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Switching and wire center investment - This category includes investment
in local and tandem switches, along with associated invesanents in wire center
facilities, including buildings, land, power systems and distributing frames.

Signaling network investment - This includes investment in STPs, SCPs
and signaling links.

Transport investment - This category consists of investment in
transmiS$ion systems suPPorting local interoffice (tandem and direct) trunks,
intraLATA toll trunks (tandem and direct) and access trunks (tandem and direct).
The model also separately calculates investment in operator trunks.

Operator Systems investment - This includes investments in operator
systems positions and operator taDdems. The module allows the operator
positions to be located at a distance from the operator tandem.
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Fipn I Wire Cster Module

b) Description of inputs aDd assumptions
For the wire c:emer module to compute required switehiDg aDd

transmission UrveslDieDtS, it must have IS iDputs totalliDe COUDtS for each wire
center, iDteroflice disblaw:es, trafIic peakedaess assumptions, as well as iDpuIs
describiDg the distribution oftotal traffic 1IIlODg1ocal imnIoflice, local iDteroflice.
intnLATA toll, ildetexdumge access aDd Opeiatol services. This module takes as
data iDputs cmnIlliDe counts obtaiDed from the Line Converter Module and
iDteroflice cIistauc:e5 for the calculation of1I'nsmission facilities investment.2S

The HM2.2.2 iDcludlla _ of iaaofBc:e d--=e cakn..... produoed tram win CIIdIr loc:ItioD
iDfanudaD tram BeUcore's Local EwoJwnp RaatiDI Guide (LERG). Berl... AT&T his DOW

pjDed a sire IiceDIe for 1IIe of1bele dill, .-s oflbe HII:fieId Model DO Iaapr need to obraiD
their own copies ofllle LERG.
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There are many user-adjustable input assumptions in the Wire Center
module. The following sections discuss these assumptions, and Appendix C
includes additional tables showing all of the default values for the module's input
parameters.

c) Traffic assumptions

Many ofthe calculations in the W"Jre Center module rely on traffic
assumptions suggested· in Bellcore documents.26 These inputs, which the user
may alter, assume 1.3 busy hour call attempts (BHCA) perresidentiallinc and 3.5
BHCA per business line. Total busy hom usage is then derermined based on
published Dial Equipment Minutes (OEM) information. Other inputs, which may
be changed by the user, specify the fraction oftraffic that is interoffice, the
fraction oftraffic that flows to operator services, the local fraction ofoverall
traffic, as well as breakdo'WDS between direct-routed and tandem-routed local,
intraLATA toll, and access traffic. Appendix C contains tables showing the
default settings for these parameters.

d) Explanation ofcalculations

The following sections describe the calculatiODS used to generate
investments associated with switching, wire centers, interoffice traDsport,
signaling and operator systems iimctiODS.

(1) Switching invesbDeDt calculations
The Module places at least one end office switch in each wire center. It

sizes the switches placed in the wire center by adding up all the switched lines in
the CBGs served by the wire center, then colDpIRS this line total to the maximum

allowable switch line size. This parameter is user-adjustable, but its default
setting is at 100,000 lines with a fill factor of0.80, yielding a maximum effective
switch line size of80,000. By default, the model will equip the wire center with a
single switch ifthe number ofswitched access lines served by the wire center is
no greater than 80,000. Ifa wire center serves 90,000 !iDes, the model will
compute the investment required for two 45,000 line switehes.27 The wire center

module also compIleS the BHCA produced by the mix ofliDes served by each
switch with auscr-adjustable pI'lXeSsor capacity (default set at a maximum of
600,000 BHCA) to detem1ine whether the switch is liDe-limited or processor real
time-limited.

Bell CommIlDic:alioas BIll ueb, UTA SwiIdritIc~a...nc /WqIIirM...a. Scticm 17:
Tnzffic Cilptlcily tIIIIiElwit'onJlrat, TIl-TSY-OOOS17, laue 3, MIrcb. 1919.

Ifmulliple swi1cbes .-e required in die wire cadIll'. 1bey .-e siDd eqaally 10 allow for lDIXimum
growth OIl both switches.

Hatfield Auocaas, Inc.
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Once the model determines the end office switch line size, it calculates the
required investment per line from an investment function that relates per-line
switching investment to switch line size. The data defining this function were
obtained from apublicly-available study ofthe central office equipment market
published annually by McGraw-Hill.21 This study shows the average investment
per new line ofdigital switching paid by BOCs to be 5102, and by independents
to be 5235, in 1995.29 The model combined these figures with average BOC
(11,200) and independent (2,761) switch line sizes derived from data published in
the FCC's Statistics ofCommuniClllions Common Carriers, along with
information on much larger switches obtained from switch manufacturers to
develop the complete investment function.30 The above per-line investment
figures are for the entire end office switch, including tnmk ports. These
investment figures are then reduced by 516 per line to remove trunk port
investment that will be accounted for in the module's 1rUDk calculations. Figure 9
shows the resulting investment curve.

Nonbem BusiIIeIs lIlfanDIIiaIl SIUdy: u.s CatnIJ 0JIi«~....Milt'IrM - I99S, McGraw
Hill.

These per-tiDe avenp prices iepi-.at iP...... eMIl' III types ofswiIdIiD&, iDcludiq remaIe

swiu:bDIc syIIIIIIS, hosIs,lIId SIIDCHIaae lad o1Iice swildles. 1brauIb1bis sc:aIiD&. die switcbiD&
iDVesDDeDt carve dws iepiesems 1""F'«i:I1ly die c:osI ofdle PaIp profiJe ofremore. bast, IDd
SCIDd-aJoac applicllioas of lad office switdIes.

