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Appendix 2

GLOSSARY OF COST TE~\1S

Forward-lookinC cosu: Costs that an efficient. prospective entrant would consider in
investing in an industry. because the entry. exit and expansion decisions of such firms are
based on expected costs and revenues.

Joint caSU: Costs that derive from the joint production ofproducts in fixed proponions.

Commoa casU: Costs which must be incurred ifany of the firm's proclucts are produced.
but are unattributable to individual products on any cost-eausative basis. It is a usetW
convention to limit the tenn to overhead costs.

Shared costs: Fixed costs that are incurred in the production ofa specific subset. or
various subgroupings, of all the products ofa firm.

Stand-aloae costs: Economic costs ofproducing a product or group of products in
isolation from all other products (i.e., on a stand·alone basis).

Embedded costs: Costs of operations that are recorded on the firm's current accounting
books.

Fully distributed costs ("FDC"): Cost per unit of output ofa procluct. includinl
directly attributable costs and an allocation·ofcommon or shared coses. The allocation of
common costs among proclucts is not baed on cost C'usation and is inherently arbmary.

Overheads: Costs incurred that are involved only indirectly in the production ofoutputs.
Some overhead costs may be &xed and unauributable. Others may be vary with the firm's
scale and thus be causatively attributable to the production ofpanicular products.

Coatributio.: Amounts _ on a forward.lookins basis, rcpresem the difFerence
betWeen revenues and TSLRIC for a particular product or poup ofproducts. These
amounts are intended to "contribute" to the recovery ofthe firm's common costs and
shared-fixed costs.

Residual costs: Costs that represent the difFerence between the firm's current revenue
requirement and the sum of the TSLRICs ofall of its regulated services.
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Hlltfield Model

1. INTRODUCTION

A. OVERVIEW

V....ion 2.2. Releue 2

2

The Hatfield Model has been developed by Hatfield Associates,lnc.
(HAl), ofBoulder, Colorado, at the request ofAT&T and Mel. Its pmposes are:
1) to estimate the forward-lookiDg economic cost ofunbundled network elements
referenced in § 252(d)(I)(A) and (B) ofthe Telecommunications Act of 1996
based on Total Element Long Run Incremental Cost (TELRIC) principles;) and 2)
in a separate calculation using consistent procedures and input data, to estimate
the forward-looking ecoDODlic cost ofthe basic local telephone service that is the
target ofuniversal service funding mecbanisms.2

B. EVOLlmON OF THE IUIFIELD MODEL

The origiDal version oftbe Hatfield Model was developed to produce
estimates of the TSLRIC ofbasic local telephone service IS pan ofan
examination of the cost ofuniversal service. This original model was a
"greenfield" model in that it assumed all network facilities would be built without
consideration given to the location ofexisrina wire centers or transmission routes.
When the original BeDcbmark Cost Model (BCMli became available, HAl
revised the origiDal Hatfield Model to incoipOlate certain loop investment da1a

TELRlC is die tenD used by die F..... CaauDuaicIIIiaa Cmmjssjon 10 refer10 die una! senice
JODI nm iDc:rememal COIl (TSLRJC) ofaabIIIIdIed DIlWOIt ellmeals

lbe defiDiliClll ofbuic UDiwrsal service used ill die model iaclades 1be 'followbI, fuDctiaaal
COIDponenIS:

sin&1e-liDe. siDl!e-pany ICCISI 10 die tim poiDt ofswiIcbiD& ill a local e:xcbap DClWOI'k;

1ISIp wiIbiD a local nchIDae..

fDUCb..CIpIbiJily;

• while pIllS dinc1DIy tiRiDa; _

ac:cess 10 911 ..w.. apenIOr servicIs, dinictay laisllllce, lad lIIlecmm aDic:lliaas relay
savic:e for 1be ........impU'Id.

Excluded from 1bis drfiaiDCIIllI'e lUI)' GIber local .......compa)' ..w:es. such as IOU
calliDa. iD1aexc:blDae c:mir:r ICCeII,a-. c:aIIiD& ata..,usD' feIauns, IDd priYIIe tiDe
services. a1IboaIb die exisa:ace ofJaCb .-vices is 1IkID iaID ItCI:laIIt ill deftlopiq 1be COIl
esrimws for 1JIllIundJed elemllllL

The BeDcbmIItc Cost Model is a model ofbaic 1ocal1lllepbaae serW:e developed by MCI,
NYNEX. Sprim, IDCI U SWEST.

Hatfield A88ociat8a, Inc. 1
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producedby BCMI. As a result. the Hatfield Model became a "scorched node"
model that developed efficient. forward-looking network investments and costs
for basic universal service based on existing wire center locations. Thus, this new
version ofthe Hatfield Model combined results from BCMI's loop modeling·
(based on actual population distributions) with the extensive wire center and
interoffice calculations from the earlier Hatfield Model.

