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Hatfield Model

I. INTRODUCTION

A. OVERVIEW

R...... 3.1

.~"

The Hatfield Model has been developed by Hatfield Associates, Inc.
(HAl), ofBoulder, Colorado, at the request ofAT&T and MCI for the purpose of
estimating the forward-looking economic costs of: 1) unbundled network
elements (UNEs), based on Total Element Long Run Incremental Cost (TELRIC)
principles;1 2) basic local telephone service, as dermed by the Federal-State Joint
ijoard on Universal Service (hereinafter "Joint Board") for universal service
funding purposes; and 3) carrier access to, and interconnection with, the local
exchange network. All three sets of costs are calculated using a consistent set of
assumptions, procedures and input data.

The Hatfield Model calculates the costs ofthe following UNEs:

• Network Interface Device (NID)
• Loop Distribution
• Loop ConcentratorlMultiplexer
• Loop Feeder
• End Office Switching

• Common Transport
• Dedicated Transport
• Direct Transport
• Tandem Switching
• Signaling Links

• Signal Transfer Point (STP)
• Service Control Point (SCP)
• Operator Systems

The Hatfield Model uses the definition of "universal service"
recommended by the Joint Board.2 The recommendation states that the following
functional components be considered as universal service:

• single-line, single-party access to the first point of switching in a local
exchange network;

I TELRIC is the term used by the Federal Communications Commission to refer to the total service long
run incremental cost (TSLRIC) ofunbundled network elements.

2 Federal-State Joint Board on Universal Service, CC Docket No. 96-45, Recommended Decision,
November 8, 1996, ("Recommended Decision") Paragraph 45-53,65-70.

Hatfield Associates, Inc. 3
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•

•
•
•

usage within a local exchange area, including access to interexchange
service;
touch tone capability;
a white pages directory listing; and
access to 911 services, operator services, directory assistance, and
telecommunications relay service for the hearing-impaired.

Excluded from this definition ofuniversal service are many other local
telephone company services, such as toll calling, custom calling and CLASSSM

features, and private line services. The existence of such services is taken into
account in developing the cost estimates for unbundled elements. Model users
also may adjust which of several specific elements are included in calculating
universal service support requirements.

Finally, the model estimates the per-minute competitive local exchange
carrier (CLEC) cost ofproviding local network interconnection between
competitive Local Exchange Carriers (CLECs) and ofinterexchange carrier (lXC)
access. These are estimated for connection points at end office and tandem
switches.

The model constructs a "bottom up" estimate of the pertinent costs based
upon detailed information concerning customer demand, network component
prices, operational costs, network operations criteria, and other factors affecting
the costs of providing local service. The model, for example, receives as an input
demand data, as measured by customer locations, lines demand, and traffic
volumes, within the serving area ofthe company being studied. From these data,
it builds an engineering model of a local exchange network with sufficient
capacity to meet total demand, and to maintain a high level of service quality.
The model's inputs also include the prices ofvarious network components, with
their associated installation and placement costs, along with various capital cost
parameters. These data are used to populate detailed input tables describing, for
example, the cost per foot of various sizes ofcopper and fiber cable, cost per line
of switching, cost of debt, and depreciation lives for each specific network
component.

Using these data, the model calculates the required network investments
by detailed plant category. It then determines the capital carrying cost ofthese
investments, to which are added operations expenses to compute the total monthly
cost ofuniversal service, carrier access and interconnection, and various
unbundled network elements, stated on both a total cost and an appropriate per­
unit basis.

This document describes the structure and operation of the Hatfield
Model, Release 3.1 (HM3.1), including a discussion ofvarious inputs to the

Hatfield Associate., Inc. 4



Hatfield Model R...... 3.1

model. Subsection B ofthis section describes the evolution ofthe Hatfield
Model. Section II summarizes changes made to the model between HM 2.2.23

and this version. Section III provides a general overview ofthe local network
being modeled and the model's organization. Section IV describes each module
and its operation in detail. Section V summarizes the document.

Appendix A documents the data input development for demographic and
geological coding, residence and business line counts, wire center mappings, and
wire center distance calculations and percent of CBG that is empty. Appendix B
identifies the user inputs to the model, and their default values.

