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Facts Reg~ing the Hatfield Model's Preprocessing,
Clustering and Loop ConstrUction.

#4. The picture above displa.ys the original polygon
convetted to a rectangle:(the smaller rectangle with the
dashed line.) This has the area of the original polygon, and
the aspect ratio of the minimum boundini rectangle.

It is this smaller rectangle that actually enters the HAl
Model, and will be discussed below. (For ease of
exposition, the following pictures omit the larger,
minimum bounding .rectangle.)

I We will refer to the smaller rectangle as the "reduced
I' rectangle".

I Il, .. ...... .~. d _. • ,_,__, ----U
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facts Regarding the HatfieJ.d Model's Preprocessing,
Clustering and Loop Construction.

is. The HAIModel provides a user with the a.reaofthis
reduced rectangle, as well as the aspect ratio. From these
two pieces of infonnation, it is straightforward to 'calculate
the length of the rectangle's sides (shown above as Side A

, and Side B).

For the remainder of this discussion, the distance of Side A
added to the distance of Side B will be referred to as the
htlpt...plus-widtht measured in feet. This height-plus­
width measure can be thought of as one half the perimeter
of the rcd~d rectangle. It is this measure that is used in
the following analysis.

L .__ 6
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Facts Regar~ng the Hatfield Model (cont)

#6. The HAl Model claims to build distribution cable to an
locations in a cluster. However, initial analysis of the actual
locations used in Nevada indicates that the HAl Model falls far
short of building enough cable to connect all locations.

To measure the exact extent of this uJ1clerbuDding. it is
necessary to know actual point locations, in order to calculate the
amount of required distribution cable (which is simply the
shortest distance between all points).

To date, AT&T has not allowed Ulese calculations to take place.
In lieu ofthis analysis, it is still possible to obtain an imperfect
measure (a grossly ~meastl.n:)of the degree to which
the HAl Model underbuilds distribution plant.

This measure will u..\t~ the height-plus-widtb, described earlier.

1L.....-_~__• •
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Facts Regard.ing the Hatfield Model (cont.)

#7. Simply statedI' it is mathematically impossible for the
distance connecting all points in a cluster to be less than the
height-plus-width. (A detailed explanation of this fact follows in
an Appendix.)

~erefot"e, it is also impossible for the actual required distribution
cable in any cluster to be less than the height-plus-width.

Any cluster for which the HAl Madd produces an amount of
distribution cable that is less than the height-pIus-width is a cluster
that the HAl Model underbuilds.

IMPORTANT: Height-plus-width does NOT represent the
required amoODt of eable.. It represents a distance that is less
than- the required amount of cable, Therefore, a cluster with a
distribution length greater than the height-pIus-width distance is
not necessarily a cluster with sufficient diStribution cable.

"---~-------~
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Fuets Regllrding the Hatfield Model (cont.)

Above, and OD the followini pages,~
putPO~cs onIx, are examples of potential distribution
layouts. In every case, the amount of cable required to
connect all customers dramatically exceeds the beight-
plus-width distance. .

For example, in the picture above the total beight-plus­
width distance is less than 2.87 miles.

'The distance connecting the points shown above (the solid
lines) is over 4.25 miles.

L I
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facts Regarding the HatfJeld Model (cont)

example, for iIlustrative purposes only

Tn the picture above the total height-plus-width distance is
less than 2~87 miles.

The distance connecting the POiD[S shown above (the solid
lines) is over 5 miles.

.~-----------~
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Facts Regarding the Hatfield Model (cont.)

example, for illustrative purposes only

In the picture above the total height-pIns-width distance is
less than 2,87 miles.

The distance connecting the points shown above (the solid
lines) is over 4.25 miles.

III------,----_.__ .._._,----~-----'
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In the tables tfi. appear on the following pages, we list (by
company) a sample of some of the clusters for which the HAl
Model uoderbuUds distribution cable.

The tables are omy samples, not a complete listina. For
example, the Nevada Bell ta.ble lists only 25 clusters, but OUt

analysis discovered over 200 clusters in Nevada Bell region that
fell short.