Early in 1996, an expanded version ofearlier Hatfield Models, referred to
as the Hatfield Model, Version 2.2, Release 1, was developed to estimate the costs
for unbundled network elements. It was submitted to the Federal
Communications Commission (FCC) in CC Docket No. 96-98 on May 16 and 30,
1996, accompanied by descriptive documentation.4 On July 3, 1996, this model
was placed into the record ofCC Docket No. 96-4S to assist the Commission in
determining the economic costs ofuniversal service.s

The Hatfield Model, Version 2.2, Release 2 (hereafter HM2.2.2),
described in this document, estimates the efficient, forward-looking economic
cost ofboth unbundled network elements aDd basic local telephcme service. This
release incorporates a number ofenhancements over earlier versions.6 HM2.2.2
derives certain ofits inputs and methods from the BCM-PLUS model. The BCM
PLUS model is a derivative ofBCMI that bas been developed for and is
copyrighted by MCI Telecommunications Cmporation.7 Furthemlore. because
populated data workfiles now accompany HM2.2.2, Release 2 executes more
quickly than Release I, and without required user intervention.

The Hatfield Model comprises several workbook files in Microsoft ExceL
7.0 for W'mdows 9S or W'mdows NT. An automated front end·iDterfice permits
the user to select the study area to be modeled and to enter any desired user
adjustable input assumptions. The entire model will then execute without any

See, AppeDdix E of1he COIIIIJteIIU ofATAT ill CC Docket No. 96-91, In die Matter of
Imp.lemeallliaa ofdle Local CompedtiaD Provisioas in die TelecommUDicltioas Act of 1996. ad
AppeDdix D ofATATs RIpIy COIftIfWIC. In tile SlIDe praceedina. MCI submitted results based
on a artier "pfllllfieJd" version oflbe Model IS AIIIcbmeDt lID its ComIUJllr.

Ex pate submismD ofL. Sawicki, MCI.

Appeadix A ID tbis documelOtioD cmDiIIs a SUIDIDII'Y ofdie difIinaces beIweal Re1else 1 ad
Releue 2 ofVeniaa 2.2 of1be HdeJd ModeL

On July 3, 1996, SpriDt Corparaliaa ad US WEST paeaIed wniaD 2 ofdie BCM (BCM2) to
the FCC. NYNEX IDd MClII"e Dot spoasan ofBCM2. A CII'eful review by HAl iDdiCIfeS tbIt
all ofBCM2's relevmt eabaDcemems over BCMl II"e aIreIdy praeat ill the Hllfielcl ModeL
Furdlermore. the Ha1:fieId Model bas imponIIlt IIIribures IDd CIIpIbiJities dill II"e DOt available in
tbeBCM2.

Hatfield Aaociatls. Inc. 2
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required user interVention.· Although AT&1 and MCI typically have run
HM2.2.2 for 49 contincutal U.S. study areas (Bell Operating Companies "BOCs"
plus Southern New England Telephone Company), it may be run for any Tier 1
study area.9

c. PURPOSE OF THIS DOCUMENT

This document describes: 1) the structure aDd open11ion ofHM2.2.2, and
2) inputs to the model, emphasjzing those that can be changed by the user and
their default values. It should be emphuized that the model provides a large
number of inputs that can be altered by the user. However, the default values for
these inputs are believed to be appIopriate based on the experience and
engineering judgment ofHAl personnel and other subject matter experts.

n. STRUCTURE OF THE MODEL

A. GENERAL NETWORK COMPONENTS DESCRIPTION

This section describes generally the network componeDts modeled in
HM2.2.2. Figures I, 2 and 3 depict the relationships among the netWOrk
components discussed in the fonowing sectiODS.

•
9

DoNmeu',. of1bis ..nan- user ialeiface is pnMded ill Appeadix B.

ATtkT bas nadDed 1II1ecDnmUDic:aIiaDs CCIIII""aIs fIaD die Deloiae 4: Toucbe CaasubiD&
Group (iDd DDt DeJoiae 4: Tow:bc, LLP IS miIbtba¥e ... iD&rnd tram die priar refwGllCt to
"DeloiUe 4: Tauche- ill foomca 7 ofAT4:Ts Aupst 9, 1996 F",*,ee--. ill CC Docket
No. 96-45). to pnMde addirioaal HdeJd sappan. DeJoiDe 4: Toudle ee.ulriq Group
persoDDel baw: (1) provided &Da1yEicI1 sappan to H&die1d &Del ATtkT pIISCIIIDC1; (2) ISSiIred
wiIb d&Ia emry, resul1s iadeipieraticla, &Del wnicla &Del.... teIIiaI: &Del (3) warted to imptDYe
the H&Ifie1d Model's user ia1IIfaces. IS well. to ideDdfy GIber... far mq.CMlIDIIIt wirb reprd
to the openricIIl of1be model

3
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1. Loop description

Version 2.2, Re.aae 2

ExcMnge

/~

"'.....,....

