeedAer
end if

else
ugd_structure = ugd_share * NormalStruc[i].DistUgd
bur_structure = bur_share * NormalStruc[i].DistBur
aer_structure = aer _share * NormalStruc[i].DistAer
end if
next

if feeder indicator = 1 then
NumberOfDucts = round(copper_lines / feed copper_ cable capacity + half
round(fiber lines / fiber cable capacity + half) + !
By
NumberOfbucts = round({ copper lines/dist_copper_ cable capacity + half : -
end 1f

1f NumberOfDucts < 2 then NumberOfDucts = 2

for i = 1 £o NumDensZones
if density >= ManholeSpac[i].density then
ManholeSpacing = ManholaSpac[i].ManholeSpacing
end if
next

for i = 1 to NumManholeSizes - 1
if NumberOfDucts >= MamholeCost([i].DuctCap then
nanhole_cost = ManholeCost[i].NormalCost / ManholeSpacing
{ manhole cost per foot for underground}
end if
next

if NumberOfDucts > ManholeCost[NumManholeSizes-1].DuctCap then
manhole_cost = manhole_cost + ManholeCost[NumManholeSizes].NormalCost
* (NumberOfDucts - ManholeCost [NumManholeSizes-1].DuctCap)
end if

else { use soft rock values )
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*W - see note above
for i = 1 to NumDensZones
if density >= (SoftRockStruc[i].density) then
if feeder_indicator = 1 then
ugd_structure = ugd share * SoftRockStruc[i}.FeedUgd
bur_structure = bur_share * SoftRockStruc[i].FeedBur
aer structure = aer_share * SoftRockStruc[i].FeadAer
end if
else
ugd_structure = ugd share * SoftRockStruc[i).DistUgd
bur_structure = bur_share * SoftRockStruc(i].DistBur
aer_structure = aer_share * SoftRockStruc[i].DistAer
end if
next

if feeder indicator = 1 then
NumberQfDucts = round(copper lines / faed copper_cable capacity + half)
+ round(fiber_lines / fiber cable capacity + half) + 1
else
NumberCfDucts = round{copper_lines / dist coppex _cable capacity + half) + 1

if NumberOfDucts < 2 then NumberOfDucts = 2

foer 1 = 1 to NumDensZones
if density >= ManholeSpac(i].density then
ManholeSpacing = ManholeSpac([i].ManholeSpacing
end if
next

(S - t & NumMapnholeSizes - .
1t NumberOfDucts >= ManholeCost[i).DuctCap then
manhole_cost = ManholeCost[i].SoftCost / ManholeSpacing
. manhole cost per foot for underground}
end 1f
next

1f NumberCfDucts
manhole_cost

ManholeCost [NumManholeSizes-1].DuctCap then
manhole_cost + manholeCost[NumManholaeSizes].SoftCost
(NumberOfDucts - ManholeCost [NumManholeSizes-1].DuctCap)

v

end if
end if
//adjust 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 < MinSlopeTrigger) and (MaxSlope > MaxSlopeTrigger) then
ugd_structure = ugd_structure * CambSlopeFactor
bur_structure = bur_structure * CombSlopeFactor
aer_structure = aer_structure * CombSlocpeFactor
manhole_cost = manhole_cost * CombSlopeFactor
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eise 1f (MinSlope < MinSlopeTrigger) then
ugd_structure = ugd_structure * MinSlopeFactor
bur_structure = bur_structure * MinSlopeFactor
aer_structure = aer_structure * MinSlopeFactor
manhole_cost = manhole_cost * MinSlopeFactor

else if (MaxSlope > MaxSlopeTrigger) then
ugd_structure = ugd structure * MaxSlopeFactor
bur_structure = bur_structure * MaxSlopeFactor
aer_structure = aer_structure * MaxSlopeFactor
manhole_cost = manhole_cost * MaxSlopeFactor
end if

‘/adjust percentages so they balance to 1.0, throwing any difference into plant type
with largest dollar amount
if (ac_ugd struc * ugd_structure + ac_manhole * manhole_cost)
<= min((ac_bur_struc * bur_structure)
, (ac_aer struc * aer_structure)) then