OJily main clusters are listed, to avoid any potential confusion
caused by the treatment of outliers.

The tables list tbe total distribution the model builds as well as the
height-plus-width distance.

Keep in mind that the height-pius-width distance measure is itself
insufficient to connect all CUb'tomers. So the cable shortages that
appear on the- foUowing tables actually understate the amount by
which HAl underboilds.

,--,....;'_._-_. -,-----_..........._-~-
11
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-- -- : SAMPLeO.r-N.EVADASaLMAIN '::-I
, CLUStERS WrnIDfSTIUBU1":QN UNDER J

. . BUlLYBYHAr5.0L.....,..-.---- v- , _

WIRE CLUSTER TOTAL SUM ACTUAL MAIN
CENTER LINes HEIGHT CLUSTER

AND OISTFUBUTION

tenlFNV11
WIDTH BUll.T ~y H~~

' C019. 8 27.059 .. 9,182
BTMTNV11 CO,S. 6 25441 820
B"lVrNV12

-_.,. -
COO1. 16 1.361 530

ICSi'tNV11
--coos. 5 30.818 0

l~~NV'1
. eoCOO1. 10 2,343 ----

RNV11 COO2. 6 9.588 1,982
eMPRNV11 C01S. 5 12.981 5.311
EMF'ANV'1 C014. 5 10411 639
EMPANV11 C015. 6 12.803 1,238
EMPRNV11 C012. 5 13.05S 1.~

EMPRNV11
-

4,.261COOS. a 16.141
EMPRNV11 ~C010. 6 14&43 '2.567
IEMPANV11 C004. 6 18.~1 5,~

EMPf\NV11 C013. S 15.323 986
EMPANV11 c001. 8 22,181 2.258
;GABBNV" COOS. a 17,712 SLOOQ
IGABBNV11 COO2. " 27399 13.316

~"

IMLYNV12 C021. 9 11.783 1,048
IMLVNV12 C030. " 19.734 8.198
IML.YNV12 17.182

....-_.-
C023. 12 5174

IMl.YNV12 C022.
._~

6.00e. 6 20.768 ...__.__.

IULYNV12 C018. 16 32,952 17161
IMLYNV12 C029. 5 20.,899 3.105
LVLCNV11 COOS. 24 27.885

~ ..." 15.117
MCGLNV11 C003. 8 18,075 4828.,-...",

U1 total fOf NevadA Bell the IW 5.0 mod.el UI1det builds distribution in 83CJb of the main
clusce:s in Lbe 0 - 5 dcn.iiry range, ad 3511 ofrhc main clus&en\ in tilt 6-100 dC\1sity
range. The.so two density r.oncs reprcscnllhe vast majority or dusters for which
1.lni~csal service CuDdiDg is needed
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. SAMPLE OF CITT7.ENS M.AlN a..USTF.RS \
wrnr CISTRTBtrrION UNDBBun.r BY I

HAl 5.0 J
NON: Sun'! 01 ...... Ill u_~tM.-.a1 JlIW ofcaW' lIClDCbt to c••:a·pIli"",

widNt ..~.