Federal C:CWI'iI'lmjClrioas CmnjnioD, Sttm#icrtJ/~ee-.c.. Ciln'ien, Tables
2.3 IDd 2.4. 1994 edii:ion.

Hatfield Aaoci8tea. Inc. 25
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Fipre 9 SwitehiDC iDvestIDeDt eu"e

The wire center module uses existiDg tandem and end office wire center
locations for computing interoffice transmissiOD investments. A preprocessing
step, relying on licensed LERG data, produces end offiee-to-umdem, end office
to-STP, tandem-to-STP, and STP-to-STP distances in a table that then is used by
the module to estimate interoffice transmission facility investmeDtS. The module
computes investmeD1S for end office and tandem "A" signaling links, "C" .
signaling liDks betweeD the STPs in a mated pair, and it esrimares investments in
"D" signaling link segments that an intereonnectiDg carrier such as an IXC may
lease from the !LEC.

Taudem aDd opeIator tandem switching investmen1s are computed
accordiDg to ISsnmptiODS CODtJrined in anATetT report on interexchange capacity
expansion costs filed with the FCC.31 The investment calculation assigns a price
to switch "common equipment," switcbiDg maaix aDd CODtrOl structure, and adds
to these amounts the investment in 1l'UDk iDterfaces. The numbers of trunks and
their related investments, are derived from the transport calculatiODS described
below. The module recognizes that a significant friction of local tandems also
perform end office switching functions, aDd the inputs allow the user to vary the

ATetT, "All UpdaIIld IIUdy ofAT&:Ts CcAapciIIDIi c.p.ciIy to AbIarb Rapid 0aDaDd Growd1,"
filed wiIb the FCC in CC Docat No. 79-252, April 24, 1995 r AT&:T c.p.eiIy Cost Smdy").

2&



Hatfield Model V.rsion 2.2. R...... 2

sharing of tandem common equipment with end office use. The default sharing
value is 4001ca.

Wire center investments required to support end office and tandem
switches are based on assumptions regarding the size of room required to house a
switch (for end offices, this size varies according to the line sizes of the switch),
construction costs, lot sizes, land acquisition costs aDd investment in power
systems and distributing frames. The default valUes are shown in Appendix C.

The model computes required wire center investments separately for each
switch. For wire centers housing multiple end office switches, the wire center
investment calculation adds switch rooms to house each additional switch.
Tandem wire center calculations assume the maxjmum switch room size, and
further assume the tandem will reside in a wire center that contains at least one
end office switch.

(2) Transport calculations
The traffic and routing assumptions listed above, alcmg with the total mix

ofaccess lines served by each switch, fann the basis for the model's transport
calculations. The model determines the overall breakdown oftraffic per
subscriber according to the traffic assumptions aDd computes the numbers of
trunks required to carry this traffic. These calculations are based on the fractions
of total traffic assumed for interoffice, local direct routiq, local tandem routing,
inttaLATA direct aDd taDdem routing and access direct aDd tlDdem routing.
These traffic fractions Ire applied to the total traffic geDeiatee1 in each wire center

according to the mix ofbusiDess &lid residential lines aDd appropriate per-line .
offered load assumptiODS. These tnmk loading assumptions include a user
adjustable maximum trunk utiJjDrion of27.s CCS in the busy hom.32

The distance pteprocessing calculations estimate interoffice distances
using existing wire center and tIDdem locations. The calculation assumes
rectiliD.ear routing between end offices aDd tJmdtms, and between switehesand
STPs. The resulting distaDces are greater thaD iftbey were calculated as airline
mileage.

Avenae direct-route distances for lOCI!, iDtraLATA aDd access traffic are
set as user-defiDable inputs. It is DOt possible to compute these values from wire
center locations because exiJtina exchnp area definitions detamine whether
routes will carry lOCI!, iDtraLATA toll, or ICCeSS traffic. In addi1ion, the locations

The 27.5 CCS value is baed em III AT~Testim- of'1DIXim1llll perUUDlc utjliDri"ll. See,
ATAT c:.p.eiIy Cost SIudy.

Hatfield~, Inc.
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ofIXC POPs may not be publicly available. Becau5C ofthese factors, the default
distances for direct transport are 10 miles for local routes, 25 miles for inttaLATA
routes, and 15 miles for access routes. The user may alter these values.

The model contains explicit transport facilities investment calculations to
produce both termination and per-mile investments, each expressed per D5-0 (a
64 kbps voice-equivalent circuit). The assumptions underlying these calculations
include the facilities capacity expressed at a default SONET transmission rate of
OC-12, multiplexer installed price per end, regenerator spacing and investment,
buriediundergrolD1d1aerial compositi~ manhole spacing and investment, pole
spacing and investment, along with ancillary investments such as splicing, optical
patch panels, and "pigtail" (short ccmnec:torized fibers between strands in the
cable and the optical patch panel) investment. Interoffice investment calculations
also include a"sharing" factor that accounts for the sharing of structure used by
feeder and interoffice facilities. This eliminates double-coUlrting ofstructure
between feeder and interoffice routes. The amount ofsharing, expressed as a
percentage of interoffice route miles, is a user-adjustable input. The default value
is 25%.

(3) Tandem switch calculations

The module scales the mestwent in tandem switch common equipment
according to the total number of tandem tnmks computed for the study area. By
doing so, it thus avoids equipping maximum-eapacity tandems whenever a LATA
is served by multiple tandems. The c:alcuJations also recognize that a significant
fraction oftaDdems in practice are "Class 4/5" offices that serve both tandem and
end office functions. A sharing friction may be set by the user to reflect the I

incidence of such dual-purpose switches.