(global.pas)

pct_ugd = pct_ugd + free pct

else if (ac_bur struc * bur_structure)
<= min((ac_wgd struc * ugd_structure + ac_manhole * manhole_cost) (global.pas)
, lac_aer struc * aer_structure)) then

pct_bur = pct_bur + free pct
else 1t (ac_aer struc * aer_structure)

<= min((ac_bur_struc * bur_structure) (global.pas)
, lac_ugd struc * ugd_structure + ac_manhole * manhole CoSt}' then

o _der = pot_aer = free pot
end 1f
ugd_structure = pct_ugd * ugd_structure
aer_structure = pct_aer * aer_structure
bur_structure = pct_bur * bur_structure
manhole cost = pct_ugd * manhole cost

f/this test should wrap this function, exit if there are no lines
if (copper_lines + fiber lines) >= half then
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 fn = zero
end if
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the two functions used outside of this module are feed cable_cost and dist_cable_cost

function feed_cable cost
passed variables:
lines
density
technology
*ugd_copper
*bur_copper
*aer_copper
*ugd_fiber
*bur_fiber
*aer_fiber
pct_ugd
pct_bur
pct_aer

local variables:
i

templ

temp2

ugd2

bur2

aer?2

ugd_copper = zeroc

bur_copper = zero
aer_copper - zero
ugd_fiber = zero
bur_fiber = zero
aer fiber - zereo
ugd2 zero
bur2 - zero
aer2 = Zz@Xo
templ = zaro
temp2 = zero

//lines must be total lines
if lines < half then
feed_cable_cost = zero

else
if (technology = copper2é) or (technology = copper24) or {(technology = t_ 1) then
if lines <= feed copper cable capacity then
for i = 1 to NumFeedCableSizas
*W - looks like cables are undersized here, test should be reversed, need to use break on this loop
if lines >= CopDistCost[i].CableSize then
{ costs are input per foot; we're working with kf |}
ugd_copper = pct_ugd * CopFeedCost[i].CostUgd * 1000
bur_copper = pct_bur * CopFeedCost([i].CostBur * 1000
aer_copper = pct_aer * CopFeedCost[i].CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper
end if
next
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else
for

next
end if

templ =

1 = 1 to NumFeedCableSizes

if (round(feeq_coppcg_cablq_capacity)) >= CopFeedCost[i].Size then
//this is integer division,calculating number of max size cables
templ = (round(lines) div round(faeq_cqpp-x;cablq_capacity))
ugd_copper = templ * pct_ugd * CopFeedCost[i].CostUgd * 1000
bur_copper = templ * pct_bur * CopFaedCost[i].CostBur * 1000
aer copper = templ * pct_aer * CopFeadCost[i] .CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper

end if

//calculate residual cable size

if (round{lines) mod round (feed_copper_cable capacity) i

»>= CopFeedCost[i]”.Size then

ugd2 = pct_ugd * CopFeedCost[i].CostUgd * 1000
pur2 = pct_bur * CopFeedCost[i].CostBur * 1000
aer2 = pct_aer * CopFeedCost[i] .CostAer ~ 1000
temp? = ugd2 + bur2 + aer2

end if

templ + temp2

ugd copper = ugd_copper * ugd2

bur copp
aer _copp

er = bur_copper + bur2
er = aer_copper + aer?

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

2f techn
feed
ugd_
bur_
aer_

else

ology = copper24 then

_cable_cost = templ * multiplier 24

copper = ugd_copper * multiplier_24
copper = bur_copper * multiplier 24
copper = aer_copper * mltiplier_ 24

feed_cable_cost = templ

end 1if

else { techn

if lines

ology is fiber |

<= fiber cable_capacity then

*W - see cable sizing note above

for

next
else
for

i = 1 to NumFiberCableSizes

if lines >= FiberFeedCost[i].size then
ugd_fiber = pct_ugd * FiberFeedCost[1i].CostUgd * 1000
bur_fiber = pct_bur * FiberFeedCost{i] -CostBur * 1000
aer_fiber = pct_aer * FiberFeedCost[i].CostAer * 1000
templ = ugd_fiber + bur_fiber + aer_fiber