WIRE
CENTER

CLUSTER TOTAL
LINES

SUM ACTUAL MAIN I!,

HEIGHT CLUSTeR
AND DISTRIBUTION

WIDTH BUilT BY HAt
ELKONVXF COO, . 5 5523 0
GlFDNVXF Coo1. 11 33.578 9,305
IGLFDNVXF cooa. 10 38.8n 9 579
,JGGSNVXF iCQ01. 5 18.258 659
~VXF COO3. ,--.;5~_~1~1-.I~"',~~7~ ~6~"O::;.;:::e~2
1M I LLNVXF 0002.5 35.480 5.035
RBVYNVXG c006, 5 11,018 . 221
I'!:!R~B~VY~NVX~~G~-i~C~OO~6:---.._--t__~7~_2---:7..;.;.9~70 ~4!-lo',064~
ABVVNVXG COO2. 10 14.381 '6.135
'--'~~~"---i~~---+--~-~~"""-'---~~
RBVYNVXQ c001. 6 33.397 7.032J
ABVVNVXG C004. 5 27,978 8,820
RBVYNVXG C003. 7 33,442 10.66&
IlVPNVXF C004. 8 30.863 1 832
S&;,VPNVXF 0003. 6 2t5,779 6.519
SLVPNVXF COO!. e 31 esc 7,026
SLVPNVXF Coo1. 5 28~4ge 13.728
SLVPNVXF COO2. 15 30.798 14,813
TNPHNVXBC004. 14 21.497 8 191
TNPHNVXBCOO3. . 18 31.784 12,272
WL1.SNVXF COOS. e a.803 1;020
WUSNVXF COOS. 6 11 ~280 1.489
WLLSNVXF C008. 8 16 08S 4.371
~Fmfjiji!~~;-:-----t-~jt-~~r--~·_-wu.Srtv At'" CO02. 7 21,086 4,7'22
IWll.SNVXF oot2. 5 17.448 5t 461
....W__LLS~N~VXF~--+C003~-.. -+__~8~---:23~,7~45-:t-__~_ 8,288
WLLSNVXF C010. 8 25.134 0,737

Tn totAl fot CiLixens the IIAI 5.0 model u.ndcr builds distribution In 78~ of the main
c:lusws in the 0 - S density map., and 25.. of the main c1Ufltal"S in the 6 - 100 density
ranp. These two density zone:1i~t the vast majority ofeJuscen for which
univcrsal service !und;nl is needed.
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.SAMPLEOFCONTfLMAINa.US1'E.RS
Wrrn DJS'I'RIBtmONtJNOI!1lBUILT BY

HAlS.O

WIRE CLUSTER TOTAL SUM ACTUAL MAIN 1
CENTER UNES HEIGHT CL.USTER

AND DISTRIBUTION
WrOTH BUILT8V HAJ

GVRSNVXF - --
COOl. 25 30.872 25,385

GVRSNVXF -
2011t 1:1.881C006. 38

laV~_'''~AF C002. 6 -15.9 3502
..K'IIYrtVAr c003. 6 600 0
JKVYNVXF IIYtftA 22 22:117 f7~.
~NVXF l~:

9 17151 4,992
S NVXr= 24 31,387 24;897
SMTHNVXF COO2. 21 ~:wg 27,4G4
:SMTHNVXJl COOS. S 15402 -2.017
SMTHNVXF ICoos. 23 33.701 26.637'
SMTHNVXF C010. 30 Meso 30.824
Sn.NNVXF 5 1.825 340
TPLKNVXA 0005. 8 16,421 ~8'1
TPI ',6 c001. l' 17.934 El,-144
TPL.KNVXA iCOCM. 14 23.843 8,404
TPU<NVXA ~O7. 38 29.123 25.086
VATNNVXA COO2. 12 10.374 1278
YRTNNVXA

-
5.S:J.40001. 7 24.731 -VRTNNVXA COO4. 11 13.555 6,252

VRTNNVXA IWUU/. 24 16,328 _. 12.728
VRTNNVXA COO3. I '. 2!i 33,117 31.535
VATNNVXA COl!. 15 13,758 4,873
ITM r 0014. 21 31,737 18,940

In total for Conrel the 'RAJ. S.O model under builds diAtribution in S9~ of the main
clusters in the 0 - 5 dCDSity nmge, aDd 21" o(tbe majD clusten;in the.6 - 100 dOR.lOity
ranp. ~e two density zones represent the VQSt ~ori'tY of clUSlers for which
uDi.~...t service funding is nocded. .
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·sAMPlE Of C£NTEL MAIN CLUSTERS
WttH,DISTRIBUTION UNDER. BUILT BY