Fip" 1 Loop c:G.pODeDts

...............-----..-.-

..

10

a) General loop description

The local loop begiDs at a physical demarcation frame within the central
office building (wire center). Copper cable feeder facilities terminate on the
vertical side of the main distributiDg frame (MDF) in the wire center. Fiber optic
feeder cable serving integlated digi1alloop camer terminates on a fiber
distribution frame in the wile center. At its disIaDt end, the local loop terminates
at the Network IDtaface Device (NID) at the customer's premises.

Loop cables are supported by "structures." These "structures" may be
UDdergroUDd conduit, poles, or treDChes for buried cable. Undaground cable is
distinguished. from buried cable in tbat UDdeqroUDd cable is placed in conduit,
while buried cable comes into direct CODUICt with soil. JO

While 1be CODduit suppon:iDc 1IIlCIcrp'OUDd CIble is placed ill a 1I'IDCb, buried cable may eidler be
pllced in a 1nlIlch or be ctirectiy plowed iDto me eanb.

Hatfield Aaociates, Inc.
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b) Local Loop Components

Version 2.2, R...... 2

(1) NID
The demarcation point between the local carrier's network and the

customer's inside wiring is known as the NetWork Interface Device (NID). This
device terminates the drop wire and is an access point that may be used to isolate
trouble between the carrier's network and the customer's premises wiring.

(2) Drop
A drop wire extends from the NID at the customer's premises to the block

terminal at the distribution cable that nms along the street or the lot line.

(3) Block Terminal
The block teImiDal is the interface between the drop and the distribution

cable. With aerial distribution cable, the block teImiDal is attached to a pole in the
subscriber's backyard or at the edge ofa road. Ifthe distribution cable is buried,
then the block terminal is contained within a pedestal.

(4) Distribution Cable

Distribution cable nms from each of the block terminals to the Serving
Area lntaiice (SAl), also called a "cross box" or SerriDg Alea Concept (SAC)
box or ccmnection. Distribution cable COIIDeCts the feeder cable with all customer
premjses within a CeDsus Block Group (CBG). The model usumes that each
CBG contaiDS one SAl, and that the SAl is placed ODe quarter ofthe way into the
CBG. Distribution strueIUre COIDpOIIaItS may ccmsist ofpoles, t:reDches and '
conduit. MaDholes DODDally are DOt used in distribution facilities.

(5) Feeder facilities

Feeder cable may be copper wires or optical fibers. Feeder cables exteDd
from the wire c:eDter to the SAls. The Hatfield Model assumes that there is a
stlDdard feeder ctistmce beycmd which optical feeder cable will be installed and
Digital Loop Cmier (DLC) equipmeDt will be used to serve subscribers.

Feeder structure components also iDdude poles, trenches and conduit.
Manholes are also ncmnally iDstaIled in conjunction with UD.derpoUDd feeder
cable. Manhole speciDg is a function ofpopulation deDsity ad the type offeeder
cable used. MaDholes iDstalled for UDdapouDd fiber cable are normally farther
apart than are manholes used with copper cables because the lightness and
flexibility offiber cable permits it to be pulled over lODger lengths than copper
cable. The costs ofstructure compoael Its are DQftDally shared 1ID0Dg at least three
utilities, e.g., electtic utilities, local excbanp companies (LEes) and cable
televiSion (CATV) operators.

5
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2. Interoffice Detwork description

This section describes generally network components at the wire center
and interoffice level. Figures 2 and 3 illustrate the relationships among· the
components described below.

...iiiiI:f e.-
Paintd.......
(POP)

Fipn 2 lDteroflic:e Detwork

Hatfield AaociateS, Inc. 6
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Fipre 3 SipaJml DetwOrk COlDpoDeDts

a) Wire e=ter

The wire CCDtCr is a location from which local feeder routes emanate. A
wire CCDtCr DODDIlly coD1aiDs at leut ODe E.Dd OtJice (EO) switch aDd also may .
contain a tlDdan office, a Sigaal Tnmsfer Point (S1P), an openatur tandem, or any
combiDation of these facilities. Vue center physical ficilitieS iDclude a buildiDg,
power and air conditicmiDg systemS, separate rooms housing switches,
transmission equipment, dislributiDg frames and en1raDCe facilities for interoffice
and loop cables.

b) Bad office switd1
The cmd office switch pmvides dial tone to the switched access lines it

serves. It also provides CODDeCtiODS to other ead offices via diIect tnmks, to
tandem switches via taDdan tnmks, aDd to openatur tlDdrms via operator trunks.
The model computes the Dumbers oftrunks for each route eccordiDg to input
traffic assumptiODS aDd the breakdown ofbusiness, residential, aDd public access
lines served by each end office switch.