B. EVOLUTION OF THE HATFIELD MODEL

The Hatfield Model was originally developed to produce estimates of the
Total Service Loop Run Incremental Cost (TSLRIC) ofbasic local telephone
service as part ofan examination ofthe 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 ofexisting wire centers or
transmission routes. When the original Benchmark Cost Model (BCM1)4 became
available, HAl revised the original Hatfield Model to incorporate certain loop
investment data produced by BCM1. As a result, the Hatfield Model adopted the
BCMl's "scorched node" methodology, in which efficient, forward-looking
network investments and costs for basic universal service were developed using
existing wire center locations to more accurately estimate the complete cost of
network equipment. The outputs from the BCMlloop modeling process,
substantially modified by including the cost of items not included in BCM1, were
then combined with extensive wire center and interoffice and expense calculations
enhanced from the earlier Hatfield Model to develop a full set of complete
TSLRIC estimates.

An expanded version of earlier Hatfield Models, referred to as the Hatfield
Model, Version 2.2, Release 1, was developed early in 1996 to estimate the costs
ofunbundled 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.s On July 3, 1996, that model was

3 The prior practice of identifying the model version using a three-digit notation is no longer utilized.

4 The Benchmark Cost Model is a model ofbasic local telephone service developed by MCI, NYNEX,
Sprint, and U S WEST.

S See, Appendix E of the Comments ofAT&T in CC Docket No. 96-98, In the Matter ofImplementation
of the Local Competition Provisions in the Telecommunications Act of 1996, and Appendix D ofAT&T's
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.,--'
also placed into the record of CC Docket No. 96-45 to assist the Commission in
detennining the economic costs ofuniversal service.6

Further enhancements to this model were released as Hatfield Model,
Version 2.2, Release 2 (hereafter HM2.2.2). This version ofthe model estimated
the efficient, forward-looking economic cost ofboth unbundled network elements
and basic local telephone service. HM2.2.2 derived certain of its inputs and
methods from the BCM-PLUS model, a derivative ofBCMl that was developed
and copyrighted by MCI Telecommunications Corporation.7

On August 8, 1996, the FCC released its First Report and Order in CC
Docket No. 96-98, Implementation ofthe Local Competition Provisions in the
Telecommunications Act of 1996, and CC Docket No. 95-185, Interconnection
between Local Exchange Carriers and Commercial Mobile Radio Service
Providers (hereafter, the "Interconnection Order"). The Interconnection Order
provided a comprehensive set of criteria for the arrangements through which the
incumbent Local Exchange Carriers (lLECs) would offer unbundled network
elements to potential CLECs. The criteria included a definition of a cost-based
methodology that should be used in setting the price ofunbundled network
elements. The methodology was tenned the Total Element Long Run Incremental
Cost, or TELRIC. The methodology of the Hatfield Model is fully consistent
with the TELRIC principles set forth in the Order.

AT&T and MCI used HM2.2.2 as the basis for their recommended prices
for unbundled network elements in a large number of state jurisdictions during the
latter part of 1996. As a result, the model has already been examined thoroughly
in arbitration proceedings by the ILECs, state commission staffs, and other
parties. Its results have also been adopted in several of these proceedings.

On November 8, 1996, the Joint Board issued its Recommended Decision
in CC Docket No. 96-45.8 In addition to defining Universal Service, the Board
also addressed the issue of detennining the level of support required for universal

Reply Comments. In the same proceeding, MCI submitted results based on an earlier "greenfield" version
of the Model as Attachment 1 to its Comments.

6 See FCC Public Notice, DA-96-1078, Released July 3, 1996 and DA 1094, Released July 10, 1996
("Cost Model Public Notice").

7 On July 3, 1996, Sprint Corporation and US WEST presented version 2 ofthe BCM (called BCM2) to
the FCC. NYNEX and MCI are not sponsors ofBCM2. A careful review by HAl indicated that all of
BCM2's relevant enhancements over BCM1 were already present in the HM 2.2.2. Furthermore, the HM
2.2.2 has important attributes and capabilities that are not available in the BCM2.