(4) Signaling network calculations

The Wue Center Module uses the pleprocessed interoffice distances to
compute signaling liDk investment for end office and tandem A links, C links
between the STPs in a mated pair, aDd D link segments. The inves1:ment per link
mile is the same as the computed per-DS-O investment described above.

The model always equips at least two signaling links per switch. It also
computes required SS' message traffic accordiDg to the call type and traffic
assumptions described earlier. User inputs define the Dumber and length oflSDN
User Part (ISUP) messages required for interoffice call control. Default values are
six messages per interoffice call attempt with twenty-five octets per message.
These values are those assumed in the AT&T Capacity Cost Study.

Other inputs define the Dumber aDd leDgth ofTmsacrion Capabilities
Application Part (TCAP) messages required for database lookups, along with the

Hatfield AAociat8s, Inc. 21
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percentage of calls requiring TeAP message generation. Default values, also
obtained from the AT&T Capacity Cost Study, are two messages per1raDS8Ction,
at 100 octets per message, and l00A. ofall calls requiring TeAP generation:. If the
message traffic from a given switch exceeds the link capacity (also user-adjustable
and set at 56 kbps and 40% occupancy as default values), the model will add links
to cany the computed message load. The total link distance calculation includes
all the links required by a given switch.

STP capacity is expressed as the total number ofsignaling links each STP
in a mated pair can temdnate (default value is 720 with an 80% fill factor). The
maximum investment per STP pair is set at $5 million, and may be changed by
the user. These default values derive from the AT&T Capacity Cost Study. The
STP calculation scales this investment based on the number of links the model
requires to be engineered for the study area.

SCP inves1ment is expressed in terms ofdoUm ofinvestment per
transaction per second. The 1rIDSICtion calculaUon is baseci on the fraction of
calls requiring TCAP message generation, The total TCAP message rate in each
LATA is then used to determine the total SCP investment The default SCP
investment is $20,000 per tnlmaCtion per secoad and is baseci on anumber
reported in the AT&T Capacity Cost Study.

(5) Operator systems calculations

Operator umdem and trunk requitezoo liS are baseci on the operator ttaffic
fraction inserted by the user into the model and on the overall maximum trunk
occupancy value of27.s CCS discussed above. Opeiator tandem investment .
assumptions are the same as for local umdems,

Operator positions are assumed to be based on current perscmal computer
terminal tflClmology. The default operatorposition investmellt is S35oo. The
Model iDcludes assumptions for maximum operator "occupancy" expressed in
CCS. The default assumption is 1bat ach position caD. be in service 27.5/36 of the
busy hour. 'Ibis value is related to the maximum tnmk occupancy assumption
described above. Also, because IDIIIY openmr services tmditionally baDdled by
luJID'" ope1ators may DOW be served by IDIlOUIICC1DCDt sets and voice response
systems, the model includes a "human intervention" factor 1bat reflects the
fraction ofcalls that teqUire human opaator .ssistlnCe. The default factor is 10,
which is believed to be a conservative esrimate. (A factor often implies that one
out often calls will require human interveDtion).

6. CODVerpDce modale

The Convergence Module combines tbe loop cable inwstments produced
by BCM-PLUS with the wire center, switchiDg, transport, sigmtling and operator

21
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systemS investments calculated by the Wire Center Investment Module. The
output ofthe Convergence Module is the complete collection ofnetWOrk
investments stated by density range for use by the Expense module.

The module adds sttueture investment to the loop cable investments
produced by the Loop Module based directly on the number ofsheath miles of
cable to be installed. The previous version ofthe Hatfield Model relied on BCM
estimates ofloop structure components which were calculated by applying "cable
multipliers" to loop cable investment. The cable multipliers produced estimates
of structure that varied directly with cable investment In some cases, the
strueture estimates per unit length were unacceptably low. The multiplier
approach also improperly made structure investment a function of cable materials
price discounts.

In Release 2, the Convergence Module includes user-defined inputs for
conduit investment, pole investment and spacing, manhole investment and
spacing, trenching and direct burial investment, and breakdowns of aerial, buried,
and underground cable. Although the Loop Module cable investment inputs
include values for aerial and underground cable, where buried cable is required
the Convergence Module adds an incremeDtal amount per foot to represent the
increased investment in armoring tbat is cbuacte:ristic ofcable intended to be
directly buried. The default assumptions, which vary by density range, appear in
Appendix C. There are separate sets ofdefault inputs for disttibution, copper
feeder and fiber feeder facilities.33

The following tables display the default values for structure type:

DistnDulicm.S1nJctDre

Deasity R.mge Aaial Bmied UDderground
Faction Faction Fraction

0-5 0.50 0.50 -
5 -200 0.50 0.50 -

200-650 0.50 0.50 -
650- 850 0.50 0.50 -
850-2550 0.40 0.50 0.10

>2550 0.65 0.05 0.30

The HM2.2.2 CoD~t:rpDCe Module sdll performs caIIiD~ c:aJcIJIMjons. These were
origiDa11y iIlcluded ill 1bis module to e:amc:t deficieDcies ill 1be iDiIial BCM loop calculadoas.
HAl his chosen to keep Ibese acfctiriaaIJ c:aJe"ladoas in 1be Coaverpm:e Module eva after 1be
incorporatioD. ofBCM-PLUS iDto HM2.ll.