HAIS.O

WIRE CLUSTER TOT SUM ACruALMAtN
CENTER UNES HEIGHT CLUSTER

AND I OISTRIBUTION
WIDTH BU1LT6YHAl

tJI:ANNVXF ICOO!. 7 7.304 156
JEANNVXF ICOO7'. j -5.181 415-

5~04!JEANNVXF 0003. 12 19.474
JEANNVXF COO4. 9 21.503 .6.871
re:A"'NVXF iCQ12. 8 20.443 8,105

IJEANNVXF cooe. 25 28.052 9.198
JEANNVXF It"!nnA. 9 27.534- 10~076

JPNNVXF C001. 14 28.806 lO.488
JEANNVXF C013. 9 XT.206 ,v__ 18,837,
MTCHNVXF C01S. !i 2.407 - 605
MTCHNVXF c001. 9 17.883 5234-
MTCH -COOS. a '4,125 8.001
MTCHNVXF 0008. -9 13.018 .. .... _.- 8140
MTCHNVXF COO2. 8 12.828 8.407
~HNVXr 0010. 10 15.741 1.901
MTCHNVXF C016, , St 1.7,128 8.918
MTCHNVXF Ir.1Y' .

"
23~719 13,094

MTCHNVXF CO, . 12 27'" -~--

14.784
NLSNNVXS COO2. 7 _.- 23.23 - 8.741..

SRCHNVXF COO3. 7 tOIO 2.338
i!fRCHNVXF

--....--,,-
~C002. 7 10.58 3.~'

SRCHNVXF COOS. 14 29.717 9.8~7

IRCHNVXF 0011. 13 35.069 12.498
SRCHNVXF C010. 11 30;164 15.558
SRCHNVXF COO9. 22 30,094 16.313-

Ln toral (or Contel the HAl 5.0 model llDder builds distribulion in 78% .of the main
dnsttlD in the () - SdeNity tlmlc. and 28~ of lbe main clUiters in the 6 - 100 denliity
range,. 'Ibo1G CWo dc4sity zones JqJrcsc:nt the vast majcrjty of clu.~let'S tor wnIch
universal service fundiDg is needed.
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Appendix: Why it ;11 M~natical1y
fmpossible for the Distance Connecllng All

Poiats ia 0.. C'I:Her to be 1AlS6 thu. me
IIcisht-Plus-Widm of the' Reduced Rectangle,

P.30

----~.._.-
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Facts Regarding the Hatfield Model (COOL)

All main clusters must have S points (sec HAl Documentation).

In Figure A, all points fall into direct line. By definition this
cluster has no area. Inlpossible to create convex hun.

In Figures B and C, it is possible to create polygons having
convex huH and area.
Although original polygons in Figures B and C wiD be identical.
nlinimum bounding rectangles will be dramatically different (see
following pales).

These two figures (B&C) will be used to illustrate f~t ~at
height-plus-width of reduced rectangle can only be less than
minimum distance required to connect all points.

All other ~lygonscan be viewed as variations of Fi,ures B and
c.

I 14L__. ~__.......__. ......... ~.~.... . _
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Facts RegiJding the Hatfield Model (cont)

Area of both polygons is identical, approximately 0.71
square miles (where 1 inch ~ 1. mile).

Approximate Lengths of Sides (for future reference)­

Side A: 2.06 miles (10,900 feet) ..

Side B: 0.69 miles (3..630 feet)

Side C: 2.19 miles (11,550 feet)

'--_.._------,_.------~-------_ .. _.-
I
I_____ l-U
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Facts Regc\r'ding the Ho.tfield Model (cont.)

Minimum bounding rectangles for each polygon are
dramatically different. Each will produce a diffenmt
aspect ratio. and a differently shaped reduced rectangle.

Recall. aspect ratio is heiaht over width.

Aspect Ratio of Figure B is approximately 1.

Aspect Ratio of Figure C is approximately 3.

~----'
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Facts Regardini the Hatfield Model (cont)

(points removed for ease of exposition)

781 344 651.0
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Picture above shows the corresponding reduced rectangle (heavier
lines) for each of the original. polygons.

Each reduced rectangle has the same ex;act area, which is exactly
equal to the area of the original polygon. 0.71 square miles.

However the distance figures "heieht-plus-width" can differ
significantly.

Figure B t the reduced rectangle that appears more square-like, has
height-plus-width distance of t .68 miles, '

figure C, the more cloulated figure, bas a height-plus..width
distance of 1.94 miles.

This illustrates a basic tenet of geometry di~ussed on the
following page...