8 Op. Cit., Recommended Decision.
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service. In doing so, it found that:

... a properly crafted proxy model can be used to calculate
the forward-looking economic costs for specific geographic
areas, and be used as the cost input in determining the level
of support a carrier may need to serve a high cost area. The
Joint Board therefore recommends that the Commission
continue to work with the state commissions to develop an
adequate proxy model that can be used to determine the
cost ofproviding sUfPorted services in a particular
geographic area ...

R...... 3.1

An in depth review of these issues was also provided in the Competitive
Pricing Division StaffAnalysis of"The Use of Computer Models for Estimating
Forward-Looking Economic Costs."IO Further suggestions for the improvement
ofproxy models were advanced at workshops conducted by the Joint Board on
January 14 and 15 of this year. Although the Board has so far declined to
recommend any particular proxy model, it has provided an extensive review ofthe
existing models, and established a number ofcriteria such models should meet. II

On February 7, 1997, AT&T and MCI submitted to the Joint Board a
preliminary version of a new release of the Hatfield Model, Release 3.0, with
accompanying documentation. The submission included data and results for five
states: California, Colorado, New Jersey, Texas, and Washington.12

HM3.0 addressed the concerns raised by the Joint Board in its
consideration ofproxy cost models and the FCC in its consideration ofmodeling
the forward looking economic cost of interconnection. It is intended to be
responsive to the principles established, and concerns raised about existing
models, in the Interconnection Order, the Joint Board Recommendation and in
Staff Papers and Workshops.

HM3.1 contains data for 49 states plus the District of Columbia and
incorporates other modifications described below in a portion of the following
section.

9 Ibid., paragraph 268.

10 Released January, 9, 1997.

II Ibid., paragraphs 273-277 and Appendix F.

12 Results from Release 3.0 have been submitted in three states: Kansas, Virginia, and Washington, later
in February.
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II. A SUMMARY OF CHANGES BETWEEN HM2.2.2 AND HM3.1

A number of significant changes have been made to HM 2.2.2 in
developing HM3.1. These changes are reflected in the discussion ofhow the new
version operates, presented in Section III. They can be summarized as follows:

• Results can be displayed by wire center, density zone, and/or CBG.

• Additional density zones are considered. The highest density zone defined
in HM2.2.2, greater than 2,500 lines per square mile, has been split into
three new zones: 2,550 - 5,000; 5,001 - 10,000, and more than 10,000 lines
per square mile. This better differentiates between dense suburban and
dense downtown areas. The second lowest density zone in HM 2.2.2, 5­
200 lines per square mile, is also subdivided into two zones, 5-100 and
101-200 lines per square mile, thereby providing finer-grained distinctions
within low-density areas.

• Within each loop density zone, loop component costs, distribution,
concentration, feeder, and total loop costs are separately displayed for
lines served by copper feeder and lines served by fiber-optics digital loop
carrier (OLC) systems. The selection between these two technologies is
based on the total length of feeder from the wire center to the CBG, or
cluster within a CBG, in question; this crossover threshold is user
adjustable.

• Each Census Block Group (CBG) is now assigned to a wire center based
on an analysis ofNPA-NXXs serving that CBG. In previous versions of
the model, CBGs were assigned to the wire center closest to its centroid.
The revised method provides a more accurate determination of the existing
wire center that actually serves lines in the given CBG.

• Methods of estimating ofthe number of residence and business lines per
CBG have been refined. These refinements, for example, now account for
differences in the demand for business lines per employee based on
characteristics of the industries that employ these workers, and differences
in the demand for residence lines based on the age-income profile of the
CBG.

• An improved, more precise, treatment ofdistribution cable numbers and
lengths now better comports with the actual population distributions. The
new treatment takes account of a variety ofdemographic situations. These

Hatfl.ld Associates, Inc. 8
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include the presence ofhigh rise residentiallbusiness buildings, multi­
tenant units in high-density zones, and towns and unpopulated areas in
low-density zones. A key facet of the revised treatment is that the number
and length of cables are no longer fixed by density zone; rather, they are
determined for each CBG based on that CBG's specific demographics.

