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Q. 

A. 

Q. 

A. 

SURREBUTTAL TESTIMONY OF 

DON J. WOOD 

ON BEHALF OF 

AT%T COMMUNICATIONS OF THE SOUTHERN STATES, INC. 

AND 

MCI WORLDCOM, INC. 

DOCKET NO. 990649-TP 

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

My name is Don J. Wood. I am employed as a Regional Director of Klick, 

Kent, and Allen, Inc., an economic and financial consulting firm. My 

bu.siness address is 914 Stream Valley Trail, Alpharetta, Georgia 30022. 

Klick, Kent & Allen, I C .  is a subsidiary of FTI Consulting, Inc. I provide 

economic and regulatory analysis of the telecommunications, cable, and 

rel.ated "convergence" industries, with an emphasis on economic policy, 

development of competitive markets, and cost of service issues. 

PLEASE DESCRIBE YOUR BACKGROUND AND EXPERIENCE. 

I received a BBA in Finance with distinction from Emory University and an 

MBA with concentrations in Finance and Microeconomics h m  the College 

of William and Mary. My telecommunications experience includes 

employment at both a Regional Bell Operating Company ("RBOC") and an 

Interexchange Carrier ("IXC"). 
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I was employed in the local exchange industry by BellSouth Services, Inc. in 

its Pricing and Economics, Service Cost Division. My responsibilities 

included performing cost analyses of new and existing services, preparing 

documentation for filings with state regulatory commissions and the Federal 

Communications Commission ("FCC"), developing methodologies and 

computer models for use by other analysts, and performing special assembly 

cost studies. I was also employed in the interexchange industry by MCI 

Telecommunications Corporation, as Manager of Regulatory Analysis for the 

Southern Division. In this capacity I was responsible for the development 

and implementation of regulatory policy for operations in the southern U. S. 

I then served as a Manager in the Economic Analysis and Regulatory Affairs 

Organization, where I participated in the development of regulatory policy for 

national issues. 

HAVE YOU PREVIOUSLY PRESENTED TESTIMONY BEFORE STATE 

REGULATORS? 

Yea. I have testified on telecommunications issues before the regulatory 

cornmissions of twenty-six states, Puerto Rico, and the District of Columbia. 

I hive also presented testimony regarding telecommunications and cost of 

service issues in state and federal courts and have presented comments to the 

FCC. A listing of my previous testimony is attached as Attachment DJW-I . 
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Q* 
A. 

Q. 
A. 

H4VE YOU PREVIOUSLY APPEARED BEFORE THIS COMMISSION? 

Yr:s. I have presented testimony on costing issues to this Commission on a 

number of occasions. 

WHAT IS 'THE PURPOSE OF YOUR TESTIMONY? 

I have been asked by AT&T and MCT Worldcom to describe in detail (1) the 

mt:thodology that should be used to determine the relevant costs to be used to 

esrablish prices UNEs and combinations of UNEs (k, to describe how a cost 

model should calculate these costs, and why it should do so in the manner 

described), and (2) the methodology that should be used to determine the 

appropriate inputs to such a cost model. Proper development of UNE prices 

is ,an interactive process that involves an interaction between model 

methodology and inputs; both must be conceptually correct, accurate, and 

co:nsistently developed and applied if reliable costs estimates are to be 

determined and cost-based UNE prices are to result. 

My testimony responds to several of the arguments made by the ILEC 

witnesses in their rebuttal testimony, and is presented in two sections. 

Section I describes in detail the overarching conceptual basis for my 

recommendations regarding both the methodology for cost calculation within 

a model and the method I recommend for developing the proper inputs to 

such a model. My goal in this section of my testimony, pursuant to my 

understanding of the Staffs request, is to go beyond the theoretical 
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discussions previously presented in this proceeding by providing tangible 

illustrations that explain why the concepts described by Mr. Joseph Gillan on 

behalf of the Florida Competitive Carriers Association and Dr. August 

A r h  on behalf of AT&T and MCI WorldCom are relevant and appropriate 

if the experiment in local competition contemplated by the 1996 Act is to 

result in consumer benefits in Florida. a 

Section I1 of my testimony describes, at a "nuts and bolts" level of 

detail, how a cost model that caiculates forward-looking economic costs 

should (and dtimately, must) operate and how inputs to that model should be 

developed. 

SECTION I: WHY THE CALCULATION OF FORWARD-LOOKING 

ECONOMIC COSTS MUST BE PERFORMED IN THE MANNER 

DESCRIBED BY M R  GILLAN AND DR ANKUM IF THE OBJECTIVES OF 

THE 1996 ACT GRE TO BE MET. 

Q. 

A. 

DOES AN EFFECTIVE APPLICATION OF THE APPROPRIATE 

CClNCEPTUAL FUMEWORK DEPEND ON A CLEAR AND 

DEiTAILED ARTICULATION OF THAT CONCEPTUAL FUMEWORK? 

Having been involved in 28 arbitrations between ILECs and potential 

CLECs, 10 generic cost proceedings, 10 section 271 proceedings, and 6 

universal service proceedings to date, I believe that the answer to this 
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question is an emphatic "yes." This is clearly an issue for which the correct 

"answer" can only follow from a clear articulation of the right "question." 

Unfortunately, the strategies employed by the ILECs in many of these 

proceedings have been to pose the salient question in a way that is both 

muddled and misleading (unintentionally or otherwise). 

There is general agreement among the parties here in Florida that 

some calculation of "economic costs" should form the basis for the prices to 

be established for UNEs (and combinations of those UNEs). Where the 

parties diverge is on the question of whether, and to what extent, the 

characteristics of the ILEC's embedded network and operations should 

firaction as constraints when developing these so-called "economic costs." 

The ILECs attempt, to varying degrees, to include embedded characteristics 

in the development of these costs (ILECs have often actually sought to 

include embedded characteristics in the development of the costs that they 

lahel as "TELRIC," and then seek an explicit embedded add-on), while the 

CLECs generally argue (correctly, in my opinion) that embedded 

characteristics should not -- and cannot if the objectives of the 1996 Act are 

to be met --& be a part of the relevant cost development process. 

17 

18 

19 

20 Q. 

21 

22 

BASED ON YOUR EXPERIENCE, HOW SHOULD THE QWESnON BE 

POSED S O  THAT THE CONCEPTUALLY CORRECT ANSWER CAN 

BE APPLIED IN THE COST STUDIES? 
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I think that the following articulation of the problem may be helpful: For the 

geographic area being studied, what is the cost that a provider of the 

fuiictionalities in question would incur going forward, if it had historically 

operated subject to the constraints of competitive market forces? 

Of course, the costs identified should reflect geographic differences in 

cost, should those differences exist within the area being studied. Cost 

mcidels (and the process of selecting inputs to those models) which 

sur:cessfully provide an accurate response to the question as I have posed it, 

wamuld produce cost-based prices for U N E s  that would comply with the FCC 

pricing rules and would allow the objectives of the Act to be achieved. 

It is also useful to state, to the extent possible, what is not the salient 

question. This should not be an exercise in the determination of costs and 

rates that will make the ILECs “whole” in the face of competition, and it is 

not a method to allow them to recover the costs that would be recoverable 

under rate of return regulation. In addition, in spite of the red herrings 

typically off’ered, properly-developed TELRIC is not an exercise in costing 

“networks built in a day,” or “networks that could never exist.” While the 

process will inevitably require some educated estimation - - by definition, it 

seeks to calculate what costs would be ifthe ILECs had been operating in a 

different environment, which clearly must depart h m  historical, embedded 

costs - - it is not an exercise in the development of meaningless hypotheticals 

that the ILECs typically claim it to be. Even the ILEC TELRIC studies reject 
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certain aspects of embedded network configurations and operations. The 

problem arises from the ILECs' failure to apply this principle uniformly 

across all network functionality. 

CAN YOU POINT OUT FOR THE COMMISSION AND STAFF AN 

ElXAMPL'E OF THE TYPE OF CARRIER WHOSE COSTS YOU 

BELIEVE SHOULD BE EMULATED; I. E. AN EFFICIENT ILEC WHOSE 

FORWARD-LOOKING COSTS ARE UNCONSTRAINED BY ITS PAST 

OPERATION AS A REGULATED MONOPOLY AND REFLECT, 

INSTEAD, THE CONSTRAINTS OF A COMPETITIVE MARKET? 

No, no one: can. By definition, such a carrier does not currently exist. The 

ILECs have, for most or a11 of their history, operated as regulated 

monopolies. As such, their operations have not been subject to the pressures 

to innovate, to maximize efficiency, and minimize cost that are the hallmarks 

of' competitive markets. 

16 

17 Q. UWY IS rr APPROPRIATE TO HOLD THE ILECS TO A COST 

18 

19 A. 

20 

21 

STANDARD FOR A CARRIER THAT DOESN'T EXIST? 

There are three primary reasons. First and foremost, it is the law. Second, 

arid equally important, the application of such a standard is necessary if 

Florida coimmers are to receive benefits from competition for local 

exchange services. Third, there is no reason why the ILECs could not have 22 
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innovated, maximized efficiency, and minimized costs as though they were 

operating in competitive markets. Forcing the UNE rates charged by ILECs 

to meet this standard now does not constitute the imposition of an 

unreasonably strict standard, but merely forces them to meet a standard which 

is the norm for most businesses nationwide. I will explain both of these 

reasons in detail. 

YOU STATED THAT THE APPLICATION OF THE COST STANDARD 

YOU DESCRIBE IS ESSENTIAL IF COMPETITION FOR LOCAL 

EXCHANGE SERVICES IN FLORIDA IS TO BE POSSIBLE AND 

PROVIDE CONSUMER BENEFITS. WHY IS THIS THE CASE? 

It i:s my personal view that the "consumer benefit" argument has been 

overused in these proceedings; clearly all carriers will seek to operate 

profitably in the local exchange market and will make "consumer benefit'' 

arguments in support of those goals. The linkage between the costing 

methodology to be applied when establishing rates for UNEs and 

combinations of UNEs and any ultimate consumer benefit is inescapable, 

however. 

The objective of the federal Act is to generate benefits for consumers 

by introducing competition into the markets for local exchange services. This 

god can only be met if UNEs are made available to competing carriers at 

prices that will compensate the ILECs only for the costs of an efficient 
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carier. Costs that are artificially inflated to indude recovery of embedded 

costs or other inefficiencies within the ILEC's operations are inconsistent 

with the competitive market standard. At no point does the federal Act 

contemplate "rewarding" the incumbent LECs for being inefficient, yet that is 

exactly what the ILEC pricing proposals for UNEs would do. In addition, the 

ILEC pricing proposals threaten the development of competition. Potential 

competitors who are efficient enough to compete with the ILEC if UNEs are - 

priced appropriately may be unable to compete at all if UNEs are priced at 

higher levels. The speed and success of a CLEC's market entry (and 

ultimately whether it will enter at all in a given area) will depend on whether 

a business case can be made to do so. Inflating the price of UNEs above the 

level of forward-looking economic cost of an efficient competitor -- even 

slightly -- will have an impact on the speed and scope of competitive local 

entry. 

Eqwdly important for consumers is the fact that even if new entrants 

can find a way to compete at some level with excessive UNE prices, these 

inftated "wholesalet' rates will inevitably lead to inflated "retail" rates. Short 

of duplicatiiig the ILEC's ubiquitous local network (the kind of scenario that 

t h e  federal Act is specifically designed to prevent), competitors will have no 

choice but to purchase WEs, both separately and in combination, in order to 

offer services to consumers. The price paid to the ILEC for these UNEs is a 

direct cost to competitors that cannot be avoided and must be included in 
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retail rates, While competitive market forces will exert a continuous 

downward pressure on rates, no market force can push rates below direct cost. 

AS a result, the price floor for retail local exchange services will be 

artificially high if UNE rates are set above foward-looking economic cost. 

For Florida consumers, if UNE rates are set artificially high, two 

scenarios are possible, both of then rather bleak. First, if competitors do enter 

the market, they will be offering retail prices that (because of the inflated 

UNE prices:) remain artificially high. Instead of having a “choice” of one 

provider for their local exchange service, consumers will have a “choice” of 

several providers offering the same inflated rates, reflecting costs associated 

with the 1LE;C’s embedded network. Other than the brief moment of 

satisfaction :that some end users may experience as a result of the mere act of 

switching providers, their only benefit that consumers would receive from 

competition is the chance to pay the same rate to a different provider. In the 

second scenario, the ILEC exercises its market position and perpetuates a 

price squeeze on its competitors, thereby limiting or eliminating their 

presence and preventing entry by potential competitors. In this case, the only 

benefit that consumers would receive from this failed attempt at the 

introduction of competition would be the ability to continue paying the same 

rate to the same provider (assuming that price caps remain in place that 

prevent price increases). 

While the end result for consumers is effectively the same under 

10 
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either scenario, it is also important to realize that the end result for the lLECs 

is they will be effectively shielded from competitive market forces and will 

continue to be able to recover their embedded costs, regardless of how 

inefficientby they are incurred. The ILECs will win just as surely as 

consumers will lose. 

PURSUANT TO YOUR COST STANDARD, THE ILECS WOULD ONLY 

B E  ABLE Fro INCLUDE IN THE PRICES FOR UNES THE LONG-RUN 

COSTS THAT WOULD BE INCURRED BY AN EFFICIENT CARRIER 

TO PROVIDE THESE NETWORK FUNCTIONS; I. E., THE COSTS 

THAT THE ILEC WOULD INCUR ON A FORWARD-LOOKING BASIS 

IF IT HAD HISTOFWALLY OPERATED SUBJECT TO THE 

CONSTRAINTS OF A COMPETITIVE MARKETPLACE. PRIOR TO 

THE IMPLEMENTATION OF PRICE REGULATION FOR PRICE CAP 

TLECS AN.D UNTIL THE PRESENT FOR ALL OTHERS, THESE 

COMPANIES HAVE BEEN SUBJECT TO RATE OF RETURN 

EGULATION BY THIS COMMISSION. WHY WOULD THEIR 

EMBEDDED COSTS BE HTGHER THAN THE RELEVANT FORWARD- 

LOOKING COSTS? 

Because even with close Commission oversight, rate of return regulation does 

not duplicate the effects of a competitive market. Over time, the regulated 

company's costs associated with network investments and company 

11 



9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

operations can be expected to diverge -- potentially significantly -- from the 

costs that would be experienced by a company providing the same services in 

a competitive environment. 

Properly administered, rate of return regulation applies certain forces 

to the reguliited firm in a way that influences its behavior. The stated 

objective, of course, is to duplicate -- to the extent possible -- the forces that 

would be exerted on the firm by a competitive marketplace. While for many 

years rate of retum regulation was considered to be an acceptable surrogate 

for competiitive market forces, there is a general consensus that it does not 

perfectly duplicate these forces. In reality, there is little debate that rate of 

return regulation creates incentives for the regulated firm that would not be 

present in competitive markets, and conversely fails to create some key 

incentives that competition does create. These differences will, over time, 

cause the regulated company to operate with a very different base of assets 

and with a different level of company operations than a similarly positioned 

competitive company. In short, there are different incentives faced by a firm 

regulated by rate of return regulation and a firm “regulated” by competitive 

market forces. 

As a. result, transition from regulated to effectively competitive 

environments has resulted in significant price reductions for consumers. 

Experience bears this out. In Economic Deregulation and Customer Choice: 

Lessons for the Electric Utility Industry, Robert Crandall and Jerry Ellis 
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looked at the experiences of the gas, long-distance telecommunications, 

airline, trucking, and railroad industries. They found that “[w]ithin 10 years, 

prices were at least 25 percent lower, and sometimes closer to 50 percent 

lower. . . consumers gained substantially - - not just because of rate 

reductions, but also because of improvements in the quality of service. All 

broad consumer groups shared in the price reductions, though some benefited 

more than others.” 

PLEASE DESCRIBE THESE INCENTIVES AND EXPLAIN WHY THEY 

ARE DIFFERENT. 

A key question to be addressed by any regulator seeking to establish prices 

for UNEs (imd combinations of those UNEs) is the following: What are the 

differences between the network investments and level of company 

operations embedded in the ILECs today and the network investments and 

level of company operations that would be present if ILEC had historically 

operated in a competitive environment? The difference represents 

inefficiencies that should not be borne by new entrants or end users. As 

described above, the prices charged by the ILEC for UNEs become part of the 

costs of doi.ng business for competitors. If these UNE rates are inflated (by 

including embedded costs, for example), competitors will be forced to pay for 

this inefficiency and pass it along to their customers. Under such a scenario, 

competitive market forces will be unable to protect consumers and an 
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artificially high price floor will be established for local exchange service 

rates, if competition develops at all. 

I would like to focus on the following key differences between rate of 

return regulation and competitive market forces as “regulators” of a firm‘s 

behavior : 

- There are significant differences in the availability and use of 

information. During a general rate case, the Commission and its Staff must 

rely on information obtained from the regulated company. This information 

is then used by the Commission in its attempt to duplicate competitive market 

forces (by di.sallowing certain costs, for example). An important 

characteristic of this arrangement is that the regulated company has no 

inherent interest in limiting costs, but does so ody because it is instructed to 

do so. The Commission must issue those instructions based on the 

information that it has obtained from the company. In contrast, a company 

operating in a competitive market faces continuous market pressures for cost 

reductions, and is highly motivated to reduce costs. Unlike the Commission, 

which is constrained by the limited information that it has been able to 

collect, the company and its managers have unlimited access to information 

regarding the company’s operations. As a result, the company Will always 

have a greater abili9 to reduce its costs than a regulator will have. The 

question of course, is whether it will have the incentive. A regulated 

monopoly will not have such incentives, while a competitive firm Will 
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constantly IE in a position of acting on such incentives in order to be 

successful. Over time, even closely regulated companies will have cost 

structures and levels that are different from those that could be maintained in 

a competitive environment. 

A rate of return regulated company will substitute capital for labor in 

order to maximize rate base. These incentives for "gold plating" in a rate of 

return environment are generally understood and well documented. Even if 

- 

closely regulated, a regulated fm will, over time, develop an asset base that 

is larger than would exist in a competitive environment. In addition, this 

aspect of raite of return regulation creates a disincentive for the regulated 

company to invest in new, lower cost, technology as it becomes available. 

Rate of return regdation permits full recovery of prudent investments, 

even if they are technically obsolete and do not represent the lowest cost 

technology. This characteristic of rate of return regulation represents a 

primary source of the difference between the ILEC's embedded costs and the 

costs that would be incurred by an efficient provider. When operating 

pursuant to rate of return regulation, a company is permitted to recover a 

"return on" and ''return of' capital for all investments that are considered by 

the regulator to be prudent when made. In other words, if a regulated 

company pinchases an asset that represents a prudent investment at the time it 

is made, the: company is entitled to the opportunity to recover the cost of the 

asset over a reasonable depreciation life and to earn a specified return on that 
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investment. This "protection" for the regulated company is obtained as a 

tradeoff for the limitation applied to the return that it earned on the 

investment. 

Competitive markets are not so generous, however. When a company 

operating in a competitive environment invests in an asset, it does so at its 

own risk. There is no guarantee that the company will recover the cost of the 

asset over the depreciable life that it predicts (a "return of' capital), or that it 

will have the opportunity to earn a given rate of return (a "return on" capital). 

This distinction becomes extremely important in an industry, such as 

telecommunications, in which technological change is occurring rapidly. If a 

competitive firm invests in an asset today and that asset becomes technically 

obsolete tomorrow, the competitive firm will not have an opportunity to 

recover the cost of the asset or to use it to generate a return. Instead, the 

competitive firm must invest in the new technology in order to be able to 

offer service to consumers at the lower price or improved quality made 

possible by rhe technical innovation {if it does not invest in the new 

technology, its competitors will; in doing so they will gain a competitive 

advantage in terms of price and/or quality). A typical scenario is that the firm 

will ''write down" those assets, thereby removing them from its books of 

account, before they are fully depreciated. In this scenario, the owners of the 

firm, not the: customers, pay for the obsolete asset. Conversely, if a company 

guesses "right" about new technology, it has an opportunity to gain a 
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Q. 

A. 

significant short-term advantage over its competitors and to earn, in the short- 

m, significant profits that its competitors do not. This creates the pressure 

to innovate. Companies that guess right more often than the rest of the 

market, and who operate efficiently, succeed. Companies that fail in one of 

these areas are eventually forced out of the market. 

In oontrast, if a company that is rate of return regulated makes a 

similar investment, it will continue to have the opportunity to recover the cost 

of the asset -- plus a reasonable return -- &om customers. As long as the 

acquisition of the asset was prudent at the time it was made, the regulated 

company will be given the opportunity to recover the cost of the asset over its 

projected dt:preciabIe life and will have no incentive to invest in the new 

technology or to retire the obsolete technology. Over time, the asset base of 

the regulated company deviates further and further from the asset base of an 

efficient competitive provider. 

WHY IS THIS DIVERGENCE OF THE ASSET BASE OF A REGULATED 

MONOPOLY AND A COMPETITIVE FIRM RELEVANT TO AN 

EVALUATION OF THE APPROPRIATE METHODOLOGY TO BE 

UTILIZED TO DEVELOP UNE COSTS? 

The existence of this divergent in the base of assets explains why certain cost 

models previously presented by the ILECs cannot be used to develop 

appropriate costs for UNEs. BellSouth’s loop cost model, for example, 
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assumes the existing network configuration as a starting point, and makes 

minor modifications in order to reflect “forward-looking” characteristics. By 

doing so, t h e  model assumes that, except for these minor modifications, the 

base of network assets currently being utilized by BellSouth in Florida is that 

same as the base of assets that it would be using if it had historically been 

subject to competitive market forces. There is absolutely no basis for such an 

assumption. To the contrary, for each of the reasons described above there is 

every reason to assume that the existing, embedded base of assets would nor 

be in place if competitive market forces instead of regulatory incentives had 

controlled the evolution of BellSouth’s network. 

For this reason, cost studies presented by the lLECs in Phase I1 cannot 

use existing network configurations (even with minor adjustments) as a 

starting point for the development of W E  costs. 

Q. IN HIS REEIUTTA MTNES TESTIMONY, BELLSOUTE IARNER 

ARGUES THAT BELLSOUTH BELIEVES THAT IT -- OR ANY OTHER 

COMPANY -- MUST RECOVER THESE EMBEDDED (WHAT HE 

REFERS TO AS “ACTUAL“) COSTS, AND THAT IT IS THEREFORE 

APPROPRIATE TO INCLUDE THEM IN UNE RATES. DO YOU 

AGREE? 

No. The perception by certain ILEC employees that a company must recover 

all of its embedded costs (including the cost of obsolete assets) in order to 

A. 
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remain financially viable or to make a "profit" is apparently the result of 

having operixted for too long in a rate of return environment. While operating 

within the protected environment of rate of return regulation, the ILECs were 

indeed given the opportunity to recover costs associated with obsolete 

technology (as described above, the opportunity for such recovery is an 

inherent characteristic of rate of return regulation and is unrelated to the level 

of oversight exercised by the Commission and Staff). During this same 

period of time, companies operating in the competitive world made 

investments, took their chances, and when necessary invested in new lower 

cost technologies even when existing assets were not fully depreciated. 

These obso1t:te assets were written off the books and in effect paid for by the 

shareholders, rather than customers, of the company. Those shareholders 

have often bleen rewarded with a higher stock price, as Wall Street analysts 

have interpreted the acquisition of new technology as a sign that operating 

costs will decrease and earnings will increase. 

SINCE THE, ILECS OPERATED PURSUANT TO M T E  OF RETURN 

REGULATION EXERCISED BY THIS COMMISSION, SHOULDN'T 

THEY BE "MADE WHOLE" BY INCLUDING THESE EMBEDDED 

COSTS IN THE RATES FOR LJNES? 

A. No. When operating pursuant to rate of r e m  regulation, the ILECs 

accepted restrictions on their earnings in exchange for the protection offered 
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by this forni of regulation (including the recovery of the costs of all 

embedded assets). By electing to operate under alternative regulation (and 

therefore to no longer be subject to rate of return regulation), some of the 

ILECs have: gained freedom from the limitations on their earnings, but have 

also given up the protection afforded it by rate of return regulation. These 

ILECs should not be permitted to simultaneously receive the benefits of 

alternative iegulation and the protection of rate of return regulation. 

THE ILEC3 OPERATE AS CARRIERS OF LAST RESORT WITHIN 

THEIR RESPECTIVE OPERATING TERRITORIES. DOESN'T THIS 

OBLIGATION CAUSE THEIR EMBEDDED EASE OF ASSETS TO BE 

DIFFERENT (AND LARGER) THAN THAT OF A FIRM OPERATING IN 

A COMPETITIVE MARKETPLACE? 

No. The ILEC's carrier of last resort ("COLR) obligation is a distinct and 

separable issue from the question of whether the assets used to provide 

service reflt:ct operation under rate of return regulation or the constraints of a 

competitive: marketplace. As COLRs, the ILECs may have served areas (and 

invested in the network assets to do so) that it would chosen not to serve 

absent such an obligation. In other words, the ILECs today may be serving 

high cost areas that they would prefer -- from a business standpoint -- not to 

serve given the current revenue streams available. The event that revenues 

generated &om services provided to a given area may be insufficient to cover 

20 

... . . .. -. __ . . .. . . . 



5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Q* 

A. 

cost is a universal service find issue. The relevant question, however, is 

what base of assets would the ILEC be using on a going-forward basis to 

serve both the high cost and other areas of its operating territory if it had been 

subject to the constraints of a competitive marketplace and, therefore forced 

to serve all of these areas as efficiently as possibie? It is possible that COLR 

obligations could be met using a different base of assets depending on 

whether rate of return regulation or market constraints are applied. While 

UNE costs should reflect the ILEC's cost of serving any high cost areas 

created by a COLR obligation (and should be geographically deaveraged to 

reflect such cost differences), the cost used to establish UNE prices in all 

areas should reflect the costs of a carrier that has operated pursuant to 

competitive market forces. 

HAS THE COMMISSION {AND STAFF) PREVIOUSLY ADDRESSED 

THE ISSUES OF EMBEDDED COST RECOVERY IN UNE RATES? 

Yes. In Order No. PSC-98-0604-FOF-TP, issued April 29, 1998 in Docket 

Nos. 960757-TP, 960833-TP, and 960846-TP, the Commission concluded 

that BellSouth's attempt to recover embedded costs through the residual 

revenue requirement ("RRR'') in its proposed rates for UNEs was 

inappropriate in a forward-looking cost model. (Order at 64). The 

Commission agrees with AT&T/MCI that by including the RRR in some of 

its proposed rates, BellSouth appears to desire to be made whole as if it were 
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a rate of return regulated company, while enjoying the benefits of price 

regulation. (Order at 64). Moreover, the Commission concluded that past 

COLR investment should not be included. 

The question then becomes the following: if it is inappropriate for 

BellSouth or other ILECs to be "made whole" by permitting the recovery of 

embedded cclsts through UNE rates, is it nevertheless appropriate for 

BellSouth or other ILECs to be made even partially "whole" by pedt t ing  

UNE rates that are above the level of forward-looking economic costs (yet 

below the level of complete embedded cost recovery)? It seems clear that the 

rationale for excluding the total amount of embedded costs from W E  rates 

would also slupport the exclusion of any portion of those embedded costs. If 

BellSouth an.d other ILECs are permitted to use cost models that carry 

forward existing network configurations (even as a "starting point") and to 

include in their studies inputs to those models that reflect historic operating 

characteristics, the result can only be UNE rates that are -- at best -- "partially 

embedded. I' Unfortunately, even such partially embedded costs and cost- 

based prices will have the same anticompetitive and anticonsumer 

consequences described previously in my testimony. As I explain in detail in 

the following section of my testimony, the cost studies performed to develop 

rates for UNEs and UNE combinations must be limited to long-run, fonvard- 

looking economic costs; the costs that would be incurred on a forward- 

looking basis if the ILECs had historically operated pursuant to competitive 
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market forcr:s. This limit must apply to both the operation of the cost models 

and to all hputs to forward-looking models. 

SECTION 11: THE DEVELOPMENT OF COST MODELS AND INPUTS 

THAT LIMIT COSTS TO THOSE THAT WOULD BE INCURRED ON A 

FORWARD-LOOKING BASIS IF THE ILECS HAD HISTORICALLY 
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OPERATED PURSUANT TO COMPETITIVF, MARKET FORCES. 

WHAT SPECIFIC CRITERIA SHOULD THE COMMISSION APPLY 

WHEN EVALUATING COST MODELS? 

No cost model -- no matter how sophisticated, detailed, easy to use, or 

verifiable -- can produce useful results if the underlying methodology is 

inappropriate for the task at hand. Specifically, a foward-looking economic 

cost methodology must incorporate the following assumptions: 

1) Investments must be forward-looking and based on a long 

ma assumption. For this purpose, long run is defined as 

bein,g a sufficient period of time such that all costs are 

considered avoidable or variable. Consistent with this 

assumption, investment assumptions should take into account 

the geographic and demographic characteristics of the area 

being studied, but should not be constrained by the 

characteristics of embedded facilities or equipment. 
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2) The costs of operating the company (so-called overhead or 

shared and common costs) must likewise be forward- 

lookiiig and based on a long run assumption. Consistent 

With this assumption, these costs should be constrained by the 

tasks that must be performed, but should not be constrained by 

the historic level of such costs or the methods and practices 

currently in place. 

3) Forward-looking investment and operating cost 

assumptions must be consistent. For example, if 

inveslments are calculated assuming installation of state-o f-the 

art equipment, then operating costs should reflect the reduced 

manpower generalIy required to operate such equipment. 

4) Investment assumptions and demand assumptions must be 

properly matched. If investment sufficient to serve existing 

demand is studied, then the current demand should be 

assunled. If investment sufficient to serve a future level of 

demand is assumed l i e . ,  investments are sized for growth), 

then !hat future level of demand units must be assumed. This 

principle has significant implications for the selection of the 

appropriate "fill factors" to be applied in a cost model. A mis- 

match of investment sized for growth and a current demand 

assumption will lead to (potentially significantly) overstated 
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costs. 