Hatfield Aaoc...., Inc. 30
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Copper Feeder Structure

Density Aerial Buried UndergroUDd
Fraction Fraction Fraction

0-5 0.50 0.45 0.05
5 -200 0.50 0.45 0.05

200 - 650 0.50 0.45 0.05
650- 850 0.40 0.40 0.20
850 - 2550 0.10 0.10 0.80

>2550 0.05 0.05 0.90

Fiber Feeder Structure

Density Range Aerial Buried Undagmund
Fraction FrIction Fraction

0-5 0.35 0.60 0.05
5 -200 035 0.60 0.05

200- 650 0.35 0.60 0.05
650 - 850 0.20 0.60 0.20
850 - 2550 0.10 0.10 0.80

>2550 0.05 0.05 0.90

The Convergence Module adds several compcments to the loop cable
investments produced by the Loop Module: NIDs, SAIs, terminals and subscriber
drops. The drop and tamiDa1Isplice values are added for each tiDe directly. The
model computes one NID per household aDd one NID for every four (a user- .
adjustable value) buwness tiDes. The default per-unit investments are $30 for the
NID (obtained from discussioDs with subject matter~); $40 far the drop
(taken from the New England Telephone 1DciCmcntaJ Cost Study~, and S35 for
the terminal and splice.

The SAl iDvestmeots depead on whether copper or fiber feeder cable feeds
a pll'ticular CBG. Ifthe feeder cable is copper, the SAl is a simple cross-connect
azrI.I1PIDeDl This mangement's invesanent is obtaiDed from a table listing SAl
installed prices by totalliDes served. For optical feeder cable, the SAl consists of
an optical patch pacl for cowectiDg the cable to the remote tenDiDal, along with
an associated CI'OSS-CODDeCt for CODDeCtiDa the subscriber loops to the analog side
ofthe remote temIiDal. Investment assumptioDS for both types ofSAls iDclude
engineering, ahousiD& and site prepara1icm., alcmg with Mm!DOI1 equipment and
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per-line inveS1ments in channel units. A separate fill factor applies to the number
oflines served by each set of common equipment.

Structure investment (i.e., poles, conduit, trenches, and manholes)
generally are shared among utilities, typically LECs, CATV operators, electric
utilities, and others, including competitive access providers (CAPs) and IXCs. To
the extent that several utilities may place cables in common trenches, conduits or
on common poles, it is appropriate to share the costs ofthese structure items
among them. Because the Convergence Module reports investments in differ=t
structure separately to the Expense Module, the user may select the fraction of
each type ofdistribution and feeder structure investment that should be assigned
to local telephone service.

The Convergence Module also adds investment for integrated DLC
equipment. Inputs include site and power, common equipment, and per-line
investment in channel units. The module allows two types ofDLC eguipment as
described in the Release 1 documentation: TR-303-compatible SLe·-2000
equipment, used in all but the lowest density ZODe, and proprietary equipment
manufacturecl by Advanced Fibre Communications, aCalifomia company, in the
o-S lines per square mile range.

The Convergence Module produces investments in the following
categories for each ofthe six density ranges:

• Distribution (aerial, buried, and underground copper cable and
associated structure)

• Ccmcemration (DLC remote t=miDal and associated investment in
power, site Piepaation, and housing)

• Feeder (aerial, buried aDd UDderground fiber and copper feeder cable
and associated structure)

• SwitchiD& (end office aDd tandem swi1chiDg investment)

• Wue center (end office and tandem wire center investment)

• Operator services (operator tandem switc:hjng, tandem wire center,
trunks and operator positions)

• Transport (common and dedicated)

• STPs

• SCPs

• Signaling links

• NID, drop, t=miDal and splice, and SAl

32
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In addition, the Convergence Module output sheet summarizes line and
trunk counts, and passes other parameters, such as tandem routing fractions and
DEMs, to the Expense Module. Line counts include residential, business, special
access and public access lines, and the module also reports households in each
density range.

7. ExpeDse Module

a) Overview

The Expense Module provides per-line and per-month cost snmmaries for
each unbundled network element defined by the model, and for basic universal
service. It does so by calculating capital cmying cost, OpelatiDg expenses,
netWork operation expenses, and attributable sapport expenses for each ofeleven
UNEs plus public telephone terminal equipment.

The Expense Module uses the output ofthe ConverpDce Module to
capitalize the investments needed for each UNE aDd the per-1iDe investments for
basic universal service. The module requires iDvestmeDt, revenue aDd expease
data reponed by individual LECs in their annual ARMIS repons. The Module's
other required inputs are capital structure parameters (e.g., debt/equity ratio, costs
of debt and equity) as well as the total uetwork investment produced by the
Convergence Module.

The Expense Module uses ARMIS data to calculate sevaal expeme-to
investment ratios to be applied to the investments in difIenmt plant categories as
computed by the model. It also uses estimates ofLEe revenues, tax rates, costs
ofdebt aDd equity and economic service lives for various types ofuetwork
equipment"

This section describes the inputs aDd assumptiODS ofthe Expense Module,
includiDa ARMIS data, capital structure parameters mel expeuse factors built into
the module. It also explaiDs the calculations used to determine capital costs mel
OpeiatiJJg expenses

Hatfield Aaoc..... lnc. 33
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Investment by
ARMIS-Based Expense Factors Networtc Element

Network: Expense Investment Factor DropINlD
Customer: Expense Unes Factor Distribution

FeederJDlC
End 0fIice
10 Transport
SS7

Study-BuecI Expense Factors Opemor Positions
Expenses

Variable Overhead Factor II-

Other Tax Factor

Capital Costs FactDr'
COlt Of CiPimI
CostofOebt
DebtJEquity R8tio ~ Capital Canying Colts
Economic Lives
Income Tax Rate