• Distribution cable sizes of six and twelve pairs are added to the existing
cable sizes.

• The level of cable fill achieved at the Main Distributing Frame (MDF) is
reported in a manner that is consistent with the typical LEC definition of
cable fills.

• Copper loops in excess of 18,000 feet use a coarser gauge ofcable and
include load coils as necessary. If they are connected to DLC remote
terminals, a more expensive remote terminal channel unit is also assumed.

• The calculation ofdrop and NID costs has been refined by adding drop
length components to the drop cost, allowing the drop to be aerial or
buried (with appropriate costs for each), and specifying NIDs ofvarying
capabilities.

• The switching system cost model is more sophisticated. It treats RBOCs
and large independents separately from small independents, and considers
required administrative fill on switch line cards.

• The interoffice transport network assumes the use of SONET fiber rings
where appropriate, and treats transmission terminal investments in a more
detailed manner. IXC entrance facility costs have been included.

• The calculation of structure cost sharing between feeder and interoffice
plant has been refmed.

• Depreciation expense calculations have been changed to reflect the use of
mid-year investments and to adjust for net salvage value. Also, land has
been removed from the depreciation calculation.

• Investments in buildings, motor vehicles, garage work equipment, and
other work equipment have been added to the general support category.

• The costs of certain labor-intensive investments may now be adjusted by
the user to reflect regional labor cost differences.

• The accuracy of several calculations has been improved, such as:

Hatfield Associates, Inc. 9
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multiple Serving Area Interfaces (SAls) in a CBO are added when
the number of lines served is too large for a single SAl;

additional conduit is provided when additional copper feeder
cables are required; and

conduit is no longer shared among utilities, and spare conduit is
added to distribution, feeder, and interoffice underground routes.

• A number of component cost inputs have been revised to reflect more
accurate information than was available for HM2.2.2.

• The formats ofnumerous intermediate and final output reports have been
improved.

• The model will now execute considerably faster, and on a PC with reduced
memory.

HM3.1 enhancements relative to HM3.0 provide for:

'--'
• Inclusion of data for all telephone companies in 49 states (Alaska

excluded) plus the District of Columbia;

• Correction ofprevious data error in assignment ofCBGs to correct wire
center quadrant;

• Clean up oftransport, signaling and tandem switching calculations;

• Corrections to the default values of several of the user-adjustable inputs;

• Enhanced documentation;

• The ability to display all outputs (investments, monthly costs and USF
support) by density zone, wire center and CBG.

As important as all of these changes are in increasing the accuracy and
granularity of the model's results, it is also important to emphasize several aspects
ofHM2.2.2 that have been maintained in HM3.1. These include:

• Incorporation ofeconomic principles that the Joint Board has identified as

Hatfield Associat.., Inc. 10
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appropriate in estimating the cost ofuniversal service;13 namely,

consideration ofall costs associated with all elements necessary to
provide universal service, including all major categories of
network components (Le., loop, switching, transport, signaling),
and all detailed components within those categories (e.g., network
interface devices, drops, terminals and splices, wire center

.components in addition to switching, interoffice terminals,etc.);

assumption of least cost, most efficient and reasonable technology
currently available to LECs;

use of existing ILEC wire center locations that actually serve the
customers in question;

consideration offorward-looking costs only, not embedded or sunk
costs;

use of forward-looking cost ofcapital, and economic depreciation
expenses;

estimation ofthe cost ofproviding service to all business and
households within a geographical area, including first and "second"
residential lines, business lines, public access lines, and special
access lines;

a reasonable allocation of shared cost and variable overhead;

availability of all data, computations, and software associated with
the model to all parties for review; with the ability to examine and,
at the user's option, modify over six hundred inputs;

• The estimation of costs related to a narrowband network capable of
supporting universal service, as defined by the Joint Board, and to
narrowband unbundled network elements; and

• The calculation of the cost ofuniversal service, unbundled network
elements, and network interconnection in a single model, using a
consistent methodology and a consistent set of inputs.

13 These are also consistent with the TELRIC principles set forth in the Commission's Interconnection
Order pertaining to the pricing of unbundled network elements.