Of course, even a cost model that applies the appropriate methodology can be 

otherwise flawed. Any cost model adopted for use by the Commission to 

develop coct-based prices for UNEs - - and combinations of UNEs - - should 

possess the following characteristics: 

1) Cost models must produce results that are meaningful in 

the context of the task at hand. In order to develop costs to 

support UNE rates that reflect geographic cost differences or 

to determine the needed amount of universal service funding, a 

cost model must be capable of accurately capturing the cost 

effects of operating in different geographic areas, Similarly, in 

order to develop costs to support rates for UNEs that will be 

purchased both separately and in combination, a cost model 

must be capable of accurately reporting the costs of functions 

in both isolation and in combination. 

2) Cost models must make the appropriate trade-off between 

sophistication and complexity. While a model must be 

sophisticated enough to develop the cost detail necessary for 

the task at hand, it should not be more complex than is 

necessary to do the job. 

3) Cost models must maintain the necessary degree o€ 
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accuroq. They must be populated with accurate inputs and 

the calculations and algorithms must be based on sound and 

generally accepted engineering practices. 

4) Cost modeb must permit review and verification by the 

Commission and other interested parties. Models should be 

open and easy to use and understand. In addition, models 

should have a history of validation using an open and 

understandable process. 

YOU STATED THAT A COST MODEL MUST BE ABLE TU 

CALCULAE THE COST OF UNES PROVIDED IN COMBINATION. 

DO THE COST MODELS PREVIOUSLY SUBMITTED BY THE ILECS 

MEET THIS REQUIREMENT? 

No. The rates based on the results of an appropriate model will permit 

competing carriers to purchase UNEs -- either separately or in combination -- 

and to pay a rate that will fully and fairly compensate the ILEC without 

requiring tht: CLEC to pay for network facilities or equipment that it will not 

use. 

BellSouth's cost models in prior cases, for example, have failed this 

requirement in s e v d  respects. First, BelSouth has not costed even the most 

essential combinations of network elements. For example, BellSouth has 

produced a most for a local loop and a switch line port, but has not produced a 
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study of the cost of a loop connected to a BeltSouth switch (as it would be if 

these UNEs are purchased in combination). Because of the way in which it 

has conducted its studies of the individual elements, simply adding 

BellSouth's proposed cost for an unbundled Loop to its proposed cost for an 

unbundled line port will result in a total cost that exceeds the forward-looking 

costs of providing these elements in combination. Similarly, BellSouth has 

not developed a cost for a local loop and transport facility (the so-called 

"extended loop"). BellSouth's failure, to date, to provide the cost of even 

these most cibvious UNE combinations is clear: its cost models are 

constructed in a way that make it impossible for BellSouth to accurately 

calculate the: cost of UNE combinations. 

Secolnd, BellSouth's assumptions that U N E s  will only be purchased 

individually and not in combination has caused it to m e r  overstate the cost 

of individual U N E s .  For example, BellSouth has improperly included an 

analog interface in its cost for unbundled loops provisioned using Integrated 

Digital Loop Carrier ("IDLC"), even though those loops terminate directly on 

a switch without the need for analog conversion. 

Third, BellSouth typically has assumed in its studies of nonrecurring 

costs that the service orders that it is asked to p m s s  will be for orders of 

individual elements purchased separately, and not for combinations of 

elements. As a result, BeliSouth ignores the cost savings that it Will 

experience when processing these orders and overstates these nonrecurring 
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COStS. 

Thesle shortcomings in the BellSouth models are cited here to be 

contrasted with the characteristics of an appropriate cost model, Specifically, 

any cost model produced in Phase I1 and ultimately used by the Commission 

should permit calculation of the cost of UNEs purchased either separately or 

in combimth, and accurately reflect the different costs incurred by the 

ILEC when such a purchase is made. The pricing of UNE combinations is 

not a simple matter of summing the rates for individual elements. This 

capability must extend to both recurring and nonrecurring costs. 

WHAT ARE THE MAJOR STEPS THAT A RECURRING COST MODEL 

MUST TAKE TO CALCULATE THE COST THAT A PROVIDER OF 

THE FUNCTIONALITIES IN QUESTION WOULD MCUR GONG 

FORWARD, IF IT HAD HISTORICALLY OPERATED SUBJECT TO 

THE CONSTRAINTS OF COMPETITIVE MARKET FORCES? 

In order to develop cost-based UNE prices that conform to sound economic 

principles, the requirements of the federal Act, and the FCC’s pricing d e s ,  a 

cost model must accomplish the following four tasks: 

1) Accurately locate the ILEC switching locations; 

2) Accumtely locate the customers; 

3) Accurately determine the relationship between the custcma locations 

(i. e., determine where groupings of customers exist) and between 
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these groupings of customer locations and the switching locations; 

4) Accurately determine and locate the total level of demand to be 

modeled; and 

5 )  Des:ign a forward-looking, efficient network that connects the 

customers to the switching locations, and the switching locations to 

each other, that is unconstrained by the emWded network design 

exceipt for the location of switches. 

The challeqge is to perform these four tasks without allowing the ILEC’s 

embedded characteristics to creep into the process. 

PLEASE DESCRIBE HOW THIS SHOULD BE ACCOMPLISHED. 

The first step in developing a TELRIC model as outlined above is dictated by 

the FCC’s First Report and Order. The FCC d e t e d n d  that cost proxy 

models “shcluld be based on costs that assume that wire centers will be placed 

at the incumbent LEC’s current wire center locations, but that the 

reconstructed local network will employ the most efficient technology for 

reasonably foreseeable capcity requirements.” (FCC 96-325,08108196, para. 

685). Infortnation on current wire center locations can be obtained using the 

Local Exchange Routing Guide (“LERG”). 

The second step of accurately locsZting the: customers geographically is 

a much more difficult process - - olot because one is employing a cost proxy 
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model, but because ILECs do not currently possess data on the geographic 

locations of their customers. Ideally, this information would contain the 

exact latitude and longitude for each ILEC customer in Florida. Because this 

information is often not available, all cost proxy models must estimate these 

locations baed on the best data available. Cost models, to date, have used 

two primary methodologies to develop these customer locations. Both 

methodologies start with estimates of customer locations by census blocks (a 

unit defined by the US. Bureau of the Census) and then attempt to assign 

each customer to a geographic location within the census block. The first 

methodology, called geocoding, assigns latitude and longitude coordinates to 

actual street addresses. In other words, a program matches addresses of 

Florida residents to a dabbase that contains infomation on the roads and 

streets in Flcrrida. This process most reliably assigns known customer 

addresses to actual, physicarl locations. The secodd methodology does not 

attempt to identify actual geographic locations for each customer, but instead 

assigns proxy locations to them. This methodoIogy is most commonly 

implemenml by evenly m b u t i n g  customers along the road networks in a 

Census Block. The g m c d h g  methodology is clearly more accurate, because 

it attempts to accurately capme the dispersion of customers within a census 

block, ratha than simply assuming that those customers are spaced as far 

away from each other as possible along the road network. Since the 

g e o d g  can not currently identify a geographic location for all customers, 
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it needs to tg used in conjunction with a surrogate methodology. 

Such an approach is consistent with the FCC’s tentative conclusion in 

its May 28, 1999 Further Notice of Proposed Rulemaking that although 

geacode data should be used to locate customers in the federal 

rnehnisrn, we tentatively conclude that at this time we 

cannot adopt any particular some of geocode data because 

interested parties have not had adequate access or time to 

review such data. We tentatively conclude below that a road 

surrogate algorithm will be used to locate customers in the 

federal mechanism until a source of geocode data is selected 

by the Commission. We reiterate our expectation, however, 

that ‘we will identify and select a source of accurate and 

verifiable g e o d e  data in the future for use in the federal 

meclmnism. (FCC 99-120,05/28/99, para. 25) 

The ,third step - - accurately determining the geographic relationship 

between individual customer locations, and between groups of customers and 

the wire centers that serve them - - is critical to the design of a forward- 

looking TEI,RIC model. The objective of this step is to group customers into 

&imt “sewing areas” that will allow telecomuniCations traffic to be 

co-1 for movement over high-volume feeder plant to the relevant 

wire center. This process is similar to the process used in any distribution 
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network, such as airline terminals and local highways, This involves using 

smaller M ~ C ~ S ,  air routes, or distribution cables to reach the end user. Traffic 

is then agpegated at collection points to allow much higher volumes of 

trafic to travel together in a more efficient manner to major switching hubs. 

In local tekphone networks, this point of aggregation is at the serving area 

interface (01 feeder distribution interface), the location where the traffic on 

distribution facilities is aggregated and transported through feeder facilities, 

The object of this part of the cost modeling process is to create serving areas 

that are efficient, resulting in the lowest cost design of facilities consistent 

with engineering requirements. 

I agree with the FCC’s conclusion that 

a clustering approach, as first propossd by HAI in this 

proceeding, is superior to a grid-based methodology in 

modding customer sewing areas accurately and efficiently , . . 
The idvantage of the clustering approach to creating serving 

areas is that it can identify natural groupings of customers. 

Tkat is, because clustering does not impose arbitrary serving 

area boundaries, customers that are located near each other, or 

that i t  makes sense h m  a technological perspective to serve 

together, may be sewed by the same facilities. There are two 

main enginering constraints that must be accounted for in any 
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cluskring approach to grouping customers in service areas. 

Clustering algorithms attempt to group customers on the basis 

of both a distance constraint, so that no customer is farther 

from a DLC than is permitted by the maximum distance over 

which the supported services can be provided on copper wire, 

and on the basis of the maximum number of customers in a 

serving area, which depends on the maximum number of lines 

that can be connected to a DLC remote terminal. (FCC 98- 

279, 10/28/98, para. 42 & 45) 

The fourth step is the process of designing a foward-looking, 

efficient nehvork that connects the groups of customers to the switches and 

the switches to each other. This step requira the application of a 

combination of engineering guidelines and cost-minimization techniques. 1 

believe that the FCC has taken a reasonable approach to solving this problem 

in selecting the procedure used in the FCC Staffs Hybrid Proxy Cost Model 

(I-€CPM). S;pecifically, the FCC states: 

We conclude that HCPMs outside plant design algorithms 

best meet the criteria developed in the Universal Service 

Order, including the requirement that the technology assumed 

in tlie model is the "least-cost, most-efficient, and reasonable 

technology for providing the supported services." We 
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therefore conclude that the federal mechanism should 

incorporate HCPM's outside plant design algorithm. (FCC 98- 

279, 10/28/98, para. 54) 

In adopting the HCPM outside plant design algorithms, the FCC incorporated 

the design objectives of the HCPM, which are: 

(1) to provide a loop design based on sound engineering 

pria:ipies that meets all of the performance criteria specified 

by the Federal-State Joint Board on Universal Service, or by 

the user, (2) to allow the model to endogenously determine the 

appropriate mix of forward-looking technologies to meet this 

design standard on the basis of cost minimization, and to 

include explicit optimhtion routines to approximate the cost 
r?r 

mimunizing solution, and (3) to accompIish the abpve @%- 

flexiible modular design that can be easily adapted to 

altetnative applications of the model. {The Hybrid Cost Proxy 

Model Customer Location and Loop Design Modules, 

m e m b e r  15, 1998, pages 3-4) 

Specifically, the FCC's cost proxy model calculates the cost of connecting 

the customtx to the switch using a variety of methads, and selects the most 

forward-locking, efficient network to accomplish this goal. For example, the 
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HCPM uses an algorithm developed for network planning 

purposes in both its feeder and distribution segments. This 

algorithm selects a feeder or distribution routing network by 

weighing the relative benefits of minimizing total route 

distance {and therefore structure costs) and minimizing total 

cablle distance (and therefore cable investment and 

maintenance costs.) HCPM also selects technologies (e.g., 

fiber vs. copper, aerial vs. buried) on the basis of annual cost 

factors that account for both operating expenses and capital 

expenses over the expected life of the technology. (FCC 98- 

279,10128198, para. 64) 

I agree with the FCC that the network and design criteria, as laid out in the 

HCPM documentation, incorporate the appropriate methodology for use in 

developing the cost of UNEs. Specifically, the FCC’s model e m s  that the 

UNE rates a r e  not based on the embedded characteristics of the ILEC’s 

existing network. 

ONCE AN APPROPRIATE MODEL IS IDENTIFIED, HOW SHOULD 

CONCEPTlJALLY CORRECT INPUTS BE DEVELOPED? 

Inputs must be developed that are consistent with the methodology being 

applied and with the operation of the cost mcdel into which they are being 
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entered. I have divided the types of inputs that are necessary for the 

development of UNE costs into several categories: engineering parameters 

and constraints, material and labor prices, and operating costs. The 

development of inputs within each category is described separately below. 

WHAT AWE THE TYPES OF ENGINEERING PARAMETERS AND 

CONSTR41NTS THAT MUST BE CONSIDERED AS INPUTS TO A 

COST MODEL? 

I will address thee such inputs: fill factors, structure mix, and structure 

sharing. Each is discussed separately. 

ONE OF THE METHODOLOGICAL PRINCIPLES YOU DESCRIBED IS 

THE REQUIRJ2MENT THAT INVESTMENTS BE SIZED 

CONSISTENTLY WITH THE LEVEL OF DEMAND ASSUMED IN THE 

STUDY. HOW IS THIS ACCOMPLISHED IN A COST STUDY? 

Demand assumptions must ke made correctly at two points in the cost study 

process. First, the costs associated with a fod- look ing  network design 

(and the opelration of that network) must reflect the totaI demand on the 

network, including all wholesale and retail services. If  this is done correctly, 

UNE costs and prices will reflect the economies of scale and scope enjoyed 

by the ILECls as required by the FCC pricing rules. This mechanism is 

necessary if CLECs are going to be able to enter the market and compete 
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without first duplicating the scale and scope of the existing ILEC operations. 

Second, investment and demand assumptions must conceptually 

match in order for meaningful results to be calculated. The most important 

mechanism for matching investment and demand assumptions is the correct 

application of "fill factors," based on assumed usage of "fill" rates for specific 

investments,, Improperly applied fill factors can cause an otherwise properly 

conducted cost study to generate results that significantly overstate the 

economic cost of the UNE or service being studied. 

10 Q. WHY ARE FILL FACTOR ASSUMPTIONS SO IMPORTANT? 

11 A. 

12 

13 

All studies of the costs of either individual components of the 

telecommunications network or services which comprise combinations of 

those elemeiits must apply the correct assumptions regarding the treatment of 

spare capacity p W  for future growth. This assumption is most often 14 

15 

16 

17 

18 

19 

20 

21 

22 

applied as a fill factor representing the portion of the transmission facility 

(such as a calble in the distribution portion of the local loop, or fiber in an 

interoffice filcility) or equipment (the remote terminal for a digital loop 

carrier system or the processor for a local switch, for example) that is 

expected to lx in use. 

An hnprhntprinciple that must be applied in all studies, including 

all studies of economic msts, is the principle of cost causation. Specificaily, 

the study shdd include all cos@ but only those costs, that are caused by the 
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decision or requirement to offer the UNE or service being studied (the ZtECs 

apparently cndorse, but then do not apply, the principle of cost causation in 

their cost studies). A forward-looking economic cost study, therefore, will 

include the costs that would be caused by an efficient provider to offer the 

UNE or sewice. Since spare capacity in a facility or piece of equipment is a 

potentially t;ignificant cost to be addressed, it is important that this type of 

cost be trealed in accordance with the principle of cost causation and other 

economic costing principles. 

WHAT ARlE THE SOURCES OF SPARE CAPACITY? 

Spare capacity has several different sources. Each of these types of spare 

capacity shctuld be treated appropriately in a cost study. 

First, some need for spare capacity arises h m  the need to perform 

administrative functions. This administrative need includes the need for extra 

capacity for maintenance and to account for defective facilities (bad pairs in a 

copper cable, for example). For this reason, the engineer’s “target fill” or “fill 

at relief” -- the fill rate at which new capacity will be installed -- is almost 

always less than 100%. This form of spare capacity is directly caused by the 

UNE or senrice being studied and is properly included in a forward-looking 

economic CCISt study. 

A3. 

are lumpy; in  other words, it may not be possible to purchase a facility that is 

Second, some spare capacity is created by the fact that investments 
,<- 
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exactly sized for the existing need. A need for 550 copper pairs may have to 

be met with a 600 pair cable, for example. This type of spare capacity is also 

appropriatelly included in a forward-looking cost study. 

Third, spare capacity may be placed to serve future growth in the 

network. For example, the ILEC may decide to place sufficient capacity to 

Serve not ordy all current customers but also all expected future customers in 

a given geo:graphic area over some planning period. For the reasons outlined 

below, this 'type of spare capacity is not properly included in a forward- 

looking economic cost study. 

Fourth, there is spare capacity that may exist because of an incumbent 

company's incentive to over invest when it was subject to rate of return 

regulation. This type of spare capacity should never be included in any cost 

study. 

Of the four sources of spare capacity, it is the treatment of spare 

capacity placed for future growth that has proven to be primarily at issue. 

The ILECs ,generally seek to include the first three types of spare capacity in 

their cost shudies (administrative, lumpy investment, and future growth) and 

may include some portion of the fourth. In contrast, the, fill factors used in a 

properly pformed forward-lookmg economic cost study include only the 

first two types (administrative and lumpy investment). This difference in the 

treatment of spare capacity placed for future p w t h  represents a significant 

portion of the difference in cost results reported in prior CLEC and ILEC cost 
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studies. By applying the fill factors that they have used in their studies, the 

ILECs are 11 effect requiring new entrants to pay for the ILEC's investment 

needed to seme both current and future customers. The practical effects of 

this approach have serious implications: the ILEC's costs to serve customers 

in the future will be paid for by its current competitors, the ILEC will be able 

to double recover its costs, and a significant barrier to entry will be created. 

PLEASE EXPLAIN HOW AN ILEC'S USE OF THE WRONG FILL 

FACTORS 'WILL HAVE THESE FAR REACHING EFFECTS. 

The cost cawation principle described above is a requirement for efficiency: 

the costs attributed to any given customer should be no higher than that 

customer actually causes. While an ILEC may elect to place facilities or 

equipment tiday in order to accommodate growth that may occur in the 

future, today's customers should not have to pay for costs that are caused by 

tomorrow's customers. UNE rates set at the Ievel of the results of the ILEC's 

studies would have exactly this consequence. 

This specific case of shifting costs from one set of customers to 

another ( h ~ n  future customers to current customers) is conceptually no 

different than any other impropx shifting of costs between customers. For 

example, if the ILEC wants to offer broadband services, it may invest in the 

facilities to clo so. The costs of these broadband facilities, of course, are 

caused by the customers of broadband services and should be recovered in 
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the rates chtuged to them. It would clearly be inappropriate to shift those 

costs to othm customers (purchasers of narrowband Plain Old Telephone 

Service, for example). It is likewise inappropriate to shift costs caused by 

hture custo:mers to current customers: future customers, like broadband 

customers, should pay for the costs that they cause. 

In order to avoid this shifting of costs, it is important that spare 

capacity plalced for future growth be treated correctly. It is not appropriate 

(and in fact :is conceptually meaningless) to look at the total size of plant in 

place today 1:including capacity to serve both existing and future customers) 

and only the current level of demand in order to calculate the level: of "fill" to 

be used in a cost study, yet this "apples to oranges" calculation is exactly 

what the 1LE':Cs have used in their cost studies. In order to perform this 

calculation on an "apples to apples" basis, it is necessary to calculate the level 

of fill by matching the size of the necessary facilities to serve current demand 

with current demand, or the size of the facilities placed to serve both current 

and future demand with the expected level of future demand. 

Stated mathematically, the two options for correctly calculating fill 

are as follows (for ihstrative purposes, these formulas are stated in terms of 

lines -- as they would be used when calculating the fill factor for a cable used 

in the loop oir interoffice network. Other units, such as the Units of processor 

capacity of a switch, would be used where appropriate): 
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1) Fill Rate = Current Working Lines I Total Lines Placed to Serve Current 

Demand, or 

2) Fill Rate = Projection of Future Working Lines / Total Lines Placed to 

Serve Current and Future Demand 

This second alternative is consistent with the requirement set forth by the 

FCC in the paragraph often cited by ILEC witnesses. Specifically, paragraph 

682 of the FlCC Order requires fill to be based on a ''reasonable projection of 

actual fill." When applying its flawed methodology, the ILECs conveniently 

forget that the phase "reasonable projection" was included in the FCC 

language for a good reason. As a result, the ILECs calculate fill according to 

the following flawed formula: 

Fill Rate (BZiT) = Current Working Lines / Total Lines Placed to Serve 

Current and Future Demand 

This is not a trivid oversight. By mixing and matching ekments of two 

mutually exc:lusive options, the ILECs have reduced (often significantly) the 

level of the calculated fill. By underestimating the numerator, the ILECs' 

incorrect formula yields a lower percentage fill factor. Even and changes in 

the fill factor applied can have a significant impact on the cost dew. 

For example, consider a facility costing %lo00 to acquire and place (SlOOO 

EF&I investment) having 100 units of capacity. With a U rate of 85%, the 
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calculated investment per Unit for the facility will be $1 1.76. If  the fill factor 

is lowered to 70%, the investment per unit increases to $14.28. As a result of 

using this flawed approach, the ILECs have significantly overstated the cost 

of providing UNEs. 

Rates based on the results of the I L K  studies wouid also be 

discriminatory and therefore in direct violation of section 252 (d) (1) of the 

federal Act. In effect, the ILEC would be offering itself terms that are more 

favorable than those offered to its competitors. Under the ILEC 

methodology, new entrants would pay for the spare capacity to sene  future 

customers, hut never get to use this capacity that they have paid for. In 

contrast, the: ILEC would have access to this spare capacity for future use, 

even though it had been paid for by its competitors. An example makes this 

problem cle,ar: Assume that a competitor pays $20 per month to the ILEC for 

an unbundled loop, based on a cost study that used a fill factor based on the 

flawed formula described above. If the ILEC is using a fill factor that 

includes spare capacity for future use, the cornpetifof is paying for the line 

being used emd all or part of an additional line (if the ILEC is using a 

distribution fill factor that is significantly less than 50%, it is very possible 

that the rate paid by the competitor is recovering the cost of two full lines). 

Now assumr: that the end user customer to purchase an additional line 

from the ILI2C's competitor. The competitor would have to pay the ILEC an 

additional $:20 to do so (thereby potentidly paying for the cost of four lines). 
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No correction would be made for the fact that the competitor is now using 

some of the previously spare facilitiesfor which it has already paid In 

contrast, the ILEC could offer the second h e  for a very low price, because 

the competitor will have paid for the second line in the rate it paid for the 

first. Such 1u1 arrangement is discriminatory (the ILEC receives the second 

line at a cost that is much tower than the cost to an entrant) and creates the 

opportunity for a price squeeze. 

In ad.dition to gaining the ability to charge excessive and 

discriminatory rates, the error made by the ILECs when calculating fill 

factors also will permit them to recover their costs multiple times. If  the 

spare capacity for growth and current d e m d  are both used when cdculating 

the fill factor to be used in the cost study (the ILEC's "apples and oranges" 

methodology), the costs of this spare capacity will be recovered in the rates 

charged to ciment customers (including both competitors and end users). 

When new customers enter the area and the expected demand growth takes 

place, the ILEC will use the previously spare capacity in order to serve those 

customers (tllat is why it was originally placed, after all). These fbture 

customers (or an ILEC competitor sewing these new customers) will be 

paying the I L K  full rates for facilities for which the ILEC has already been 

fully compexlsated by c-t customers -- a classic case of double recovery. 

In ortier to avoid this probtem, the Commission must reject the flawed 

costing methodology that causes it: the ILEC's incorrect calculation of fill 
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rates (and subsequent application of these flawed fill factors in their cost 

studies). The Commission should ensure that any costs that it uses to 

establish ratses for UNEs (or for any other purpose) be determined by cost 

studies that :properly mix investment and demand assumptions. In order to 

accomplish ,this, fill rates must be calculated using one of the two acceptable 

formulas described above and not with the ILEC formula that attempts to 

force together two mutually exclusive assumptions. 

CAN YOU PROVIDE AN EXAMPLE OF HOW THE COST MODELS 

PREVIOUSLY SUBMITTED BY THE ILECS INCORRECTLY MATCH 

INVESTMENTS AND DEMAND? 

Yes. BellSouth, for example, is quite up h n t  about the calculation error that 

it has made :in previous studies. In a Georgia proceeding in Docket No. 7061- 

U, BellSouth witness Wayne Gray made it dear, for example, that BellSouth 

had calculated fill as described above: by considering capacity placed to serve 

both present and future customers juxtaposed with the demand of only current 

customers. Mr. Gray explained that BellSouth places facilities with spare 

capacity for future growth, yet calculates the fill factors used in its cost 

studiw by simply dividing total capacity by existing demand. BellSouth 

wi- Caldwell also stated in that proceeding that the current "average 

utilization 1r:vel" was used in the previous BellSouth cost studies. 

The lcontradictions in Mr. Gray's testimony reflect the contradictions 
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inherent in ElellSouth's fill factor calculation. For example, Mr. Gray 

correctly poi.nts out that all telecommunications plant should be placed "in a 

manner which minimizes the cost of doing so, whether you are talking about 

the actual cost of placing the plant, or the cost of carrying the spare capacity." 

There is certainly no disagreement on this point; the capacity that should be 

installed is a function of both placement costs and the costs of carrying 

additional ca.pacity. A1 firms that must make significant capital investments 

face the same dilemma and must make the same calculation: there are costs 

associated with corning back and installing additional plant, but there are also 

capital costs associated with carrying extra capacity as an asset that does not 

currently praduce revenue but which is expected to do so in the future. 

Specifically, the calculation to determine the efficient level of spare capacity 

to be placed compares the present value of the cost per unit over the life of 

the asset with the level of spare capacity in place with the cost of placing the 

plant to servt: today's capacity without regard to growth and reinforcing that 

plant at exhaust (Le. when the objective fill level, or fdl at relief, has been 

reached). 

Mer correctly identifying the tradeoff of costs associated with each 

scenario and the need for BellSouth to choose the approach with the Iowest 

total cost (that is, the scenario with the lowest total of the stream of costs to 

be incurred aver the life of the asset discounted back to the present; in other 

words, the scenario with the lowest cost expressed on a present value basis), 

46 



7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Mr. Gray recommends that cost studies be performed with BellSouth‘s 

measure of -what he calls “actual” fill: the mismatch of investment to meet 

current and future demand with current demand units. The eflecf of the 

BellSouth cdculation is to ship 100% of the carrying costs associated wirk 

spare capacity to its end user customers and competitors. The tradeoff 

described so well by Mr. Gray in his testimony will nof exist if the fill factors 

he recommeinds are used: it is impossible for BellSouth to compare the cost 

of two scenarios if the costs of one of the scenarios has been transferred to its 

customers and Competitors. As a result -- if Mr. Gray‘s proposed fill factors 

are used in cost studies -- BellSouth (and any other ILEC) can minimize cost 

over time (the objective stated by Mr. Gray) by placing excess capacity and 

having others pay for it. 

In fact, the ILEC would gain two distinct benefits under this proposal. 

First, as dexribed above, the ILEC would gain the capacity necessary to 

serve future customers while having it paid for by its competitors (through 

UNE rates) and end user customers (through retail service rates). Second, the 

ILEC could place more capacity now than it projects to be needed to 

accommodate growth, and it could do so risk fie. While companies 

operating in competitive markets must consider the risk that they will 

overdeploy capacity and ultimately pay canying costs on capacity that never 

produces revenue, the ILEC would face no such risk. It could deploy 

capacity equal to twice, or ten times, or one hundred times its projected need, 
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and the effect would be that its (inappropriately calculated) fill factors would 

fall, the per unit costs calculated by its cost studies would increase by a 

corresponding amount, and rates for LINES and retail services would likewise 

increase. The ILECs will be in a position to bet their comperitors‘ and 

customers’inoney that a given level of capacity will be used in the future, 

while never putting a penny of their own at risk In summary, both the 

testimony o l  BellSouth witness Gray and the ILEC position regarding the 

calculation of appropriate fill factors contain an inherent contradiction that 

will result in significant benefits to the lLECs but significant p e d  for its 

competitors and other customers. 

The Commission should ensure that the ILEC cost studies submitted 

in Phase I1 610 not contain this fundamental error. 

HOW SHOIJLD INPUTS REGARDING THE STRUCTURE MIX BE 

DEVELOPED? 

Telecommunications facilities can be placed on (or in) three general 

categories of structures: poles (aerial facilities), conduit (underground 

facilities), 01’ directly in a trench (buried). Depending on the geographic 

characteristics and line density of the area being sewed, an efficient ILEC 

wodd probably use a mixture of these types of structures. Since the 

structure type assumption has a direct impact on the cost calculated, it is 

important to accurately determine the structure mix that would be in place on 
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a going-fonvard basis, without the assumptions being constrained by the 

existing structure mix in an ILEC's embedded network. 

The tLECs have argued that the fonvard-looking structure mix should 

be based on the existing structure mix, modified only by future plans for 

changes to tlhis mix. Such a process improperly carries forward embedded 

characteristics and is inconsistent with the scorched node approach required 

by the FCC pricing rules. The correct approach recognizes that, over time, a 

carrier subject to competitive market forces may change the type of structure 

on a given route in order to take advantages of changes in the relative cost of 

structure types and to remain eficient. A carrier operating pursuant to rate of 

return regulation (and under pricing regulation ifno effective competition is 

present) will face no real incentive to mod@ the structure type for a given 

facility. As B result, as with other network characteristics the structure mix of 

a regulated c,ompany and the structure mix of a company operating within the 

constraints hnposed by competitive market forces are likely to diverge over 

time. For this reason, it is inappropriate to determine an efficient forward- 

looking strut:hm mix by beginning with the embedded structure mix of the 

ILECs, even if an attempt is made to modify these embedded chatacteristics 

to make them forward-lmkhg. 

HOW SHOtJLD STRUCTURE SHARING ASSUMPTIONS BE 

DEVELOPEiD ? 
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Structure sharing assumptions are necessary to reflect the fact that providers 

of services other than telecommunications utilize similar (and sometimes 

identical) structures for the placement of their facilities. ILECs have, over 

time, engaged in a limited amount of sharing of these structures with other 

providers. ‘ h e  poles running dong Capital Circle, for example, contain 

power, telephone, and at some points cable television facilities. There is little 

debate that :3haring of structures occurs, and that it results in lower costs for 

each service provider sharing the structure. 