17
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If two lJoly,ons 11411. th« same ar,a, tIN meaur, 01the
perilnet.rwiU be shortest/or the polygo" which 1II0St clostlIy
approtzehes tIN sluJpe of4 sflUlTe.

This is illustrated above using three polygons with identical area
(9 square miles if 1 box = 1 square mile).

The figure on the far left has a perimeter distance of 12 miles_
The figure on the far right has a perimeter dis~ce of 20 miles.
The figure in the center has a perimeter distance of 14 miles,

I

I

I
J

Implications for the HAl Model:

Whenever the convex buD of an originsl cluster is converted to
the reduced rectanl1e (with identical area), it becomes
reladvely more square-shaped. Cooseqnendy,. the perimeter
measure decreases in every case.IL __-__
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Facts Regard.ing the Hatfield Model (cont.)

·In the figures above~ the perimeter of reduced recWlglc B is
less than the perimeter of reduced rectangle C. But the
perimeters of both reduced rectangles are less tba.n the
perimeters of the original polygons (which are identical).

~he distance measure helpt..plus-wid.th represents ex.actly one
half the perimeter of (any) reduced rectangle. By definition and
the result above, this is less than one half the perimeter of the
original polygon..

It is ieometric~ impQssihk1Q..,onnecr.1h.c bouodini I2Q jnlS of
any UolYlon Lnot to mention any. interior points) with only ow;
ll1JJ "meter. ConsCW1'ntb:,jt is aim
j mpossll2l,- to connect tb,c same po1nL~ wjt~ kH..tban one ba1f
!he IlCrimeteuiista.oce.

f
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I
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Implication ofHatfield Model Results;

Ally maiD cluster ill which the Total Distribution built falls
short of the dista.oee orside A plus sJde B 15 a cluster In which
the model falls short of building a functioning, operable
network. Total Distribution is measured: (Hatfield Distribution
Module, Ca.lculations Worksheet Cell au minu.~ Cell.CQ (outlier
road distance)]

Th~ is no exception to the role that it is geometrically impossible
to connect the bounding points of any polygon with only one half
the distance of the perimcter4

There is., however, one tate exception to the rule rhatthe polygou
perimeter is reduced when it is converted to the reduced rectangle.
This occurs when the polygon is exactly the size and shape of the
minimum bounding rectangle. This is discussed below...

I
II , .

L' I
,--------~ ._-------,----_.,----------~
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Imp)jcatio~ of Hatfield Model Results;

There is one unique case, pictured above, where not only
the area but also the perimeter of the original polygon is
maintained: the case where the original polYlon is a
perfect rectangle (or square.)

In this case, even though the perimeter is not reduced, the
distance befpt-plus-wfdth is still massively insufficient
to connect all points in (he cluster.

Therefore, any cluster at all in which the amount of
distribution built is less than the height-plus·width remains
an "andcrbuiltt cluster in the HAl Model.

Ii ~. .!!J----------_.....------~~----_ ..._--------
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BCPM CUSTOMER LOCATION &
OUTSIDE PLANT DISTRIBUTION

DESIGNMETHODOLOGyl

O\'erview

BePM 3.1 integrates. precise inforrnation regarding (,;ustomer location with a

customer location nlgorlthm that establishes an optimal grid size hased on an cfficit.=nt

network design.2 The optjmal grid Si7..e is detennincd by adhering 10 sound engineering

practices that reJ1cct forward looking, least cost t;:;dmotogy for providing ba~i(; service.

The algorithm establishes "ultimate grids" that are sized to comply with the technical

requirements of a Carrier Se,rving Area (CSA). Thus, BePM 3.1 's customer locatim1

algorithm selects th~ appropriate granularity ofal1ftLysis to assl..:re that customers ~rc

accuratdy located ami moreover, that the cost outputs are representative of the 111:'twork

design necessary to serve those ~ustomers.