Hatfield Associates, Inc. 11
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m. STRUCTURE OF THE MODEL

A. GENERAL NETWORK COMPONENTS

This section describes the network configuration and components modeled
in HM 3.1. Figures 1,2 and 3 depict the relationships among the network
components discussed in the following subsections.

1. Loop description

FMderClble
(Digital Loop C8rrier)

TermlnaU

ServIng Area

Exchange
Area

Boundary

RT. Remote TermiNIl

Drapor
ServiceWre

Distribution Cable

/
~-"I Feeder cable

I~\-~~
1---1 Fiber feeder

Trunks to
Outside World

Serving Area

Serving Area

Serving Area NID • Networ1<.~ Device

,2nd EdllIon, 'HI

Figure 1 Loop components

a) General loop description

'""--"" . The local loop feeder begins at a physical demarcation frame within

Hatfield Associates, Inc. 12
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the central office building "wire center." Copper cable feeder facilities
tenninate on the "vertical side" ofthe MDF in the wire center. Fiber optic
feeder cable serving integrated digital loop carrier (lDLC) tenninates on a
fiber distribution frame in the wire center.

Copper feeder cable extends out from the wire center to a serving area
SAl where it is cross-connected to copper distribution cables. If the feeder is
fiber, it extends to a DLC remote terminal where optical digital signals are
converted to analog signals. Individual circuits :from the DLC are cross­
connected to copper distribution cables at the adjacent SAl. At the distant end
of these copper distribution cables, the local loop terminates at the NID at the
customer's premises.

Loop cables are supported by "structures." These structures may be
underground conduit, poles, or trenches for buried cable. Underground cable
is distinguished from buried cable in that underground cable is Rlaced in
conduit, while buried cable comes into direct contact with soil. 4

b) Local Loop Components

(1) Network Interface Device

The demarcation point between the local carrier's network and the
customer's inside wiring is known as the Network Interface Device or 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
wmng.

(2) Drop

A copper drop wire extends from the NID at the customer's premises
to the block terminal at the distribution cable that runs along the street or the
lot line.

(3) Block Terminal

14 While the conduit supporting underground cable is placed in a trench, buried cable may either be placed
in a trench or be directly plowed into the earth.

Hatfi.ld Associates, Inc. 13
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The interface between the drop and the distribution cable is termed the
"block tenninal." When aerial distribution cable is used, the block tenninal is
attached to a pole in the subscriber's backyard or at the edge of a road. If the
distribution cable is buried, the block terminal is contained within a pedestal.

(4) Distribution Cable

Distribution cable runs from each ofthe block tenninals to the SAl.
Distribution cable connects the feeder cable with all customer premises within
a Census Block Group (CBG). The model assumes that each CBG contains at
least one SAl, and that an SAl is placed one-half of the way into the CBG.
Distribution structure components may consist ofpoles, trenches and
conduit. IS

(5) Feeder facilities

Feeder facilities comprise the transmission system that lie between the
SAl and the wire center. These facilities may consist of either pairs of copper
wire or a DLC system that uses fiber optic cables as the transmission
medium.16 In a DLC system, the analog signals for multiple individual lines
are converted to a digital format and multiplexed into a composite digital bit
stream. The Hatfield Model assumes that there is a standard (but user­
adjustable) feeder distance beyond which optical feeder cable will be installed
and DLC equipment will be used to serve subscribers.

Feeder structure components include poles, trenches and conduit.
Manholes for copper feeder or pu11boxes for fiber feeder are also normally
installed in conjunction with underground feeder cable. Manhole spacing is a
function ofpopulation density and the type offeeder cable used. Pullboxes
installed for underground fiber cable are normally farther apart than manholes
used with copper cables, because the lightness and flexibility of fiber cable
permits it to be pulled over longer lengths than copper cable.

The costs of structure components normally are shared among several
utilities, e.g., electric utilities, LECs, IXCs and cable television (CATV)
operators. The amount of sharing may differ in different density zones and

15 Distribution facilities typically do not include manholes.

16 Although there are existing DLC systems that use copper wire for the transmission medium, the model
assumes the use of tiber optics transmission, consistent with forward-looking technology. A large majority
ofthe DLC systems currently being deployed are tiber optics systems.