The ILECs typically argue that forward-looking structure sharing 

percentages should be equal to - or only slightly different horn - the existing 

percentages. As I understand it, the justification for this assertion has two 

parts: (1 1 t h e  ILECs have engaged in structure sharing in the past, therefore 

the Commission should assume that they did so to the greatest extent 

possible, and (2) changing the structure sharing ~ssumptiofls within a 

“scorched node” scenario inherently assumes that the networks of other 

sewice providers (power and cable companies, for example) are also being 

“scorched” as part of the exercise. Both of these justifications miss the point. 

First, there is absolutely no evidence or o h  basis for an assumption that the 

amount of structure sharing done in the past represents the maximum amount 

of sharing tlmt was possible. As described in Section I of my testimony, a 

company operating pursuant to rate of return regdation would have had 

incentives tlo maximize rate base by pWhg its own structures, and little 
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incentive to forego those assets in order to save money. As a result, there is 

no basis for #an assumption that the historic level of structure sharing 

represents the amount of sharing that would have been undertaken by a 

company oparating subject to competitive market forces. Second, a 

“scorched node” assumption does not mean that a network will be built 

overnight. A s  described in Section 1, the proper application of this 

assumption requires that a cost model (and the inputs to that model) 

accurately reflect the fonvard-looking costs of a company that has historically 

been subject to competitive market forces. A study of how the ILECs would 

have sought to share structures over time if they had been motivated to do so 

does not require a cost model to “scorch the power company.” It does, 

however, require that costs k developed independently of the structure 

sharing percmtagts in the LLEC’s embedded network. 

WHAT IS THE PROPER METHODOLOGY FOR DETERMINING THE 

MATERIAL AND LABOR PRTCES THAT ARE USED TO DETERMiNE 

THE COST OF UNES? 

A fundamemd assumption that must be applied in UNE cost studies 

performed piusuant to sound economics and the FCC rules is that the costs of 

material and l a b  d and inputs must reflect the fuil scale and scope of the 

TLEC’s opatims. The hputs must consider the ILEC’s purchasing power 

that is created by the large d e  of its projects and ongoing operations, It is 
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clear that the ILECs receive discounts (many of them substantial) when 

acquiring material and labor. 

The components that make up material and labor input sssumptions 

are list pricc:s, delivery costs, and purchasing discounts for material and work 

times time and wage rates for the labor component. These five elements are 

combined to develop the engineered, furnished, and installed (EF&I) cost of 

an asset. There are generally four methods that have been advocated for 

determining EF&I costs: 

(1) Rely on expert opinion, and hire @resumably experienced) subject matter 

experts to estimate costs. 

(2) Solicit lids from vendors and contractors and compile the information in 

order to develop accurate estimates. 

(3) Survey tmnpetitive companies that have performed similar work. 

(4) Review the ILEC’s booked costs, and draw inferences to current and 

forward-vlooking costs based on this past experience. 

Any process ultimately used to develop reliable and accurate forward-looking 

d a l  and. labor costs is likely to require some combination of the first 

three approaches. Subject maftet e-, vendor bids, and competitive 

company reviews can and should all play a role in a comprehensive effort. 

The ILEC bmked costs, however, do not provide an objective starting point 
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for this effort. 

HOW SHOULD THE COST OF CAPITAL, BE DETERMINED? 

The cost of capital represents the annual rate of return expected by investors 

and debtors lor providing the funding of the company’s assets. The 

appropriate c:ost of capital input for a given cost study depends uniquely on 

the financial risk associated with the cost object of the study. It is essential, 

therefore, to determine a cost of capital input for UNEs that reflects the 

monopoly nature of UNE availability. 

In order to determine the specific cost of capital appropriate for a 

study of the forward-looking economic costs of UNEs, the risk relationship 

between an ILEC’s local exchange business and its other telecommunications 

ventures must k understood. The locd exchange business is clearly less 

risky than the ILEC’s other ventures. The provisioning of UNEs (i. e., acting 

as a wholesale provider of essential network functions) carries even less risk: 

the ILEC ma.y lose a retail local exchange customer but rernain the provider 

of the underlying facilities. The level of interest in this and related 

proceeding indicates that the financial risk associated with the assets used by 

the ILECs to provide UNEs is likely to prove very low. 

Financial theory has long recognized the need to capture the 

characteristics of project-specific risk. An analysis of the desirability of an 

investment should include a consideration of a discount rate that is specific to 
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the risks associated with that investment. Risks associated with other ILEC 

ventures are: not a part of the cost of providing UNEs, and should not impact 

the developinent of the inputs for capital costs used in a UNE study. 

HOW SHOULD THE ECONOMIC LIVES OF ASSETS BE 

DETERMINED? 

The economic cost of a UNE is a direct function of the underlying asset’s 

economic We. Rapid improvements and innovations, as well as the 

decreasing price levels that characterize many technology-intensive 

industries, add a level of complexity to the accurate prediction of an asset’s 

usefd life. 

Both competition and technological innovation may cause the 

economic life of a given asset to deviate from the useful life predicted at the 

time the asset was acquired. As described in Section 1 of my testimony, 

competitive market forces tend to cause economic lives to be shorter than 

expected, artd companies operating in competitive markets have no choice but 

to remain efficient. Depending on the asset being considered, however, 

technologicid innovation may increase or decrease the economic life. Since 

the impact of technological change is certain to be specific to specific types 

of assets, it is necessary to perform an economic life analysis at this level of 

disaggregation. General observations are simply not sufficient. 

A su.perficid examination of the issue suggests that competition and 
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technologicrd innovation shorten economic lives. A closer examination 

reveals that there are instances in which companies are able to enhance 

current infrastructure through technological innovation, thereby extending the 

economic lives of the underlying assets beyond their originally expected Iife. 

A competitive market provides incentives for incumbent market players to 

invest in updating current technologies. For example, ILECs have been able 

to increase the capacity (and useful Iife) of copper facilities, first through the 

use of loop carrier systems and later through the use of equipment that makes 

digital subscriber lines possible utilizing short copper loops. Rather than 

shorten economic lives, in these instances competition and technological 

innovation have extended it. 

B e c a w  of this dynamic, the only satisfactory methodology is to 

assess ecommic lives for each type of asset. As an alternative €or this 

analysis, the Commission should consider economic lives adopted in the 

three-way meetings with the FCC. 

17 Q. HOW SHOULD SALVAGE VALUES BE DETERMINED? 

18 A. Like the economic life, the salvage value of an asset may vary depending on 

19 the types of t'echnologid advances and whether those innovations increase 

20 or decrease die Iife of the asset. 

21 

22 Q. WHAT IS T I E  PROPER WAY TO DEVELOP ANNUAL OPERATING 
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1 EXPENSES WHEN CALCULATING THE COST OF UNES? 

2 A. 
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There are three primary components of annual operating expenses: 

operations, nnaintenance and repairs, and administrative functions. 

Attempting to calculate these expenses for an ILEC operating in a 

competitive imarket can be difficult for the reasons described in Section 1 : the 

existing operations of the ILECs (and the corresponding costs) are a direct 

function of having historicaily operated in a monopoly environment. We 

simply have no direct method of determining what the operations of an ILEC 

would look like if it had historically been subject to competitive market 

forces. 

The most appropriate way to develop these expenses would be to 

develop, from the ground up, an operating plan that would provide sufficient 

personnel and resources to operate a forward-looking network sufficient to 
I 4'P 

- m .  provide the 1JNE.s being studied. Like a determination of the c- cs 

of a forwardm-looking network necessary to sene a given geographic area, 

such a bottom-up determination of operating costs is the only means of 

determining the costs that a competitive company would incur. 

Because of the magnitude of such t project, most developers of inputs 

to cost studies have settled for a decidedly second-best alternative for most 

categories of operating costs. Most parties submitting cost studies have 

opted to use adjustments to historical o m  expenses as a proxy for 
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competitive market. 

There are two alternatives for the application of this second best 

alternative crf modifying historical operating expenses in order to estimate 

forward-Io0 king operating expenses. The first methodology involves 

calculating ~ ~ x p e n s e - t o - ~ n v ~ ~ ~ ~ n t  ratios. This methodology assumes that 

forward-looking efficient operating expenses will fluctuate based on the 

amount of assets required to provide the capability king studied. This 

methodology implicitly allows operating expenses to fluctuate with the 

sophistication of the equipment and with the number of lines. In other words, 

the more sophisticated equipment will, ail other things being equal, cost 

more, therefbre increasing invesment and the operating expenses. Also, the 

more lines, the greater quantity of equipment will be required, increasing 

investment md the operating expenses. Under this approach, the total 

magnitude of operating expenses is redud as the total cost of the 

investments needed to provide the capability being studied is reduced. 

The second methodology computes operating expenses based on the 

number of IIines. However, because the study contemplates (as it must) the 

full scale and scope of the incumht’s operations, the embedded total 

magnitude crf operating costs will be assumed to continue on a going-forward 

basis unless the per-line operating expenses are reduced by some amount. 

Such reduction must be grounded in cost-savings and efficiency gains 

resulting ficim the more efficient network. Obviously, this methodology 
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22 

requires a much more in-depth analysis of the current architecture and 

technology compared with the forward-looking architecture and technology, 

The use of a subject matter expert (or group of subject matter experts) will be 

required in making these judgments. 

The most effective approach is to use a combination of these two 

approaches, with the expense-to-investment or expense-to-line ratio approacb 

being applied depending on the specific operations cost being evaluated. 

Some operations functions, such as network operations and billing, are best 

represented on a per-line basis. These expenses are directly related to the 

number of lines {and by extension the subscribers) that comprise the network. 

Other operations costs, such as maintenance and repair expenses, are best 

represented by an expense-to-investment ratio. 

In summary, oprations costs, like all forward-looking costs, should 

be developed using a bottom-up approach. SpecificdIy, the cost study should 

attempt to d&mine the operations costs that would be required to efficiently 

operate the network necessary to provide the functionalities being studied. 

As a second alternative, it is possible to estimate forward-looking levefs of 

operstions costs based on the application of expense-to-investment and 

expense-to-line ratios. 

CAN YOU PROVIDE AN EXAMPLE OF THE TYPE OF 

DOCUMENTATION THAT SHOULD ACCOMPANY THE INPUTS A 

5% 

- .. . . . . -. 



1 

2 A. 

3 

4 

9 Q* 

IO A. 

PARTY IS ]PROPOSING FOR UNES? 

Yes. Attachment DJW-2 is the HAI Model Inputs Portfolio (“HIP) that 

illustrates, for each input, the type of methodology that should be followed in 

developing the inputs that are used to calculate the cost of UNEs. This 

document also shows the minimum level of supporting documentation that 

should be required for any input being considered for use in a cost study for 

UNES. 

DOES THIS CONCLUDE YOUR TESTIMONY? 

Yes. 
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914 Stream Valley Trail, Aipharettu, Georgia 30022 I 770.47S.9971, FAX 770.475.9972 

EDUCATION 
Emory University, Atlanta, Ga. 
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Don J. Wood is a Regional Director in the firm of Klick, Kent, and AllenlFTI Consulting, Inc. 
He provides economic and regudatory analysis services in telecommunications, cabIe, and related 
"convergence" industries, specializing in economic policy related to the development of 
competitive markets and cost of service issues. Mr. Wood was a founding partner of the firm of 
Wood & Wood, and has been e.mployed in a management capacity at a major Locd Exchange 
Company and an Interexchange! Carrier. In each capacity he has been directly involved in both 
the development and implementation of regdatory policy. The subject matter of his testimony 
has ranged from broad policy isisues to detailed cost analysis. Mr. Wood has presented testimony 
before tbe administrative regulatory bodies of twenty-five states, the District of Columbia, and 
Puerto Rico. He has also presented testimony in State and Federal courts and has prepared 
comments for filing with the Federal Communications Commission. 

PREVIOUS INDUSTRY EM:PLOYMENT 

Wood & Wood 
Founding Principal. 

BellSouth Services, Inc. 
Staff Manager. 

MCI Telecommunications Corporation 
Manager of Regulatory Analysis, Southeast Division. 
Manager, Corporate Economic Analysis and Regulatory Affairs. 
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TESTIMONY - STATE REGULATORY COMMISSIONS: 

Alabama Public Service Commissii,n 

Docket No. 19356, Phase 111: Alabama hb l i c  Service Commission vs. All Telephone Companies 
Operating in Alabama, and ]Docket 21455: AT&T Communications of the South Central States, Inc., 
Applicant, Application for a Certificate of Public Convenience and Necessity to Provide Limited 
IntraLATA Telecommunications Service in the State of Alabama. 

Docket No. 20895: In Re: Petition for Approval to Introduce Business Line Termination for MCI's 800 
Service. 

Docket No. 2107 1 : In Re: Petition by South Central Bell for Introduction of Bidirectional Measured 
Service. 

Docket No. 2 1067: In Re: Petition by South Central Bell to Offer Dial Back-up Service and 2400 BPS 
Central Ofice Data Set for !Use with Pulselink Public Packet Switching Network Service. 

Docket No. 2 1378: In Re: Petition by South Central Bell for Approval of Tariff Revisions to Restructure 
ESSX and Digital ESSX Se:mice. 

Docket No. 21865: In Re: Petition by South Central Bell for Approval of Tariff Revisions to Introduce 
Network Services to be Ofired as a Part of Open Network Architecture. 

Docket No. 25703: In Re: In the Matter of the Interconnection Agreement Between AT&T 
Communications of the South Central States, Inc. and BellSouth Telecommunications, Inc., Pursuant to 47 
U.S.C. 4 252. 

Docket No. 25704: In Re: Petition by AT&T Communications of the South Central States, Inc. for 
Arbitration of Certain Terns and Conditions of a Proposed Agreement with GTE South Incorporated and 
CONTEL of the South, Inc. Concerning Interconnection and Resale under the Telecommunications Act of 
1996. 

Docket No. 25835: In Re: Petition for Approval of a Statement of Generally Available Terms and 
Conditions Pursuant to 425:2(f) of the Telecommunications Act of 1996 and Notification of Intention to 
File a 527 1 Petition for In-Region InterLATA Authority with the Federal Communications Commission 
Pursuant to the Telecommunications Act of 1996. 

Docket No. 26029: In Re: Generic Proceeding - Consideration of TELRIC Studies. 

Docket No. 25980: Implementation of the Universal Support Requirements of Section 254 of the 
Teiecommunications Act of 19%. 

Arkansas Public Service Cornmiss& 

Docket No. 92-337-R: In the Matter of the Application for a Rule Limiting Collocation for Special Access 
to Virtual or Physical Colblcation at the Option of the Local Exchange Carrier. 
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Public Utilities Commission of the State of Colorado 

Docket No. 96A-345T: In the Matter of the Interconnection Contract Negotiations Between AT&T 
Communications of the Mouritain States, Inc., and US West Communications, Inc., Pursuant to 47 U.S.C. 
Section 252. Docket No. 96.4-366T: In the Matter of the Petition of MCIMetro Access Transmission 
Services, hc., for Arbitration Pursuant to 47 U.S.C. 0 252(b) of the Telecommunications Act of 1996 to 
Establish an Interconnection Agreement with US West Communications, Inc. (consolidated). 

Docket No. 96S-257T: In Re: The Investigation and Suspension of Tariff Sheets Filed by US West 
Communications, Inc., with Advice Letter No, 2608 Regarding Proposed Rate Changes. 

Docket No. 98F- 146T: Colorado Payphone Association, Complainant, Y. US West Communications, he. ,  
Respondent. 

State of Connecticut, Depadment of Utility Control 

Docket 91- 12-1 9: DPUC Review of Intrastate Telecommunications Services Open to Competition 
[Comments). 

Docket No. 94-07-02: Development of the Assumptions, Tests, Analysis, and Review to Govern 
Telecommunications Service Reclassifications in Light of the Eight Criteria Set Forth in Section 6 of 
Public Act 94-83 (Comments). 

Delaware Public Service Cornmissioiq 

Docket No. 93-3 IT: In the Matter of the AppIication of The Diamond State Telephone Company for 
Establishment of Rules and Rates for the Provision of IntelliLinQ-PRI and IntelliLinQ-BRI. 

Docket No. 41 : In the Matter of the Development of Regulations for the Implementation of the 
Telecommunications Techno1 ogy hvesmcnt Act. 

Florida Public Service Commission 

Docket No. 88 1257-TL: In RI:: Proposed Tariff by Southern Bell to Introduce New Features for Digital 
ESSX Service, and to Provide Structural Changes for both ESSX Service and Digital ESSX Service. 

Docket No. 880812-TP: In k:: Investigation into Equal Access Exchange Areas (EAEAs), Toll Monopoly 
Areas (TMAs), I +  Restriction to the Local Exchange Companies (LECs), and Elimination of the Access 
Discount. 

Docket No. 890183-'12: in Rle: Generic Investigation hto the Operations of Alternate Access Vendors. 

Docket No. 870347-TI: In Re:: Petition of ATgtT Communications of the Southern States for Commission 
Forbearance from Earnings Regulation and Waiver of Rule 25449S( 1) and 25-24.480 (1) (b), F.A.C., for 
a trial period. 
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Docket No. 900708-TL: In R.e: Investigation of Methodology to Account for Access Charges in Local 
Exchange Company (LEC) Toll Pricing. 

Docket No. 900633-TL: In Re: Development of Local Exchange Company Cost of Service Study 
Methodology. 

Docket No. 91 0757-TP: In Re: Investigation into the Regulatory Safeguards Required to Prevent Cross- 
Subsidization by Telephone Companies. 

Docket No. 920260-TL: In Re: Petition of Southern Bell Telephone and TeIegraph Company for Rate 
Stabilization, Implementatiori Orders, and Other Relief. 

Docket No. 950985-TP: In F.e: Resolution of Petitions to establish 1995 rates, terms, and conditions for 
interconnection involving loc:al exchange companies and alternative local exchange companies pursuant to 
Section 364.162, Florida Statutes. 

Docket No. 960846-TP: In F.e: Petition by MCI Telecommunications Corporation and MCI Metro Access 
Transmission Services, Inc. for Arbitration of Certain Terms and Conditions of a proposed agreement with 
BellSouth Telecommunicatians, hc. Concerning Interconnection and Resale Under the 
TeIecommunications Act of 11996 and Docket No. 960833-TP: In Re: Petition by AT&T Communications 
of the Southern States, Inc. for Arbitration of Certain Terms and Conditions of a Proposed Agreement with 
BeHSouth Telecommunications, Inc. Concerning Interconnection and Resale Under the 
Telecommunications Act of 11996 (consolidated). 

Docket No. 960847-TP and 4160980-TP: In Re: Petition by AT&T Communications of the Southern 
States, Inc., MCI Telecommunications Corporation, MCI Metro Access Transmission Service, Inc., for 
Arbitration of Certain Terms and Conditions of a Proposed Agreement with GTE Florida Incorporated Inc. 
Concerning Interconnection rlnd Resale Under the Telecommunications Act of 1 996 (consolidated). 

Docket No. 961230-TP In Re: Petition by MCI Telecommunications Corporation for Arbitration with 
United Telephone Company d Florida and Central Telephone Company of Florida Concerning 
Interconnection Rates, Terms;, and Conditions, Pursuant to the Federal Telecommunications Act of 1996. 

Docket No. 960786-TL: In Re: Consideration of BellSouth Telecommunications, Inc.’s Entry Into 
InterLATA Services Pursuant to Section 27 1 of the Federal Telecommunications Act of 1996. 

Docket Nos. 960833-TP, 960346-TP, 96075%TP, and 971 140-TP: Investigation to develop permanent 
rates for certain unbundled network elements. 

Docket No. 980696-TP: In F.e: Determination of the cost of basic Iwal telecommunications service, 
pursuant to Section 364.025 Florida Statutes 

Georgia Public Service Commission 

Docket No. 3882-U: In Re: Iiivestigation into Incentive Telephone Regulation in Georgia. 
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Docket No. 3883-U: In Re: hvestigation into the Level and Structure of Intrastate Access Charges. 

Docket No. 392 1 -U: In Re: Compliance and Implementation of Senate Bill 524. 

Docket No. 3905-U: In Re: Slouthern Bell Rule Nisi. 

Docket No. 3995-U: In Re: FntraLATA Toll Competition. 

Docket No. 40 1 8 4 :  In Re: Review of Open Network Architecture (DNA) (Comments). 

Docket No. 5258-U: In Re: Petition of BellSouth Telecommunications for Consideration and Approval of 
its “Georgians FIRST” (Price: Caps) Proposal. 

Docket No. 5825-U: In Re: The Creation of a Universal Access Fund as Required by the 
Telecommunications Competition and Development Act of I995 

Docket No. 6801 -U: In Re: Interconnection Negotiations Between BellSouth TeIecommunications, Inc. 
and AT&T Communications of the Southern States, Inc., Pursuant to Sections 251-252 and 271 of the 
Telecommunications Act of 1996. 

Docket No. 6865-U: In Re: Petition by MCI for Arbitration of Certain Terms and Conditions of Proposed 
Agreement with BellSouth Telecommunications, Inc. Concerning Interconnection and Resale Under the 
Telecommunications Act of 1996. 

Docket No. 72534:  In Re: ElellSouth Telecommunications, Inc.’s Statement of Generally Available Terms 
and Conditions Under Section 252 (f) of the Telecommunications Act of 1996. 

Docket No. 706 I-U: In Re: F.eview of Cost Studies and Methodologies for Interconnection and 
Unbundling of BellSouth Tel.ecomrnunications Services. 

Docket No. 10692-U: In Re: Generic &weeding to Establish Long-Term Pricing Policies for Unbundled 
Network Elements. 

Iowa Utilities Board 

Docket No. RPU-95-10, 

Docket No. RPU-95-11. 

Kentucky Public Service Commission - 

Administrative Case No. 10321: In h e  Matter of the Tariff Filing of South Cenhl Bell TeIephone 
Company to Establish and Offer Pulselink Service, 

Administrative Case No. 323,: In the Matter of An hquhy into htratATA Toll Competition, An 
Appropriate Compensation Scheme for Completion of IntraLATA Calls by Interexchange Carriers, and 
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WATS Jurisdictionality, 

Phase IA: Determination of whether intraLATA toll competition is in the public interest. 

Phase IB: Determination of a method of implementing intFaLATA cornpetition. 

Rehearing on issue of Imputation. 

Administrative Case No. 90-:2S6, Phase 11: In the Matter of A Review of the Rates and Charges and 
Incentive Regulation Plan of South Centra1 Bell Telephone Company. 

Adminiswive Case No. 336: In the Matter of an Investigation into the Elimination of Switched Access 
Service Discounts and Adoplion of Time of Day Switch Access Service Rates. 

Administrative Case No. 91-1250: In the Matter of South Central Bell Telephone Company's Proposed Area 
Calling Service Tariff. 

Administrative Case No. 96-431 : In Re: Petition by MCI for Arbitration of Certain Terms and Conditions 
of a Proposed Agreement wilh BellSouth Telecommunications, Inc. Concerning Interconnection and 
Resale Under the Telecommunications Act of 1996. 

Admhistrative Case No. 96-478: In Re: The Petition by AT&T Communications of the South Central 
States, Lnc. for Arbitration of Certain Terms and Conditions of a Proposed Agreement with GTE South 
Incorporated Concerning Inkrconnection and Resale Under the Telecommunications Act of 1996. 

Administrative Case No. 9 6 4 2 :  In Re: The Interconnection Agreement Negotiations Between AT&T 
Communications of the South Central Sates, Inc. and BellSouth Telecommunications, Inc., Pursuant to 47 
U.S.C. $252. 

Admhistrative Case No. 360: In the Matter of: An Inquiry Into Universal Service and Funding Issues. 

Administrative Case No. 96408: ln the Matter of: Investigation Concerning the Provision of lnterLATA 
Services by BellSouth Telecommunications, Inc. Pursuant to the Telecommunications Act of 1996. 

Louisiana Public Service Commissicg 

Docket No. 17970: In Re: Investigation of the Revenue Requirements, Rate Structures, Charges, Services, 
Rate of Return, and Constnrction Program of ATgLT Communications of the South Central States, Inc., in 
its Louisiana Operations. 

Docket No. U- 17949: in the Matter of an Investigation of the Revenue Requirements, Rate Structures, 
Charges, Services, Rate of &turn, and Construction Program of South Cenml Bell Telephone Company, 
I t s  Louisiana Intrastate Opersrtions, The Appropriate Level of Access Charges, and All Matters Relevant to 
the Rates and Service Rendered by the Company. 

Subdocket A (SCB I?arnings Phase) 
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Subdocket B (Generic Competition Phase) 

Dmket No. 189 13-U: In Re: South Central Bell's Request for Approval of Tariff Revisions to Restructure 
ESSX and Digital ESSX Service. 

Docket No. U-1885 1: In Re: Petition for Elimination of Disparity in Access Tariff Rates. 

Docket No. U-22022: In Re: Review and Consideration of BelISouth Telecommunications, Inc.'s TSLRIC 
and LRIC Cost Studies Submitted Pursuant to Sections 90 1 (C) and 100 1 (E) of the Regulations for 
Competition in the Local Telecommunications Market as Adopted by General Order Dated March 15, 1996 
in Order to Determine the Ccist of Interconnection Services and Unbundled Network Components to 
Establish Reasonable, Non-Discriminatory, Cost Based Tariffed Rates and Docket No. U-22093: In Re: 
Review and Consideration of BellSouth Telecommunications, Inc.'s Tariff Filing of April 1 , 1996, Filed 
Pursuant to Section 90 I and 1001 of the Regulations for Competition in the Local Telecommunications 
Market Which Tariff Introduces Interconnection and Unbundled Services and Establishes the Rates, Terms 
and Conditions for Such Service Offerings (consolidated). 

Docket No. U-22145: In the Matter of Interconnection Agreement Negotiations Between AT&T 
Communications of the South Cenhal States, Inc. and BelISouth Telecommunications, Inc., Pursuant to 47 
U.S.C. 9 252. 

Docket No. U-22252: In Re: Consideration and Review of BSTs Preapplication Compliance with Section 
27 1 of the Telecommunicaticas Act of 1996, including but not limited to the fourteen requirements set 
forth in Section 27 1 (c) (2) (h) in order to verify compliance with section 27 1 and provide a 
recommendation to the FCC regarding BSTs application to provide interLATA services originating in- 
region. 

Docket No. U-20883 Subdocket A: h Re: Submission of the Louisiana Public Service Commission's 
Forward Looking Cost Study to the FCC for Purposes of Calculating Federal Universal Service Support. 

Public Service Commission of Maryland 

Case 8584, Phase 11: In the Matter of the Application of MFS Intelenet of Maryland, Inc. for Authority to 
Provide and Resell Local Exchange and Intrastate Telecommunications Services in Areas Served by C&P 
Telephone Company of Maryland. 

Case 8715: In the Matter of the Inquiry into Alternative Forms of Regulating Telephone Companies. 

Case 873 1: In the Matter of the Petitions for Approval of Agreements and Arbitration of Unresolved 
Issues Arising Under Section 252 of the Telecommunications Act of 1996. 

Mississippi Public Service Commission 

Docket No. U-5086: In Re: MCI TeIecommunications Corporation's Metered Use Service Option D (Prism 
I) and Option E (Prism 11). 

Dmket No. U-5112: In Re: MCI Telecommunications Corporation's Metered Use Option &I (800 Service). 
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Docket No. U-53 18: In Re: ,Petition of MCI for Approval of MCI's Provision of Service to a Specific 
Commercial Banking Customers for Inbastate Interexchange Telecommunications Service. 

Docket 89-UN-5453: In Re: Notice and Application of South Central Bell Telephone Company for 
Adoption and Implementation of a Rate Stabilization Plan for its Mississippi Operations. 

Docket No. 90-UA-0280: in Re: Order of the Mississippi Public Service Commission Initiating Hearings 
Concerning (1) InkaLATA Competition in the Telecommunications Industry and (2) Payment of 
compensation by lnterexchzmge Carriers and Resellers to Locat Exchange Companies in Addition to 
Access Charges. 

Docket No. 92-UA-0227: In Re: Order Implementing InffaLATA Competition. 

Docket No. 96-AD-0559: It1 Re: In the Matter of the Interconnection Agreement Negotiations Between 
AT&T Commurlieations of the South Central States, Inc. and BellSouth Telecommunications, he., 
Pursuant to 47 U.S.C. 5 252. 

Docket No. 98-AD-035: Universal Service. 

Docket No. 97-AD-544: In Re: Generic Proceeding to Establish Permanent Prices for BellSouth 
Interconnection and Unbundled Network Elements. 

Nebraska Public Service Comrnissi4,n 

Docket No. C- 1385: In the Matter of a Petition for Arbitration of an Interconnection Agreement Between 
AT&T Communications of the Midwest, Inc., and US West Communications, Inc. 

New York Public Service CommissiE 

Case No. 28425: Proceeding on Motion of the Commission as to the Impact of the Modification of Final 
Judgement and the Federal Communications Commission's Docket 78-72 on the Provision of Toll Service 
in New York State. 

North Carolina Public Utilities Commission 

Docket No. P- 100, Sub 72: In the Matter of the Petition of AT&T to Amend Commission Rules Governing 
Regulation of Interexchange Carriers (Comments). 

Docket No. P-141, Sub 19: In the Matter of the Application of MCI Telecommunications Corporation to 
Provide InterLATA Facilities-Based Telecommunications Services (Comments). 

Docket No. P-55, Sub IO 13: In the Matter of Application of BellSouth Telecommunications, Inc. for, and 
Election of, Aice Regulationl. 

Docket Nos. P-7. Sub 825 arid P- 10, Sub 479: In the Matter of Petition of Carolina Telephone and 
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Telegraph and Central Telephone Company for Approval of a Price Regulation Plan Pursuant to G.S. 62- 
133.5 

Docket No. P-19, Sub 277: In the Matter of Application of GTE South Incorporated for and Election of, 
Price Regulation. 

Docket No. P-141, Sub 29: In the Matter of: Petition of MCI TeIecommunications Corporation for 
Arbitration of Interconnectire with BellSouth Telecommunications, Inc., Petition of AT&T 
Communications of the Soulhern States, Inc. for Arbitration of Interconnection with BellSouth 
TeIecomunications, Inc. (consolidated}. 