1 1
Costs of basic universal service Colts of Baic Network Functions
Expressed by density range and 1. Loop Distrtbutian
including suitable varilble overhead and 2. Loop CoI1C8i ib idUrlMuItipIexer
grossups for taxes and retail 3. Loop Feeder
uncollectibles: 4. End Office Switching
Loop 5. Dedicatlid Transport
Port 6. Common Transport .
EO usage 7. T81dem Sw1tctdng
Signaling 8. SigneIing Links
Total per density range 9. SigMI Transfer Points
Total required subaidy by density range 10. Service Control Points
with user-settable price 11. 0peraIDr Systems

YJIIIft 18 Expeue Module

b) Description ofinputs aDd assumptioDS

(1) ARMIS data
The ARMIS data used in the Expease Module iDclude investment aDd

opemtiDg expenses aDd rev=ue5 for a given local cmier aDd state. These data are
used to derive the total investmeDts, expeuses aDd reYeDUCS for each tINE. The

Hatfield Aaoc...... Inc.
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investment, expense and revenue categories are listed below, and described in
detail in the Calculations section.

(a) plant specific operations

• end office and tandem switching - digital switching, operator
systems

• transmjssion - circuit equipment, transmjssion

• information origination and termination - public telephone,
terminal equipment

• cable and wire facilities - poles, cable, conduit

(b) plant non-specific operations

• provisioning

• power
• plant operations

• netWOrk admiDistration

• testing
• general support equipment - land, buildings, vehicles.

furniture, office and other equipmeDt

In addition, ARMIS data include local netWork service revenues by the
following categories:

• access revenue - cad user, switched aud speciaI access revenue

• basic service rewnue

• long clistaDce netWork revenue

(c) Capital structure pmmeters

1bc Expense Module zequUes capital structure parameters to calculate the
cmicr's Weipteet Average Cost ofCapital (WACC), wbich is a discount factor
UIed to raJcnJIte capitalized costs ofUNEs aad basic local service. Parameters
required are for the carrier's debtlequity ratio, cost ofdebt, aDd cost ofequity.

(d) Factors built into the expense module

1bc module uses a number ofratios aDd factors to calculate memth1y per
line loop aDd annual switehiDg costs. These &ctms are explained in detail in the
Calcu1atioDS section.

(e) Other user inputs

3S
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There are several explicit user inputs to the Expense Module, including
economic lives by plant category, variable overhead factor, forward-looking
Network Operations expense reduction factor, similar forward-looking expense
factors for switching and circuit equipment, other taxes (principally franchise.
fees), and structure assignment factors. The model uses the latter to assign
strUCtUre investment to telephone subscribers. Generally, plant structure (conduit,
poles, and trenches) will be shared by several service providers. The structure
assignment parameters in the Expense Module allow the user to vary the amount
of st:rueture investment for aerial, unclerground, and buried feeder and distribution
facilities assigned to telephone users. The default value is 0.33 for all categories.

Other user inputs include an explicit value for the monthly cost per line for
local number portability (set at a default ofSO.2S/lineImonth), a quantity used in
estimating basic local service monthly costs. There is also amonthly factor of
SI.22 per line that accounts for bill generation and bill inquiries relating to basic
local service. The model includes a value for the NID's annual maintenance
expense, the default is 53.00 per NID. There is an input for cmier-to-carrier
customer expense, set at 51.56 per line per year, which is used in the
determination ofUNE costs. This default value derives from Tier 1LEC
expenses for servicing the access accounts oftheir IXC customers reported in
ARMIS 43-04 for 1995.

Appendix C shows all user inputs to the Expense Module.

c) Explanation ofcalculations

The Expense Module is driven primarily by the calculated annual capital
cost and operating expenses of the CBrrier(s) UDder study. All costs are
summarized for each ofthe eleveD UNEs. The algoritbms used to determine these
amounts are described below.

(1) Capital costs

The model calculates annuaJ capital cost for each UNE based on the net
plant investweut, the expected service life (depreciation), the return on the net
asset IUd the grossed-up income tax on the return ofthe net asset. The model
assumes stIIight-line depreciation and assumes that cash flows are in a:nars (i.e.,
return from assets, tax gross-ups and depreciation are applied at the end ofeach
year).

The WACC, the capital structure, IDd the cost ofdebt aDd equity must be
provided for the modeled entity. Based on these data, the model calculates the
investments required for each UNE. The model tbm determines the appIopIiate

leve1ized monthly cost of these invesbDel1tS based OIl the economic lives for each
oftheUNEs.
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(2) Operating Expenses - General
Operating expenses are derived from historic expense factors which are

calculated from balance sheet and expense account information reponed in
carriers' ARMIS reports. These expense factors are applied to the investments
developed by the Hatfield Model to determine associated operating expense
amounts.

Certain expenses, particularly those for netWOrk mainteuanee, are strongly
related to their associated capital investmelltS. The ExpeDse Module estimates
these expenses using factors computed from the cmier's ARMIS reports. Other
expenses, such as netWOrk operati~ vary directly·with the number of lines
provisioned rather than with capital investment. Expenses for these elements are
scaled by the number ofaccess lines supported. UncoIleCtibies expense is
calculated as a percentage ofrevenues.

(3) Network-Related Expenses and ExpeDse Factors
The ExpeDse Module assigns nerwork-related expenses to each ofeleven

UNEs, plus public telephone termiDal equipment. The module also assigns the
cost ofcapital, expenses, total mvestmeDt and attributable support expeDSe to each
UNE.