Hatfield Associates, Inc. 14
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between feeder and current distribution.

2. Switching and Interoffice Network Description

R...... 3.1

This section provides a general description ofthe network components
comprising the wire center and interoffice facilities. Figures 2 and 3 illustrate
the relationships among the components described below.

<.----<

Customer
Premises
Equipment

Figure 2 Interoffice Trunk network
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SSP • Service Switching Point

EO ... End Office

CP • Customer Premises
..
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~-------~

SCP - Service Control Point
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STP - Signal Transfer Point
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Figure 3 Signaling network components

a) Wire centers

The wire center is a location from which feeder routes emanate
towards customer premises and from which interoffice circuits or "trunks"
emanate toward other Wire centers. A wire center normally contains at least
one End Office (EO) switch, and may also contain a tandem switch, an STP,
an operator tandem, or any combination of these facilities. Wire center
physical facilities include a building, power and air conditioning systems,
rooms housing different switches, transmission equipment, distributing frames
and entrance vaults for interoffice and loop feeder cables.

b) End office switches

The end office switch provides dial tone to the switched access lines it
serves. It also provides on-demand connections to other end offices via direct
trunks, to tandem switches via common trunks, to IXC POPs via dedicated
trunks, and to operator tandems via operator trunks. The model computes the
required number of trunks for each route according to input traffic
assumptions and the breakdown ofbusiness, residential, special and public

Hatfield Associates, Inc. 16
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access lines served by each end office switch.

c) Tandem switches

R...... 3.1

Tandem switches interconnect end office switches via common trunks,
and may also provide connections to IXC POPs via dedicated trunks.
Common trunks also provide alternatives to direct routes for traffic between
end offices. Tandem switching functions often are performed by switches that
also perform end office functions. At a minimum, tandems are normally
located in wire centers that also house end office switches.

d) Interoffice Transmission Facilities

Interoffice transmission facilities carry the trunks that connect end
offices to each other and to tandem switches. The signaling links in a SS7
signaling network are also normally carried over these interoffice facilities.

Consistent with the evolving practice, interoffice transmission
facilities are assumed to be fiber optic systems that carry signals in
Synchronous Optical Network (SONET) format. Efficient practice also
prescribes the use of a fiber optic ring configuration to link switches, except
for switches that serve few lines or that are remote from other switches. This
provides a redundant path between any two switches, and the potential for
substantial cost savings relative to more traditional point-to-point facilities.

e) Signal Transfer Points

STPs route signaling messages between switching and control entities
in a Signaling System 7 (8S7) network. Signaling links connect STPs and
Service Switching Points (SSPs). STPs are equipped in mated pairs, with at
least one pair in each Local Access Transport Area (LATA).

f) Service Switching Points and Signaling Links

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

g) Service Control Points

SCPs are databases residing in an SS7 network that contain various
types of information, such as IXC identification or routing instructions for 800
numbers in regional 800 databases, or customer line information in Line

Hatfield Associates, Inc. 17
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Information Databases (LIDB).

B. OVERVIEW OF MODEL ORGANIZATION

R..... 3.1

Figure 4 shows the relationships among the various modules contained within
HM R3.1. An overview ofeach component module follows.

Output Reports

Figure 4 Hatfield Model R3 Organization Flow Chart

1. Input Work Files

Inputs to HM R3.1 are contained within work files, and are classified
as follows:

• Demographic, geographic and geological characteristics of CBGs,
used to locate geographically the number ofcustomers requiring
telephone service, the wire center that serves them, and the type of
terrain within that CBG.

• Interoffice distances between end offices, tandems, and STPs, used in
estimating route miles required for interoffice transmission facilities.

• 1995 ARMIS data reported by the LECs, which provide investment,

Hatfield Associates, Inc. 18
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traffic, and expense infonnation; and

Rei.... 3.1

• User-adjustable inputs that allow users to set carrier- or locale-specific
parameters, and perform various sensitivity analyses. These inputs
have preset default values based on the engineering experience and
judgment ofHAl personnel as well as that of subject matter experts
consulting with HAl.