Docket No. P- 141, Sub 30: In the Matter of: Petition of MCI Telecommunications Corporation for 
Arbitration of Interconnecticln with General Telephone Company of North Carolina, Inc., Petition of 
AT&T Communications of the Southern States, Inc. for Arbitration of Interconnection with General 
Telephone Company of Norlh Carolina, Inc. (ConsoIidated). 

Docket No. P-100, Sub 133b': Re: In the Matter of Establishment of Universal Support Mechanisms 
Pursuant to Section 254 of the TeIecommunications Act of 1996. 

Docket No. P-100, Sub 133ti: Re: Proceeding to Determine Permanent Pricing for UnbundIed Network 
Elements. 

Docket No. P- 100, Sub 84b: Re: In the Matter of Petition of North Carolina Payphone Association for 
Review of Local Exchange Company Tariffs for Basic Payphone Services (Comments). 

Public Utilities Cornmission of Ohio 

Case No. 93487-TP-ALT: In the Matter of the Application of The Ohio Bell Telephone Company for 
Approval of an Alternative Form of Regulation. 

Oklahoma Corpora tion Corn missioi! 

Cause No. PUD 01448: In hi: Matter of the Application for an Order Limiting Collocation for Special 
Access to Virtual or Physical Collocation at the Option of the Local Exchange Carrier. 

Public Utility Commission of Oregon 

Docket No. UT 1 19: In the Matter of an Investigation into Tariffs Filed by US West Communications, 
Inc., United Telephone of the: Northwest, Pacific Telecom. Inc., and GTE Northwest, Inc. in Accordance 
with ORS 7S9.185(4). 

Docket No. ARB 3: In the Mhtter of the Petition of AT&T Communications of the Pacific Northwest, hc., 
for Arbitration of Interconnection Rates, Terms, and Conditions Pursuant to 47 U.S.C. 5 252(b) of the 
Telecommunications Act of 1996. Docket No. ARB 6: In the Matter of the Petition of MCIMem Access 
Transmission Services, hc. EDr Arbitration of laterconnection RBtes, Terms, and Conditions Pursuant to 47 
U.S.C. 5 252(b) of the Teleccimmunications Act of 1996 (consolidated). 
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Docket No. ARB 9: In the Matter of the Petition of an Interconnection Agreement Between MCIMetro 
Access Transportation Services, Inc. and GTE Northwest Incorporated, Pursuant to 47 U.S.C. Section 252 

Pennsylvania Public Utilities Corn inhion 

Docket No. I-00910010: In F!e: Generic Investigation into the Current Provision of InterLATA Toll 
Service. 

Docket No. P-009307 15: In Re: The Bell Telephone Company of Pennsylvania's Petition and Plan for 
Alternative Form of Regulation under Chapter 30. 

Docket No. R-009.13008: In Re: Pennsylvania Public UtiIity Commission v. Bell Atlantic-Pennsylvania, 
hc. (Investigation of Proposiad Promotional Offerings Tariff). 

Docket No. M-00940587: Irk Re: Investigation pursuant to Section 3005 of the Public Utility Code, 66 Pa. 
C. S. $3005, and the Commi!rsion's Opinion and Order at Docket No. P-9307 15, to establish standards and 
safeguards for competitive wrvices, with particular emphasis in the areas of cost allocations, cost studies, 
unbundling, and imputation, and to consider generic issues for future rulemaking. 

South Carolina Public Service Commission 

Docket No. 90-626-C: In Re: Generic Proceeding to Consider Intrastate Incentive Regulation. 

Docket No. 90-3214: In Re: Petition of Southern Bell Telephone and Telegraph Company for Revisions 
to its Access Service Tariff Nos. E2 and E 16. 

Docket No. 88-4724: In Re: Petition of AT&T of the Southern States, Inc., Requesting the Commission to 
Initiate an Investigation Concerning the Level and Structure of Intrastate Carrier Common Line (CCL) 
Access Charges. 

Docket No. 92- 163-C: In Re: Position of Certain Participating South Carolina Local Exchange Companies 
for Approval of an Expanded Area Calling @AC) Plan. 

Docket No. 92-1 82-C: In Re: Application of MCI Telecommunications Corporation, AT&T 
Communications of the Southern States, Inc., and Sprint Communications Company, L.P., to Provide 
IntraLATA Telecornmunica1,ions Services. 

Docket No. 95-720-C: In Re: Application of BellSouth Telecommunications, Inc. &/a Southern Bell 
Telephone and Telegraph Company for Approval of an Alternative Regulation Plan. 

Docket No. 96-358-C: In RI:: Interconnection Agreement Negotiations Between AT&T Communications 
of the Southern States, Inc. and BellSouth Telecommunications, Inc., Pursuant to 47 U.S.C. 5 252. 

Docket No. 96-3754: In Re: Interconnection Agreement Negotiations Between AT&T Communications 
of the Southem States, Inc. md GTE South Incorporated Pursuant to 47 U.S.C. 4 252. 
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Market. 

Docket No. 97-374-C: In RE: Proceeding to Review BellSouth Telecommunications, Inc. Cost for 
Unbundled Network Elements. 

Docket No. 97-239-C: Intrastate Universal Service Fund. 

Docket No. 97-124-C: BellSouth Telecommunications, Inc. Revisions to its General Subscriber Services 
Tariff and Access Service Tariff to Comply with the FCC's Implementation of the Pay Telephone 
Reclassification and Compensation Provisions of the Telecommunications Act of 19%. 

Tennessee Public Service Commission 
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Docket Nos. 89-1 1065,894 1735,89-12677: AT&T Communications of the South Central States, MCI 
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Docket No. 91-07501: South Central Bell Telephone Company's Application to Reflect Changes in its 
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Tennessee Regulatory Authority 

Docket No. 96-01 152: In Re: Petition by AT&T Communications of the South Central States, Inc. for 
Arbitration under the Telecommunications Act of 1996 and Docket No. 96-01271: In Re: Petition by MCI 
Telecommunications Corporation for Arbitration of Certain Terms and Conditions of a Proposed 
Agreement with BellSouth 'Telecommunications, Inc. Concerning Interconnection and Resale Under the 
Telecommunications Act of 1996 (consolidated). 

Docket No. 96-01262: In Re: Interconnection Agreement Negotiations Between AT&T of the South 
Central States, Inc. and BellSouth Telecommunications, h e .  Pursuant to 47 U.S.C. 0 252. 

Docket No. 97-01262: Proceeding to Establish Permanent Prices for Interconnection and Unbundled 
Network Elements. 

Docket No. 97-00888: Universal Service Generic Contested Case. 

Public Utility Commission of Texa!! 

Docket No. 12879: Application of Southwestern Bell Telephone Company for Expanded Interconnection 
for Special Access Services and Switched Transport Services and Unbundling of Special Access DS1 and 
DS3 Services Pursuant to P. U. C. Subst. R 23.26. 
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Docket No. 18082: Compla.int of Time Warner Communications against Southwestern Bell Telephone 
Company. 

Virginia State Corporation C o m m i e  

Case No. PUC920043: App1:ication of Virginia Metrotel, Inc. for a Certificate of Public Convenience and 
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Case No. PUC920029: Ex Parte: In the Matter of Evaluating the Experimental Plan for Alternative 
Regulation of Virginia Telephone Companies. 

Case No. PUC930035: Application of Contel of Virginia, Inc. dlbh GTE Virginia to implement 
community calling plans in various GTE Virginia exchanges within the Richmond and Lynchburg LATAs. 

Case No. PUC930036: Ex Parte: In the Matter of Investigating Telephone Regulatory Methods Pursuant 
to Virginia Code 5 56-235.5, & Etc. 

Washington Utilities and Transportation Commission 

Docket Nos. UT-94 1464, UT-941465, UT-950146, and UT-950265 (Consolidated): Washington Utilities 
and Transportation Commiosion, Complainant, vs. US West Communications, Inc., Respondent; TCG 
Seattle and Digital Direct of Seattle, Inc., Complainant, vs. US West Communications, Inc., Respondent; 
TCG Seattle, Complainant, v5. GTE Northwest Inc., Respondent; Electric Lightwave, Inc., vs. GTE 
Northwest, Inc., Respondent. 

Docket No. UT-950200: In the Matter of the Request of US West Communications, Inc. for an Increase in 
its Rates and Charges. 

Public Service Commission of Wyo* 

Docket No. 70000-TR-95-2:38: In  the Matter of the General RatelPrice Case Application of US West 
Communications, Inc. (Phase I). 

Docket No. PSC-96-32: In h e  Matter of Roposed Rule Regarding Total Service Long Run Incremental 
Cost (TSLRIC) Studies. 

Docket No. 70000-TR-98-4:10: In the Matter of the Application of US West Communications, Inc. for 
authority to implement price: ceilings in conjunction with its proposed Wyoming Price Regulation Plan for 
essential and noncompetitive telecommunications services (Phase 111). 

Docket No. 70000-TR-99-480: In the Matter of the Application of US West Communications, Inc. for 
authority to implement price ceilings in conjunction with its proposed Wyoming Price Regulation Plan for 
essential and noncompetitins telecommunications services (Phase IV). 
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Formal Case No. 814, Phase IV: In the Matter of the Investigation into the Impact of the AT&T Divestiture 
and Decisions of the Federal Communications Commission on Bell Atlantic - Washington, D. C. Inc.'s 
Jurisdictional Rates. 

Puerto Rico Telecommunications Regulatory Board 

Case No. 98-Q-000 1 : In Re: Payphone Tariffs. 

COMMENTS - FEDERAL COMMUNICATIONS COMMISSION 

CC Docket No. 92-9 1: In the Matter of Open NeWork Architecture Tarifis of Bell Operating Companies. 

CC Docket No. 93-162: Loc.al Exchange Carriers' Rates, Terms, and Conditions for Expanded 
Interconnection for Special Access. 

CC Docket No. 91-141: Common Carrier Bureau Inquiry into Local Exchange Company Term and 
Volume Discount Plans for Special Access. 

CC Docket No. 94-97: Review of V h a l  Expanded Interconnection Service Tariffs. 

CC Docket No. 94- t28: Open Network Architecture Tariffs of US West Communications, Inc. 

CC Docket No. 94-97, Phasf: 11: Investigation of Cost Issues, Virtual Expanded Interconnection Service 
Tar i f€s . 

CC Docket No. 97-23 1: Application by BellSouth to Provide In-Region InterLATA Services 

CC Docket No. 98-12 I :  Application by BellSouth to Provide In-Region IntehATA Services 

TESTIMONY - STATE AND FEDERAL COURTS 

Court of Common Pleas, Philadelphia County, Pennsylvania 

Shared Communications Services of 1800-80 JFK Boulevard, Inc., Plaintiff, v. Bell Atlantic Properties, 
Inc., Defendant. 

United States Distrlct Court for the District of South Carolina, Columbia Division 

Brim Wesley Jeffcoat, on behalf of himself and others similarly situated, Plaintiffs, v. Time Warner 
Entertainment - Advancdewhouse Partnership, Defendant. 
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This dmft document contains descriptim of the user-adjustable inputs to the HA1 Mode[, version 5 .  I 
(“HMS. I”), the default values assigned to the inputs, and the rationales and supporting evidence for these 
default values. The inputs and assumptions in HM5.1 arc based on information in publicly available 
documents, expcrt engineering judgment, and/or price quotes from suppliers and contractors. 

Rim of telecommunications equipment and materials are notoriously difficult to obtain h m  
manufacturers and large sales organizations. Although salespeople will occasionally provide “ballpark” 
prices, they will do so only informally and with the caveat that they may not be quoted and the company’s 
identity must be concealed. It is very nearly impossible to obtain written, and hence “citable,” price 
quotations, even for “list” prices, from vendors of equipment, cable and wire, and 0th items that arc used 
in the telecommunications infrastructurr. Pm of the reason for this is that the vendom have long-standing 
relationships with the principal users o P  such equipment, the incumbmt local exchange carriers (“ILECs”), 
and tbey apparently believe that public disclosure of any prices, list or discounted, might jeopardize these 
relationships. Further, they may fear rtaliation by the ILECs if they were to provide pricing explicitly for 
use in cost models such as HM5.1’ The HMS. 1 developem thus have often been forced to rely on informal 
discussions with vendor repmenativeis and personal cxfience b purchasing OF recommending such 
equipment and materials. Neverthelew;, a great deal of experience and expertise in the industry underlies 
the estimates, where they were necessary to augment explicit, publicly-available information. In a few 
instances, studies done of public infomiation, typically information filed with the Federal Communications 
Commission or another regulatory body, has supplemented the knowledge of the expens who have 
contributed to this document. 

This document contains a number of graphs that illustrate a range of prices for particular kinds of 
telecommunications equipment. The information contained in these graphs w gathered to validate the 
opinions of outside plant experts who used their collective hdustry knowledge and experience to estimate 
the costs of particular items, but it is ncit the && for those opinions 

This document will continue to evolve as morc documented sources are found to support the input values 
and msumptions. 

OrpanWbn of Material: 
Material is generally organized in this binder in the same order as default values appear in Model lnput 
screens in the HA1 Model. 

~ ~~ 

’ Set, for example, “U S West to Suppliers: Back Us or Lose Business,” Inter@ciive Week, September 
16, 1996. 
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I 

Residential N1D case, no protector $10.00 

, tnstallecl NllD case 
Protection block, per line 

Business NID case, no protector 
Business NID basic ! a h  
Installec NID case 
Protection block, per line 

Indoor FHD Case 
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Residential NlD Wlthout Protector 

$16.00 

I 

f -. 
m 

$8.00 

Wiential 
NID 

Withaut 
Protector 

b) M D  Profector Block per Line 

Price quotes for material were received from several sources. ResuIts were as follows: 

f5,DO 

U a 8 w.00 - m 
T 

3 $3.00 
2 

$2.00 

$1 .oo 

NIP Protector Block per Une 

NID 
Protector 
Block per 

Line 

The labor estimate assumes a crew inslalling nehvork interface devices throughout a neighborhood (in 
coordination with the installation of drops, terminals, and distribution cables). A work time of 25 minutes 
was used, based on the opinion of a team of outside plant experts. A loaded labor rate o f  $35 per hour 
excludes exempt material loadings which normally indude the material cost of the NlD and Drops. A 
business NIL, shell has capacity for six protectors. 
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Price quotes for material werc received from several sources. Rcsuh w m  as follows: 

BusJntws NID (6 Palr) wlthout Protector 

$20.00 I 
Business 

NID (6 
Pair) 

without 

d) N i D  Protector Block aer Line 

Price quotes for materia1 were received fFom several suu~ces. Results were as follows: 

$6.00 

$5.00 

Y 
I 0" W.00 

$2.00 

NlIP Protector Block per Llne 

I I 
1 

Q 1 . W  ' 

MID 
Prntedor 
Block per 

Line 
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Used for s u b a c n i  U e d  in high-rise buildings. This is the inv~stment in the NID that m a  ae the 
demarcation ktwecn subscriber wiring and network facilities, "Iht indoor NZD docs not contain 
overvoltage protection devices; investment for these is included in the indoor SA1 investment. 

2.2. DROP 

2.2.1. Drop Distance 
Definition: The average lenglh of a drop cable in each of nine density zones. The drop extends from the 
NID at the customer's prnises to the block terminal at the distribution cable that runs along the street or 
the lot line. 

Dtfadt Values: 
Drop D h n c  

0-5 
5-100 
100-200 
2a7-650 
656850 

850-2,550 
2,550-5,000 
5,000-1 0,000 

1o,ow+ 

150 
150 
fOO 
Io0 
50 
50 
50 
50 
50 

Support: HM 5.1 assumes that drops me run from the front of the property line. House and building set- 
backs therefore determine drop length. Set-backs range from a~ law a~ 20 ft., in certain urban cases, ta 
longer distances in more rum1 settings. While HM 5.1 assumes that lot sizes are twice as deep as they are 
wide, it is assumed that house!: and buiIdings are normally placed towards the front of Io&. Reasons for this 
include the cost of asphalt or cement driveways, unwillingness to remove snow from extremely long 
driveways in aon-sunbelt areas, and the fact that private areas and gardens are usually situated in the 
backyard of a lot, 

It should be noted that although exceptions to drop lengths may be observed, the model operates on average 
costs within density zones. The last nationwide study of actual loops produced results indicating that the 
average drop length is 73 feet.' 

2.2.2. Dnop Placement, Aerial and Buried 
Definition: The tom1 placemmt cost by density zone of an aerial drop wire, and the C Q S ~  per foot for buried 
drop cable placement, respectively. 

Bellcore, BOC Notes on the Networks - 1997, p. 12-8 
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Default Valuu: 

0-5 
5100 

100-200 
200-650 
650-850 

850.2,550 
2,5504,000 
5,000.1 0,000 

lO,OOo+ 

._ 

Aerlal, total Burfed, per fmt 

$23.33 
$23.33 
$17.50 
$17.50 
$1 1.67 
$1 1.67 
$11.67 
$1 1.67 
$1 1.67 

$0.60 
$0.60 
$0.60 
$0.60 
$0.60 
$0.60 
$0.75 
$1.50 
$5.00 

support: 
Aerial Prqr Placement: 

The opinions ofexpelt omide plant engineers and estimators were used to project the amount oftime 
necessary to attach a drop wire clamp ;it a utility pole, string the drop, and attach a drop wire clamp at the 
house or building. Labor to terminate the drop at the NID and the Block Terminal is included in the NID 
and Block Terminal investments respectively. 

The labor estimate assumes a crew installing aerial drop wires throughout I neighborhood (in coordination 
with the installation of NIDs, terminals,, and distribution cables), and consists of 10 minutes per drop plus 
10 minutes for each 50 ft. of drop strurig. The loaded l a b  rate excludes exempt material loadings which 
normally include the material cost of the Aerial Bop Wire. 

I 

0.5 
5100 

100.200 
200-650 
65G850 
850-2,550 

2,55@5,000 
5,0061 0,000 

7 o,ooo+ 

1% 
150 
100 
100 
50 
50 
50 
50 
50 

40 
40 
30 
30 
20 
20 
20 
20 
20 

$35 

535 
1535 
$35 
$35 
$35 
135 
535 
535 

$23.33 
$23.33 
$17.50 
$17.50 
$11 67 
$1 1.67 
$1 167 
$11.67 
$11 67 

Buried Drop Placement 

The labor estimate is based on a crew installing buried drop wires throughout a neighborhood (in 
coordination with the installation of Nl'Ds, terminals, and distribution cables). 

Of the quotes that were received for suburban and rural buried drop placement, several of them price buried 
drop placement at the Hpvl5.1 default values. Because buried drops are rare in urban areas, the expert 
opinion of outside plwt experts was used in lieu of verifiable forward looking alternatives from public 
sources or ILECs. 
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HA1 Catnultlng, Inc, 

Price quotes for ConsaCtor phcernent of buried drop wire were 85 follows: 

I I 
Bury Sewlce Wlre (Drop) per foot 

- -  
Rural Buried Drop Suburban Buried Drop 

~- - - 

2.2.3. Buried Drop Sharing Fraction 
Definition: The fraction of baried drop cost that is assigned to the telephone company. The other podon 
of the cost is  borne by other ucilities. 

Default Values: 

1 Sharlng Faction 

1 'Fraction 
0-5 

5-1 00 
1oG200 
200-650 
650-850 

850-2,550 
2,5 5 & 5,O 00 
5,00bf0,000 

10,000+ 

-50 
S O  
s o  
.50 
.50 
50 
.50 
.a 
s o  

Support: Drop wires in new clevelopments are most often placed in conjunction with other utilities to 
achieve cost sharing advantagw, and to ensure that one service provider does not cut another's facilities 
during the trenching or plowing operation. 

Conversations with architects and bui'tders indicate that the builder will most often provide the trench at no 
cost, and frequently places electric, telephone, and cable teIevisibn facilities into the trench if material is 
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dclivmd on sile. R-h doat in A r b a  has h d f d  that dewloptn not only provide wenches, but 
alsa provide small diameter PVC conhtlfts amm brit property lines to facilitate placement of wires. 

HM 5 ,  I determines the sharing of buried drop stnrctures based on density zones. It is the judgment of 
outside pfant experts that buried drops wil l  normally be used with buried disiribution cable. Although many 
cases would result in three-way sharing of such structure, a consewative approach was to use 50% sharing. 

2.2.4. Aerial and Buried Drop Structure Fractions 
Definition: The percentage of drops thlat are aerial and buried, respectively, as a function of density zone. 

Default Values: 

0-5 
51 00 

200-650 
650-850 

, IOCC20Q 

1 850-2,550 
2,550-5,oClo 
5,W10.Q30 

1 10,000+ 

.25 

.25 
-25 
.30 
-30 
-30 
.30 
.HI 
.85 

.75 

.75 
-75 
,70 
-70 
.70 
-70 
,40 
. f5  

Support: HM 5.1 determines the use of distribution stmctures based on density zones. It is the judgment 
of outside plant experts that aerial drops will normally be used with aerial distribution cable and buried 
drops with buried and underground distribution cable. Therefore, the percentage ofaerial drops equals the 
percentage of aerial distribution cable (see Section 2.5) .  The high percentage of aerial drops in the two 
most dense tones reflects the fact that such drops, if present at all, 8re extensions of riser cable, which is 
mated as aerial. 

2.2.5. Average Lines per Business Location 
Definition: The average number of business lines per business location, used to calculate Nil3 and drop 
cost. This parameter should be Set the slme value as the input described in 5.4.15. 

Support: The number of lines per business location estimated by HAI is  based on data in the 1995 
Common Carrier Slutistics and the I995 Stafistieal Absi’rmt of the United States. 
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2.2.6. A d a 1  and 'Buried Terminal and SpIice per Line 
Definition: The installed cost per line for the terminal and splice that connect the drop to the distribution 
cable. 

Burled Aerial 

ll I $42.50 $32.00 I 
Support: The f igures  above represent 25% of the cost of a tenninal assuming a terminal is s h a d  between 
Four premises. The full cost is $128 Aerial and $170 Buried for both material and labor for 25 pair 
twminals. HM 5.1 assigns this investment per line in al l  but the two lowest density zones, where the ecwt is 
doubled to represent two pmnisa mccl  per terminal. 

Price quotes for just the material portion were received from several sources. Results were as fotlows: 

Terminal Materlal Cost 

SBO.00 

$440.00 ! 

2.2.7. Drop Cable Investment, per Foot and Pairs per Drop 
Definition: The investment per foot required for aerial and buried drop wire, and the number of pairs in 
each type of drop wire. 

~ 
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Suppark Price quotes for material were received 6om several sources. Results were as follows: 

Prop Wire Matertal Cost per foot 
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2,3 CABLE AND RISER INW3STMENT 

23.1. Distribution Cable Sizes 
Definitian: Cable sizes used for distribution cable variables (in pairs). 

Deta n 1 t Va 1 u w : 

2400 
1800 
1200 
900 
600 
400 
200 
100 
50 
25 
22 
6 

Support: Distribution plant connects feeder plant, normally terminat4 at a Sewing Area Interface @AI), 
to the customer’s block terminal. “Distribution nctwork design requires more distribution pain than feeder 
pairs, so distribution cables arse more numerous, but smaller in cross section, than feeder cables.’73 The HA1 
Model default values represent the array of distribution cable sizes assumed to be available for placement in 
the network. Although three additional sizes of distribution cable (2 IO0 pair, 1500 pair, and 300 pair cable) 
can be used, the industry has largely abandoned use of those sizes in favor of reduced, simplified inventov. 

2.3.2. Disitribution Cable, Cost per Foot 
Definition: The cost per foot of copper distribution cable, as a function of cabk size, including the costs of 
engineering, installation, and delivery, as we11 as the cable material itself. 

’ Bellcore, Telecommunicatio’ns Transmission Engineering, 1990, p. 9 1 

HA1 Model Release 5.1 hpl& POdOl iO Page 21 

. 



Valuds: 

2400 
3800 
1200 
900 
600 
400 
200 
7 0 0  
50 
25 
12 
6 

$ZO.QO 
$18.00 
$12.00 
SdO.00 
$7.75 
%,MI 
$4.25 
$2.50 
W,63 

I $1,19 

$0.76 
$0.63 

~ 

Support: These costs reflect the use af  74-gauge copper distribution cable for cable sizes below 400 pairs, 
and 26-gauge copper distribution cable for cabk sizes of400 pairs and larger. Although 24-gauge copper is 
not required to meet msmission requirements within 18,000 feet of a digiml cenml office with a 1,500 
ubm limit, or I GR-303 integrated digital loop carrier system with a 1,500 ohm limit, a heavier gauge of 
cmpper is used in smalla cable sizes to prevent damage from craft handling wires in didbution terminals 
and pedestals. For cables of 400 p h  and larger, splices are normally enclosed in splice cases, and are not 
subject to wire handling problems. 

Cable below 400 Paig: Outside plant planning enginem GOITIIIIOII~ m m e  that the cost of cable material 
can be represented a5 an a * bx straight lie graph. In fact, Bellcore Planning tmls, W R A P  I, EFRAP 11, 
and LEISPLAN have the engineer develop such an a + bx equation to reprwat tbe most of cable. As 
technology, m a n u m n g  methods, arid competition have advanced, the price of cable has been reduced. 
While in the past, the cost of copper cable was typically (90.50 + $0.01 per pair) per foot, current costs m 
wically ($0.30 -t $0.007 per pair) per foot. 

In h e  opinion of expert autside plant engineers whose experience includes writing and administering 
hundreds of outside plant ‘kstimate cases” (large undertakings), material represents approximately 40% of 
the total instalIed cost. This is a widely used rule of thumb among outside plant engineers. Such nrpert 
opinions were also used to detennine that the average engineering content for installed copper cable i s  IS% 
oftbe installed cost. The remaining 45% represents direct labor far placing and splicing cable, exclusive of 
the cost of splicing block terminals into the cable.4 

Cable of 400 Pairs and Larger: As copper cable sizes become larger, engineering cost is based more on 
sheath feet, rather than cable size. The same is true for cable placing and splice set-up. Therefore the linear 
relationship between the number of copper pairs and installed cost is somewhat reduced. A review of many 

‘ The formula would produce a material price a€$0,38/ft. for 12 pair 24 gauge cable, and $0.341ft. for 6 
pair 24 gauge cable. An actual quote fix materials was obtained at SO. 18/ft. fur 12 pair 24 gauge cable, and 
SO. 12/ft. for 6 pair 24 gauge cable. T h e  significant difference in material cost is perceived to be the result 
ofthe very small quantity of sheath required for 12 and 6 pair cables. Therefore, the formula generated 
material price was reduced by $0.20 and $0.22 for 12 and 6 pair cables respectively, but the engineering 
and labor components were retained at original formula levels, since neither would be affected by the 
reduction in material price. 

HA1 Madel Release 5.1 Inputs Pmtfolio Page 22 



indalbl &le cosb 830111151 the cmnlxy w m  I3Bad by the engineering team to estimate the installed cost of 
copper cable for sizes Of 400 pairs and largex. 

The following chart represents the values used in the model. 

Copper Dktdbutlon Cable 

9v vu 

300 600 900 1200 I s 0 0  1800 2100 2400 0 

Cable S l x s  

- 

2.33. Ftirrer Cable Size and Cost per Foot 
Definition: The cost per foot of copper riser cable (cable inside high-rise buildings), as a function of cable 
size, including the costs of engineering, installation, and delivery, as well as the cable material itself. 

2400 
1800 
1200 
900 
600 
400 
200 
100 
50 
25 
12 
6 

Default Values: 
3ot 

cltldlng sngfneerlng, 
lelivery and material) 

$25.00 
$20.00 
$1 5.00 
$12.50 
$10.00 
$7.50 
$5.30 
$3.1 5 
$2.05 
$1.50 
$0.95 
$0.80 
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Support: IUscr cable is assumed to cost epproxhnatdy 23% man than aerial copper distribution cable, 
Matmiat cost is slightly higher, and the amount of engineering and direct labor per Foot is hi- than aerial 
cable. 
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2.4. POLES AND CONDUIT 

2.4.1. Pole Investment 
Definition: The instaIled C M ~  of a 40-foot Class 4 treated southern pine utility pole. 

&fault Vdues: 

Mabals $201 

L a b  rn 
Total ,a. $417 

Snppork Pole investment is a function of the material and labor costs of placing a poft. C H s  include 
periodic down-guys and anchm. Utility poles can be purchased and instatled by employees of LECs, but 
we frequently placed by wntrilctors. Several sources revealed the following information on prices. 

Pole Investment 

11,200 7 

1 
$0 -L I 

Rile Matl Pole Labor: Rural Pole tabor: Pols Investment: 

( i d  FCC data) 
(ind IFCC data) ( w h  FCC data) Suburban Total 

(wlo FCC data) 
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Pole data has also bwn naantty filed by large telephone companies with the FCC? A 
compilation of that information i s  shown below: 

See the downloadable files at the FCC Web site : 5 

h q  : Jlwww. fcc . gov/B ureauslComm on-Cmier/Comme ntslda97 1 43 3-data-requestld atarq . html 
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The exempt matcfial I d  on dhc? labw indudes ancillary material not considd by FCC Part 32 as a 
unit of plant This includes items such as down-gy~ and anchon that me already included in the pole 
placement labor cost. Outside plant engineering experts have concluded that B -1 anchor plus anchor 
rod material investment is $45, and the typical guy material investment is S IO. Also, one anchor and down- 
guy per 1,OW feet would be typical. Therefore the embedded anchor and guy exempt material loading 
included in the default value of 12 16 is  approximately $8.25 - S 13.75 per pole. 

The s ? d  strand nm W e e n  poles is likewise an exempt materia1 item, charged to the aerial cable account. 
The cost of steel strand is not included in the cost of poles; it is inciudd in the installed cast of aerial cable. 

*- 
2.4.2. Buried Capper Cable Sheath Mnltiplier (feeder and 
dfSMbd0;on) 

Definition: The additional cost of the filling cmpound Mcd in burid cable to protect thc cable from 
moisture, cxpres3ed as a multiplier of di t  cost of nan-filled &le. 