end if

i = 1 to MmFiberCableSizes

*W - looks like this should be fiber_cable_capacity

if (round(fccq_coppoz_cnble_capacitY)) >- FiberFeedCost[i].Size then

*W - looks like this should be fiber_cable_capacity

fempl = (round(lines) div round (feed copper_cable capacity))
ugd_fiber = templ * pct_ugd * FibarFeedCost[i] .CostUgd * 1000
bur_fiber = templ * pct_bur * FiberFeedCost[i].CostBur * 1000
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aer_fiber = templ * pct_aer + FiberFeedCost[i].CostAer * 1000

templ = ugd_fiber + bur_fiber + aer_fiber
end if

*W - looks like this should be fiber_cable_capacity

if (round{lines) mod round(fnoq_coppcr_cabla_capncityH
>= FiberFeedCost[i].Size then

ugd? = pct_ugd * FiberFaadCost[i] .CostUgd * 1000
bur2 = pct_bur * FiberFeedCost[i].CostBur * 1000
aer2 = pct_aer * FiberFeedCost [i].CostAer * 1000
temp2 = ugd2 + bur2 + aer2

end if

next
end if

rempl = templ + temp2

ugd_fiber = ugd_fiber + ugd2
bur fiber = bur_fiber + pur2
aer fiber = aer_fiber ¢ aer?2

feed cable_cost = templ
end if

end if

function dist_cable cost

passed variables:
lines

density

gauge

=ugd_copper
*hur_copper
*aer_copper
pct_ugd

pct_bur

pct_aer

local variables:
1

templ

temp?2

ugd2

bur2

aer?

ugd_copper = zero
bur_copper = zero
aer_copper = zero

templ = Zero
temp2 = zero
ugd2 = zero
bur2 = zeYo
aer2 = zero

if lines <= half then
dist_cable_cost = zero
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else
templ = zero
temp2 = zero

if lines <= dist coppex_ cable capacity then
for i = 1 to NumCableSizes
¥ - looks like cables are undersized here, test should be reversed, need to use break on this loop
if lines <= CopDistCost[i}.Cablesize then
ugd_copper = pct_ugd * CopDistCost[i].CostUgd * 1000
bur_copper = pct_bur * CopDistCost[i].CostBur * 10400
aer_copper = pct_aer * CopDistCost[i].CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper
end if
next
else
for 1 = 1 to NumCableSizes
if (round(dist copper_cable capacity) <= CopDistCost[i].CableSize) then
templ = {round(lines) div round (dist_copp-r_ca.ble_capacity) )
ugd_copper = templ * pct_ugd * CopDistCost(i].CostDgd * 1000
bur_copper = templ * pct_bur * CopDistCost[i].CostBur * 1000
aer_copper = templ * pct_aer * CopDistCost([i].CostAer * 1000
templ = ugd_copper + bur copper + aer_copper
end if

if (round(lines) mod round(dist copper cable capacity))
>= CopDistCost[i].CableSize then

ugd2 = pct_ugd * CopDistCost[i].CostUgd * 1000
bur2 = pct_bur * CopDistCost[i].CostBur * 1000
aer? = pct_aer * CopDistCost{i].CostAer * 1000
temp2 = ugd2 + bur2 + aer2

end 1f

LEAT

templ = templ + temp2

ugd_copper = ugd_copper + ugd2
bur_copper = bur_copper + bur?
aer_copper = aer_copper + aer2

if gauge = g24 then
dist_cable cost = templ * multiplier 24
ugd_copper = ugd_copper * multiplier 24
bur_copper = bur copper * multiplier 24
*

aer_copper = aer_copper multiplier 24
else
dist_cable_cost = templ
end 1if
end if
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primdist.pas
the only procedure used outside of this module is calCUlate_prim_distribution;cost

procedure cumulate lines
passed variables:
GR
n { number of nodes |}
_to
line_vector
DistToNode
DistToSAIL
cuts
density
FillFactor
*dist_cost
*ugd_cable
*pbur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer structure
*ManholeCost

ocal variables:

k=

LS

was _cut
g26_lines
gz24_lines
structure_cost
cable_cost
technology
ucl

bcl

acl

uc2

bc2

ac2

us

bs

as

mh

penalty
pct_ugd
pct_bur
pct_aer

us = ugd_structure
bs bur_structure
as = aer_structure
mh = ManhcleCost
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ugd structure = zero
bur_structure = zero
aer_structure = zero