These netWOrk and non-netWork operating expenses are added to aDDual
capital costs to determiDe the tocal ecoaomic cost ofeach UNE. Each network
related expense is described below:

N,twork Support - This category includes the expenses associated with
motor vehicles, aircraft, special purpose vehicles, garage and other work .
equipment

Central 0jficI Switching - This iDcludes ead office aDd tandem switehiDg,
as well as equipment expenses

CDltrDl 0jJic, TrtllLfJllisliD" - This includes circuit equipment expenses
associated with t:nmsport iJlvestmeDt

Cllbl, IDIIl Wir, - This eategOlY includes expenses associated with poles,
aerial cable, UDderJroUDdlburied cable and CODduit systaDs. This expense varies
directly with capital in,est'lient

N,twork Operations - The Network Opc:ratioDS category includes power,
provisioDiD& engineering and =twork Idrnjnjsttltion expenses.

'Ibe ExpeDse Module uses specific forwBrd-lookina e:xpeDse factors for
digital switching aDd for cemral office trnpnission. These values derive from the
New England Telephone 1r&weme"cw' Cost Study. The module similarly computes
forward-looking NetWork Opc:raticms expeDseS based on cmrespcmc:tiDa ARMIS-
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reponed expenses. Because total Network Operations expense is strongly line
dependent, the model computes this expense as a per-line additive value based on
ARMIS-reponed total Network Operations expense divided by the number of
access lines, then deducting 30% ofthis quotient to produce a forward-looking
estimate.35 - .

(4) Non-network-related operating expenses and expense factors
The Expense Module assigns non-netWork related expenses to each

density range based on its proportion to total expenses in each category. Each of
these expenses is described below.

Variable support - Historical variable support expenses for LEes are
substantially higher than those ofsimilar service industries operating in more
competitive environments. Based on studies ofthese variable support expenses in
competitive industries, such as the intelexchange industry, the model applies a
conservative 10010 variable support factor to the total costs estimated for UNEs as
well as basic local service.

Genual Support Equip1Mnt - The module calculates investments for
furniture, office equipment and general purpose computers. The Model uses
actual 1995 company investments to determine the ratio ofinvestments in the
abov~ categories to total investment. The ratio is then multiplied by the netwo1'k
investment estimated by the Model to produce the investment in general support
equipment. The recurring costs ofthese items are then calculated in the same way
as recurring costs for netWork investment.

(5) Revenues
Revenues are used to calculate the uncollec:tibles factor. This factor is a

ratio ofUDcollec:tibles expense to adjusted net:revenue. l'he module computes
both retail and wholesale uncollec:tibles factors. The retail factor is applied to
basic local telephcme service monthly costs and the wholesale factor used in the
calculation ofUNE costs.

d) Outputs ofthe Expense Module
The Expense Module displays teSu1ts in a series of tepOItS which depict

derailed Ulvestmems and expenses for each UNE for each demity range,
summari.zed investments aDd expemes for all UNEs, unit costs by UNE and total

Aldloup forecur.iDI faI Wlrd-lootiq IXp'!IIIeS is diftimlt, 1bere is evideDce 1bItdie 30%
reduction from c:ummIy npaned per-liDe Netwellt Opaariws expeIlR is c:aaservative.
Testimony before die Califomia Public Utilities Commjssiaa (Tellimaay ofR.. L. SchoU.
UDiftnal Service Proxy Cost Models, April 17, 1996, p. 11) SIIIIS 1bIlPIcific BeU's forwmt
lookiDg Nawortc Operatiaas apaases In ,,% less tbID c:umDt per-1iDe values compuIIld from
Pacific BeU's 1994 ARMIS dIra.
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annual and monthly network costs, as well as basic local service costs per
household.

(1) Unbundled NetWork Elements outputs
The Hatfield Model produces cost estimates for eleven UNEs, plus public

telephone termiDal equipment. These UNEs represent an unbundling of the local
exchange netWOrk into discrete fanetioDS, which~ be used singly or in any
combination to furnish services. The UNEs are described below and their inter
relationships are illustrated in Figure 11.

Loop Distribution - The individual communications channel originating
from the DLC remote terminal or SAl and teminaring at the customer's premises.
In the Hatfield Model, this UNE also includes the investments in NlD, drop and
tenDinaJlsplice.

Loop Concentrator/Multipleur - The OLC remote terminal at which
individual subscriber traffic is multiplexed and CODDeCted to loop distribution for
tenninarion at the customer's premises. The Hatfield Model includes OLC
equipment and SAl investment in this UNE.

Loop Feedn' - The facilities on which subscriber traffic is carried from
the line side of the end office switch to the OLC remote terminal or SAl. The
UNE includes copper feeder and fiber feeder cable, plus associated structure
investments (poles, condUit, etc.)

End 0jJice Swttching - The facility CODDeCtiDg lines to Imes, or lines to
trunks. The end office iepltst4ts the first point of switching. As modeled in the
Hatfield Model, this UNE iDcludes the end office switching macbiue investments .
and associated wire center costs, mcludiDg distribU!iDg frames, power, land and
building invesImeDts. .

Operator Systems - Tbe systems that process IDd record special toU calls,
public telepboDe toU calls, and otber types ofcalls requiriDa opeiltDr assisumce,
as well as Directory A ssistaDce. The inWSlmCDlS ideD1ified in the Hatfield Model
for the Operator Systems UNE include the operator position equipment, operator
tandem (iDcluding required subscriber dmMses), wile center and operator tnmks.

DediCQIed Tran.rport - The full-period, blDdwidtb-specific interoffice
transmission path between LEe wire cearm or between LEe wire centers aDd an
IXC POP. It provides the ability to offer iDdividual aiJlor multiplexed switched
and special services cin:uits between switcbes. lDr.emffice 1raDSpOI't investtDalts
that provide dedicated trIDSpOl't are 'Ssigned to this UNE.
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Common Transport - A tnmk between two switching systems on which
traffic is commingled to include LEe traffic as well as ttaffic to and from other
local or interexchange carriers. These t:ru.nks may originate at an end office and
terminate at a tandem switch or at another end office. Interoffice transPort
investments that provide common transport are assigned to this UNE.