Default Value: 
Burled Copper Cable Sheath MuRIpler 

Multiplier 

Support: Filled cable is designed to mlinhize moisture pmctmtian in buried plant. This factor ~ccurnts 
for the extta investment incurred by using more expensive cable and splicing prmedutes, designed 
specifically for buried application. 

2.4.3. Conduit Itfaterial Investment per Foot 
Definition: Materia! cost per foot of 4" PVC pipe. 

Default Values: 

Materlal cost p r  foot of dud for A' We E 4' PVC $0.60 I 

HA1 Model Release 51 Inputs Portfolio 
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-I 
3 90.50 + -I 
i! 
I 

50.40 

Dud 
Material 
Cost per 

foot 

$0.30 

The labor to place d u i t  in trenches is included in the cost of the trench, not in the conduit cost. 

Under the Model’s a9sm@ms, a relatively few copper cables serving short distances (e.g., less than 9,000 
ft. feeder cable length), and one or m m  fiber cables to serve longer distances, will be needed. Since the 
number of cables in each of the four feeder mutes is relatively small, the predominant cost is that of the 
trench, plus the material cost of a few additional 4” PVC conduit pipes. 

2.4.4. Spare Tubes per Route 
Definition: The number of spare tubes (i.e.. conduit) placed per route. 

Default Value: 

Support: “A major advantage of using conduits is the ability to reuse cable spaces without costly 
excavation by removing smaller, older cables and replacing them with larger cables or fiber facilities. b e  
companies resewe vacant ducts for maintenance purposes.”6 HM 5.1 provides one spare maintenance duct 
(as a default) in each conduit run. In addition, if there is also a fiber feeder cable along with a copper feeder 
cable in the run, an additionall maintenance duct (as a default) is provided in each conduit run to facilitate a 
fiber cable replacement at the same time a copper cable replacement may be required. 

Beltcore, BOC N o t a  on the Networb - 1997, p. 12-46. 
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2,s. BURIED, AERIAL, AND ZTNIDERGROUND PLACEMENT 
FRACTION 

General: 
Outside plant mchue refm to the set of facilities that support, house, guide, or otherwise protect 
distribution and feeder &le. There m: thm types of structure: aerial, burlad, and underground. 

gJ Awid Shuchire 

Aerial smchlre includes poles and associated hardware. Pole investment is a function of the material and 
labor costs of placing I I  pole, A w-acljumble input adjm the labof component of poles lnvestmtnt to 
local conditions. The HA1 Model coml~utes the total hvwtment in miel. distribution and feeder structure 
within a study area by evaluating relevant parametem, including the distance between poles, the investment 
in the pole itself, tbe total able sheath mileage, and the fraction of aerial smcture along the route. 

Poles are a s s 4  63% 40 foot Class 4 poles. The spacin between poles for aerial cable is fixed within a 

< L, 

given density range, but may vary betwarn density ranges. F 

b) Buried St,ructure 

Buried structure consists of trenches. The additional cost for protective sheathing and waterproof filling of 
buried cable is a fixed amount per foot in the case of fiber cable, and is a multiplier of cable cost in the case 
of copper cable.* The total investment in buried smeture is a function of totat route mileage, the fraction of 
buried smcturc, invesfment in prorective sheathing and filling and the density-mge-specific cost of  
trenching. 

c) Undermound Structwe 

Underground structure consists of conduit and, for feeder plant, manholes and pullboxes. M d ~ l e s  are 
used in conjunction with copper cable routes; pullboxes are used with fiber cable. The total investment in a 
manhole varies by density zone, and is 41 function of the following investments: materials, Erame and cover, 
excavation, backfill, and site delivery. Investment in fiber pullboxes is a function of materials and labor, 
Underground cables are housed in conduit facifitics that extend betwFn manholes or pullboxes. The total 
hvestrnmt in undtrgrotmd structure is ;I function of total mute mileage, the fraction of underground 
structure, invement in conduit, manholes and pullboxes for copper and fiber feeder or plant, and the cost 
of wenching needed to hold the conduit, 

In each line density range, there may 'be a mixture of aerial, buried, and underground sbucture. For 
example, in downtown urban meas it is  hquently necessary ta install cable in underground conduit 
systems, while rural areas may consist almost exclusively of aerial or direct-buried plant. Users can adjust 
the mix of aerial, underground and buried cable assumed within the HAI model. These settings may be 
made separateiy by densiv mne for film feeder, copper feeder, and copper distribution cables. 

6) Buried Fraction Availabte for Shift 

This input addresses the ability of the model to perform a dynamic catculation to deternine the most 
efficient lifecycle costs of buried vs. aerial structure. The calcdation considers the different values 

' In the two highest density zones, aerial structure is also assumed to consist partly of intrabuilding riser 
cable and "block cable" attached to buildings. In HM 5 .  E this portion of "aerial" shlcture does not include 
poles. 

The default values for sheathing are an additive $0.20 per foot for fiber and a multiplier of 1.04 for 
copper. The different treatment reflects, the fact that the outside dimension of fiber cable is essentially 
constant for different strand numbers, while the dimension of copper cable increases with the number of 
pairs it contains. 

a 

-~ 
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hvalvcd in buried vs. a d d  shueturt in terms of initis1 hnVtjtrnmt, subsurfact conditions, soil t e r n ,  
percent s m c t m  shnring, depreciation fllltcs, and maintenance costs. 

Underground conduit is not consided .BS a candidate for smcture shifting, since the Mivation for placing 
underground conduit and cable is usually a function of high pavement costs and the need to allow for future 
replacement and addition of cables withut disturbing the above ground pavement conditions. 

2.5.1 Distribution Structure Fractions 
Definition: The relative ~ ~ O U I I I ~ S  ofdifferent smcture types supporting distribution cable in each density 
zone. In the highest hvo density zones, aerial stntcturt iacludw riser and block cable. 

Default Valum: See under 2.,5.2, below. 

Support: It is the opinian of outside plant mgberhg e m  that density, m e a s d  m ACCGSS Lines per 
Squsrt Mile, is a g d  d e t m h a n t  of structure type. That judgment is bwed on the fact that increasing 
density drives mom p l a m m t  in develqml mas, and that as developed areas become more dense, 
placements will more likely 01:cuf under pavement conditions. 

,.. 

A eriaUBlockBu ildinn Cable: 

“The most common cable structure is still the pole line. Buried cable i s  now used wherever feasible, but 
pole tines remain an important structure in today’s environment.”’ 

Where an existing pole line is available, cable i s  normally placed 
existing pole line in favor of tluried plant is not usually done Unpsss such buried plant provides a much less 
costly alternative. 

HM 5.1 accounts for drop wire sepamtely; drop wire is not considered part of aerial cable in HM 5.1,  
However, cable attached to tha  [outlsides of buildings and inwabuilding riser cable, which are normally 
found in higher density areas, are appropriately classified to the aerial cable account. To facilitate 
m ~ d e l h g ,  HM 5.1 includes ~ ~ t b k  attached to and within buildings under its treatment of aerial cable, while 
allowing the user to separately specify the fraction of cable that falls in these two categories; poles are not 
applied to these types of aerial cable. 

the existing poles. Abandoning an 

The default aerial m t a g a  above 5,000 lines per square mile reflect a growing amount of block and 
intrabuilding cable, rather thaia cable placed on poles (although existing joint use poles are also more 
prevalent in older, more densr: neighborhoods built prior to 1930)- The specification ofthe amount of aerial 
cable supported via attachmerit to the outsides or insides of buildings is handled by the parameter “Block J 
Building Fraction of Aerial Distance” (see para. 2.5.3.). Use of that parameter removes pole costs from 
such cable investment calculations. 

Buried Cable: 

Default values in HM 5.1 reflect an increasing @end toward use of buried cable in new subdivisions. Since 
1980, new subdivisions have usually been served with buried cable for several reasons. First, before 1980, 
cables filled with water blockling compounds had not been perfected. Thus, prior to that time, buried cable 
was relatively expensive and umliable. Second, reliable splice closures of the type required for buried 
facilities were not the norm. And third, the public now clearly desires more out-of-sight plant for both 
aesthetic and safety-related reasons. Conmts with telephone outside plant engineers, architects and 
property developers in several states confirm that in new subdivisions, builders typically not only prefer 
buried plant that i s  capable of accommodating multiple uses, but they usually dig the tenches at their own 
expense and place power, telephone, and CATV cables in the trenches, if the utilities are willing to supply 
the materiaIs. Thus, many buried smctures are available to the LEC at no charge, although the Model does 
not reflect such savings. 

Bellcore, BOC Notes on the Networks - 1997, p. 1245. 
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Wnderltrt, und Cable: 
Underground cabk, conduit, and manholes are primarily USFd for fMder and interofflice transport cables, 
not for distribution cable. Distribution plant in congested, extensively paved, high density areas usually 
nms only B short distance underground from the SA1 to the block twminal, thus it requires no intermediate 
splicing chambers. In high density residential areas, distribution cablcs me frequently ~III from pole lines, 
under a and back up onto a pole he, or from buried plant, under a street, and back to a buried cable 
run. Such conduit runs we short enough to not require a splicing chamber or manhole and are therefore 
classified to the aerial or buried cable 21ccount, respectively. 

Thm m y  be ram exceptions where distniution cable h m  a SA1 is 90 long that it quires  an underground 
splicing h b c r  (manhole). Sometitlllbs Mer cable will lx extended, via a lateral, into I SAI, and 
distribution pairs in the same feeder stub will run back into the same manhale for further routing to aerial or 
buried structures down li street. In tho!le casts, martholes and conduit were p l d  for feeder cable and have. 
already been accounted for in the cost of feeder plant structure. To account for such manholm d conduit 
in dimion plant as well would result in double counting the cost. 

In a “campw e n m t , ”  where underground structure is use&; k i s  d h d  operated by the owner of 
the C ~ ~ U S  and not the ILEC. The cable is treated 8s htrabuilding Nebvork Cable between buildings on 
one customer’s premises, and the cost of such cable is not inciuded in the model. 

2.5.2 Buried Fraction Available for Shift 
Fraction of M e d  cable sfmcture available to be shifted from buried to aerial or aerial to buried (if the 
model finds a b m a l  local terrain conditions making a shift from aerial to buried advantagcam, a check in 
the d e l  prevents the percent buried from going greater than unity and the percent aerial from, going below 
zero). The fraction is expressed as the total range over which the buried fraction can vary after shifiing. If, 
for example, the user has entered an ini t ial  value of 0.50 for she buried cable fraction in a given density 
zone and then enters 0.30 as the mge of the shift that may occur in the buried h c t i m ,  the model can allow 
the computed buried fi.action to vary between 0.30 (= 0.50 - 40% of 0.50) and 0.70 (= 0.50 f 40% of OSO), 
according to changes in the dative costs of buried versus aerial s m r e  occasioned by local surface and 
bedrock conditions. 

HM 4.1 uses a “Logistic Choice Curve’” to contra1 the sensitivity of the shift in sbvcture to changes in the 
local relative cos? of buried versus aerial plant. In the chart below, the horizontal a x i s  represents the ratio of 
the local buried to aerial cost ratio to the national norm buried to aerial cost ratio. I t s  scale is logarithmic, 
thus the value of zero indicates that the local buridaerial cost ratio equals the national buriedlaerial cost 
ratio. Increasing positive values indicate the local buried to aerial cost ratio has increased relative to the 
national ratio - as would occur, for insiance, if local bedrock were closer to the surface than normal. 
Negative values indicate a local buried to aerial cost ratio that is less than the national mtia. The vertical 
axis represents the portion of “swing” buried plant that is shifted to aerial. A value of 0.0 means there is no 
movement away from the input N~IQUIII. of buried smchue; 0.5 means he maximum amount of shift has 
occumd from buried to aerial, and neg,ative 0.5 means the maximum amount of shift has o c c d  from 
aerial to buried. 
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Underground 
Cabk 

'Thleutaw] 

Pogtstlc Ch orce cuws 

Burled Fraction 
Available for 

SIlHt 
Burled 
Cable 

.25 .75 0 
-25 -75 0 
2 5  -75 0 
-30 -70 0 
.30 .7Q 0 
.30 -70 0 
.a .65 .05 
.6Q .35 .05 
-85 -05 .IO 

-75 
-75 
-75 
-75 
.75 
-75 
-75 

Support: S ine  shifting of stnickwe type from buried to aerial, or vice versa is pemitted, the HAI Model 
allows the user to affect such shifting by the application of engineering judgment. Should aerial structure be 
the most economic solution in a particular cable section, the model's inputs could be set to allow a shift of 
all buried structure to aerial. However, there may be local ordinances or regulatory rules that encourage 
utilities to place out-of-sight facilities under certain conditions. Thus, in the event shifting from buried to 
aeriaI is not practical, the HA1 Model allows the usm to reserve a percentage of buried cable structure that 
remains buried, irrespective of the relative COS&. A team of outside plant engineering experts recommends 
that the allowed range o f  the shifted buried fraction be only 75% of the input buried percentage. 

The user should note that this default value can be adjusted to allow the model to optimize the cable 
structure choice between aerial and buried mcmre without constraint other than ensuring the aerial 
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penantage is mt lass than 0%. On tfw othw b d ,  satthrg ehs W o n  available for shift to 0% m d a ~  that 
no optimization will take place, tfiereby laeking Ea tbs Judgement of the user in setting the input values for 
the various structure percentages regardless of situations uncovered by the model in examining unique 
pockets of difficult terrain where a more economic solution woutd prevail. 

2.5.3. Block / Building Fraction of Total Distance 
Definition: This value represents, by density zone, the fraction of the total distribution smctute h a t  is 
block or bailding riser cable. Subtracting this fraction tfom the AeriaVBlocldBuilding cable fraction 
discussad in sections 2.5.1 will yield the fiaction of aerial structure requiring poles. For instaacc, in the 
highest dens@ mne, the default fraction of aerial cable (parameter 2.5.1) is 3 5 ,  while in the table below, 
the default fraction of btockhuilding cable is 5 5 ,  so in this density zone, poles we applied to -85  minus AS, 
or ,2, of the distribution cable route miles. 

Default Values: 

Fraction 
0 
0 
0 
0 
0 
0 
0 

.35 

.65 

Support: As stated in paragraph 2.5.11 ., aerial structure includes riser and block cable in the two highest 
density mnts. In addition, cable attached to the sides of buildings, normally found in higher density areas, 
is  appropriately classified to the aerial cable account. To facilitate modeling, the HA1 Model includes both 
block and Intrabuilding Network Cable under its treatment of aerial cable. 

HM 5.0a was criticized for its lack of ;pole costs in the highest two density zones. HM 5.1  recognizes that 
aerial cable in the two highest density zones can either be supported by poles, can be attached to the sides 
and backs of buildinp, or can consist of Intrabuilding Network ( R k r )  cable inside elevator shafts or other 
pathways inside a building. HM 5 .  I has thus been modified tu apply pole costs in each density zone, 
including the two highest density zones, except that pole costs will be applied only to that fraction of aerial 
cable that remains after the block and intmbuilding cable fraction represented by this fraction is subtracted.. 
Generally speaking, building owners now have the right to own their own building cable. In many states, 
the ILEC is still the provider of last resort, and in those cases must still provide buiIding riser cable. HM 
5.1 conservatively assumes that the ILEC will own all building riser cable, as well as dishbution cable 
attached to the outside walls ofbuildiags. 

Pathways for cable inside buildings we the responsibility of the building owner, not the ILEC. Therefore, 
there are no stsuchue costs akin to pole investments. Cable attached to the outsides of buildings requires 
simple wall anchors, the cost of which is already included in the exempt material loadings on labor. 
Therefore, while pole costs are included for all aerial cable that is not building-mounted or intrabuilding 
cable, there are no structure costs asscrciated with the latter two categories of aerial cable. 
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2.6, CABLE SIZING FACTORS AND POLE SPACING 

2.6.1. Dizltribution Cable Siziiig Factors 
Definition: The factor by which distribution able is increased above the size needed to serve a given 
quantity of demand in d e s  to provide spare pairs for breakage, tine administration, and some amount of 
growth. Calculated as the mgct ratio of the number of assigned pairs to the total number of available pairs 
in the cable. 

Default Values: ?mq,t,, 
-I, I , I  , > 

0-5 
5100 

t00-200 
20M50 
650-850 

850-2 550 
2,550-5,OOO 
5,ooO-I 0,000 

1 0 , m  

.75 
-75 
-75 
7 5  
.75 
.75 
-75 
-75 
.75 

Support: HM5. E uses uniform copper cable sizing factors across all density zones for the following 
reasons: 

- 
Pair counts f~smaI1 cables essentially double between cable sizes, so that such cables easily allow 
enough extra paits to accommodate adrninismtive spare needs.” The controlling effect is the 
“breakage,” or modularity in cable sizes, which produces an effective fill factor that is often 
mnsiderably less than the corresponding input cable sizing factor.“ 
- 
density zone or a more widelydispetsed @ut still small) set of customers in a low density zone; 
there is no need for the cabk sizing factors to be different for these cases. For this reason, the cable 
sizing factor should be constant across all density ranges. 

The d o  of adjacent cable sizes is considerably greater for small cables than for large ones. 

A small copper cable may serve a small (and compact) pocket ofcustomer locations in a high 

Simple calcuFations readily show that using 50% copper cable sizing factors En low density zones is 
unreasonable. For example, tltven households with an average of 1.2 lines per household require a total of 
thirteen lines. Dividing the line total by a 50% copper cable sizing factor yields a requirement for 26 
equipped pairs, which would tle satisfied by installing a 50-pair cable, the next available size. The achieved 
cable fill is onIy 26%, even though the sizing factor is neatly twice that. If demand were to increase at a 
compounded rate of 4% per y a r ,  after ten years the cable utilization would be only 39%. After twenty 
years, the cable’s useful life, it would still only be at 57% utilization, and 43% of the cable’s capacity would 
be wasted because of inefficient design. 

I ’  Several states have been modeled using a 75% distribution cable sizing factor and an 80% copper feeder 
cable sizing factor. The corresponding achieved copper cable fills ranged from 50?40 to 65% for distribution 
cable and between 65% and 7I1% for copper feeder cable. 

10 
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DensKy Zone 

0-5 
5100 

100-200 
200.650 
650-850 

850-2,550 
2,550-5,OOO 
5,000-1 0,000 
1o,m+ 

-r 

- 
cable sizing factom across density m m  %r rfimhg the HA1 Model. Selecting such factors thus 
E G O ~ ~ Z E ! S  this trend among regulatory bodies. 

Some state oormnissims, along the FCC, have adopted uniform or nearly-uniform copper 

Spackq ~ ~ 

r̂ 

250 
250 
200 
200 
175 
175 
150 
150 
I50 

In general, the level of spare capacity provided by the default value of 75% in HM 5.1 is suficient to meet 
current demand plus some amount of growth awr the lifetime of the smaller cable sims normally selected 
by the model to strve a given area. Because the model calculates the unit loop investment cost BS the total 
loop investment (including spare capacity), dividsd by the current loop demnnd, the resulting unit costs are 
a conservativeIy high estimate of the economic cost of meeting current loop demand. This occurs because, 
in reality, some of the spare distribution plant can aad will be used to satisfy additional loop demand in the 
future, without causing any additional ,investment cost, thus a larger number of customers will pay for the 
cable over time. In this s e n e ,  ths HM 5.1 default values for the distribution cable sizing factors arc 
conmtively low from an economic t&g standpoint. 

2.6.2. Distribation Pole Spacing 
Definition: Spacing between poles supporting aerial distribution cable. 

Defm ul t Values: 

I .  

Distribution Pole Spacing 1 

Support: Distances between poles are longer in more ml areas for a several reasons. Poles are usually 
placed on property boundanes, and at each side of road intersections (unless cable is run below the road 
surface in conduit). Property boundaries tend to be farther apart in less dense areas, and road intersections 
are a h  farther apart. 

Depending on the weight of the cable, and the generaIly accepted guideline that sag should not exceed 10 
feet at mid-span, while still maintaining appropriate clearances as designated by the National Electric Safety 
Code, very long spans between poles may be achieved. This length may be as great as 1,500 feet using 
heavy gauge strand and very light cablle, or may be shorter for heavier cables.‘* In practice, much shorter 
span distances are employed, usually 400 feet or less. 

“..,where conditions permit, open wire: spans can approach 400 feet in length with practical assurance that 
the lines will withstand any cornbinatirin of weather condition. Longer spans mean savings in construction 

’’ Bellcore, Clearance for Aerial Cable and Guys in Light, Medium and Heaw Loading Areas, (BR 627- 
070-015), Issue E, 1987. 

see also, Bellcore, Clearan= for Aerial Plant, (BR 91 8-1 17-090), Issue 5 ,  1 987. 
.wee also, Bel tcore, Long Span Conslmuction (BR 627-370-XXX), date unk. 

__ 
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oos(s and a net reduction in mm-all plant inveJtmm, including fewr polas to buy, smaller gunntjty of pole 
hardware required, and less ctwstmction time. The usc of long spans also means I reduction in 
maintenance q m ~ s e . ~ ' ' ~  

I3 Lee, Frank E., Outside Plarrt, abc of the Teiephone Series, Volume 4, abc TeleTraining, he. ,  Geneva, K, 
1987, p. 41. 

HA1 Model Release 5.1 
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2.7. GEOLOGY AM) POPULATION CLUSTERS 

2.7.1. Distributian Distance MuItiplier, Dificult Terrain 
Definition: The mount of extradistance required Fo mute distribution and feeder cable around difficult 
soil conditio-, expressed as a multiplier of the distance dmlated far normal situations. 

Default Value: 

Support: HM 5.1 @cats difficult buritd cable placement in r d c  conditions using five pametem 1.1 
Distribution Distance Multiplier, Difficult Terrain; 2) Surface Texture Multiplier; 3) Rock Depth 
Threshold, inches; 4) Hard Rock PFaclrmsnt Multiplier; and 5) Soft Rock Placement Multiplier., The last 
three ofthese pertain to the effect of hdrock close to the swface - see Section 2.7.2 through 2.7.5. The 
first pertains to difficult soil conditiorci such RS the presence o f  boulden. 

While the typical response to dificult mioil conditions is often to simply route cable around those conditions, 
which could be reflected in this paramrrtcr, HV 5.1 instead treats the effect of difficult soil conditions as a 
multiplier of placement cost - see Parmeter 6.5, Surface Texture Multiplier. Therefore, the distribution 
distance multiplier is set to 1.0. 

2.7.2. Rock Depth Threshold, Inches- 
Dcnnltion: Tht depth of bedrock, above which (that is, closer to the surface) additional costs are incurred 
for placing distribution or feeder wbIe The depth of bedrock is provided by USGS data for each CBG, and 
assigned by the Model to the CBs belonging to that CBG. 

Default Vahe: " 
1- Rock bpth'fhreshdld, inches I 
I 24 inches I 

Support: Cable is normally placed at ,a minimum depth of 24 inches. Where USGS data indicates the 
presence of rock closer to the surface, 13M 5.1 imposes additional costs. 

2.7.3. Bard Rock Placement MuItiplier 
Definition: The increased cost required to place distribution or feeder cable in behock classified as hard, 
when it is within the rock depth theshcrld ofthe surface, expressed as a multiplier ofnormal indlatian 
cost per fwt. 

Default Value: 
Hard Rock Placement Multiplier F N  
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Support: A rock 98w is ustd whenever hard rock must be ntcavattd, Information receivd fcom 
indepdmt contractors who perform this type of work is reflected below. Hard rock costs ~trt reflected at 
the high end of the scale. 

[Rock Saw I Tmnchlng Ratlo I 

5.0 

2.7.4. Soft Rock Placement Multiplier 
Definition: The increased cost required to place distibution or feeder cable in bedrock classified as soR, 
when it is within the rock depth threshold of the surface, expressed as a multiplier of normal installdon 
cost per foot. 

Default Value: 

Soft Rock Placemerit MuftFpller F=F=l 
S~pporl: A rock saw or tractor-mounted ripper is used whenever soft rock must be excavated. Information 
received from independent cantractors who perform this type of work is reflected in the figure in section 
2.7.3. Sofi rock costs are reflected at the lower end of the scale. 

2.7.5. Sidewalk I Street Fraction 
Definition: The h c t i o n  of small, urban clusters that are streets and sidewalks, used in the comparison of 
cluster area with number of lines to identi@ cases where high rise buildings are present. To qualify as a 
mal! urban cluster, the total land area after multiplying by ( 1 -this hction) must be less than .03 square 
miles, and the line density must exceed 30,000 lines per square miIe. 
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Detmalt Value: 

Support: The sidewalklstreet fraction is computed using a .03 square mile (836,352 square feet) cluster, 
the largest cluster to which it applies. 'This dense urban cluster is assumed to be square, which means each 
side of the cluster i s  approximately 91ii feet long. As a result, the roads and sidewalks running around the 
outside of such a cluster would cover a total land area of approximately 165,000 square feet (91 5 feet per 
side times 4 sides times (15  foot wide !;idewalk + .5 times 60 foot wide strwt), 
total area. The remaining 80 percent, or non-sidewelklstreet land area, is occupied by buildings. 

20 percent of the cluster's 

2.7.6. Maximum Analog Copper Total Distance 
Deflnitloa: The maximum total copper cable length that is allowed to cany voiceband analog signals. 
When ?he potential copper cable length exceeds this threshold, it triggers long loop treatment using digital 
transmission and/or the deeper penttramtion of fiber-based DLC. 

Default Value: 
I d m u m  Analog Copper Total Distance 1 

18,000 fl. --1 

Support: From the Bellcore document, BOC Notes on the Networb - 1997, p, 12-4, ?he following 
principles are invoked. 'To help achieve acceptable fmsmlssion in the distribution network, design rules 
are used to control Imp transmission pwfonnance. Loops are designed to guarantee that 3mp msmission 
loss is statistically distributed and that no single loop in the distribution network exceeds the signaling range 
of the ten-1 ofice, Revised Resistance Design (RRD) guidelines recommend that loops 18 kfi in length or 
less, including bridged-tap, should be rionioaded and have bop resistances of 1300 Ohms or less; loops 1 8 
kft to 24 kfi in length (inclufing bridged-tap) should be loaded and have loop resistances less than or equal 
to I500 Ohms; loops longer than 24 kft should be implemented using Digital Loop Carrier (DLC)." The 
default value was chosen to be consistent with the minimum distance at which long loop treatment is usually 
required. l 4  

2.7.7. Feeder Stseering Enable 
Definition: An option that, if enabled, instructs the model to adjust each main feeder route direction toward 
the preponderance of clusters in a quaclrant. In the default state, feeder routes run north, east, south, and 
west from the wire center.. 

Default Value: 

'' BeIlcore, BOC Notes on the Networks - 1947, p. I 2 4  
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Support: The HA1 Model wi11 normally assme that four feeder routes emanate from each wire center in 
the four cardinal directions of north, east, south, and west When the “Feeder Steering Enable” indicator is 
selected, the model Will adjust the direction of a main feeder route to be closer to the mort distant serving 
area interfaces. 

2.7,8. M& Feeder Route/AEr Multiplier 
Dennition: Route-to-air muhiplier applied to main feeder distance when feeder steering is enabled to 
account for muting main k d e r  cable around obstacles, 

Default Value: 

Main Feeder Route I Alr Multiplier 

Suppart: Although the feeder route between a wire center and the serving area interface can run in a 
straight he, such routes may encounter ~ r U m l  obstaclw. property boundaries, and the like which cause 
some degree of rerouting. T h e  Model in default mode assumes right angle muting to accommodate these 
various obstacles. However, when feeder steering is enabled, the model accoun& for non-direct routing 
through the use aFa route-to-etir distance multiplier. Bmusa SAIs can be !mated rrS 
compass, the weighted average right angle routing distance of4171, or 1.27, is the most appropriate solution 
far the average route to air factor. 

point on the 

2.7.9. Require Serving Areas to be Square 
Dennition: An option that, if enabled, instructs the model to treat all main clusters as square. In the d t h l t  
state, main clusters are computed as rectangular, with the height to width ratio determined by the process 
that produces the duster input data. 

Default Value: 

Support: Main clusters are nlomally mated as if they are rectangular, with the height to width ratio (aspect 
ratio) determined by the process that produces the cluster input data. The aspect ratio for each cluster is 
computed by PNR and inc1udt:d in the input data. However, to allow cornpansons with results of the 
Benchark Cost Proxy Model C‘BCPM’)), the Model allows the user to override the calculated aspect ratio 
and specify the use of square ireas. even though useful information is ignored in doing so. 
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248. LONG LOOP IW%STMENTS 
General: 

HM 5.1 extends fiber-fed Integrated Digital Loop Carrier (IDLC) suficienily deep into the main cluster to 
ensure no main cluster loop length exceeds the maximum anaIog copper loop length. An additional test is 
performed to determine if the copper distribution cable from the main cluster to a given asmiatcd outlier 
cluster is longer than the Maximum Analog Copper Distance, if the outlier duster IS C O M W ~  to the main 
cluster through one or more other outlier clusters, or if any other outlier clusters are conncetcd to the one in 
question. If none of these conditions hold, the Model wilt serve the outlier cluster using analog copper 
distribution cable. Otherwise, the Model serves the outlier cluster in question wing T1 on m appropriate 
number af copper pairs, equipped with TI rcpeatm a8 mxswy, feeding small DLC remote terminals 
(RTs) which are strategically p l d  along the route to limit the dhiibution cabk to dm maximum analog 
distance. The T1 carrier extensions art: wsumed to be extended from 8 Luw Density DLC located within 
the main cluster. 

.*. 

The system canfiguration for !;uch TI “long loop“ extensions have a number of components 
d e d k l  in pameten 2.8.1. z h u g h  2.8.8. The relationship among these components i s  show in the 
following figure. 

2.8.1. T1 Repeater Investments, Installed 
Definition: The investment per TI repeater, including electronics, housing, and installation, used for TI 
carrier long loop extensions. 

$527 

Suppork The cost of a line powered TI repeater was estimated by a team of experienced outside plant 
experts with extensive experience in purchasing such units, and arranging for their installation. The 
equipment portion of this investment is based on supplier information less discount. The repeater spacing is 
calculated within the modal considerin]: the transmission loss of aerial and buried cable, and a transmission 
objective of 32 dB loss at 772 WZ. 
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2.8.2. Integrated COT, InstaIIed 
Definition: The installed central ofice multiplexer investment required per road cable used for TI long 
loop extensions. 