7



Hatfield Model Version 2.2. Rei... 2

c) Tandem switch

Tandem switches interconnect end office switches via tandem trunks.
These trunks provide an alternate route for traffic between end offices when direct
routes are unavailable. The tandem also may route access traffic between end
offices and interexchange carriers' (!XC's) points ofpresence (POPs). Tandem
switching functions often are performed by switches that also perform end office
functions.

d) Signal transfer point

STPs route signaHng messages between switching and control entities in a
Signaling System 7 (SS7) netWOrk via signaling links between STPs and SS7
compatible end offices and tandems (called Service Switching Points "SSPs") as
well as Service Control Points (SCPs). STPs are equipped in mated pairs, with at
least one pair in each LATA.

e) Service switching points

SSPs are SS7-eompatible end office or tandem switches. They
communicate with each other and with SCPs through signaling links, which are
56 kbps dedicated circuits coDDediDg SSPs with the mated STP pair serving the
LATA.

f) Service control points

SCPs are databaleS residing in aD SS7 network tbat contain various types
of iDformation such IS IXC ideDtifie:ation or routiDg iDstructioas for 800 numbets
in regioDal 800 databases aDd customer line iDformation in Line Infmmation
Da1:abases (LIDB).

B. OVERVIEW OF MODEL ORGANIZATION

Figure 4 shows the relatiODShips among the various modules contained
within HM2.2.2. An overview ofeach component module follows.

Hatfield Aa8ociat8s, Inc. •
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Fipre 4 Hatfield Model Orpajzatioa Flow Chart

1. BCM·PLUS loop iDplit data me
The BCM-PLUS input data for the model paaally~ ofthe origiDal .

BCM stare-by-state worksheets filed with the FCC.11 The input household counts
in each CBG (which in BCMl were derived from 1990 Census Bureau data) have
been replaced with 1995 household coUD1S esrimMed from more recent Census
Bureau daIa. A$ the followiDg section discusses, HM2.2.2 modifies these aCM·
PLUS daIa in sevaal sipifiClllt ways.

2. LiDe COlIVerter Modale

The model calculates all aetwork costs on a per tiDe bIsis, thus it must first
determiDe the totIllCCess !iDes ofall types witbiD each CBG. t'be Line Ccmverrer
Module 1r8DSforms the Ceasus data iDcluded in the BCM·PLUS iDput data files
(which contain only household COUlllS for each CBG) into totalliDe counts by

Tbese..In for all_except AIIIb. WbiJe dae peniDtat..for AIIIb In iDcluded wiIb
BCM2, me BCM2 spaasars have placed men iesaiaiYe 1Ii'IIIS iD dae BCM2 liCI'DIC......
at prohibit die arc ofdlese cilia far anodetin, ale bIre.

I
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customer type. The Line Converter Module performs this function while
recognizing that residential subscriber penetration is less than 100010, that some
residences contain second lines, and that business, public, and special access lines
need also to be added. The module adds these latter line types based on' other of
its input data that indicate the number ofbusiness employees in each CBG. These
line number calculations, which are performed on a CBG by CBG basis, are also
required to accord with the number oflines that the incumbent LEC (ILEC)
reports for the study area ~ ARMIS.

3. BCM-PLUS Data Module

The Data Module computes the distribution and feeder cable lengths
necessary to serve each CBO and determines facilities placement difficulty
according to geological parameters included in the BCM-PLUS input data.

4. BCM-PLUS Loop Module

The Loop Module estimates cable investments in each CBO according to
the distribution and feeder lengths calculated in the Data Module. The module
selects either fiber or copper feeder cable according to a user-adjustable parameter
that specifies the feeder~ beyond which fiber is to be installed. The
module then determines the size of copper or fiber cable requiJed to serve each
CBO according to user-adjustable maximum engineered fill levels for each
population density range. Once the module has detemlined the required types and
sizes ofcable, it computes the to1al investment in feeder and distribution cables.12

5. Wire CeDter Module

The WJre Center Module computes investment in wire centers, switemng
(including eDd offices, tandems, and operator 1aDclems), sipHng, and interoffice
transmission facilities. It uses tiDe toUI1s by type IC1'OSS all CBGs served by the
wire center, along with user-adjustable traftic inputs, to estimate requiJed
switching capacities.

The model determines switching aDd interoffice capacity sufficient to
serve all demand in the service area studied. HM2.2.2 derives its switch
invesbDeDt estimates by~ data on typical per-line prices paid by BOCs, OTE
and otheriDdepaldeDts,13 and data from Table 2.10 oftbe FCC's Statistics of
Co7l'UJlJmications Common Camers, which provides the average number of access
lines served by existiDg LEe switches.

A Jarer modDJe, !be Caaverpace Module, Idds mWSUDl:ll' far p1Iccmlllt ad -muczure" (CODduit,
poles, lI'fI!DChina. ad mIDholes), IS weD IS GIber COID»OD'""S, indudin. SAJs, 1I:nDiDa1s, splic:es,
subscriber drops aDdNlDs.