ManholeCost = zero
ugd_cable = Z@Oro
bur_cable = zerc
aer_cable = zero
ucl = 2ro0
bcl = zero
acl = zero
uc? = Z@ro
bc? = z@ro
ac2 = zero
ac = cuts(l]

fecr 1= 2 ton

next

for

next

dist

for

if cuts[il>nc then
nc = cuts[i]

end if
i=1ton
waspcut[i} = false
326 1t 1 - z@ro
324 lines(i] = zero
i=2ton
if DistToSAI{i) > copper gauge xover then
g24_lines[i] = line vector{i]
else
g26_lines[i] = line_vector [i]
end if

_cost = zero

c =1 to nc
for i = 2 ton
if not{was cut[i)) then
if cuts{i)=c then
k = _tofi]
g26_lines (k] = g26_lines{k] + g26_lines[i]
qZA_lines[k] = g24_lines[k] + g24_lines[i]

if g26_lines{i) + g24_lines(i}] > zero then
structure_cost = call structure cost_fn
pass variables:
g26_lines[i]+924_11nes[i]
0

(structur.pas)
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density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

zable cost = call dist_cable_cost + call dist_cable_cost(cable.pas)

pass variables: pass variables:

g26_lines[i] g24_lines[i)
density density
g26 g24
*ucl *ucl
*bcl *be?
*acl *rac2
pct_ugd pet_ugd
pct_bur pct_bur
pct_aer pct _aer
=lse

CADiE J0ST = zero

structure_cost = Zero

sl = zero

bcl = zero

acl = zerxo

uc2 = zero

bc2 = zero

ac2 = zero

us = zero

bs = zero

as = zero

mh = zero

end if

if (g26/lines[i) + g24_lines[i}) > 1.0e~6 then
if DistToSAI[i] > mag_coppeg_diatanca then
penalty = MaxCopparPenalty

else

penalty = one
end if
*W - this penalty calculation is repeated elsewhere
dist _cost = dist_cost + (structure_cost + cable_cost)

ugd_cable

* pistToNode[i] * penalty

= ugd_cable + (ucl + uc2) * DistToNode[i] * penalty

76



primdist.pas

bur_cable
aer _cable =

ugd_structure
bur_structure
aer_structure

ManhcleCost
end if
was_cut[i] = true
end
end
next

next

procedure prune
passed variables:
n { number of ncdes }
_to
* cut_ord

loval variables
total cuts
cut_num

was_cut

total_cuts = 0

for i = 1 ton
cut_ord{i] = 0
next

cut_num = 1

= bur_cable +
aer_cable +

ugd_structure
bur_structure
aer_structure
ManholeCost

for i =1ton
was_cut (i] = false
next
repeat
for i = 2 ton
if not (was_cut[i]) then
cut_it = true
for j = 2 ton do
if not (was_cut[j]) then
if _to(j] = i then
cut_it = false
end if

¥
¥
+
+

us
bs
as
mh

{bcl + bc2)
{acl + ac2)

*

*

*

* DistToNode({i}]
* DistToNede[i]

DistToNode[1i]
DistToNode (1]
DistToNode (i}
DistToNode[i]

*
*
*
+

* penalty
* penalty

penalty
penalty
penalty
penalty
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nex

if

end
end if
next

cut_num = C

until tetal_cut

end if
t

cut_it then
cut_ord[i] =
was_cut[i] =
total_cuts =
if

cut_num
true
total cuts + 1

ut_num + 1

5 =n - 1

function provisional_cost

passed variable
numi terms
lines

GR

dist
dist2SAI
density
FillFactor

5
{identifier for dr }
{totdl number Of drop tetms in SA}

{ distance to the tree }
{ distance to the SAI via tree }
¢ average density for tree }