BePM 3.1 '8 customer location algorithm l,.lSt;S housing and business line data at

the Cel1sus Rlock (eB) level combined with infonnation regarding the road network to

lUore precisdy lcc,ate customers. l!~i1i7.ing all ofll-lis data, BCPM 3.1 models clu1)t~rs of

customers where they are indeed clltSIcred and models sparsely p<,'pulated areas where

customers are. In fact, dispersed,

Additionally, BePM 3,1 uses \ly'ire :.:~ntcr boundaries provided by Bu:siness

Location Research (BLR) increases the accunl\~Y in assigning customers to their actual

3crving wire cenl~r,

1 Selected excerpts fmm the Benchmark Cost Proxy Model Relea~e 3.\ Model Methodology, Jmlllllry 13,
1998 Edirl011 . Developed by BellSouth. fND/:,'rEC International, Sprilltand US West.

2 See "Joint Comm~!"IS of'AellSourh CQrporntion. BellSouth Telecommunications Inc" U S WFST lnc"
and Sprint Locallelephuoe Companies to FtJrther Nmic'" of Propost:d Rulemllking Sections III ,C. 1",
CC Docket 1:)6·45 [lnd CC Docket 91·16(), filed Sept. 2, [997.
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By overlaying wire centers with grids, BePM 3 1 constructs a network that avoids

building to areas where people are unEktly to re~ldc, concenlIating instead, on road miles

where people are more likely to b~ located,

BePM 3,1 recognizes that telephone plant t:nglneers do not typicall! build plant

on :'1 customer by customer basis. Rather, they plan and build plant hased on Carrier

S~Tving Areas (CSAs)3 and Distribution Areas (DAs).

To accomplish this, BCPM 3 t uses a reformulated geographic entity - the

dynamic grid which varies in ::>ize to ensure that the number ofcustomers included in a

grid takes into nccount CSA guidelines Furthennorc, the maximum grid si.,~ is

constrained so that the limitations of copper distribution are not exce~dc:d,

The cuslom.:r lo~...ation algorithm performs a series of reaggregation steps that

combine grids into varl()us sizes, consistent with an et1icicnt network design. Each grid's

size. cost characteristics, and number of lines. is integl'aily lin..1.:ed to telephone engineering

CSA!' and DAs. In additj(ln~ the construction or Ihese grids takes into account the iKtual

road netv'Iork to morc accurately reflect the localion of customers wi thin 3 C11,

PrOCC5!i Description

I. Establish Wir~ Center Boundaries

----_.._-_.~-_._~-- -----~

, A CSA em:ompasse!\ the entire design area pOlemially :;L:r\'ed from l:i particLllar digimlloop carrier (OLe)
site, including the fe~der distribution interfi:lcc, vertical and horizontalconn'lct.ing cables. backl.w1nc
cable and bnl11ch ell.h!es.

'I
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The first step in accurately establishing <;ustomer locution is the sp,.::cific.atjon of

the appropriate wire center boundaries. BePM 3.1 rtJlilt~ on wire center data ohtained

trom I.3LR

n. Locate Customers

The second sttlp is to use the CB level of data th3t falls within the corresponding.

wire center houndary. For the occasional CB that crosses a wire center boundary,

housing and business data is apportioned tp the respective wire center based eilh~r em the

proportion of lund area, if the CB is less th~n 1/4 of a square millj, or (he proportion 01

roads, if the CB is greater than 1/4 o1'a square mile.

In. Establish Serving Areas

The tInu] step is the creation of the variable size grids from the CB data within the

wire (.enter boundaries. The purpose of developing vadab;e size grids is to simalalc lhe

basil: lelcphone plant engineering units of a CSA and Dk This process entails the

estahlishment of microgrids a.'1d the reaggregation of these microgrids into ultimate grids,

A. Estahlishing Microgrids

It is necessary to establish ll'Jccogrids liO that popula.ted areas can he aggregated

appropriately into telephone engine(~ring CSAs and DAs. rhere.lft tW{) phases oftbe

grid process. The first phase entails assigning CB data to m.icrogrids, ';Microgrid" refers

to the :~mallest grid si7.c used in the- grid process. A mh::rogrid is 1/200111 or a degree

latitude and longitude. This corresponds to approximately 1,500 feet hy 1.700 feet

latitude and Jongitude.4 The entire serving wire (;entr;:;r i~ jJartitioncd int.o microgrids,

Jhus, eal:h CB within tJII: serving wire center is overlayed with microgr.ids (unless the

entire CB falls within a single mkrogrid). SmaHer CBs, typically located tl1 the dens~~r,

'i f)ue to th(: curvature of the ean:h, th;.:~e dilllensiom vary d\!pcnding on the lafitude and longitude where
the)' tIre derived. These llKlisurt\m~m5 are '.1~ed only to .:;i\'o; tbe reader a ~ens.c ol relatIve si?e.