See u.s. CatrtlJ~ Eqrdpm#rnt MtvitJlt - /994, McGmw·HDL

HatfieldAuoc~ Inc. 10
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6. Convergence Module

The Convergence Module combines output of the Loop Module (loop
cable investments) with that of the Wire Center Module (per-line wire center and
interoffice investments). The Convergence Module also adds investment in SAIs,
buried, underground and aerial cable placement, terminals and splices, drop wires,
NIDs, and structure components including poles, conduit, and manholes. ~ut
from this module contains total investment for all plant categories by density
range.

7. Expease Module

The Expense Module uses output from the Convergence Module to
produce monthly costs ofUnbundled NetWork Elements (UNEs) and basic local
service. These costs include the annual user cost ofcapital for network
investment (e.g., depreciation, mum, and tax on return), network opaating and
maintenance expenses, and other per-tiDe expenses incun'ed by UCs in the
provision of local service and UNEs. This module uses investment, revenue and
expense data relationships that are available from ILEC ARMIS reports and
allows the user to set different economic lives for various plant categories as well
as adjust capital strueture parameters.

C. MODULE DESCRIPTIONS

1. BCM·PLUS lapat Data FOe

BCM·PLUS iDcludes iDput data files orpnized by state. Each Slate file
comaiDs a Jist ofdult..·s CBGs. CBGs lie asumed to be served from the neateSt

existing wize .ceater.14 Each CBG appars IS a sej&ate record in a Microsoft Excel
7.0 spreadsbrtt, aad each nx:ord iDcludes a set ofgeometric panmeters describing
the physical reJ8limsbip (distmce aDd dimclion) betweeD tbe ceata' ofthe CBG aDd
the wire CCDIer .w.a it The data also COIdaiD certain pologicalt*ameter'S
'SI"'ietecl with the CBG tbat iDdicm bed10ck depth, bedrock bardDess, and soil
type.15 The iDput cilia file also Mnlajns the esrimated number ofhousebolds in each
CBG IS of 1995.

Becm_ wire callIS .. IIIOC..... widl specific IIIIpboDe OIDpaies, cbemodeJ may be rua CII1 •
~bais.

S1udies of1be effec:Is of1bele pit.....GIl Ibe.....ofp.....diflic;gtly Ibow dill1be
.pII'EleIm aft'ect ovenll resuhs aaIy sJiIbdy. 1be HN2.2.2 CaavIrpDce Module paduces much
more accmate esrimlleS ofpllalDeDt iImIaDeat widl~ iapaIi dIaD did the CJriIiDal
BCM wi1b iii IIDdocIllDGlted iDput·",..ptiaas. As Dead ill 1be aaa, boweYer. HM2.2.2
(continued)

11
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a) Overview

HM2.2.2 engineers loop facilities for residence, business, public and special
access lines. As shown in Figure S, the Line Converter Module calculates total
access line counts for each CBG, as well as overall line totals for use in the BCM
PLUS Data Module and the Wue Center Investment Module. The Line Converter
Module replaces the household count in each CBG with estimated total access lines,
including business, public, special access, aDd fust and second residential lines.
This allows the BCM-PLUS Loop Module to calculate the sizes offeeder and
distribution cables required to serve the existing demand

b) Description of inputs and assumptions
The Line Converter module uses access line demand data from the

~! Data Reports, ARMIS 43-08, submitted to the FCC annually by all Tier
1 LECs.1 HM2.2.2 thus incorporates the following data.

• Residential access lines, both 8IJI1og aDd digital. These totals
measure all residential switched access lines, including flat rate (IFR)
and measured rate (lMR) service.17

• Business access lines, including analog single line, analog multiline
and digital. These totals include flat rate business (IFB) and
measured rate business (1MB) single lines, PBX trunks, Centrex
lines, hotellmotellong distance tnmks aDd multi-line semi-public
lines.II •

• Special access tiDes, including analog IDd digital. These totals
include dedieatecllines c:cmnectiDg eM users' premjses to an IXC
POP, but do not include intraLATA private lines.19

ma- feeder IDCl diSIribatioD Clble -JIbs ill dle .,.....ee ofsbaUow bedrock or rocky soil
types far I'OII1iD& of fIci1ities II'oaad __ widl ctifficult pll&:lllDlIIt caaditioas.

§!!, bpon:iDc R8quiremeDIs for Cer1IiD Class A IDd Till' 1Telepbaae COIIIpIDies (Pans 31, 43,
67 ad 69 ofdle FCC's RIlles), CC Doc:Icet No. 16-112, 2 FCC Rc:d 5770 (1917) (ARMIS Order),
modified OIl recalL, 3 FCC llcd. 637S (1911). Tier 1LEes Ire those widl more 1bID $100 million
in IDDUa1 reVeDues from replar.ed services. This iDeludes over SO cmien.