/calculates a provisicnal distribution cost for a given

hoth structure and caple cost between the customer and
for the entrire distance from the customer o

only

local variables
cable cost
n2016

n672

ngs6

n24

gauge

uc

bc

ac

us

bs

as

mh
structure_cost
ac_structure
ac_cable
penalty
pct_ugd
pct_bur
pct_aer

the

customer based on allocating
the tree, and a <cable cost
SAL.
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{ First, make the technology determination. |

if dist2SAI > copper gauge xover then

gauge = g24
else

gauge = §26
end if

if dist2SAI > max_copper_diatancc then

penalty = MaxCopperPenalty
else

penalty = one
end if

;| Now calculate structure and cable costs./

structure_cost = call structure cost fn
pass variables:
lines
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
R.MaxSlope
5R.WaterTb

*us
*bs
*as
*mh
*pct_ugd
*pct:bur
*pct_aer

i § s nbn tEEREERNER 1 1bok 'only At dive noded, which are indexed 1. ynum terms]

{structur.pas)

ac_structure = ac;ugq_stzuc * us + acLbuq_atzuc * bs + ac_aer struc * as

+ ac_manhole * mh

cable cost = call dist cable_cost
pass variables:
lines
density
gauge
*uc
*be
*ac
pct_ugd
pct_bur

{cable.pas)
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pct_aer

ac_cable = ac_ugd cop * uc * ac bur _cop * bc + ac_aer cop * ac

if lines > O then
provisional cost

else

_end
else

end if

provisional_cost

if

procedure prim_tree

passed variables:

GR
n

line_vector

dmtx
density
FillFact
= _from
*_to
*dist2no

or

de

*dist2SAl

PRSIl Y

dlarge =

local variables:

Lo T e L

c

dl
d2s
min
idx
dist
dist2
cost

4999599999 .9

technology

for 1 =
a(il
b[i}

1 to n do

true
0

{dist * ac_structure + dist2SALI * ac_cable) * penalty

zero

Brevisional cost = dist/1000

number of nodes, including SAI }

distance matrix)
density for SA }

list of lots, with #1 = SAT }

lot that each node points to ]
distance from each lot to next node }
distance to switch from each lot |
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c[i] = dlarge
dili] = zero
next
cl[l] = zerxo
d2s (1] = zero
for i = 2 ton
d2s[i] = dmtx([i] (1)
next
j=1
for 1 = to n

2

min = dlarge

for k = 2 ton
1

£ (k <> j) then

if a[k] the

dist =
cost =
if cost
clk
dlf
blk
end if
if min
min
1l =
dis
end if
end if [ i
end if
next k
j =1
alj) = false

d2s{1] = dist2
next 1
for i = 2 to n do

from{i] = i
“toli] = b[i}

n

dmtx (3] [k]

call provisional_cost
pass vapiqbles:

{primdist.pas)

i -

num terms = num terms
lines = line_vector{k]
GR = GR

dist = dist

dist2SAl = dist + d2s(j]
density - density

FillFactor = FillFactor

< ¢k} then
1 = CcOost
k] = dist
I =3

> c{k] then

= c(k]

k
t2 = dlik] + d2s{b([k]}]

f alk]l }
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dist2node[i] = dl{i]
dist2SAI[i] = d2s[i]
next
_from([l] =1
tof{l] =1

dist2node(l] = zero
dist2SAI[(1l] = zero

procedure get_lines

passed variables:
GR

density

row

col

NS lots

EW_lots

lines

*n

*line_vector

b

N
*drop_terminal_cost
*MG_nid_cost
*drop_cost
*drop_feet

local variables:
1

factor
Lines_per_lot
total_lots
drop_length
pct_ugd
pct_bur
pct_aer

tmp

us

bs

as

mh

drop_terminal_cost = zero
total lots = EW_lots * N5_lots
lines_per_lot = lines / total_lots

i=1
loop while i <= EW_lots

factor = one
=1
loop while j <= NS_lots
{ Take in lots on both sides, top and bottom,

unless this is a microgrid }
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{ porder, in which case take iIn lots only on one side.

{ corner, take in only one lot.