2. Distribution Module

The Distribution Module addresses the portion ofthe network
extending from SAls to the customers' premises. The module determines the
lengths and sizes of distribution cable, the associated structures (poles and
trenching), the number ofterminals, splices, drops, and NIDs required to
provide service to the specified number and type ofcustomers in each CaG,
and the number and type of SAls and DLC terminals required. It chooses
whether to serve a CaG using feeder transmission facilities consisting of
copper wire pairs or DLC running over fiber optic cable. The selection is
made according to a user-adjustable parameter that specifies the maximum
feeder distance to the CaG beyond which fiber is to be installed. The module
also calculates certain distances required by the Feeder Module.

Once the module has determined the amount of all distribution
elements required, it calculates the investment associated with these elements,
using as inputs the unit prices of each such element. It provides these
investments to the Feeder Module. The numbers and types of elements
engineered can be examined in the intermediate outputs ofthe Distribution
Module.

3. Feeder Module

The Feeder Module configures the portion of the network that extends
from the wire center to the SAls. Based on information it receives from the
Distribution Module, it determines the size and type of cables required to
reach the SAls located in each CBG, along with supporting structures (poles,
trenching, conduit, manholes, and fiber optics pullboxes). It also determines
certain characteristics of the DLC equipment needed to serve CaGs too
distant to be served by copper feeder. The Feeder Module then calculates the
investment associated with these elements, using as inputs the unit prices of
each such element. It provides these investments to the Expense Module. The
numbers and types of elements required can be examined in the intermediate
outputs of the Feeder Module.
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4. Switching and Interoffice Module

Re..... 3.1

-'

The Switching and Interoffice Module computes investments for end
office switching, tandem switching, signaling, and interoffice transmission
facilities. It determines the required line, traffic, and call processing capacity
ofswitches based on line totals by customer type across all CBOs served by
the wire center, and based on ARMIS-derived traffic and calling volume
inputs. It also determines the required capacity and distances of interoffice
transmission facilities, using the traffic data and the interoffice distances that
are input to the Module. These investments are then provided to the Expense
Module. The numbers and types ofelements involved can be examined in the
intermediate outputs ofthe Switching and Interoffice Module.

5. Expense Module

The Expense Module calculates the monthly costs for unbundled
network elements, universal service and carrier access and network
interconnection. These costs include both the capital carrying costs associated
with the investments, and the costs ofoperating the network. Capital carrying
costs include depreciation, return on the debt and equity investment required
to build the network, and income taxes on equity return. Network related
expenses include maintenance and network operations. Non-network related
expenses include customer operations expenses, general support expenses,
other taxes and variable overhead expenses.

Information used in developing these monthly costs is obtained from
several sources. Network investments by specific plant category are provided
by the Distribution, Feeder, and SWitching and Interoffice Modules.
Information on network operating and maintenance expenses is derived from
ARMIS, and other sources.

The Expense Module produces reports showing the key outputs of the
model, including the costs ofproviding universal service, unbundled network
elements, interconnection and IXC access. Results may be displayed by
density zone by individual wire center, or by CBO. These outputs are based
on investments calculated at the CBO level.
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IV. MODULE DESCRIPTIONS

A. WORK FILES

Work files contain four categories of information, as follows.

1. Demographic and geological parameten

Re..... 3.1

Demographic and geological parameters are obtained from a database
developed by PNR and Associates ofJenkintown, PA. Appendix A explains
in detail how these data were derived. Highlights of the development process
are as follows.

PNR's estimates ofresidential lines per CBG are based on the number
ofhouseholds in each CBG, using 1995 census estimates provided by Claritas
and current Donnelley Marketing household data. These household counts
were adjusted to reflect first and second telephone line penetration rates. The
percent ofhouseholds without telephones was obtained from the 1990 Census
for every CBG. Second residential lines were estimated as functions of CBG
demographic information. The results were projected to every CBG in the
United States using census age and income distributions, and to every Census
Block (CB) within a CBG using census household data at the CB level.