RevisiOD ofARMIS USOA Report (FCC RIpon 43-02) for TIC 1Te1epbaDe COIIIpIDies IDd
ADDual Report Fann M, AM) 92-46, DA 92-14OS, releaed 0c:IDber 16, 1992, Appeadix C, at
FCC Report 43-01 -lepon DefiDiIioD for Table 5-3, pip 2-

Id. at 1-2.

Id. at 2-3.
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• Public access lines, which include lines associated with coin (public
and semi-public) phones, but exclude customer owned pay telephone
lines.2o

Fapre 5 Line CODVerter Module

jmJIS) t-tuIiDd CIl:lLI1S

~~brI-"

1. BCMA.LS'
2. Aft"iS lire tcIlD

Reihr.iilem""" B..~etias
CXIIpIBlIIIiIR*dm bycmlBSlm...."ie
eachCB:1 b __ lplCiIla::zzllt ml

piEbbllls

. .

c) Expbmation ofcalculations

In order to estimate loop plaDt iDvestmmt pioperly, the model must consider
the demand for all services, e.g., bnsjness, first aDd secoDd residential, special access
and public access liDes, within each CBG. Presumably, these serviee-specific
demand data are known to the !LECs at a wire center or fiDa' 1eYel. But because the
n.ECs have declared these dasa to be proprietary, abse:Dt Cmuniuion directive~
are not available for iDcorporaticm iDto HM2.2.2.21

The Line Convau:r Mociule uses ARMIS ICCeSS tiDe data to assist in
estimating to1alliDe COUDlS per CBG. To compute resideDtiaJ IiDes in each CBG,
the module multiplies the household count by the ndio oftotal reported resideDtial
access lines to total households. This ICCOUDtS for total household penebation and
multiple residential lines via a single average factor. The module sjmilarly

computes btJsjness liDes in each CBG by multiplying the DUIDber ofbusiness
employees in eICb. CBG by the ratio oftotal reported btJsinc=ss IiDes to total
employees in the study area. Special access m:l public IiDe calculations also are

20

%1

Jd. 112.

Same BOCs. ocabIy 1beSoadl~ BeD compenies, fanamy pablilbecl1bis iIIfonudaa for
use by meir iIIrIIracbIaae c:mier CIIIIDIDIn, but die JlI'ICdce ......eady bas ..." disc»ur;uued.
See. SouIbwestelD Bell.J~ c.:src..rl~ HIIndbook, Volume IV (EDd Office
Profile). 1917.
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based on business employee counts because both services are closely associated
with businesses.

d) Description ofmodule outputs and connection to next module
The primary output from the Line Converter Module is the Input Data File 

with household COUDts in each CBG replaced by total residential, business, special
access and public lines. The other data in the Input Dam File pass through the
module tmc:banged for eventual use by both the BCM-PLUS Data Module and the
Wue Center Module.

3. BCM-PLUS Data module

a) Overview
The SCM-PLUS Data Module uses Line Convener Module output to

calculate feeder, subfeeder, and distribution cable lengths. The BCM-PLUS Dam
Module uses the distance between each CBG and its sc:rriDg wire center, and the
area ofeach CBG, to estimate feeder and distribution cable lengths. In areas of
increased placement difficulty, gecerally those CBGs with sballow bedrock (within
one foot ofthe surface) or having rocky (e.g., "boulderyj soil types, the Dam
Module increases the caJcnlated feeder and distribution distaDces to allow for
routing offacilities arouDd these rocky conditioDs.

Fipre 6 Data Modale

II:5UM-PLUS input
file with 1EDI

jaccess tine ccunts
rCBG

b) Description of inputs and assumptions

The Dam Module bases its loop length calculations on the following
assumptions.

• Feeder cable extends from the wire center to an SAl located midway
between the edge and the center ofthe CBG.

• There are four main feeder routes that leave each wire center, with
sub-feeder routes placed at 90 degree angles from the main feeder
routes.

• Customer premises are spaced uniformly across a CBG.

Hatfield Associates, Inc. 14
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• Distribution cables extend from the SAl within the CBG to terminals

serving several customers' premises.

• A variable number ofequal-length distribution cables serve each
CBG. The area ofthe CBG determines the length ofeach cable, and
the CBG line density determines the number of cables.

A more detailed description ofthe model's feeder route design is contained
in the documentation to Release 1.22

.

c) ExplaDation of calculations

Distribution Disttmce - BCM-PLUS uses geometric relationships to
calculate distribution distances. The distribution distance is the average distance
between a customer premises and the SAl. The module calculates the average
distribution distance within a CBG to equal 0.625 times the length ofone side of
the CBG.