1f (i = EW_lots} or {j = NS_lots) then
factor = 2

else
factor = 4

end if

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

end if

n o= n+l

line_vector[n} = factor * lines_per_lot

x[n] = GR.LowerLeftX + (col - 1) * GR.MicroGridEW + i

y(nl = GR.LowerLeftY + {row - 1) * GR.MicroGridNS + j

tmp = call structure_cost_ fn
pass variables:
line_vector (n]
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

1

*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

drop_terminal cost = drop_terminal_ cost
+ call drop_terminal cost_fn

pass variables:

factor * lines_per_ lot
density

pct_ugd

pct_bur

pct_aer

i=3 +2
end loop (j <= NS_lots)

1= 142
end { while 1 }

If it 1s the }

* (one / EW_lots)
* (on% / NS_lots)

(structur.pas}

fterminal.pas)
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/ Now we need

drop_length =

*

to calculate drops to customer locations |

user_lambda * 0.5
sqrt(sqr((l / NS_lots) * GR.MicroGridNS * DistRoadFactor)
+ sqr{(l / EW_lots) * GR.MicroGridEW * DistRoadFactor))
(1 - user lambda) * .5 * (1 / NS_lots) * GR.MicroGridNS * DistRoadFactor

if drop_length > max drop length then
drop_length = max drop length
End if

drop_cost = total_lots * drop length * cost pex drop kf

drop_ feet = total_lots * drop_length
{ Finally, calculate cost of nids for this microgrid }

MG_nid_cost = mnid cost * total_lots

procedure calculate prim distribution_ceost
passed variables:
GR
num_SAIs
SAIX
SATY
density
FillFactor
lines
flag
‘prim distribut:ion_rosr
*prim_line_tfeet
*prim_drop_feet
*prim_drop_cost
*prim_nid_cost
*prim_lines_served
*prim_term cost
*MaximumDistance
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables:
i

j

n

k

midx

midy

lots

EW_lots

NS_lots
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area
cable_cost
structure_cost
total_lines
SAI_LinkDistance
tl_lines

gauge

penalty

uc

bc

ac

us

bs

as

mh

dmtx

X

Y

line_vector
_from

_to

cut_ord
DistToNode
DistToSAI
route_distance
tcost

grid_dropterm cost

grid_drop_cost
grid_nid_cost
grid drop_feet
dist_cost

prim_distribution cost

prim_drop_cost
prim_nid_cost
prim_term cost
prim_drop_feet
ugd_cable
bur_cable
aer_cable
ugd_structure
bur_structure
aer_structure
ManholeCost
MaximumDistance
prim_line_feet

for k = 1 to num_SAIs
{ First, we need to set up the distance matrix to be used by PrimTree. |}

x{1] = SAIX[k]
y[1l] = SAIY({k]
line vector(l)

n=1

zero
zero

= ZOro

zero
zero
zero

= Z@ro

zero
zZerxro
zexo
zexro
zerxro
zexro

= Zero

zero

GR.nrow
1 to GR.ncol

lots = round(GR.households(i, i)
+ round(GR.buslines[i,j] / lines per_ bus)

call lot divide
pass variables:
lots

*NS_lots
*EW_lots

call get lines
pass variables:
GR

density

1

round (NS_lots)
round (EW_lots)
lines{i, 3]

*n
*line_vector
‘X -

*y

*grid _dropterm_cost

*grid nid_cost
*grid_drop_cost
“grid_drop_feet

prim_drop_cost
prim nid cost
prim term _Cost
prim_drop feet
L £

numcEerms e fi- il fnumber

prim_drop_cost
prim nid cost

prim term_Cost *

prim_drop_feer

of drop terminals,

(flag{i,j} = k) and (lines([i,3) > zero) then
takerate)

grid_drop_cost
grid nid
grid dropterm_
grid drop_feet

not including SAI}

{ABQ iSteiner junction nodes at sack lattice point along axes through SAT lotation’]

BRIMEcTOGridER

[ GR.MicroGridNS

(primdist.pas)
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for i =1 to n do
for § =1 to i do
dnmtx (i) {1 = (abs(x[i) - x(§]) + abs(y[i] - y[i}}) * DistRoadFactor
dmtx {3} (1) = drmtx (il (1]
next j

next i
i Now calculate the spanning tree. !}

call prim_tree
pass variables:
GR

n

line_vector
dmt x

density
FillFactor

* from

* to
*DistToNode
*DistToSAI

(primdist.pas)

{ Determine cuts by pruning branches |

call prune tmrimdist pas)
pass variables:
n
to
*cut_ord

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

call cumulate lines
pass variables:

(primdist.pas)