PNR geo-coded the entire Donnelley DQI database of approximately 85
million household street addresses and telephone numbers with
latitude/longitude values and their CB codes. A correspondence table was
created to link each CB to an appropriate wire center based on telephone
number "NPA-NXX".17 When multiple wire centers served a CB, the wire
center serving the plurality ofhouseholds was selected. The total computed
number of residential access lines at the state level was constrained to be
consistent with the number of residential access lines reported by the ILEC to
the FCC.

Business lines, including Centrex lines, were estimated by PNR
through the use of a business line model. This model used customer survey
results combined with information on Standard Industry Codes (SIC), number
of employees, region, and legal status to develop detailed
telecommunications-use profiles for all business categories considered in the
model. The results of this model were then used to estimate the number and
types ofbusiness lines for each firm listed in the Dun & Bradstreet (D&B)

17 That is, the ftrst six digits of the lO-digit number assigned to customers.
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database.

R...... 3.1

Business establishments in the D & B database were then geo-coded
with longitude and latitude codes, and assigned to their respective CBGs.
Using the CB to wire center correspondence table, the number ofaccess lines
ofeach firm within a CB or CBG was aggregated to obtain an estimate ofthe
total number ofbusiness access lines within each wire center. The total
number ofbusiness access lines, including Centrex lines, at the state level,
was further constrained to be consistent with the number ofbusiness access
lines reported to the FCC.

The database resulting from the process is organized by state. Each
state file contains a list of that state's CBGs. Each CBG appears as a separate
record in a Microsoft Excel 7.0 spreadsheet containing the following
information:

• Assignment ofthe CBG to an ILEC wire center based on the most
prevalent assignment ofarea code and central office code (NPA-NXX)
combinations to premises in that CBG. Ifthe CBG would be assigned
to a wire center that exceeds 10Kft in distance and is 150 percent more
distant than the nearest wire center, the CBG is reassigned to the wire
center nearest its centroid.

• The identity of the ILEC owning the wire center serving the CBG;

• The angle (relative to East) and radial distance of the CBG from its
serving wire center;

• The number and type (single family detached homes, multi-tenant
units ofvarious sizes, mobile homes, etc.) ofhousing units, with
household counts based on an update ofthe U.S. Census to 1995.

• The number ofbusinesses and business employees;

• The total number ofbusiness, residence, public and special access
lines;

• The percentage ofthe CBG's land area that is unoccupied; and

• Geological parameters that indicate bedrock depth, bedrock hardness,
soil type, and water table depth.
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2. Interoffice distances

R...... 3.1

Calculations to determine total route-miles of interoffice facilities
require as inputs the distances between each LEC EO and the tandem switch
that is assumed to serve it, the distance between the EO and the STP pair that
serves it, distances between STPs, and distances between tandem offices.
These data are calculated from a database licensed from Bellcore containing
information from the Local Exchange Routing Guide (LERG) including the V
and H (vertical and horizontal) coordinates ofeacb switching entity, and the
nature of the entity, e.g., end office, tandem, STP, multiple use, etc.

3. ARMIS data reported by the LEes

Access line demand data is obtained from the ARMIS 43-08 Operating
Data Reports, submitted to the FCC annually by all Tier 1 LECs.18 HM3
incorporates the following data from this source:

• The number of residential access lines. These totals measure all
residential switched access lines, including flat rate (IFR) and
measured rate (IMR) service;

• The number ofbusiness access lines, including analog single business
lines, analog multiline business lines and digital business lines. These
totals include flat rate business (lFB) and measured rate business
(1MB) single lines, PBX trunks, Centrex lines, hotel/motel, long
distance trunks and multi-line semi-public lines;19

• Analog and digital special access lines. These totals include dedicated
lines connecting end users' premises to an IXC POP, but do not
include intraLATA private lines; and

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

18 See, Reporting Requirements for Certain Class A and Tier 1 Telephone Companies (Parts 31, 43, 67 and
69 of the FCC's Rules), CC Docket No. 86-182,2 FCC Rcd 5770 (1987) (ARMIS Order), modified on
recon., 3 FCC Rcd, 6375 (1988). Tier 1 LECs are those with more than $100 million in annual revenues
from regulated services. This includes over 50 carriers.

19 ld. at 1-2.

20 ld. at 2.
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