3
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urban areas, arc aggregated into microgrids while larger CBs located in th~~ rural areas

may span multiple microgrids,

Since household and bus,iness line data~ are assigned at the C13 level, this proe~ss

requires apportioning CB line datu to the corresponding microgrids. Two approaches arc

u::;ed to apportion thb data to the microgrids, depending on the, size of the CB. For CBs

whose area is less than \ /4 of a squur~ mile, (2,640 feet by 2,640 feet), encompassing

approximatdy three to fO\lf microgrids, household and business lint data is apportioned

cased on the land area ofthe micwgrid used rdallvc to the CB' 5 total area.6

For CBs with an area greakr than 114 ofa square mile, household and business

linc data is apportioned based on relalive road lengths using actual road data obtained

from TIUERlLin~ tiles [TopoiQgically lnl~grated U.:ographic FI1(,;()ding and Referencing

from the US Census Burcauj. That is to say. the line data is upportion~,d based on the

road lcng,th contained withh a microgl'id that traverse~ that CB, relatl ve to the total road

h:ngth within that CB. Since roads are used to 10(;:lt~ C:I!Slorl1CrS, c\:rtain roads where

customers are unlikely to n:·sidc. have been excluded from the road data:! To illustruk

the apportionment: of household and business line data lo microgrids based on relative

wad lengths, assume that the total road length as::.\ll(.;iUl~d ..... itn a particular en is 60 miles

,<' Household data indudes housing unit and hOU8ehotd in!"On1lation front [he Census Dureil\1. Buslne,.. line
fOUllts are o':Jtamed fi'llm PNR

6 For a micrcgrid Ihat is full)' cn~ompussed by a CB, I.e. I00% ofth~ microgrid's arca is encompassed
within the CB. the area covered by th,)! one microglid is (I.500ft. x 1,700 ft) = 2,550.000 sq, It If
the total alea of the CB i.; 5,l OO,OOG sq. h~et, then the fraction of iand area of the CA encompassed by
that rn icrogrid is{ 2,550,OOO!>l] n. /S, lOO.OOOsq. ft.) .. 5 of the area, Thus, 50%. of the hou~chlJld lind
busine~s line data is apportioned ttl thaI micrGgrid.
If cnly a portion ofa microgrid is encol11pa~"ed by lhl' CB, e.g. &0% of tbe mkl'ogrid is el1comp"s~ed

b:y Ih~ C13, Ihen the areacoveJ'ed by that ('Jne micw~lid is .llx( I ,500tlxl,7tlOfl:) 2,040,000 sq. ft, If
thti area uf. the CB is 5, IUO'!}('Osq. f; .. then (2.040.0(jO ~q, iUS, IOO,OOC sq. n.) =.40 In thiscase, .4 or
:iiSlhs uf the ho,jsdlOld and bli!:,ine_s line d'lta is ::ipp()rtionl~J lu the mkro~rid

" RoatJ data tl~;ed in 13CPM 3.: eM:lude all lirnil•.,d l\CCe5S highway segmfmt,,; all highwa;. and road
segment, that are in ,1 tunl1,;l or in an undcrpaSos; vchica\'Jl' "ln~ih" and road:; PiiStilible only by 4 wheel
drh'e ve1:icles: higlwray a('\~E'~S rumps; !i;rry ,:rossmgs: pede;-trkin lNlilkway,> ar.ld stair.:vays; a1tt'yo;; for
service vehicle:,;; and driwwli) ~ a£' d p.ivate roads.
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