GR

n
_to
line_vector
DistToNode
DistToSAI
cut_ord
density
FillFactor
*dist_cost
*uc

*be

*ac

*us

*bs

*as

e WA b Hunber o T Tive nsdes to inélude the SAL .}
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*mh

prim_distribution_cost = prim_distribution cost + dist 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 = ManholeCost + mh
for i =1 ton

if DistToSAI[il > MaximumDistance then MaximumDistance = DistToSAI[i]
next
for 1 =1 ton

prim_line feet = prim line_feet + line_vector[i] * DistTOSAI[1]
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-he three procedures available outside of this module are:
cumulate_lines
prune
prim_tree

procedure cumulate lines
passed variables:
n { number of nodes }
_to
DistToNode
DistToSwitch
cuts
structure_cost
density
FillFactor
*feeder cost
*feed splite cost
+ugd_cable
*bur_cable
*aer_cable
*ugd_fiber
“bur_fiber
-aer_fiber
*.gd_structure
“bur_ structure
‘aer_structure
“ManholeCost
pct_ugd
pct_bur
pct_aer

local variables:
c

nc

k

was_cut
g26_lines
g24_lines
tl_lines
fiber lines
£ite b
cable_cost
technology
n2016

né672

n%6

nz4

ucl
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bcl
acl
ufl
bfl
afl
uc2
bc2
ac2
uf?2
bf2
af2
uc3
be3
ac3
uf3
bf3
af3

us
bs

as

mh

£cal

fee2

£ib lines

w

s o= ugd structu
0s = bur_structu
as = aer_structu
mh - ManholeCost

w

ugd_structure =
bur_structure =
aer_structure =
ManholeCost =
ugd_cable =
bur cable =
aer_cable =
ugd_fiber =
bur_fiber =
aer_fiber =
ucl =
bcl =
acl =
ufl =
bfl =
afl =
uc2 =
bc2 =
ac2 =
uf2 =

re
re
re

zero
zero
zero
zero
zero
zero
zero
zexo
reXoc
zero
zero
zero
zaro
zeaxro
zero
zexo
zero
zero
zero
zero
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bf2
af2 select case SA;array{i-lj.feederAtechnology
uc3 case copper2é
bel g26_lines[i] = SA_array[i-1].ResLines / FillFactor
ac3 +(SA_array[i-1].BusLines
uf3l - 11 / 12 * sA_arrayl[i-1}.SwitchedDSl
bf3 - 11 / 12 * $h array(i-1].SpclAccessDsl) / FillFactor
af3
¢ t1_lines({i] = (SA_array[i-1}.SwitchedDSl
+ SA_array[i—l].SpclAccessDSl) / FillFactor
case copper24
g24 lines[i] = SA_array(i-1].ResLines / FillFactor
+(SA_array(i-1].BusLines
- 11 7 12 ~* SA_array[i—l].SwitchedDSl
- 11 /7 12 * SA_array[i—l],SpclAccesstl) / FillFacter
; First, make the technology determination. |}
tl lines[i} = (SA_array[i—l]‘Switchestl
for i = 2 ton + SAﬁarray{i—l].SpclAccessDSl) / FillFactor
if i <= num Sas + 1 then
call calculate_feeder technology (tech.pas)
pass variables: case t_1
DistToSwitch{i] tlvllnes(il = (SA array[i-1].ResLines / FillFactor
i-1 + SA_array{i-1).Buslines / FillFactor)
density * t1_redundancy factor /12
FillFactor
*technology case fiber
*n2016 fiber iines[i} = (SA_array[i-1}.n2016 + SA array[i-1}.né72
*ng72 B + sA array{i-1].n9%6 + SA_array[i-1}.n24)
*n9 * 4 / FiberFillFactor
“n24 end select
pct_ugd next
pct_bur end if
pct_aer
feeder_cost - ZERC
nc = cuts{l] for i = 2 to n do if cuts(ii>nc then nc = cutrs (i) feed splice_cost = ZERQO
end if
next for ¢ 1 to nc
tor 1 = 2 ton
for 1 =1 ton if not(was_cut{i]) then
was_cut{i] = false if cuts(ij=c then
next k = _tofi]
g26_lines(k) = g26_lines(k] + g26_lines[i]
g24 lines[k] = g24_lines(k] + 24 lines(i}
tl_lines[k} = tl_lines(k]) + tl_linesi{i]
for i =1 ton
g26_lines{i]} = ZERO fdo £1ber 11#es firet}
g24_lines[i] = ZERO

next

for

tl lines(i]