SAlplac.1M'" - The Data Module adds sufficient feeder cable to place
the SAl at a point midway between the CBG boundary and its center. This
approach comports with telephone company outside plant engiDeeriDg practices.

d) Outputs

The output ofthe BCM-PLUS Data Module iDcludes to1alliDe coUD1S per
CBG, alcmg with feeder aDd distribution cable leagtbs. Other pammeters iDclude
"cable multipliers" used iii a pmious version to estimIIe combiDed placemeDt
invesImeDt BeaaISe HM2.2.2 calC1I11!f$ sqaate1y cable placement and SIJ:UdUre

investmeats. these values are DOt used by BCM-PLUS.

4. BCM-PLUS Loop Mod1lle

This section discusses inputs and calculations in the BCM-PLUS Loop
Module.

a) Module overview
The BCM-PLUS Loop Module esDlTMI!es loop cable facilities iDvCiSlDle4t

for HM2.2.2. The Loop Module employs a "boUoms-up" netWork design pmcess
that uses forward-looking loop plaDt engineeriDg aDd planning practices, publicly
available information on COIDpODaIt prices, ad leut-eost cable siziDg algorithms
to estimate the outside plant invesImeDt appropriate to aTELRIC-based lDalysis.

See, DOle 4, i1rfra.

15
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Fip" 7 BCM-PLUS Loop Module

b) Description of inputs and assumptions

lDputs to the Loop Module include the per-foot investtnellt cost for copper
and fiber cable, the distaace at which fiber feeder cable is iDstalled, the number of
DS-Os that can be carried on a single fiber, and the number offibers required to'

feed a DLe remote terminal There are separate per-UDit investment tables for
distribution, copper feeder, and fiber feeder cables. These tables show the
assumed per-foot invesbDeDt for cables having different cross sections. The
default numbers in these tables assume discounted cable materials prices, along
with per-unit costs for installation, engineering, and delivery.

c) Inputs derived from the Da1a Module
The followiDa outputs from the Data Module are used as inputs by the

Loop Module.

F•.-and Distribution DistlInca - 'Ihese are the feeder, sub-feeder and
distribution lengths calculated for each CBG. The main feeder distaace (called
the "B" distaace in the model) for each CBG is e:xpzessed as the incremeDtaI
distance from the CBG to the CBG SCl'Yed by that feeder that is the next closest to
the wire center (the "B segment" length). The fODDula used to develop B segment
length is to first match the CBG with all od=s served by the same wire center
and within the same quadrant (i.e., OD the same main feeder route). The module

16
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then calculates the B segment length for each CBO by subtracting from its total B
length the total B length associated with the next CBO closer to the wire center.
Segmentation ofthe main feeder in this way allows the Loop Module to sim~
the tapering of cable facilities along the feeder route. -

The model also computes a "subfeeder" distance (called the "A" distance
within the model) which is the distance from the main feeder route to the SAl in
CBGs that are not astride the main feeder route.

d) User Specified Inputs

Because the Loop Module simulates the "bottoms up" development ofa
network, it requires several inputs specifying the type and purchase price for
copper distribution cable and copper and fiber feeder cable, as well as maximum
engineered cable fill factors that vary by density range. Becmue the actual prices
paid for these components may vary from carrier to carrier, these values may be
adjusted, ifappropriate, by the user. The model, however, contains HAIls best
estimates as default values for cable investment per foot and cable fill factors.
These default values for fill factors and cable investment per foot are as follows:

DeDsity ·Feededill Disaibation
(1inesIsq. mi.) fill

0-5 0.65 0.50
25 -200 0.7S 0.55
200 -650 0.80 0.60
650 - 850 0.80 0.65
850 - 2S50 0.80 0.70

>2550 0.80 0.75

Hatfield Aaoam., Inc. 17



HlltIield Model

Fiber feeder cable investment per foot
(mcluding engineering, delivery and

installation)

Fiber cable Investment per foot
size(straDds)

12 S2.9O
'18 S3.20
24 S3.50
36 $4.10
48 $4.70
60 S5.30
72 55.90
96 57.10

144 59.50
216 $13.10

Copperfeeder cable iDvestweut per
foot (incJucting enlineerin&

delivayaDdinsWlation)

Pairs in sheath Investu'ent per
foot

100 S2.50
200 S4.2S
400 $7.75
600 511.25
900 516.50
1200 521.75
1800 532.25
2400 S42.75
3000 5S3.25
3600 563.75
4200 574.25

V.rsion 2.2, R.I.... 2
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Distribution cable investment
per foot (mc:luding engineering,

deliveJY and iDstallatiOD)

Copper mvestmeDt
cable sizes per foot

25 51.19
50 51.63
100 52.50
200 54.25
400 57.75
600 511.25
900 $16.50
1200 $21.75
1800 $32.25
2400 542.75
3600 563.75

V....ion 2.2, R.I.... 2

Other user inputs are discussed in the feeder plant section below.

e) Distribution plant
This sectiOD examines colDpODeDtS of the distribution facilities. The

model assumes that all distribution cables serving a CBG are ofequallen.gth. The
Dumber ofdistribution cables per CBG varies by density range as shOWD below.