Default Value: 

Integrated COT, Installed 

Support: This is the pro rata share of investment for hardware and commons involving multiplexer 
capacity in the central office utilized by each TI carrier long loop extension. It was estimated by a team of 
experienced outside plant experts who were in contact with vendors of appropriate small size IDLC 
equipment with the capability of being fed by T1 carrier on copper pairs. The material portion of this 
investment is  based on vendor list prices less discount. 

2.8.3. InsitalIed RT Cabinet and Commons 
Definition: The installed jnwstment per TI RT used for T1 carrier long loop extensions. 

Default Value: 

1 Installed RT Cabinet and Commons 1 
$8,200 

Support: The cost ofthis type small size DLC remote terminal was estimated by a team of experienced 
outside plant experts who were in contact with vendors of appropriate small size DLC equipment fed by TI 
carrier on copper pairs. The equipment portion of this investment is based on vendor list prices less 
discount. 

2.8.4. TI: Channel Unit Investment per Subscriber 
Definition: The investment Fler line in POTS channel units installed in TI RT used for T1 carrier long loop 
extensions. 

Defau I t Value: 

Channel Tlnlt Investment per Subscriber 

I $125 

Support: The cost of appropriate line cards, including a pro rata share of DSl plug-ins at the CO 
multiplexer used for this type of Integrated Digital Loop Electronics, was estimated by a team of 
experienced outside plant experts who were in contact with vendors o f  appropriate small size DLC 
equipment suitable for extending bandwidth on conditioned copper pairs. The equipment portion of this 
investment is based on vendor list prices less discount. 
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2.8.5. Transceivers 
Definition: The installed investment for the transceiver plug-in per T1 RT used to interface with the TI 
carrier and to power the repeaters. 

Derault Value: 

Transceiver, Installed I 
$1170 

Support: The cost was estimated by a team of experienced outside plant experts who were in contact with 
equipment vendors. This cost includes the investment for the transceiver plug-in installed at each end of the 
TI carrier feeding the smal1 size RT. The material portion of this investment is based on vendor l i s t  prices 
Iess discount. 

2.8.6. Tl  Remote Terminal Fill Factor 
Definition: The line unit f i l l  factor in P T1 RT; that is, the ratio of lines served by a TI remote terminal to 
the number of line units equipped in Ihe RT. 

Default Value: 
TI Remote Terminal Fill Factor I 

0.90 1 
Support: Fill factors are IargeIy a hnction of the time frame needed to provide incremental additions. 
Since line cards are a highly portable asset, facility relief can be provided by dispatching a technician with 
line cards, rather than engaging in a several month long copper cable feeder addition. Therefore high fill 
sates should be the norm for an eficiicient provider using forward looking technology. 

2.8.7. Maximum Tls per Cable 
Definition: Maximum number of Tls that can share a cable without binder group separation or internal 
shielding. 

Default Value: 

Maximum T ls  per Cable E 3  
Support: The use of T-Carrier technology involves the use of high frequency pulse code modulation 
techniques. High frequency signals can cause interference with other high frequency signals, if a number of 
electrical engineering characteristics are ignored. While screened cable can be used to isolate copper pairs 
in cables with v e y  large numbers of T-1 's, that i s  not necessary for small numbers of T-l s in a cable. 
Experts in outside plant engineering have used the conservative approach of limiting the number of T- 1 s in 
a single copper cable sheath to preclude such intesference. The default value of no more than 8 T-Is is 
frequently used in actual design of facilities. Although there are very few cases where the HA1 Model now 
generates long loops on T-1 technology, this limit has been included to ensure that interference does not 
OCCUT. 
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2.8.8. TI Repeater Spacing Parameters 
Definition: Minimum design separation, measured in decibels, on copper cable as a hnction of the 
maximum loss between adjacent repeaters st 772 kHz, and the toss of the copper cable on which the 
repeaters are installed. Used for T 1 carrier long loop extensions. 

Default Values: 

D3 Loss at 772 kHz 

Support: Since these conditions occur on extremely long and small distribution cables, and since the HA1 
Model assumes 24 gauge catlle for cable sizes of less than 400 pairs, the model assumes 24 gauge copper 
cable for these circuits. Although a maximum of 35 dB between TI repeaters has been noted in the 
literat~re’~, a conservative value of 32.0 dB is recommended for the HhI Model default. TI circuits are 
normally designed at the 772 kHz frequency point. Copper cable attenuation at this frequency is a function 
of the type of cable and the temperature of operation, The higher the temperature, the greater the 
attenuation. 

Aerial cable is normally air core PIC (Plastic Insulated Conductor) cable. At the highest envisioned 
temperature of 140 degrees Fahrenheit, the attenuation is 6.3 dBkft.‘‘ 

Buried and Underground cab,le is normally considered to operate within normal temperature ranges. The 
HA1 Model default values assume cabIes are filled with water blocking compound, using solid PIC 
insulation. The attenuation for such cable is 5.0 dB/kft.” 

2.9. SA1 INVEtSTMENT 
Definition: The installed investment in the Serving Area Interface (SkI) that acts as the physical interface 
point between distribution arld feeder cable. 

Is Roger L, Freeman, Reference Manuat for Telecommunications Engineering - Second Edition, p.574-575. 

Lucent, Outside Plant Engineering Handbook, 1996, p. S -  14. 

*’Lucent, Outside Plant Engineering Handbook, 1996, p. 5-15. 
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Default Values: 

SA1 Size 

7200 
5400 
3600 
2400 
1800 
1200 
900 
600 
400 
200 
1: 00 
50 

SA1 Investment 

Indoor SA1 

$9,656 
$7,392 
$4,928 
$3,352 
$2#4M 
$1,776 
$1,232 

$592 
$296 
$148 
$98 

$888 

$10,000 
$8,200 
$6,000 
$4,300 
$3,400 
$2,400 
$1,900 
$1,400 
$1,000 
$600 
$350 
$250 

Support: Indoor Serving Area Interfaces are used in buildings, and consist of simple terminations, or punch 
down blocks, and lightning protection where required. Equipment is normally mounted on a plywood 
backboard in common space. Outdoor Serving Area Interfaces are more expensive, requiring steel cabinets 
that protect the cross connection terminations from the direct effects of water. Both indoor and outdoor SA1 
investments are a hnction of the total number of pairs, both Feeder and Distribution, that the SA1 
terminates. 

The total number of pairs terminated in the SA1 is computed as follows. a) The number of Feeder Pair 
terminations provided i s  equal to 1 .S times the number of househoids plus the number of business, special 
access, and public lines required. b) The number of Distribution Pair terminations provided is equal to 2.0 
time the number of households plus the number of business, special access, and public lines required. 

Indoor SA1 investments include the cost of over-voltage protection. Costs for that protection are assumed 
to be based on splicing protector equipment on feeder pairs at a cost of $200 pet 100 pair protector. SAIs 
with fewer than 200 feeder pairs are priced accordingly at $50 per 25 pair protector. 

Prices are the opinion o f  a group of engineering experts 
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Indoor SA1 Investment 
(without pmtixtom) 

$1,200 

$1,000 
U 
S 

$800 

- = $600 

u1 
(u > 

-z - 
0 $400 
C 
I 

.... . . - -  

$200 

0 900 1800 2700 3600 4500 5400 6300 7200 

SA! Total Palr Size 

Outdoor SA! Investment 

$4,000 

$1,000 

$0 - 
0 900 1800 2700 3600 4500 5400 6300 7200 

Skl Total Pair Slze 
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2.10. DEDICATED CIRCUIT INPUTS 

2. E 0+1. Percentage of Dedicated Circuits 
Definition: The fractions of total circuits included in the count of total private line and special access 
circuits that are DS-0 and DS-I circuits, respectively. The fraction of DS-3 and higher capacity circuits is 
calculated by the model as ( 1  - fraction DSO - fraction DS-1). The equivalence between the three circuit 
types -- that is, DS-0, DS-1, and DS-3 -- and wire pairs is expressed in Section 2.1 0.2. 

Default Values: r- Percentage of Dedicated Circuits 1 
I DS-0 I DS-1 I 
I - 100% 1 0% E 

Support: These parameters provide the breakdown of reported dedicated circuits into voice-grade 
equivalents and DS-Os, DS-ls, and DS-3s. The default database values for dedicated circuits represent 
special access voice-grade and DS-0 equivalents as reported in ARMIS 43-08. Thus, the default input 
values are 100 percent for DS-Olvoice grade, and 0 percent for DS-1 and DS-3. 

2.10.2. Pairs per Dedicated Circuit 
Definition: Factor expressing the nwnber of wire pairs required pet dedicated circuit classification. 

Default Values: 

Pairs per Dedicated Clrcuit 

Support: A DS-1 bit stream on copper requires one transmit pair and one receive pair. Although a DS-3 
signal can only be transmitted on fiber or coax, the bit stream carries the equivalent of 28 DS-1's. Since a 
DS- 1 requires 2 pairs, a DS-3 is represented in HM 5.1 as requiring 28 times 2 pairs, or a totaf of 56 pain. 
While many DS-Os are provided on 4-wire circuits, the model conservatively assume5 only one pair per DS- 
0. 

2.11. WIRELESS INVESTMENT INPUTS 

2.1 1.1. Wireless Investment Gap Enable 

Definition: When enabled, invokes wireless investment cap for distribution plant investment calculations 
In the default mode, the model does not impose the wireless cap. 
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Default Value: 

Wireless Common Investment 
$1 12,500 

w 

Wireless Investment Cap Enabte 
Disabled 

Support: If a viable wireless technology exists using fuward looking, currently deployable technology, 
with available frequency spectrum allocation, then this alternative may be used to cap distribution costs at a 
pre-determined investment cost. 

2.1 1.2. Wireless Point to Point Investment Cap - Distribution 

Definition: Per-subscriber investment for hypothetical point to point subscriber radio equipment.. 

Defadt Value: 
1 Wireless Point to Point Investment Gap 1 
I $7,500 I 

Support: Based on HA1 judgment of potential  COS^ of such a system. 

2.1 1.3. Wireless Common Investment 
Definition: Base Station Equipment investment for hypothetical broadcast wireless loop system 

Support: Based on HA1 judgment of potential cost ofsuch a system. 

2.11.4. Wireless per Line Investment 

Definition: Per-subscriber investment for hypothetical broadcast wireless loop systems, including customer 
premises equipment and per subscriber share of base station radios.. 

Defau I t Va h e :  
1 Wireless per Line Investment 1 
1 $500 I 

Support: Based ~n HA1 judgment of potential cost o f  such a system. 
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2.1 1.5. Maximum Broadcast Lines per Common Investment 

Definition: Hypothetical capacity of tlase station common equipment. 

Default Value: 
Wiireless B m a d c a ~  Cines per Common r r  

Support: Based on HA1 judgment of representative capacity of such a wireless broadcast system. 

2.12. OCCUPANCY RATES 
Definition: These values represent tha fraction of various dwelling unit types that are occupied in a 
particular density range; they are used in the calculation of drop structure investment. 

De la u 1 t 

Density 
Zone 

0-5 
5-100 

'I 00-200 
200-650 
650-850 
850- 
2,550 
2,550- 
5,000 
5,000- 
10,000 

~ O , O O O +  

Jatues: 
OCl 

0.923 0.869 0.889 
0.933 0.883 0.892 
0.944 0.883 0.864 
0.952 0.912 0.893 

0.961 0,928 0.904 

0.961 1 0.933 I 0.923 1 :::3: 
0.953 0.935 0.934 

upanq Rates 
5-9 I O - l Q  20-49 

0.700 0.627 0.576 
0.804 0.768 0.694 
0.851 0.830 0.748 
0.865 0.853 0.814 
0.865 0.856 0.840 
0.877 0.869 0.864 
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Densfty Zone 

Support: Drop stnrcture requirements are tailored to include rate of occupancy by housing type and 
density zone. Occupancy rates are determined using 1990 Census data. Occupancy is calculated using the 
specified number of occupii:d and vacant housing units reported for each Census Block Group (CBG) and 
Housing Type. Each CBG is assigned a density zone, consistent with the assignment approach used 
throughout the Model. CBGs are then aggregated to density zone and occupancy is calculated by dividing 
occupied housing by the sun of occupied and vacant housing 

Strand lnltial Strand 

Switch 
Adjustment Muftiplier 

2.13. DISTRlIlUTION ROUTE DISTANCE ADJUSTMENTS 

200-650 t 650-850 

2.13.1 Strand Adjustment Factors 
Definition: Two parameters. that togetber provide the optional ability of normalizing the distribution route 
distance (DRD) produced by the model to a function of the calculated strand distance. The two parameters 
can be set independently for each density zone, 

0 -999 

0 -999 

The first parameter, called the Strand Adjustment Switch, is a logical “on-off switch” that determines if the 
strand distance provided as part of the cluster information database is to be used in that density zone. The 
second, called the Znifiul Strand Multiplier, is a multiplier of the strand distance that can be used to correct 
any systematic bias in the swand distance. 

.. . -~ ~ 

850-2,550 t Z!,550-5,WO 

These parameters are used as follows (see Section 6.3.4 of the HA1 Mode! Release 5.  f Description r‘HM 
5.1 Description”] for more detail] . If the switch is off, no adjustment i s  made to the DRD. If it i s  on, the 
strand distance for the cluster, provided in the cluster data record, is multiplied by the Initial Strand 
Multiplier. The DRD is theti “normalized” to the revised strand distance by multiplying all the components 
of the DRD by the ratio of the revised strand distance to the DRD. 

~ ~ - ~ 

0 -999 
0 -999 

Default Values: r- Strand Adjustment Factors 

5,000-1 0,000 t- 10,000+ 

support: 

0 -9% 

0 -9% 

i 0-5 I 0 I -999 

I 5100 I 0 I -999 

r - -  loo-Too i 1- -999 
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Manuat Distribution Design Adjustment 

Density Zone Oeocoded Rate 
0-5 -999 

5-100 -999 

100-200 -999 
2 0 0 - 6 5 0 -999 

650-850 -999 
850-2,550 -999 

2,550-5,000 -999 
5,000-1 0,000 -999 

1 o,ooo+ -999 

I 

7 

In default mode, the switch is “off,” tmd the Initial Strand Multiplier is -999.’’ . . Setting the switch “ow’ is 
consistent with the HM 5.1 developers strong reservations about .he  usefulness of the MST as an indicator 
of what the DRD should be. Turning, it on, however, wouId be consistent with the FCC finding that the 
strand distance is an indicator of the correct DRD value 

The Model calculates the Mia1 Strand Multiplier by density zone. The built in calculation produces a 
vaIue of 1.0 at 0% geocoding, and increases it linearly to 1.27 at 100% geocoding. As explained in the HM 
5.1 Model Description, Section 6.3.4, this reflects the offsetting effect of 1) a conservatively-high 
dispersion, and hence strand distance, associated with geocoding, on the one hand; and 2) the fact that the 
strand distance is based on “beeline” routing and may be appropriately adjusted upward by a route-air 
multiplier. Setting the Initial Strand lclultiplier value to -999 in a given density zone causes the Model to 
use the built-in calculation, using the geocoded rates by density zone for the state in question (see Section 
2.13.2). Alternatively, setting the value of this parameter to a positive value overrides the built-in 
calculation and causes the Model to u.se the specified value instead. The HM 5.1 developers believe the 
built-in calculation of the multiplier yields the most appropriate value. 

2.13.2 Manual Distribution Design Adjustment 
Definition: The percentage of custorrier locations that are successfully geocoded in each density zone. 

Default Values: 

Support: Referring to Section 2.13.1, the built-in calculation of the Initial Strand Multiplier requires the 
geocode success rate by density zone as one of i ts  parameters. The database provided with the model 
contains the geocode success rate by density zone by state. Inserting the value of -999 in the Geocoded 
Rak causes the Model to use the database values for the success rate in each density zone appropriate to the 
state in question. Inserting a positive value in the Geocoded Rate in any density zone will cause the inserted 
value to override the database value. Given that the current cluster data in the database is based on 
geocoding information whose corresponding geocode success rate i s  specified in the database, consistency 
dictates that using the success rates ~~DIYI the database is appropriate. Thus the default values have been set 
tQ -999. 

‘’ Of course, with the switch off, the ather parameter is not used; however, a default value is still needed in 
case the user turns the switch “on.” 
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3. FEEDER INPUT PARAMETERS 

3.1. COPPER PLACEMENT 

3.1.1. Copper Feeder Structure Fractions 
Deftnition: The relative amounts of different structure types supporting copper feeder cable in each density 
zone. Aerial feeder cable is attached to telephone poles, buried cable is laid directly in the earth, and 
underground cable runs throlugh underground conduit. 

Note that Copper Feeder Smucture Fraction values will be automaticaIly adjusted by HM 5.1 based on input 
values used in Section 3 -2.1, Fiber Feeder Structure Fractions, Fraction of Buried Available for Shift. 

Default Values: 

et 

Density Zone 

0-5 
5-1 00 

t 00-200 
200-650 
650-650 

85O-2,550 
2,550-5,000 
5,000-1 0,000 

1 o,ooo+ 

ier Feeder Strudure Fractlons 

AerlaUBlock 
Cable 

-50 
S O  
S O  
-40 
3 0  
.20 
. I 5  
. I O  
.05 

Burled Cable 

.45 

.45 

.45 

.40 

.30 

.20 

. I O  

.05 
-05 

Underground 
Cable 

(calculatedd) 

-05 
-05 
-05 
-20 
.40 
.60 
.75 
.85 
.go 

Support: (NOTE: Excerpts fiorn lhe discussion in Section 2.5. [DhiribuiionJ are reproduced here for 
ease of use.] 

It is the opinion of outside plant engineering experts that density, measured in Access Lines per Square 
Mile, is a good determinant of structure type. That judgment is based on the fact that increasing density 
drives more placement in developed areas, and that as developed aceas become more dense, placements will 
more likely occur under pawment conditions. 

A eriaI/Block Cable: 

“The most common cabie structure is still the pole line. Buried cable is now used wherever feasible, but 
pole lines remain an important structure in today’s environment.”” 

Where an existing pole line is  available, cable i s  nonnally piaced on the existing poles. Abandoning an 
existing pole line in favor of buried plant is not usually done unless such buried plant provides a much less 
costly afternative. 

- 
Bellcore, BOC Notes on the Networks - 1997, p. 12-45. 
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Buried Cable: 

Default values in HM S. 1 reflect an increasing trend toward use of buried cable. Since 1980, there has been 
an increase in the use of buried cable for several reasons. First, before 1980, cabies filled with water 
blocking compounds had not been perfected. Thus, prior to that time, buried cable was relatively expensive 
and unreliable. Second, reliable splice closures of the type required for buried facilities were not the norm. 
And third, the public now clearly desires more out-of-sight plant for both aesthetic and safety-related 
reasons. 

Underaround Cable: 

Underground cable, conduit, and manholes are primarily used for feeder and interoffice transport cables, 
not for distribution cable. Any conduit runs short enough to not require a splicing chamber or manhole are 
classified to the aerial or buried cable account, respectively. 

3.1.2. Copper Feeder Manhole Spacing, Feet 
Definition: The distance, in feet, between manholes for copper feeder cable, 

Default Values: 

L i p p e r  Feeder Manhole Spacing, feet I Densltytone 

0-5 
5100 
100-200 
200-650 
6 5 0 - 8 5 0 

850-2,550 
:!,550-5,000 
5,000-10,OOO 

1 o,a€io+ - 

Distance between 
manholes, It. 

800 
800 
800 
800 
600 
600 
600 
400 
400 

Support: “The length of a conduit section is based on several factors, including the location of intersecting 
conduits and ancillary equipment such as repeaters or loading coils, the length of cable reels, pulling 
tension, and physical obstructions. Clonduit sections typically range from 350 to 700 ft in length. Pulling 
tension i s  determined by the weight orthe cable, the coefficient of friction, and the geometry of the duct 
run. Plastic conduit has a lower coefficient of friction than does concrete or fiberglass conduit and thus 
allows longer cable 

The higher density zones reflect reduced distances between manholes to provide transition points for 
changing types of sheaths and the inci-eased number of branch points. 

Maximum distances between manholas is also a fimction of the longest amount of cable that can be placed 
on a normal cable reef. Although larger reels are available, the common trpe 420 reel supports over 800 
feet of 4200 pair cable”, the largest used by the HA1 Model. Therefore the longest distance between 
manholes used for copper cable is 801 feet. 

Bellcore, BOC Notes on the Netwarks - 1997, p. 12-46 

AT&T, Outside Plant Engineering Handbook, August 1994, pp. 1-7. 
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Density Zone 

0-5 
5-1 00 
100-200 
200.650 
6 5 0 - 8 5 0 

050-2,550 
2,550-5,000 
5,000-10,000 
10,000+ 

3.1.3. Copper Feeder Pole Spacing, Feet 
Definition: Spacing between poles supporting aerial copper feeder cable. 

Spaclng, ft. 

250 
250 
200 
200 
175 
175 
150 
I 50 
150 

Defau It Values: 

Support: POTE: The discussion in Secffon 2.6.2. JDistribution] Ls reproduced here for ease of use.) 

Distances between poles are Ionger in more mal areas for a several reasons. Poles are usually placed on 
property boundaries, and at each side of road intersections (unless cable is run below the road surface in 
conduit). Property boundaries tend to be farther apart in Iess dense areas, and road intersections are also 
farther apart. 

Depending on the weight of Ihe cable, and the generally accepted guideline that sag should not exceed 10 
feet at mid-span, while still maintaining appropriate clearances as designated by the National Electric Safety 
Code, very long spans between poles may be achieved. This length may be as great as 1,500 feet using 
heavy gauge strand and very light cable, or may be shorter for heavier cables.22 In practice, much shorter 
span distances are employed, usually 400 feet or less. 

“...where conditions permit, open wire spans can approach 400 feet in length with practical assurance that 
the lines will withstand my combination of weather condition. Longer spans mean savings in construction 
costs and a net reduction in over-all plant investment, including fewer poles to buy, smaller quantity of pole 
hardware required, and less construction time. The use of long spans also means a reduction in 
maintenance expense.q3a 

3.1.4. Copper Feeder Pole Investment 
Definition: The installed cost of a 40’ Class 4 treated southern pine pole. 

*’ BeIIcore, Clearance for Aerial Cable and Guys in Light, Medium and Heavy Loading Areas, (BR 627- 
070-015), Issue 1, 1987. 
see also, 3eIlcore, Clearanc1:s for Aerial Plant, (BR 9 1 8- 1 17-090), Issue 5,  1987. 
see also, BeIlcore, Long Sprm Construction (BR 627-370-XXX), date unk. 

Lee, Frank E., Outside Plant, abc of the Telephone Series, Volume 4, abc TeleTraining, Inc., Geneva, IL, 23 

1987, p. 4 1. 
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Default Values: 

t Pole Investment 

Mater i ah  
Labor 
TOM 

$201 
$216 
$417 

Support: {NOTE: The discussion r!n Secilon 2.4.1. (Distribution] Is reproduced here for ease of use.] 

Pole investment is a function of the material and labor costs of placing a pole. Costs include periodic down- 
guys and anchors. Utility poles can te purchased and installed by employees of ILECs, but are frequently 
placed by contractors. Several sourc~:s revealed the folIowing information on prices. 

$1,200 

51,000 

$800 

$400 

$200 

SO 

Pole Investment 1, I 

-1 

I - - - - _  

Pole Mati Pole Labor: Rural Pole Labor: Pole Investment: 

(incl FCC data) 
(incl FCC datii) (wh FCC data) Suburban Total 

Iwlo FCC datal 

Pole data has also been recently filed by large telephone companies with the FCCr4 A compilation of that 
information is shown below: 

24 See the downloadable files at the FCC Web site : 
http:/lwww.€cc.gov/Bureaus/Common,~Cder~Commen~da97 1433-data-requestldatareq.html 
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placement labor cost. Outside plant engineering experts have concluded that a typical anchor plus anchor 
rod materia1 investment is $45, and the mica1 guy material investment is $10. Also, one anchor and 
downguy per 1,000 feet would be typical. Therefore the embedded anchor and guy exempt material loading 
included in the default value of $216 is approximately $8.25 - $13.75 per pole. 

The steel strand run between poles is likewise an exempt material item, charged to the aerial cable account. 
The cost of steel strand i s  not inchded in the cost of poles; it is included in the installed cost of aerial cable, 

3.1.5. Innerduct Material Investment per Foot 
Definition: Material cost per foot of innerduct. 

Default Value: 

1 $0.30 -1 
support: 

Innerduct: 
Innerduct might permit more than one fiber cable per 4” PVC conduit. The model adds investment 
whenever fiber overflow cables are required. This is a conservative assumption, since proper planning 
allows the placement of multiple fiber cables in a single 4” PVC without the use of innerd~ct.*~ Since HM 
5.1 provides an additional spare 4” P\’C conduit whenever fiber cable is run, additional innerduct is not 
required for a maintenance spare. 

Outerduct: 
Outerduct is similar to innerduct, but can be used in aerial or buried construction. Although commercially 
available, it is not recommended for use by outside plant engineering experts working with the HAI Model. 
Aerial outerduct should not be used in a forward looking model for several reasons. First, if outerduct is 
placed first, lashed to strand, and then fiber optic cable placed inside the outerduct later, this involves 
significant additional cost. At $0,30 per foot, outerduct becomes a significant cost compared to the 
relatively inexpensive fiber cabie matcrial cost. Second, it requires twice the cable placing effort - the 
innerduct must be placed and lashed, then a separate second operation is performed to pull fiber cable into 
the innerduct, and to secure it at each :pole. Third, because of pulling resistance between the outerduct and 
the fiber optic cable, longer lengths of cable cannot be placed without unnecessary splicing, unless cable is 
puIled out of the outerduct, “figure-eip&hted” on the ground, and then reinserted into the outerduct for an 
additiona1 distance. Fourth, aIthough outerduct can be manufactured with the fiber optic cable inside, it 
serves little purpose and provides significant problems because the larger 1 -In inch outside diameter 
outerduct now has such a large diameter that only relatively short lengths can be spooled on a normal cable 
placing reel, compared to maxhum placing lengths of 35,000 feet otherwise. Fifth, the use of outerduct in 
aerial applications presents a risk of V e e z e  outs”, when water enters the innerduct, lays in low mid-span 
points and hezes,  thereby expanding approximately 10% and exerting compression on the fiber cable. 

’’ In fact, two outside plant engineering experts working with the HA1 Model have had extensive experience 
is placing as many as 8 fiber cables in a single 4” PVC duct without innerduct. 
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3.2. FIBER PILACEMENT 

3.2.1. Fiber Feeder Structure Fractions 

Definition: The relative amounts of different structure types supporting fiber feeder cable in each density 
zone. Aerial feeder cable ia attached to telephone poles, buried cabIe is laid directIy in the earth, and 
underground cable runs through underground conduit. HM 5.1 may adjust the input values based on the 
buried 6action available for shift parameter using the process described in Section 2.5.2. 

Default Values: 

I Fiber Feeder Structure Fractions 

DenrYy ZoneA AerlallBlock I I Cable 

0-5 
5 4  00 

100-200 
200-650 
650-850 

850-:2,550 
2,550-5,000 
5,000-10,000 
10,000+ 

-35 
-35 
-35 
-30 
I 30 
.20 
. I 5  
. I O  
.05 

Buried 
Cable 

-60 
-60 
-60 
.60 
.30 
.20 
. I O  
.os 
.05 

Underground 
Cable 

(calculated) 

Burled Fraction 
Avallable for 

Shiffa6 

-05 
.05 
-05 
. I O  
.40 
-60 
-75 
-85 
.go 

.75 

.75 
-75 
.75 
.75 
.75 
.75 
.75 
.75 

Support: (NOTE: Excerpts from the dhcusslon in Section 2.5. fDistrlbutionj are reproduced here for 
ease of us&] 

It is the opinion of outside plant engineering experts that density, measured in Access Lines per Square 
Mile, is a good determinant of structure type. That judgment is based on the fact that increasing density 
drives more placement in developed areas, and that as developed areas become more dense, placements will 
more likely occur under pavement conditions. 

A eriaI/Biock Cable: 

“The most common cable structure is still the pole line. Buried cable is now used wherever feasible, but 
pole lines remain an important structure in today’s envir~nment.”~’ 

Where an existing pale line is available, cable is normally placed on the existing poles. Abandoning an 
existing pole line in favor of buried plant is not usually done unless such buried plant provides a much less 
costly alternative. 

26 The Fiber Feeder Buried Fraction Available for Shift applies to copper feeder structure in the same way it 
applies to fiber feeder structure. 

’’ Bellcore, BOC Notes on the Networks - 1997, p. 12-45. 
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Buried Cable: 

Default values in HM 5.1 reflect an increasing wend toward use of buried cable. Since 1980, there has been 
an increase in the use of buried cable for several reasons. First, before 1980, cables filled with water 
blocking compounds had not been perfected. Thus, prior to that time, buried cable was reIatively expensive 
and unreliable. Second, reIiable splice cIosures of the type required for buried facilities were not the norm. 
And third, the public now clearly desires more out-of-sight plant for both aesthetic and safety-related 
reasons. 

Underground Cable: 

Underground cable, conduit, and manholes are primarily used for feeder and interofice transport cables, 
not for distribution cable. Any conduit runs short enough to not require a splicing chamber or manhoIe are 
classified to the aerial or buried cable account, respectively. 

Buried Fraction Availablefor Shlft:This input addresses the ability of the model to perform a dynamic 
calculation to determine the most effieient life-cycle costs of buried vs. aerial structure. The calculation 
considers the different values involved in buried vs. aerial structure in terms of initial investment, sub- 
surface conditions, soiI texture, percent structure sharing, depreciation rates, and maintenance costs. 

Underground conduit is not considered as a candidate for structure shifting, since the motivation for placing 
underground conduit and cable is uswilly a function of high pavement costs and the need to allow for future 
replacement and addition of cables without disturbing the above ground pavement conditions. 