2 ton
if 1 <= num Sas + 1 then

i =

91

twe look At SpLlcing Cost where economically ‘efficient}
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fitier tinenfilly]y
£ .50 feableipds)

BEL diac aer £ib a1}
Coasr £ib -voafl2}
then

Bistrolode(d]

L FeRd Splice cost & Feed Spiice cost v iaplice cosk

(cable.pas}
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Hext

Pibat: Links [ ¥1TFiber cablenKIvg ] = £iber 1ides (1T 13])

SIFLDEY Cablenik] #ifiber bables(K] + fiber cables{i

o iendlif

end if

cable cost

+

call feed cable_cost {cable.pas)
pass variables:
926_linesii)
density
copper2é

*ucl

*bcl

*acl

*ufl

*bfl

*afl

pct ugd
pct:bur
pct_aer

call feed_cable_cost (cable.pas)
pass variables:
g24_lines{i]
density
copper24

*uc?

*bc2

*ac2

*uf?

*bf2

*af2

pct_ugd
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pct_bur
pct_aer

+ call feed_cable cost (cable.pas)

pass variables:
tl_lines([i]
density
t_ 1

*uc3

*bc3

*ac3

*uf3

*bf3

*af3
pct_ugd
pct_bur
pct_aer

f (g26_lines(i] + g24_lines!il} + tl lines{ii+ fiber_cablealil])
>

1.0e~-6 then
feeder_cost = feeder_cost + (structure_cost + cable_cost)

ugd_cable
bur_cable

cabl

Aﬁdd struot:

* DistToNode([i]

= ugd _cable + (ucl + uc2 + uc3—4=@e4) * DistToNode(i
= bur_cable + (bcl + bc2 * DistToNode{i]
- * Dist de (i}

gd_structure + us * DistT

de (i}

bur_structure = bur_structure + bs * DistToNode([i]
aer_structure = aer_structure + as * DistToNodel[i]

ManholeCost = ManholeCost + mh * DistToNode([i}
end if
was_cut[l] = true
end if
end if
next i
next ¢
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procedure prune
passed variables:
n { number of node
_to
*cut_ord

local variables:
total_cuts
cut_num

was_cut

total cuts = 0
for i = 1 ton
cut_ord(i} = 0

next

cut_num = 1

5}

Fer

ut{jJ) then
= i then
t = false

1l ton
cut (i} = false
repeat
Enr v = 2 toon
it not (was_cutiii: then
cut_it = true
for 3 - 2 tonmn
if not (was_c
if _tofdl
cut_i
end if
end if

next

if cut_it then
cut_ordf{i] =
was_cut[i] =
total_cuts =
end if
end if

cut_num = cut_num + 1

until total cuts = n - 1

function provisional_ cost
passed variables:

cutﬂnum
true
total_cuts + 1

96



rimfeed.pas

i

dist
dist2switch
density
FillFactor
ac_structure
pct_ugd
pct_bur
pct_aer

e

local variables:
cable_cost
n2016

n672

nd6

n24

lines
technology
uc

bc

ac

sai_index

indexes the SAI ]

distance to the tree }

distance to the switch via tree |
average density for tree }

{Calculates a provisional feeder cost for a given SAI based on allocating both

structure and cable
the entire distance

1f 1 <= num SAS then

{ First, make th

call calculate_feeder_technology

pass variables:
dist2switch
i

density
FillFactor
*technology
*n2016
*n672

*n96

*n24
pct_ugd
pct_bur
pct_aer

{ Now calculate

cost between the SAI and the tree, and a cable cost only for
from the SAI r¢o the switch.

{look only at "live" nodes, which are 1ndexed 1..num_SAs |
e technology determination. |}

(tech.pas)

structure and cable costs, assuming that geologic factors

throughout feeder route are the same as those for this SA. }
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select case technology

case fiber
lines = {(n2016 + n672 + n9%6 + n24) * 4 / FiberFillFacto