Tandem Switching - The facility that provides the function of connecting
trunks to trunks for thep~se ofcompleting interoffice calls. Similar types of
investments as are included in the End Office Switching UNE are also reflected in
the Tandem Switching UNE.

Signaling LinJcs - Transmission facilities in a signaling netWOrk that carry
all out-of-band signaling traffic between end office and tandem switches and
STPs, between STPs, and between STPs and SCPs. Signaling link investment
developed by the Hatfield Model and assigned to this UNE.

Signal Transfer Point - This facility provides the function ofrouting
rCAP and ISUP messages between netWOrk nodes (end offices, taDdems and
SCPs). The model estimates STP investment and assigns it to this UNE.

Service Control Point - The DOcIe in the signaling netWOrk to which
requests for call handJjng information (e.g., 1raDSlations for local number
portability) are directed and processed The SCP ccmtaiDs service logic and
customer specific information required to process individual requests. The model
estimates SCP investment and assigns it to this tINE.

(2) Universal Service FUDd Outputs

The calculation ofcosts for basic local service is bISed on the costs of the
UNEs CODSti~ this service. These are the loop, local portions ofend office
and tandem switching, transport facilities for local traffic, and the local portions of
signaling investment. No operator services or SCP investments are included. In
addition, these UNE cost ele:mears are adjusted to accommodate other items such
as retail UDCOllectibles rather than wholesale UDCOllectibles. FiDally, certain retail
expeDSeS required by basic local service, such as billing and bill iDquiry, directory
listiDgs, number portability costs, etc. are added.

For illustrative purposes, the USF sheet in the expense module compares
the monthly cost per line in each deDsity J'IIIge to a user-Idjustable "affordable"
monthly price for local service (which include the EDd U..Common Line
charge). Ifthe cost exceecls the "affordable" price, the model accumulates the
total required lDDual subsidy at the stated price level according to the number of
households in each density range.
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Local Exchange Basic Network Functions
(BNFs)

Fipn 11 Local Exdwa&e Network Elemma

m. SUMMARY

In its Version 2.2, Release 2 formulation, the Hatfield Model estimates .
reliably aDd CODSisteatly both the forwIrd-lookiDg economic cost ofunbundled
local exc:banae network e1emeDts IDd the forwani-lookin& eeoDOlDic cost ofbasic
local telephoDe service. Because both ofthese calculatiODS are performed in
adhemJce to TELRIClTSLRIC priDciples, Hatfield Model cost estimates provide
an accurate basis for the efficient priciDa ofunbuDdled network elements and the
calculation ofefficic:Dt UDiversal service funding requitewents.

HM2.2.2's methodology is traDspan:Dt, aDd it uses public source data for
its iDputs. These default input values represent the developers' best judgments of
efficient, forwBrd-lookiDg engineering aDd economic prlCtices. But, because
many oftbese iDputs are adjustable, users ofHM2.2.2 em use the model's
automated interface to model directly aDd simply my desired altmlative scenario.



AppeDdixA

Summary of Changes Between Releases 1 and 2

of the Hatfield Model, Version 2.2

This document describes changes made to the Hatfield Model Version 2.2
between Release 1 and Release 2. The discussions refer specifically to changes
incorporated in Release 2 that modify the updated Release 1 version as filed
publicly with the FCC on May 30, 1996.

A Benchmark Cost Model (BCM) derivative work called BCM-PLUS has
been developed for and copyrighted by Mel Telecommunications Corporation
and incorporated into the Release 2 version ofthe Hatfield Model (which, in this
description, is known as HM2.2.2, for Hatfield Model Version 2.2 Release 2).
HM2.2.2 also includes an automated user interface with dialog boxes that allow
the user to change options and adjust inputs. The interface automates the nmning
of the model as well.

BCM-PLUS Modules

Data module

1. Input and output sheets include an additioDal column containing
business line counts per census block group (CBG).

2. Feeder and dis1ribution distaDces are increased by 200!ct in the presence
of rocky terrain to accommodate routing offacilities around difficult placement
conditions.

.
3. Feeder length calculation modified to place SAl inside CBO by one-

fourth the length ofa CBG side.

Loop modale

1. The distaDce at which fiber feeder is assumed is DOW user-adjustable.
In the original BCM, the model assumed fiber feeder cables for total loop lengths
of 12,000 ft or greater. In the new versicm, the calculation is based on total feeder
length, and the threshold distance may be adjusted by the user to any value. The
default setting is 9,000 ft.
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2. The DS-O capacity per fiber is now adjustable with a default value of
2016 (equivalent to 3 DS-3s). In the original version, the model included a fixed
capacity of672 OS-Os (l DS-3) per fiber.

3. The number offibers required per digital loop carrier remote terminal
is now adjustable. The default setting is four fibers, which is the same as the value
fIXed in the original BCM.

4. Lookup tables for optical feeder cable investment now allow user
adjustment of cable sizes. The default maximum cable size is DOW 216 fibers. In
the first BCM version, the maximum cross sections for optical and copper fiber
and distribution cables were:fixed. Also, fiber and copper cable investments per
unit length have been adjusted to include engineering, delivery, and installation in
addition to marerial investment The original BCM did not include installation,
engineering, and delivery in this table. The default distribution cable investment
table now includes 25-pair cable.

5. The module now computes vmying numbers ofdistribution cables
according to density range to accommodate different population distributions in
high and low density ranges.