DeDsity (tiDesIsq. mi.) Number ofcab1eS

0-5 2
5-200 4

200- 650 4
650- 850 4

850-2,550 6
>2550 8

The Iarpr number ofcables serviDg hipdeDsity CBGs reflects the fact
that households will teDd to be distributed more UDifcmDly across deasely
populated CBGs than ICI'OSS less deDse CBGs. In addition, custome:r premises
plot sizes will be smaller. Lower Dumbers ofcables serving lower density CBGs
reflect the fact that customer premises will either be c:once:DtrI1ed along a few
roads, or clustered in towns rather than beiDg distributed UDifmmly.

Hatfield Asaodat8s, Inc. 11
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24

Mix ofaerial and undergroundplantfor distribution - Distribution
cables typically connect with the feeder netWork at one or more SAls and ron
along streets within a defined area. Distribution plant may be aerial (carried-on
poles), underground (placed in conduit), or buried (plowed directly in the ground
or placed in a trench without conduit). The proportions of aerial, underground
and buried cable are user-adjustable variables set in the Convergence Module.

Unit Costs for Distribution Cable - The def4ult cable investment figures
shown in the preceding table include discounted materials prices, engineering,
delivery to the site, and placement or installation.23 These costs are added to other
loop investments in the Convergence Module, described later.)

Fill Factors for Distribution Cable - The Loop Module permits users to
input values specifying the maximum engineered level ofplant utiJi7Jltion or "fill"
for distribution and feeder cable.24 Eugineered cable fills are always less than
10()OIcl in practice, with some spare pairs necessary to accommodate unforeseen
growth, breakage and line administration.

The effective fill :factors achieved by the Hatfield Model are even lower
than the engineered fill factors because the model requires that the next larger
available cable size be iDstalled to accommodate the engineered fill.

f) Feeder plant

Feeder cables extend along any offour routes from the wire center to one
or more points where they are cross-connected to the distribution DelWOIk.
Depending on required feeder capacity, distance or economics may dictate that
feeder be provisioned using various sizes ofcopper cabling, or fiber. cables in
conjlD1Ction with DLC systemS. The Loop Module assumes that a CBG will be
served with fiber-fed DLC equipment wheDever the feeder length exceeds a user
adjustable threshold value (the default is 9,000 feet); otherwise it assumes copper
feeder cable.

The user may specify the number offibers assigDed per DLC remote
termiDaL Tbe default value is four. Similarly, the number ofequivalent voice

PlIcemlllt iIlvesDlllllt emsjm ofpuJliq 1IDdeapGUlloll cable 1braaIb caadaicad IIIOUDq aerial
cable OD poles. It sboald DOlt be c:aafused wiIb die ICIIII1 "sIracIure" iD~esaDeIIt ill poles, ccmduit
and maholes, or ill die iluanatjcm ofsaucmre c:ompaneaIS

A cable fill facrDriepiUiUlS dle mao ofwarkiq IiDes (1DIISUNd ill tenilS ofvoice pade
equivaleDt dumaels or copper wire pIiis) 10 minimgm inJtalJed tiDe c:.pacity.

20
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circuits (OS-Os) that may be carried on this fiber may be set by the user. The
default value is 2016, or 3 DS-3s.

Mix ofaerial and undergroundplantfor feeder - These values are set in
the Convergence Module, as they are for distribution cable.

g) Explanation of calculatioDS

The Loop Module's calculatioDS include the following:

• Selection ofcopper or tiber feeder cable to serve each CBG according
to the user-adjustable threshold feeder distance (default is 9,000 ft).

• Sizing ofmain feeder segments to accommodate the cumulative
capacity requirements along the route.

• DetermiDation of the type and quantity offeeder facilities and
distribution cables to meet each CBG's capacity requirements.

Applying unit invest1M1II cons to estimate total invest1M1II in loop ctzbles 
• The fundamental feeder length calculatiODS, including the sharing offeeder
sheath by multiple CBGs lying on a common route,are essemiaUy unchanged
from those described in the Release 1 documentation. The BCM·PLUS Data
Module does, however, extend the SAl location into each CBG halfway to its
center.

The BCM·PLUS Loop Module computes distribution cable leDgtbs as
0.625 times the length ofa side ofthe CBG. The number ofcables serving a CBG
varies according to the CBG's density range, as described in the Data Module .
discussion above. The Loop Module sizes the distribution cables according to the.
specified till factor and number ofcables in each CBG. .

h) Description ofmodel ourpu1S

The Loop Module produces total iDvestmeDt by CBG for distribution and
feeder cable. The Loop Module's "costing" worksheet contaiDs these investments
aDd is seat to the Convergence Module to deteJmiDe overall networlc investment.

5. Win Ceater brt'eltllleat Modale

a) Overview
This Module produces network invesb:ileilt emm"""S in the following

categories:
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