The hction is expressed a5 the totaI range over which the buried fraction can vary after shifting. lf, for 
example, the user has entered an initial value of 0.50 for the buried cable hction in a given density zone 
and then enters -0.80 as the range of the shift that may occur in the buried fraction, the model can allow the 
computed buried fiaction to vary between 0.30 (= 0.50 - 40% of 0.50) and 0.70 (= 0.50 + 40% of 0.501, 
according to changes in the relative costs of buried versus aerial structure occasioned by local surface and 
bedrock conditions. 

HIM 5.1 uses a “Logistic Choice Curva” to control the sensitivity of the shift in structure to changes in the 
local relative cost of buried versus aerial plant. In the chart below, the horizontal axis represents the ratio of 
the local buried to aerial cost ratio to the national norm buried to aerial cost ratio. Its scale is logarithmic, 
thus the value of zero indicates that t h e  local buriedaerial cost ratio equals the national buriedaerial cost 
ratio. Increasing positive values indicate the local buried to aerial cost ratio has increased relative to the 
national ratio - BS would occur, for in!rtance, if local bedrock were closer to the surface than normal. 
Negative values indicate a local buried to aerial cost ratio that is less than the national ratio. The vertical 
axis represents the portion of “swing” buried plant that is shifted to aerial. A value of 0.0 means there i s  no 
movement away from the input amourit of buried structure; 0.5 means the maximum amount of shift has 
occurred from buried to aerial, and negative 0.5 means the maximum amount of shift has occurred from 
aerial to buried. 
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Loglrtlc Cholce Curve 

4 -3 .2 -1 0 1 2 3 
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4 

Since shifting of structure ope Earn buried to aerial, or vice versa is permitted, the HA1 Model allows the 
user to affect such shifting tly the application of engineering judgment. There may be local ordinances or 
regulatory rules, that encourage utilities to place out-of-sight facilities under certain conditions. Therefore, 
should aerial structure be th~: most economic solution in a particular cable section, the model could shift all 
buried structure to aerial. However, in the event such shifting is not practical, the HA1 Model allows the 
user to reserve a percentage of buried cable structure, regardless of the opportunity for a shift to less 
expensive aerial cable. Our outside plant engineering experts recommend that only 75% of the buried 
percentage be allowed to shiiil to aerial. 

The user should note that thh default value can be adjusted to to allow the model to optimize the cable 
structure choice between aerial and buried structure without constraint other than ensuring the aerial 
percentage is not less than 0%. On the other hand, setting the fraction available for shift to 0% means that 
no optimization will take place, thereby locking in the judgement of the user in setting the hput values for 
the various structure percentages regardless of situations uncovered by the model in examining unique 
pockets ofdificult terrain where a more economic solution would prevail. 

3.2.2. Fiber Feeder Pullbox Spacing, Feet 
Definition: The distance, in feet, between pullboxes for underground fiber feeder cable. 
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Default VaIues: 

Flber Feeder Puflbox Spacing, feet 

Densify Zone 

0-5 
5-100 

100-200 
200-650 
6 5 0 - 8 5 0 

850-2,550 
;!,550-5,000 
5,000-1 0,000 

IO,OOQ+ 

Distance between 
pull boxes, ft. 

2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

Support: Unlike copper manhole spacing, the spacing for fiber pullboxes is based on the practice of 
coiling spare fiber (slack) within pulltroxes to facilitate repair in the event the cable is cut or otherwise 
impacted. Fiber feeder pullbox spacing is not a function of the cable reel lengths, but rather a function of 
length of cabIe placed. The standard practice during the cable placement process is to provide for five 
percent excess cable to facilitate subsurface relocation, lessen potentiat damage from impact on cable, or 
provide for ease of cable splicing when cable is cut or damaged.” It is  common practice for outside plant 
engineers to require approximately two  slack boxes per mile.29 

3.2.3. Buried Fiber Sheath Addition, per Foot 
Definition: The cost of dual sheathiqg for additional mechanical protection of buried fiber feeder cable. 

Default Value: 
Burled Fiber Sheath Addition, per foot 1 - 1 1  

Support: Incremental cost for mechanical sheath protection on fiber optic cable is a constant per foot, 
rather than the ratio factor used for copper cable, because fiber sheath is approximately X inch in diameter, 
regardless of the number of fiber strands contained in the sheath. The incrementa1 per foot cost was 
estimated by a team of experienced outside plant experts who have purchased millions of feet of fiber optic 
cabIe. 

28 CommScope, Cable Construction Manual, 4‘’ Edition, p. 75. 

29 Lucent, AT&T Outside Plant Handbook August 1994, p. 5-19 recommends a fiber design transmission 
allowance for one mahtenancelrestoration splice per kilometer (3,275 feet). The HA1 Model uses a more 
conservative approach of 2,000 feet. 
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3.3. CABLE SIIZING FACTORS 

3.3.1. Copper Feeder Cable Sizing Factors 
Definition: The factor by which feeder cable capacity is increased above the size needed to serve a given 
quantity of demand in order to provide spare pairs for breakage, line administration, and some amount of 
growth. Calculated as the target ratio of the number of assigned pairs to the total number of available pairs 
in the cable. 

Default Values: 

Copper Feeder Cable Slzlng Factors 

Denijty Zone 

0-5 
5100 

100-200 
2W650 
650-850 

8 5 0 - 2,s 5 0 
2,550-5,000 
5,000-10,000 

1 o,ooo+ 

Factors 
.80 
.80 
.80 

.80 

.a0 

.a0 

.80 

.80 

.ao 

Support: flOTE: Ewerpa; from lhe discussion in Sectlon 2.6.1. [Distribution Cable Sizing Factorsj are 
reproduced here for ease ofuse.) 

HM5.1 uses uniform copper cable feeder sizing factors across all density zones for the following reasons: 

- The ratio of adjacent cable sizes is considerably greater for small cables than for large ones. 
Pair counts for small cables essentially double between cable sizes, so that such cables easily allow 
enough extra pairs to accommodate administrative spare needs.” The controlling effect i s  the 
“breakage,” or modularity in cable sizes, which produces an effective fill factor that is often 
considerably less than the corresponding input cable sizing factorn3‘ 
- 
density zone or a more widely-dispersed (but still small) set of customers in a low density zone; 
there is no need for the cable sizing factors to be different for these cases. For this reason, the cable 
sizing factor should. be constant across all density ranges. 

A small copper cable may serve a small (and compact) pocket of customer locations in a high 

Simple calculations, readily show that using 50% copper cable sizing factors in low density zones is 
unreasonable. For example, eleven households with an average of 1.2 lines per household require a totaI of 
thirteen lines. Dividing the 1.ine total by a 50% copper cable sizing factor yields a requirement for 26 
equipped pairs, which woulcl be satisfied by instailing a 50-pair cable, the next available size. The achieved 
cabie fill is only 26%, even though the sizing factor is nearly twice that. Tf demand were to increase at a 
compounded rate of4% per year, after ten years the cable utilization would be only 39%. After twenty 
years, the cable’s useful life, it would still only be at 57% utilization, and 43% of the cable’s capacity would 
be wasted because of inefficient design. 

Several states have been modeled using a 15% distribution cable sizing factor and an 80% copper feeder 
cable sizing factor. The conresponding achieved copper cable fills ranged from 50% to 65% for dishbution 
cable and between 65% and 78% for copper feeder cable. 

30 
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- 
cable sizing factors across density zones for m i n g  the HA1 Model. Selecting such factors thus 
recognizes this trend among regulatory bodies. 

Some state commissions, along with the FCC, have adopted uniform or nearly-uniform copper 

In general, the level of spare capacity provided by the default value of 80% in HM 5.1 is sufficient to meet 
current demand plus several years of lgowth. Copper Feeder Cable Sizing Factors are slightly higher than 
Copper Distribution Cable Sizing Factors because, “To meet future service needs, sections of the feeder 
plant are designed to be augmented pwiodically. Typical relief time periods €or feeder plants vary behveen 
four and fifteen years, depending on individual company needs and practice~.”~~ With the advent of 
extensive fiber fed Integrated Digital Loop Carrier systems, most ILECs currentIy employ a strategy of 
designing copper feeder with augmentation periods of 3 to 5 years. Use of a Copper Feeder Cable Sizing 
Factor of 80% exceeds this augmenmion cycle strategy. Because the model calculates the unit loop 
investment cast 83 the total loop hvement (including spare capacity), divided by the current loop demand, 
the resulting unit costs are a conservatively high estimate of the economic cost of meeting current loop 
demand. This occurs because, in reality, some of the spare feeder plant can and will be used to satisfy 
additional loop demand in the future, without causing any additional investment cost, thus a larger number 
of customers will pay for the cable over time. In hhis sense, the HM 5.1 default values for the feeder cabie 
sizing factors are conservatively low l?om an economic costing standpoint. 

3.3.2. Fiber Feeder Cable Sizing Factor 
Definition: Target percentage of fiber sbands in a cable that is available to be used. 

Default Values: 

Flber Feeder Cable Sizing Flll Factor 

Dendty Zone Fill Factor 

1 .oo 
1.00 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .oo 
1 .oQ 
1 .oo 

Support: Standard fiber optic multiplexers operate on 4 fibers. One fiber each is assigned to primary 
optical transmit, primary optical receive, redundant optical transmit, and redundant optical receive. Since 
the fiber optic multiplexers used by HM 5.1 have 100 percent redundancy, and do not reuse fibers in the 
loop, there is no reason to divide the limber of fibers needed by a cable sizing fill factor, prior to sizing the 
fiber cable to the next larger available: size. 

’’ Bellcore, Bellcore Notes on the Nehvorks, Issue 3, December 1997, p. 12-1. See also Bellcore, 
Telecommunications Transmission Engineering, Third Edition, 1990, p. 91. 

HA1 Model Release 5.1 Inputs PoWollo Page 64 



HA1 Consulting, Inc. 

3.4. CABLE COSTS 

3.4.1. Copper Feeder Cable: Cost per Foot, Cost per Pair-Foot 
Definition: The cost per fOQt ($/foot) and per pair-foot of copper feeder cable, as a function of cable size, 
including the costs of engineering, installation, and delivery, as well as the cable material itself. The copper 
investment per pair-foot is uaed in estimating comparative life-cycle costs for copper feeder. 

Default Values: 

Copper Feeder Investment 
Cable Size 

4200 
3600 
3000 
2400 

j200 
900 
600 
400 
200 
100 

1 aoo 

$ffoot (ulg & a&al) 
$29.00 
$26.00 
$23.00 
$20.00 
$1 6.00 
$12.00 
$70.00 
$7.75 
$6.00 
$4.25 
$2.50 

$ 0,0075 [pair4 
{NOTE: Excerpts from rhe discussion in Section 2.3.2. [Distribution] are reproduced here for ease of 
US& 

Support: These costs reflect the use of 24-gauge copper feeder cable for cable sizes below 400 pairs, and 
26-gauge copper feeder cable for cable sizes of 400 pairs and larger. Although 24-gauge copper is  not 
required for transmission requirements within 18,000 feet of a digital central office with a 1,500 o h  limit, 
a heavier gauge of copper is used in smaller cable sizes to prevent damage From craft handling wires in 
pedestals where wires may be exposed, rather than sealed in splice cases. For cables of 400 pairs and 
larger, splices are normally enclosed in splice c a m ,  and are not subject to wire handling problems. 

Cable below 400 Pairs: Outside plant planning engineers commonly assume that the cast of cable material 
can be represented as an a + bx straight line graph. In fact, Bellcare Planning tools, EFRAP I, E F M P  11, 
and LEISPLAN have the engineer develop such an a + bx equation to represent the cost of cable. As 
technology, manufacturing methods, and competition have advanced, the price of cable has been reduced. 
While in the past, the cost of copper cable was typically ($0.50 -t- $0.01 per pair) per foot, current costs are 
typically ($0.30 + $0.007 per pair) per foot. 

In the opinion of expert outside ptant engineers, whose experience includes writing and administering 
hundreds of outside plant “estimate cases” (large undertakings), material represents approximately 40% of 
the total installed cast. This is a widely used rule of thumb among outside plant engineers. Such expert 
opinions were also used to determine that the average engineering content for installed copper cable is 15% 
of the installed cost. The remaining 45% represents direct labor for placing and splicing cable, exclusive of 
the cost of splicing block terniinals into the cable. 

Cable of 400 Pairs and Larger: As copper cable sizes became larger, engineering cost is based more and 
more on sheath feet, rather than cable size. The same is true for cable placing and splice set-up. Therefore 
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the linear relationship between the number of copper pairs and installed cost is somewhat reduced. A 
review of many installed cable costs around the country were used by the engineering team to estimate the 
installed cost of copper cable for sizes of 400 pairs and larger. 

The following chart represents the del'ault values used in the Model. 

$30.00 

$24.00 
U 
E 
0 

$l8,00 
z 

3 

- 
$rz.oo 

VI c - 
$6.00 

$0.00 

Copper Feeder Cable 

Cable Sire 

Copper Investment per Pair-Foot: 
At the point in the model where a decision is required regarding copper vs. fiber feeder, it is not possible to 
determine how many copper pairs wiIl be aggregated along each tapered section af the feeder roufe. 
Therefore a design assumption is required to determine how much of the fixed cost ofthe copper cable 
placement and sheath cost is distributed over the number of copper feeder pairs deployed. This is 
approximately $0.0075 per copper pair foot in the model, a value that falls in the range of the various cable 
sizes listed above. 

3.4.2. Fiber Feeder Cable: Cost per Foot, Cost per Strand - Foot 
Definition: The cost per foot (%/foot) m d  per strand-€oat of fiber feeder cable, as a function of cable size, 
including the costs of engineering, installation, and delivery, as well as the cable material itself. The fiber 
investment per strand-foot is used in estimating comparative life-cycle costs for copper and fiber feeder. 
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Default Values: 

21 6 
144 
96 
72 
60 
48 
36 
24 
18 
12 

$8.13 
$5.75 
$4.17 
$3.38 
$2.98 
$2.58 
$2.19 
$1 -79 
$1.59 
$1 -40 

$ 0  054 I fi ber-ft. 

Support: Outside plant planning engineers have commonly assumed that the cost of  cable material can be 
represented as an a + bx straight line graph. In fact, Bellcore Planning tools, EFRAP I, EFRAP 11, and 
LEIS:PLAN have had the engineer develop such an a f bx equation to represent the cost of cable. As 
technology, manufacturing methods, and competition have advanced, the price of cable has been reduced. 
While 10 years ago, the cost of fiber cable was typically $0.50 + $0.10 per fiber per foot, and as recently as 
4 years ago was typically $0.30 + $0.05 per fiber per foot as represented in HM 5.0a, extensive deployment 
of fiber, especialIy by CATV companies has driven the cost of fiber even lower. 

The RuraI Utilities Service VRUS") supplied Dr. David Gabel (on behalf of NRR13') with a substantial 
amount of data from actual cmtracts. That data is available from the NRRI Wehsite at 
http:lfwww.nrri.ohio-state.ed~l/. An analysis of data involving fiber cable was performed to obtain the new 
default values recommended for HA1 5.1. 

71 of 1,505 observations were excluded from the analysis (32 observations with zero footage quantities, 10 
observations with zero total cost, 23 observations containing labor only without any material, 3 observations 
of cables with 0-3 fibers, and 3 observations with costs far outside reasonable bounds, e&, 24-fiber cable 
with material cost greater than a 2 16-fiber cable). The remaining 1,434 observations ( I  ,028 busied, 243 
aerial, and 163 underground) 'were analyzed to produce the new default values for installed fiber cable. 

The analysis of 1,434 observations provided an a t  bx result of $1.00 per foot plus $.032 per fiber-foot. 

Splicing Engineering and Direct Labor are included in the cost of the Remote Terminal Installations, and 
the Central Office Installation:;, since field splicing is unnecessary with fiber cable pulls that are as long as 
35,000 feet between splices. 

The NRRl analysis recognizedl that the fixed component included structure costs, or partial structure costs 
for buried and underground in!stallations. NRRI then excluded the fixed componcnt of fiber cable costs. In 
contrast to that approach, this analysis normalized buried data to remove the cost of buried structure, and 
underground data was normalized to remove the cost of innerduct smctute3'. Engineering costs were 

33 National Regulatory Research Institute. 

$0.62. Installed custs per foot were as follows: Buried = $0.97 f $0.030/fiber; Aerial = $0.38 + 
$0.037/fiber; Underground 

Buried fixed cost per foot WiB reduced by $0.88, and underground fixed cost per foot was reduced by 34 

$1.02 -t %0.032ffiber; Average all types = $0.96 + $0.032/fiber. 
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assumed to be f0.04M. (2,000 fim. @ S 7 5 h . ) ;  engineering of fiber cable is simpler than copper cable 
engineering because tasks involve route layout with construction forces reporting “as built” conditions. 

The following chart represents the default values used in the model HA1 ver. 5.1, plus a comparison with 
HA1 ver. 5.0a and the NRRI study. 
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Fiber lnvarfmenf Der Strand - foof: 
At the point h the mode1 where a dec.ision is required regarding copper vs. fiber feeder, it i s  not possible to 
determine how many fibers will be aggregated along each tapered section of the feeder route. Therefore a 
design assumption is required to determine how much of the fixed cost of the fiber cable placement and 
sheath cost is distributed over the number of fibers deployed. This is approximately $0.054 per fiber sband 
foot in the model. 
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3.5. DLCEQIJIPMENT 

3.5.1. DLC Site and Power per Remote Terminal 
Definition: The investment in site preparation and power for the remote terminal of a Digital Loop Carrier 
(DLC) system. The meaning of “High Density DLC” and “Low Density DLC” are explained in Section 
3.5.2. 

De f a d  t Values: 
Remote Termlnal Site and Power F 14gh Oenslty GR-303 DLC 1 Low density GR-303 DLC 

Support: The incremental per site cost was estimated by a team of outside plant experts with extensive 
experience in conaacting for remote terminal site installations. 

3.5.2. Maximum Line Size per Remote Terminal 
Definition: The maximum inumber of lines supported by the initial line module of a remote terminal. 

Defau It Values: 
Maximum tine Increment per Remote Terminal 

Support: 

Hi& Density Amlications: 
The forward looking DLC qptimized for high-line-density applications is an integrated NGDLC (Next 
Generation Digital Loop Carrier compliant with Bellcore Generic Requirements GR-303, which employs 
an optical fiber SONET OG3 transport capable of supporting 2016 full time DSO POTS time slots. This is 
a large capacity and highly efficient digital loop carrier for serving the high density environment. While 
products from different vendlors are available in a variety of sizes, HM 5 .  f uses typical digital loop carrier 
remote sizes, which are as fcillows: 

672 DSOs Modeled by HM 5.1 as an Initial Line Increment 
1344 DSOs Modeled by HM 5.1 as an Initial Line Increment plus One Additional Increment 
2016 DSOs Modeled by HM 5.1 as an Initial Line Increment plus Two Additional Increments 

Similar to the high density environment, there are a wide variety of DLC products available for 
Low Densitv A m  lications: 

low-line-density applications. These DLC products are NFDLC and are also GR-303 compliant. HM S. 1 
uses a 50 Mbps fiber optic based NGDLC that can be configured in a variety of ways (Point-to-Point, Drop 
and Insert, and Tree Configumtions), both as an Integrated Digital Loop Carrier and as a “stand-alone” or 
Universal Digital Loop Carrier. HM 5.1 utilizes the IDLC confiption. This is a highly efkient digital 
loop carrier for low density ttpplications. While a variety of sizes are available, the following sizes are used 
in HM 5.1: 

120 DSOs Modeied by HM 5.1 as an Initial Line increment 
240 DSOs Modeled by HM 5.1 as an Initial Line Increment plus One AdditionaI Increment 
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3.53. Remote 'Terminal Sizing Factor 
Definition: The Iine unit sizing factclr in a DLC remote terminal, that is, the ratio of tines served by a DLC 
remote terminal to the number of line units equipped in the remote terminal. 

Default Values: 
Remote Termlnal Fill Facton 

Hlgh Density GR-303 DLC Low Density GR-303 DLC 

Suppork The most expensive part of integrated digital loop carrier provisioning is the digital to analog 
conversion that takes place in the Remote Terminal line card. This expensive card (HMS. 1 defauits to $3 IO 
per four-line card) calls for stringent inventory control on the part of the ILEC. Also, fill factors are largely 
a function of the time kame needed kt provide incremental additions. Since line a d s  are a highly portable 
asset, facility relief can be provided b,y dispatching a technician with line cards, as opposed to, for instance, 
engaging in a several month long copper cable feeder addition. Therefore high fill rates should be the norm 
for an efficient provider using forward looking technology. 

3.5.4. DLC Initial Common Equipment Investment 
Definition: The total installed cost ofall common equipment and housing in the remote terminal, as well as 
the fiber optics multiplexer required at the CO end, for the initial line module of the DLC system (assumes 
integrated digital loop carrier (IDLC) with a GR-303 interface to the local digital switch). 

Deiault Values: 
Remote Twminal Initial Common Equipment Investment t- High DensHty GR.303 OLC 1 Low Density GR-303 DLC 

I $66,000 1 $16,000 I 
Support: The cost of an initial increment of Integrated Digital Loop Electronics was estimated by a team 
of experienced outside plant experts with extensive experience in contracting for remote terminal site 
installations. Low Density DLC material investments are based on vendor list prices and an estimated 25 
percent discount based on large volume purchases. 

A breakdown of investments for the various parts of this equipment are as follows: 
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DS1 Shelf Commons 

DSX-I & Cabling 

Central OMm Termlnd Common Equipment Central Office Termlnal 

SONET Firmware Engineering 

SONET Tranmivers Place Frames & Racks 

$500 Connect Alarms, GO riming & Power 

Pface Common Plug Ins (21 ea.) 

Turn Up & Test System 

$55 (1 .O hr.) 

$28 (0.5 hrs.) 

$165 (3.0 hm.) 

w o  

$2,000 Splice DSX Metallic Cable 

Time Slot Interchanger $3,500 Place DSX Cross Connections 

$660 (12.0 hrs.) 

$165 (3.0 hn.) 

$55 (1 .O hr.) 

$28 (0.5 hrs.) 

$1 8,300 Subtotal $1,200 

$27,500 Engineering 1 $1,760 (32.0 hrs.) 

Remote Termlnal Labor 

$220 (4.0 hm.) SONET Transceiver!; Place Cabinet 

Multiplexer Cornmoms Copper Splicing $220 (4.0 hrs.) 

Time Slat Interchange!r $1 10 (2 hrs.) 

(2 hrs. + 672 pairs @ 400h.) 

Place Batteries & Turn Up Power 

$4,000 Place Common Plug Ins (21 ea.) $28 (0.5 hs.) 

Turn Up & Test System $1 65 (3.0 ha.) 

Subtotal $44,000 Subtotal $2,500 

I Totat = $66,000 
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$3,000 

Central OMce fennlnal t a b  

Engineering 1 $660 (1 2.0 hrs.) 
~ .~ 

1 SONET Transceivers* I SeeBelow’ 1 Place Frames & Racks 1 $165 (3.0 hrs.1 

Common COT Plug Ins 

DSX-1 & Cabling 

$1,200 Splice DSX Metallic Cable $55 (1 .O hr.) 

$28 (0.5 ha.) 

$55 (1.0 hr.) 

$800 Place DSX Cross Connections 

Connect Alarms, CO Timing & Power 

Subtotal 

Allocation of COT Host Digital 
Terminal Investment Der 120 RT 

120 lines I 672 lines per COT HDT = 
17.86% x 75% assumed HDT fill = 

23.81 % 

Subtotal 

SONET Transceivers* 

1 Subtotal I $3,200 I Subtotal I $300 

~- ~~ 

Place Common Plug Ins (21 ea.) 

Turn Up & Test System 

$28 (0.5 hrs.) 

$1 65 (3.0 hrs.) 

$5,000 Subtotal $1,200 

Allocation of COT Host Digital 

120 lines I 672 lines per COT HDT = 
17.86% x 75% assumed HDT fi l l  = 

23.81 % 

.2381 Terminal Investment Der 120 RT .238 1 

$1,200 Subtotal $300 

$2,000’ 

Remote Termhal Common Equllpmmt 

Cabinet wl Channel Bank Assembly $5,500 

SONET Transceivers $2,000 

Multiptexer and Channel Bank $3,500 
Assembly Commons 

Subtotal $1 1,000 

3.5.5. DLC Channel Unit Investment 
Definition: The investment in channel units required in the remote terminal of the DLC system. 

Remote Terminal Labor 

Engineering $990 (18.0 hrs.) 

Place Cabinet $165 (3.0 hrs.) 

Copper Splicing $127 (2.3 hrs.) 
(2 hrs. + 120 pairs @ 4001hr.) 

Place 8atteries & Turn Up Power 

Turn Up & Test System 

$55 (I hr.) 

S I  65 (3.0 hrs.) 

Subtotal $1,600 

Default Values: 
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Low Density GR-303 

Channel Card Channel Card 
$31 0 $250 

$6Qo $600 

Support: The cost of individual POTS Channel Unit Cards was estimated by a team of experienced outside 
plant experts with extensive experience in contracting for DLC channel units. For the Low Density DLC, 
the cost is based on vendor list prices and an estimated 25 percent discount based on large volume 
purchases. 

POTS Channel Unit 

High Density GR-303 POTS1 Channel Units are based on costs for Regular POTS (RPOTS) Cards. Low 
Density GR-303 POTS Charmel Units are based on costs for Extended Range POTS (EPOTS) Cards. 

Coin Channel UnA 

3.5.6. DLC Lines per Channel Unit 
Definition: The number of liines that can be supported on a single DLC channel unit. 

Default Values: 
Llnes per Channel UnR 

I POTS Channel unit I Coin channel unit F I DLCType No.: No,: 
High Drmity GR-303 
Low Density GR-303 

Support: This is based on vendor documentation. 

3.5.7. Low Density DLC to GR-303 DLC Cutover 
Definition: The threshold number of lines served, above which the GR-303 DLC will be used. 

Default Value: 
Law h s k y  GR-303 DLC to Hlgh Oenslty OR403 DLC Cutover E 480 linea 

Support: An analysis of initial costs reveals that 2 Low Density DLC units, at 240 lines each, are more 
cost effective than a single large IDLC unit with a capacity of 672 lines. Beyond two 240 line Low Density 
DLC units, the larger unit is less costly. 
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3.5.8. Fiber Strands per Remote Terminal 
Definition: The number of fibers ccinnected to each DLC remote terminal. 

Default Values: 

Support: HM 5.1 assumes a configration with two main fibers (one for transmit and one for receive) and 
two protection fibers (one for transmit and one for receive). The protection fibers are equipped and provide 
transmission redundancy for improved service reliability. The number of fibers required is based on vendor 
documentation. 

3.5.9. Optical :Patch Panel 
Definition: The investment required. for each optical patch pane1 associated with a DLC remote terminal. 

Default Values: 

1- Optlcal Patch Panel I 
Hlgh Density GR-303 DLC tow density GR-303 DLC 

b-Ei+-XG-l 
Support: The cost for an installed fiber optic patch panel, including splicing of the fibers to pigtails, was 
estimated by a team of experienced outside plant experts with extensive experience in contracting for 
optical patch paneb. A fiber optic patch panel contains no electronics, nor moving p a ,  but allows for 
the physical cross connection of fiber pigtails. 

3.510. Copper Feeder Maximum Distance, Feet 
Definition: The feeder length above which fiber feeder cable is used in Iieu of copper cable. The value 
must be less than Maximum Analog Copper Distance. 

Default Value: 

Copper Feeder Maximum Distance F M I  
Support: The chart belaw depicts the result of multipIe sensitivity runs of the HA1 Model, wherein the 
only variable changed is the copperlfi ber maximum distance point. Results indicate that Loop Costs per 
month drop ofF as the fiberlcopper cross-over distance is increased. This reduction in monthly costs is a 
function of the investment and maintenance carrying charges for the loop. There is a significant slope h m  
an all fiber feeder at 0 kft. down to 9,000 feet, where the slope becomes essentially flat. 

HM 5.1 uses several parameters to determine the need for fiber feeder cable, rather than copper feeder 
cable. These include 1) assuring that the total copper cable length for both copper feeder and copper 
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High Oenslty GR-303 DLC 

672 tine Increment 

distribution do not exceed the Maximum Analog Copper Distance, set by default at 18,000 feet; 2)assuring 
that the copper distribution dlistance alone does not exceed this distance; 3) assuring that copper feeder 
cable does not exceed the Copper Feeder Maximum Distance set by default here at 9,000 feet; and 4) if 
copper feeder would otherwise be selected, based on the above three criteria, analyzing whether fiber feeder 
would have a Iower life-cycbe cost than copper feeder based on annual carrying charges that include the 
effects of differences for investment in copper cable vs. fiber cable plus IDLC, depreciation rate differences 
between technologies, and maintenance cost differences between technologies. If fiber based technology 
has a lower life cycle cost, H M  5.1 will designate the use of fiber feeder. If the user wants to maximize the 
ability of the model to select the most economic technology in each case, this parameter value can be reset 
to the Maximum Analog Copper Distance, which means that the economic test is performed over a wider 
range of feeder lengths. 

Low dmsQ GR-303 DLC 

120 Line Increment 

L 8 $12.6[i 

$12.64 

$t2.6;! 

4 ' S12.58 
X 
B S12.5fi 

"ii e St2.60 

~ 8 $12.54 

Sensitlvity Analyslr 
Effect of FlklCopper Crom-over Distance 

3 6 9 12 15 18 

Fiber Feeder Dlstance from Central Mnce. kfL 

3.5.1 1. Common Equipment Investment per Additional Line 
Increment 

Definition: The cost of the common equipment required €or each additional line module in a remote 
terminal. 

~ r $18,500 I $9,400 I 
Support: The cost of an additional increment of Integrated Digital Loop Electronics was estimated by a 
team of experienced outside plant experts with extensive experience in contracting for remote terminal site 
installations. Low Density ClLC materia1 costs are based on vendor list prices and an estimated 25 percent 
discount based on large volume purchases. 

A breakdown of investments for the various parts of this equipment are as follows: 
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Central OMee Termfnal Common Equipment 

DSX-I & Cabling I $800 

I High Density GR-303 DLC 672 Line Increment 
~ 

Central Ofllce Terminaf Labor 

Splice DSX Metallic Cable I 555 (1.0 hr.) 