6. Density ranges are DOW exp1essed in terms of lines per square mile
instead ofhouseholds per square mile.

Hatfield Model modules

Lme MaltipUer (DOW Line COIIYerter) Modale:

1. The origiDal LiDe Multiplier Module used user-specified line
multipliers that Vlried by cle:asity I'IDP to estimate total midenriaJ. busiDes$,
special access, and public lines. The DeW Line Converter module applies UDiform
multiplias to all CBGs to compute resideDtia11CCeSS lines in each density zone.
!be blJsiness, speciallt'rCeSS, aDd public tiDe calc:nIItiODS are baed on data that
Mtjm- the Dumber ofbusiaess employees in each CBG. AllliDe totals are
computed to match those shown in the n.EC's most recc:Dt ARMIS 43-08 reports.

2. The input data contains estimlted 1995 household counts per CBG in
place of the 1990 counts in the origiDal BCM data.

3. The module Computes CBG deasity in terms ofliDes, iDstead of
households, per square mile.
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Wire CeDter IDve5tmeDt Module

1. The module removes previous double-counting of trunk pons by
reducing the input per-line switching investment by S16 per line, because the
model separately calculates the invesanent in trUnk pons for the switches in each
wire center and adds the total tnmk port investment to the total switching
invesnnent in each wire center.

2. STP size is now~ed by the JnU:gber ofA links in the study area; the
model previously equipped m8ximum-capacity STPs in all cases.

3. The module now computes Signaling System 7 C and D link
investments, where it previously calculated only A liDk investments.

4. The traDsmission facilities investment, expressed as investment per
DS-D-mile, is now calculated explicitly for each ofthe following routes:

common (tandem)
local direct
intra LATA direct
lXC switched access direct
special access

The calculations allow separate user assumptions for optical patch panels,
optical multiplexers, regenerator iDvestmeDt and spacing, installation costs, mix of
buriedlunderg:roundlaerial plant, and manhole and pole spacing and installation.

5. The module eliminates double counting ofsttueture costs typically
shared between in1e.roffice and feeder facilities.

6. The model DOW contains reccmciled usage calculations between the
Expense Module and W'ue Center Investment Module.

7. Operator services positions may now be remote from the operator
taDdem The user may select the distaDce; the default value is zero.

8. The module DOW includes 1IDdem-to-POP switched access direct
transport facilities.

9. The end office capacity limits DOW include emries for switch traffic;
they previously included line and processor real-time limits. There are also
separate holding time multipliers for busiDess and resideDce lilies to allow users to

compute the effects of increased holding time on costs.
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10. The module now uses pre-processed interoffice distance data derived
from end office, tandem, and STP locations listed in the Local Exchange Routing
Guide. This facilitates the mnning ofthe model.

Convergence Module

1. The module now separately computeS structure costs for aerial, buried,
and undergroUDd facilities, including poles, conduit, trenching} and manholes.
The model independently treats underground and buried cable. The new version
eHminates previous double counting oftermjN1s and splices. All stIUCtUre
factors, including the mix ofaerial, buried, and underground distribution and
feeder facilities are user definable.

2. Digital loop camer investment is now computed from "ground up."
The calculation includes site, housiDa, power, engineering, common equipment
(including multiplexing at the wire center), and line cards.

3. The new version corrects a previous calculation error in local direct
and local tandem trunk investment.

4. Default settings eliminate optical multiplexers from the Serving Area
Interface. Sufficient fiber capICity exists to allow dedicated fibers to serve each
remote terminal, as is consistent with current practices.

ExpeueModale

1. The module allows economic lives ofup to SO years to be input,
(previous maximum pemlitted life was 32 yeats).

2. COMstalt with the DeW scructIft calcuJaDons aDd incorporation of
separate underpoUDd and buried facilities inputs, the model DOW calculates
separate expeDSC factors for the following network compements:

Aerial cable
UDdcrpound cable
Buried cable
Poles
Manholes
Conduit

Previously, only IerialIlDd·underpoUDd factors were calculated.

3. Double coUDtiDg ofDLC terminations aDd ead office tiDe circuits is
eliminated
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4. Tnmk port costs can now be estimated per DS-O or per minute.

5. Default user inputs for cost of debt, equity, and debt/equity ratio have
been changed.

6. Separate uncollectibles rates for retail and cmier-to-carrier are
specified.

7. The module eliminates a previous triple counting ofNID (other
terminal equipment) investment

8. Drops are now computed per household rather than per line basis.

9. Dedicated tnmking calculations have been reconciled between the
Expense Module and the Wire Center IDvestmeDt Module.

10. IXC switched access and local interconnection unit costs have been
added to a new "Cost De1ail" worksheet in the Expense Module.

11. NID expenses are now based on ARMIS-reported regulated expense
per line (other te.rmiDal1CCOUDt); they previously included all "other terminal"
expenses and, as a result, overstated NID maintenance expenses.

12. A user-defiDable camer-to-earrier customer service expense has been
added. Its default value is set at S1.561line1year - based on ARMIS 43-04 data on
cutrent ILEC expense in serving IXC's access 1CCOUIlts.

13. The new version iDcludes a NID monthly cost calculation in the "Cost
Detail" worksheet.

14. Structure sbariDa fractions have bam expanded to allow the user to set

indepeDdeut pammetas for aerial, buried, and UDdergroUDd disttibution and feeder
struetul'e. Default values are 0.33 for all categories.

15. The module now contains a UDiversal Service Module with the
followUIg features;

Network cost built up from UNEs

Network Opemtions factored to reflect local service only

Local Dumber portability costs have bam Idded as a user input; with a
default setting ofSO.2S per line per moDth.
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