Pface DSX Cross Connections 

Turn Up 8 Test System 

$28 (0.5 hrs.) 

$1 10 (2.0 hrs.) 

~ 

h Subtotal ' $800 Subtotal $200 

HA1 Model Release 5.1 Inputs Portfolio 

Remote Tennlnal Common Eqlulpment 

Cabinet $7,300 

fime Slot In terchanger $3,500 

Channel Bank Assemblies $4,000 
Channel Bank Assembly Commons $2,500 

Subtotal $17,400 
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Turn Up & Test System 

S I  10 (2.0 hrs.) 

$1 10 (2.0 hrs.) 

Subtotal $200 1 



HA1 Consulting, Inc. 

Central Ofnce Temlnal Common Equfpment 

SONET Firmware I $3,000 

Low Denslty GR-303 DLC 
~ 

Central Ofnce Terminal Labor 

Enginwing [ $660 (12.0 hrs.) 

Common COT Plug Ins 

OSX-1 & Cabling 

~ ___ 

$1,200 Place Frames & Racks 

$800 Splice DSX Metallic Cable 

$165 (3.0 hrs.) 

$55 (1 .o hr.) 
~ ~ 

Place DSX Cross Connections $28 (0.5 hrs.) 

. - _________ 

I Place Common Plua Ins (21 ea.) 1 $28 10.5 hrs.) 

Subtotal 

Turn Up €i Test System 

$5,000 Subtotal 

$165 (3.0 hrs.) 

Remote Terminal Common Equipment 

Cabinet wl Channel Bank Assembly $5,500 

Channel Bank Assembly Cornmons $2,200 

Subtotal $7,700 

$1,200 

Remote Terminal Labor 

Place Cabinet $55 (1 .O hrs.) 

Copper Splicing $17 (0.3 hrs.) 
(2 hrs. + 120 pairs @ 4001hr.) 

Turn Up & Test System $110 (2.0 hrs.) 

Subtotal $200 

Allocation of COT Host Digital 
Terminal Inveshent Der 1 :m 

I20 lines I672 lines per COl HOT = 
17.86% x 75% assumed HClT fit1 = 

23.81% 

.238 1 

~~ 

Allocation of COT Host Digital 
Terminal Investment Der 120 RT 

120 lines I 672 lines per COT HDT = 
17.86% x 75% assumed HDT fill 

23.81 % 

.2381 

.. 

Subtotal 
______ 

151,200 I ~~ Subtotal $300 

3.5.12. Maximum Number of Additional Line Modules per Remote 
Terminal 

Definition: The number of line modules {in increments of 672 or 120 lines, respectively, for the two types 
of DLC) that can be added to a remote terminal. 

Default Values: 

Support: A standard OC-3 rnultiplexed site can provide 3 OC- I systems, each at 672 lines. The HA1 
Model allows for adding 2 adlditional Common Equipment Investment modules to an initial 672 line system, 
and 1 additional Common Equipment Investment module to an initial 120 line system. 

Hi& Densitv Amlications: 
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While products born different vendors of large NGDLC remotes for high density applications are available 
in a variety of sizes, HM 5.1 modeb typical digital: loop carrier remote sizes as follows: 

672 DSOs Modeled by HM 5.1 as an Initial Line Increment 
1344 DSOs Modeled by HM 5.1 as an Initial Line lncrement plus One Additional Increment 
20 16 DSOs” Modeled by H[M 5.1 as an Initial Line increment plus Two Additional Increments 

Low Density Applications: 
Similarly, there are a wide variety of IILC products available for low density applications. The following 
sizes are modeled in HIM 5.1: 

120 DSOs Modeled by HM 5.1 as an Initial Line increment 
240 DSOs Modeled by HM 5.1 as an Initial Line Increment plus One Additional Increment 

3.5.13. DLC Extended Range Copper Multiplier 
Definition: For a loop with feeder plant provided over fiber fed High Density GR-303 DLC, this multiplier 
adjusts the installed cost of a “High Density GR-303 DLC POTS Channel Unit” {see para. 3.5.5.) upward 
for any case where the distribution copper distance is equal to or greater than the “Remote Terminal 
Extended Range Threshold” (see para. 3.5.14.) and no greater than 18,000 feet. The maximum analog 
copper distance, Section 2.7.6, should never be set larger than 18,000 ft. 

For a loop with feeder plant provided by fiber fed Low Density GR-303 DLC. this multiplier adjusts the 
installed cost of a “Low Density GR-303 DLC POTS Channel Unit” (see para. 3.5.5.) downward for any 
case where the distribution copper distance is shorter than the “Remote Terminal Extended Range 
Threshold” (see para. 3.5.14.), since the default cost of the channel units for the low-density DLC assumes 
they are used in extended-range applications. 

Default Values: 

Support: In the HA1 Model version 5 ,Oa, the default value for a “High Density GR-303 DLC POTS 
Channel Unit” (see para. 3.5.5.) assumed use of a Regular POTS (“RPOTS”) card. Other parties criticized 
use of this card as being inadequate for extended range copper distribution loops. In HM 5.1, this new 
parameter allows an adjustment to line card investment for cases where a copper distribution pair length is 
equal to or greater than the “Remote Terminal Extended Range Threshold,” whose default is 17,600 feet 
(see para. 3.5.14). According to the manufacturer, the most economical extended range alternative for 
POTS services is the RUVG2 card, at a cost premium of 24%. 

In the HA1 Model version 5.0a, the default value for a “LOW Density GR-303 DLC POTS Channel Unit” 
(see para. 3.5.5.) assumed use of an Extended Range POTS (“EPOTS”) card, under the assumption that 
most low density loops would be long loops. HM 5.1 allows the use of a less costly low-density channel 
unit for regular POTS service when loop lengths are below the “Remote Terminal Extended Range 
Threshold,” Information available to ihe engineering team supporting the HA1 Model shows that the 
regular POTS c h m e l  unit is 24% less than the EPOTS channel unit card. 

Note: 2016 line Remote Te,vminal Cabinets have been available in the market place for some 35 

time: one =ample is the Reltec Mesa 6 Cabinet for housing Litespan-2000 DLC. 
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3.514. Remote Terminal Extended Range Threshold 
Definition: 
For a loop with feeder plant consisting of fiber fed GR-303 DLC, this parameter allows the user to set a 
threshold to determine whether regular or extended range POTS Channel Units should be used. For the 
high-density DLC, if the copper distribution distance is equal to or greater than the threshold value, then the 
Model uses extended range POTS Channel Units by applying the “DLC Extended Range Copper 
Multiplier” to the Channel Unit investment. (see para 3.5.13.). For the tow density DLC, if the copper 
distribution distance is less than the threshold value, the the Model uses a reguiar POTS card rather than the 
more expensive EPOTS card. 

Default Values: 

I RT Extended Range Threshold, fl I 
I 17,600 feet I 

support: 

This figure was presented and justified in M AT&T E=x Parte presentation to the FCC Joint Board on 
Universal Service in Docket 96-45 on Janwry 6,  1998. 
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3.6. MANHOLE INVESTMENT - COPPER FEEDER 
Definition: The installed cost of a prefabricated concrete manhole, including backfill and restoration. All 
the non-italicized costs in the following table are separately adjustable. 

Default Values: 

#Copper Cable Manhole Investment 

0-5 
5.100 
100-200 
200-650 
650-850 

850-2,550 
2,550-5,000 
5,000-1 0,000 

1 o,ooo+ 

$1,865 
$1,865 
$1,865 
$1,865 
$1,865 
$1,865 
$1,865 
$1,865 
$1,865 

$3!jO 
$3!jO 
$3!jO 
$3!iO 
$3!jO 
$3!iO 
$3!jO 
$3!iO 
$3!jO 

site 
De I1 v e y 

$1 25 
$125 
$1 25 
$125 
$1 25 
$1 25 
$125 
$125 
$125 

Total Material 

$2,345 
$2,340 
$2,340 
$2,340 
$2,340 
$2,340 
$2,340 
$2,340 
$2,340 

Excavation & 
BacMill 

$Z8W 
$2,800 
$2,800 
$Z8OO 
$3,200 
$3,500 
$3,500 
$5,000 
95,000 

Total Installed 
Manhde 

$5,140 
$5,140 
$5,140 
$5,140 
$5,540 
$5,840 
$5840 
$7,340 
$7,340 

Support: Costs for various excavation methods were estimated by a team of experienced outside plant 
experts. Additional information was #obtained from printed ~esources. Still other information was provided 
by several contractors who routinely perform excavation, conduit, and manhole pIacement work for 
telephone companies. Results of thos,e inquiries validated the opinions of outside plant experts and are 
revealed in the following charts. 

Manhole Material 

$3,500 

$3,000 
3 g $2,500 
3 

$2,000 
t _ _ _ - _ -  _ - - - - - - - - - - - - - - -  

Manhole Material 
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$10,000 

f $8,000 

3 
f $6,000 
m 
0 c c 

- 
$ $4,000 

B 
V 5? $2,000 

$0 

Manhole Excavation & Backfill 

. . -. . . .- . 

MH ExcavationlBackfill MH ExcavationlBadtfill MH ExcavationlBackfill 
Rural Suburban Metro 

3.6.1. Dewatering Factor for Manhole Placement 
Definition: The fractional increase in manhole placement to reflect additional cost required to install 
manholes in the presence of $;hallow water table. Default value is 0.2, indicating that high water tables will 
increase excavation and restcaal cost by 20%. 

Default Value: 
Oewatedng Fador Manhole Investment fl 

Suppolz: Ground water is not normally a problem with plowing and trenching; it softens the ground and 
usually does not hinder excavation work. In the rare cases of very wet conditions, contractors simply make 
sure they always use track vehicles, which is the normal type of equipment used in any case. 

Manhole excavation and placement, however, can involve somewhat increased costs. In very high water 
table areas, a concrete manhole wiil actually tend to float while contractors attempt placement, requiring 
additional pumping and dewatering during construction work. After the manhole is in place, no additional 
cost is involved because of water. 

3.6.2. Water Table Depth for Dewatering 
Definition: Water table depth at which dewatering factor is invoked. 

Default Value: 

I Water Table Depth for Dewatering, R. I 
I 5.00 ft. I 
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Support: Class A manholes are normally placed at a depth of approximately 8 feet. Some residua1 water i s  
typical. Therefore, a default value of .5 feet is recommended to represent any additional cost incurred to 
care for high water difficulties in manhole placements. 
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3.7. PULLBOX INVESTMENT - FIBER FEEDER 
Definition: The investmem: per fiber pullbox in the feeder portion of the network. 

De fau It Values : 

I Flber Pullbox Investment 

Density Zoine 

G5 
5-100 

100-200 
2 0 0 - 6 5 0 
650-850 

850-2,550 
2,550-5,000 
5,000-1 0,000 
10,000+ 

Pullbox Materials 

$280 
$280 
$280 
5280 
$280 
$280 
$280 
$280 
$280 

Pullbox Installation 

$220 
$220 
$220 
$220 
$220 
$220 
$220 
$220 
$220 

Support: The information 'was received Eom a Vice President of PenCell Corporation at Supercom '96. 
He stated a price of approximately $280 for one of their larger boxes, without a large corporate purchase 
discount. Including installai:ion, HM 5.1 uses a default value of $500. 

HA1 Modef Release 5.1 Inputs Portfolio 
.. 

Page 83 



HA1 Consulting, Inc. 

1-1,000 
1,000-1 0,000 

4. SWITCHING AND INTEROFFICE TRANSMISSION PARAMETERS 

4.1. END OFFICE SWITCHING 

BHCA 

10,000 
50,000 
200,000 
800,000 

4.1.1. Switch Rea€-Time Limit, BHCA 
Definition: The maximum number of busy hour call attempts (BHCA) a switch can handIe. If th model 
determines that the load on a processor, calculated as the number of busy hour call attempts times the 
processor feature load rnultiptier, exceeds the switch real time limit multiplied by the switch maximum 
processor occupancy, it wil1 add a switch to the wire center. 

Proceisoir Series 

SuperNode Series 10 
SuperNode Series 20 
SuperNode Series 30 
SuperNode Series 40 

SuperNde Series 60 (RISC) 
SuperNcde Series 50 (RISC) 

Default Values: 

6HCA 
200,000 
440,000 
660,000 
800,000 
1,200,000 

1,400,000 (burst mode) 

Support: Industry experience and expertise of HAI. These numbers are well within the range of the 
BHCA limitations NORTEL supplies in its Web site.36 

4.1.2. Switch Traffic Limit, BHCCS 
Definition: The maximum amount of traffic, measured in hundreds of call seconds (CCS), the switch can 
carry in the busy hour (BH). If the moldel determines that the offered traffic load on an end ofice switching 
network exceeds the traffic limit, it will add a switch. 

36 See Northern Telecom's Web site at htrp://www.nortel. corn 
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Llnea 

1-1,000 
1,000-10,000 
10,00~40,000 
40,000+ 

Default Values: 

Busy Hour CCS 

30,000 
150,000 
600,000 
1,800,000 

Support: Values selected to be consistent with BHCA limit assuming an average holding time of five 
minutes. 

4.1.3. Switch Maximum Equipped Line She 
Definition: The maximum number of lines plus trunk ports that a typical digital switching machine can 
support. 

Default Value: 

Swttch Maximum Equlpped Lfne Size 

80,000 

Support: This is a conservailive assumption based on industry common knowledge and the Lucent 
Technologies web site?’ Thr: site states that the 5ESS-2000 can provide service for “up to as many as 
100,000 lines but can be engineered even larger. ” The HA1 Model lowers the 100,000 to 80,000, or 80 
percent, recognizing that planers will not typically assume the fuli capacity of the switch can be used. 

4.1.4. Switch Port Administrative Fill 
Definition: The percent of lines in a switch that are assigned to subscribers compared to the tota1 equipped 
lines in a switch. 

Default Value: 
Swltch Port Admlnlstratlve Flll 

Support: Industry experienee and expertise of HA1 in conjunction with subject matter experts. 

4.1.5. Switch Maximum Processor Occupancy 
Definition: The fraction of total capacity (measured in busy hour call attempts, BHCA) an end office 
switch is allowed to carry before the model adds another switch. 

See Lucent’s Web site at l~ttp://www.lucent.com/netsyd5ESS/5esswtch.html 37 
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Default Value: 

1 Switch Maxlmum Processor Occupancy I 
0.90 

Support: Bell Communications Reslcarch, LATA Switching Systems Generic Requirements, Section 17: 
Traffic Capacity and Environment, TR-TSY-0005 17, Issue 3, March 1989, figure 17.5- 1, p. I 7-24. 

4.1.6. MDFRrotector Investment per Line 
Definition: The Main Distribution Frame investment, including protector, required to terminate one line. 
According to Lucent’s Web site, a main distribution frame is “a framework used to cross-connect outside 
piant cable pairs to central ofice swii:ching equipment, but also carrier facility equipment such as Office 
Repeater Bays and SLC[R] Carrier Central Office Terminals. The MDF is usualIy used to provide 
protection and test access to the outside plant cable pairs.” 

Default Value: 
MDFIProfedor tnvestment per Lfne F F l  

Support: This price was obtained by Telecorn Visions, Inc., a consulting fm that assisted in the 
preparation of this Input Portfolio,, from a major manufacturer of MDF frames and protectors. A review of 
this price with information available ,in various proceedings indicates that this is a competitive investment 
cost. 

4.1.7. Analog l i n e  Circuit Offset for DLC Lines, per Line 
Definition: The reduction in per lint: switch investment resulting from the fact that line cards are not 
required in both the switch and remo!:e terminal for DLC-served lines. 

Default Value: 
Analog tlne C h i t  Offset for DLC tines E- $5.00 per line 

Support: This is an HAI estimate, based on consultations with ATkT and MCI subject matter experts. 

4.1.8. Switch Installation Multiplier 
Definition: The telephone company investment in switch engineering and installation activities, expressed 
as a multiplier of the switch investmont. 

Default Value: 
Switch Installation MuItlpHer 
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Support: The 10% factor used in the HA1 model was derived based on the following information: Bell 
Atlantic ONA filing (FCC Docket 92-91) on February 13, 1992, showed a range of engineering factors for 
the different Bell Atlantic states between -08 and .108. The SBC ONA filing (FCC Docket 92-91) on May 
18, 1992, showed a range of Iengineering and plant labor factors added together between ,0879 and .1288. 
The 10% kcremental-based factor is a fairly conservative estimate, given the ranges filed by two RBOCs 
using traditional ARMIS-baxd embedded cost factor development. 

4.1.9. End Office Switching Investment Constant Term 
Definition: The value of the constant (“B’) appearing in the function that cahlates  the per line switching 
investment as a function of switch line size for an amalgam of host-remote and stand alone switches, 
expressed separatety for BOCs and Iarge independents (ICOs), on the one hand, and for small ICOs. on the 
other hand. The function is cost per h e  = A In X + B, where X is the number of lines. 

Default Values: 

End Offlce Switching Investment Constant Term 

BOC EL Large IC0 I Small IC0 
I $242.73 I w . H ~  

Support: The switching cost surveys were developed using typical per-line prices paid by BOCs, GTE and 
other independents as reported in the Northern Business Information (NBI) publication, “U.S., Central 
Ofice Equipment Market: I995 Database,” compared to switch size and data from the ARMIS 43-07 
report.38 Details of the deriwtion of this formula and its values are provided in the HA1 Model Description. 

4.1.10. Ehd Office Switching Investment Slope Term 
Definition: The constant multiplying the log hct ion appearing in the EO switching investment function 
(“A” in the function shown in parameter 4.1.9.) that calculates the per line switching investment as a 
function of switch Iine size for an amalgam of host-remote and stand alone switches. This term is the same 
for BOCs, large independents, and small independents. 

Default Value: 

Support: The switching cost surveys were developed using typical per-line prices paid by BOCs, GTE and 
other independents as reported in the Northern Business Infomation (NBI) publication, “U.S., Central 
Office Equipment Market: 1995 Database,” compared to switch size and data from the ARMIS 43-07 
report.” Details of the derivtdion of this formula and its values are provided in the HA1 Model Description. 

38 Northern Business Information study: U.S. Central Wce Equipment Market- 1995, McGraw-Hill, New 
York, 1996. 
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4.1.1 1. Processor Feature Loading Muitiplier 
Definition: The amount by which the load on a processor exceeds the load associated with ordinary 
telephone calls, due to the presence of‘vertical features, Centrex, etc., expressed as a multiplier of nominal 
load. 

Default Value: 1.20 for business line percentage up to the variable business penetration rate, increasing 
linearly above that rate to a final valut: of 2.00 for 100% business lines. 

Support: This is an HA1 estimate of the impact of switch features typically utilized by businesses on 
switch processor load. The assumptiaa is that business lines typically invoke more features and services. 
Therefore, business lines affect proces;sor real time loading more than residential lines. It is based on 
consultations with AT&T and MCI subject matter experts. 

4.1.12. Business Penetration Ratio 
Definition: The ratio of business line:s to total switched lines at which the processor feature loading 
multiplier is assumed to reach the “heavy business” value of 2. 

Default Value: 
Business Penetration Ratio F F l  

Support: This is an HA1 estimate of the point at which the number of business lines will cause the 20 
percent processor load addition. It is based on consultations with AT&T and MCI subject matter experts. 
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Lines 

0 
loo0 
5000 

25,000 
50,000 

4.2. WIRE CENTER 

tnvestment Required 

$5,000 
$I 0,000 
$20,000 
$50,000 
$250,000 

4.2.1. L0.t Size, Multipiier of Switch Room Size 
Definition: The multiplier of switch room site to arrive at total lot size to accommodate building and 
parking requirements. 

Default Value: 

tot Slxe, Multiplier of Switch Room Size 

2.0 1 
Support: This is an HA1 estimate. 

4.2.2. Tandem/EO Wire Center Common Factor 
Definition: The percentage of tandem switches that are also end office switches. This accounts for the fact 
that tandems and end offices a.re often located together, and is emptoyed to avoid double counting of switch 
common equipment and wire center investment in these instances. 

Defau tt Value: 

TandemlEO W n  Center Common Factor [d 
Support: This is a conservati.vely low estimate of the number of shared-use switches based on Bellcore’s 
Local Exchange Routing Guicle (LERG) data. 

4.2.3. Pawer Investment 
Definition: The wire center investment required for rectifiers, battery strings, back-up generators and 
various distributing frames, E; a function of switch line size. 

Default Values: 

Support: This is an HA1 Estimate. 

4.2.4. Switch Room Sue 
Deflnition: The area in square feet required for housing a switch and its related quipment. 
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Default Values: 

!Lines 

0 
1,000 
5,000 

25,000 
50,000 - 

SwHchRoom81u 

Sq. Feet of Floor 
Space Required 

500 
1 ,OM1 
2,000 
5,000 
1 0,000 

Lines 

5,000 
25,000 

Support: Industry experience and expertise of HA1 along with information taken from manufacturer 
product literature (e.g., Nortel DMS-500 Planner and SESS Switch Information Guide). Furthermore, these 
values are supported by discussions over the years with personnel from LECs and competitive access 
providers who are familiar with the size of switch rooms through instatling switches and/or acquiring space 
for network switches. 

costlsq. ct. 

575 
$85 

S I  00 
$1 25 

Definition: The 
Default Values: 

4.2.5. 
costs of 

Suppo* This is an HA1 estimate. Although cost per square foot generally decreases as building size 
increases, the construction cost per square foot is assumed to increase with the number of lines served to 
account for higher prices typically asscciated with greater population densities where larger switches tend to 
be located. 

4.2.6. Land Price, per Square Foot 
Definition: The land price associated with a wire center. 
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Defa u It Values: 

Lines 

0 
1,000 
5,000 
25,000 
50,000 

Prfdsq. R 
95.00 
$7.50 
510.00 
$1 5.00 
$20.00 

Support: This is  an HA1 estimate. Land cost per square foot are assumed to increase with the number of 
lines served to account for hig,her prices typicalIy associated with greater population densities where larger 
switches are located. 
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4.3. TRAFFIC PARAMETERS 

4.3.1. Local Call Attempts 
Definition : The number of yearly local call attempts, as reported to the FCC. 

Default Value: Taken from ARMIS reports for the LEC being studied. 

Support: 1996 ARMIS report 43-08. For non-Tier I LECs, the default value is the average per 
call attempt value for all ICOs reporting to ARMIS. 

ine l o a  

4.3.2. Call Com:pletion Fraction 
Definition: The percentage of call attc:mpts that result in a completed call. Calls that result in a busy 
signal, no answer, or network blockage: are all considered incomplete. 

Default Value: 
Call Completion Fraction I 
I--- 0.7 

Support: Bell Communications Research, LATA Switching Systems Generic Requirements, Section 17: 
Traffic Capacity and Environment, TR-TSY-0005 17, Issue 3, March 1989. This number is a composite of 
the resuits shown in table 17.6-B. 

43.3. IntraLATA Calls Completed 
Defleition : The number of yearly inmLATA compieted call attempts, as reported to the FCC. 

Default Value: Taken from 1996 ARMIS reports for the LEC being studied. 

Support: 1996 ARMIS report 43-08. For non-Tier I LECs, the default value is the average per line 
InmLATA calls completed value for e111 ICOs reporting to ARMIS. 

4.3.4. InterLAI’A Intrastate Calls Completed 
Definition : The number of yearly interLATA intrastate completed call attempts, as reported to the FCC. 

Default Value: Taken from 1996 ARMIS reports for the LEC being studied. 

Support: 1996 ARMIS report 43-08. For non-Tier I LECs, the default value is the average per line 
hterLATA intrastate calls completed vahe for all ICOs reporting to ARMIS. 

42.5. InterLAI’A Interstate Calls Completed 
Definition : The number of yearly interLATA interstate completed call attempts, as reported to the FCC. 
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Default Value: Taken from 1996 ARMIS reports for the LEC being studied. 

Support: 1996 ARMIS report 43-08. For non-Tier I LECs, the default value is the average per line 
interLATA interstate calls completed value for all IC& reporting to ARMIS. 

4.3.6. Local DEMs, Thousands 
Definition : The number of yearly local Dial Equipment Minutes (DEMs), as reported to the FCC. 

Default Value: Taken f-rom FCC reports for the LEC being studied. 

Support: See FCC Monitoring Report, Docket No. 87-339, May 1995, Table 4.15. 

4.3.7. Intrastate DEMs, Thousands 
Definition: The number of yearly intrastate DEMs, as reported to the FCC. 

Default Value: Taken from FCC reports for the LEC being studied. 

Support: See FCC Monitoring Report, Docket No. 87-339, May 1995, Table 4.16. 

4.3.8. Interstate DEMs, Thousands 
Definition: The number of yearly interstate DEMs, as reported to the FCC. 

Default Value: Taken from FCC reports for the LEC being studied. 

Support: See FCC Monitoring Report, Docket No. 87-339, May 1995, Table 4.17 

4.3.9. Local BusinesslResidential DEMs Ratio 
Definition: The ratio of locaI Business DEMs per line to local Residential DEMs per line 

Default Value: 

Support: This is an HA1 estiimate, based on consultations with ATBLT and MCI subject matter experts. 

43.10. Iintrastate Business/Residential DEMs 
Definition: The ratio of inmlstate Business DEMs per line to intrastate Residential DEMs per line 
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Defau It Va h e :  

Support: This is an HA1 estimate, based on consultations with AT&T and MCI subject matter experts. 

4.3.1 1. interstatse BusinesdResidential DEMs 
Definition: The ratio of interstate Business DEMs per line to interstate Residential DEMs per line 

Default Value: 

Interstate 8us I Res DEMs Ratio E U  . 

Support: This is an HA1 estimate, based on consultations with AT&T and MCI subject matter experts. 

4.3.12. Busy Hoiur Fraction of Daily Usage 
Definition: The percentage of daily usage that occurs during the busy hour. 

Default Value: 

0.10 

Support: AT&T Capacity Cost Study.& 

4.3.13. AnnuaI to Daily Usage Reduction Factor 
Definition: The effective number of biisiness days in a year, used to coneenbate mua1 usage into a fewer 
number of days as a step in determining; busy hour usage. 

Default Value: 

270 

Support: The ATgLT Capacity Cost Study uses an annual to daily usage reduction factor of 264 days.*' 

uI Blake, V.A., F l y ,  P.V., Jennings, F.B., AT&T Bell Laboratories. "A Study ofAT&T's Competitors' 
Capaciw to Absorb Rapid Demand Growth ", June 20, 1990, p. 10. Filed in CC Dwket No. 90- 132. 

'' Blake, V.A., F l y ,  P.V., Jennings, F.B., AT&T Bell Laboratories, "A Sludy ofATdST's Competitors ' 
Capaciiy to Absorb Rapid Demand Grrnvrh", June 20, 1990, p. 10. Filed in CC Dmket No. 90-132. 
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R a i d  en tl a I 

1 .o 

4.3.14. Hrolding Time Multipliers, ResidentiaVSusiness 
Definition: The potential ma,dification to the average call "holding time" (Le., duration) to reflect Internet 
use or other causes, expressed as a multiplier of the holding time associated with ordinary residential or 
business telephone calls. 

Business 

1 .o 

Default Values: 

1 Holding t h e  multipliers I 

Support: The purpose of thi:; parameter is to allow users to study the impact of increasing the offered load 
on the network. The default vahe of 1 means the load is that estimated from DEMs. 

4.3.15. Call Attempts, Busy Hour (BHCA), ResidentiaIlBusiness 
Definition: The number of cal l  attempts originated per residential and business subscriber during the busy 
hour. 

Default Values: 
Busy Hour Call Attempts 

-", , , 

" '"RWmtia! I Bushes$ 
t i .3 3.5 

Support: Bel1 Comunicatiims Raexch, LATA Switching Systems Generic Requiremews, Section 17: 
Traffic Capacity and Environment, TR-TSY-OOOS 17, Issue 3, March 1989. This number is a composite of 
the results shown in table 17.15 C-G. 
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OC# A M ,  Insta Ild 

$40,000 

4.4. INTEROFFICE INVESTMENT 

OC.3/DS-l 
ADMlTermlnat 

Multiplexer, Installed 
Investment per 7 DS.1 s 

84 DS-1 s 7 DS-1s 

$26,000 $500 

4.4.1. Transmission Terminal Investment 
Definition: The investment in 1 )  the fully-equipped add-drop multiplexer (ADM) that extractdinserts 
signals into OC-48 or OC-3 fiber rings, and are needed in each wire center to connect the wire center to the 
interoffice fiber ring; and 2) the fully-equipped OC-3/DS- 1 terminal multiplexers required to interface to the 
OC-48 ADM and to provide point to point circuits between on-ring wire centers and end offices not 
connected directly to a fiber ring. The “Investment per 7 DS-1” figure is the amount by which the 
investment in OC-3s is reduced for each unit of 7 DS- 1 s below full capacity of the OC-3. See the figure in 
Appendix A. 

Default Values: 

Support: Industry experience and expertise of HAI, supplemented by consultations with 
telecommunications equipment suppliers. 

4.4.2. Number ad Fibers 
Definition: The assumed fih cross-section, or number of fihn in a cable, in an interoffice f i k  ring and 
point to point connection. 

Default Value: 

Number of Flbm 1 
24 

Support: The default value is consistent with common practices within the telecommunications industry 
and reflects the engineering judgment of HA1 Model developers. 

4.4.3. Pigtail investment 
Defloition: The cost of the short fiber connectors that attach the interoffice ring fibers to the wire center 
transmission equipment via a patch pariel. 
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Default Value: 

I $60 each 1 
Support: A public source estimates the cost of pigtails at $75.00 per fiber. See, Reed, David P., 
Residential Fiber Optic Networh and Engineering and Economic Analysis, Artech House, Inc., t 992, p.93. 
The lower amount reflects an HA1 estimate of price trends since that figure was published. 

4.4.4 Optical Distribution Panel, 
Definition: The cost of the physical fiber patch panel used to connect 24 fibers to the transmission 
equipment. 

Default Value: 

I Optical Dlstributlon Pane! I 
I $1,000 

Support:. The cost for an installed fiber optic patch panel, including splicing ofthe fibers to pigtails, was 
estimated by a team of experienced outside plant experts who have contracted for such installations. A fiber 
optic patch panel contains no electronic or moving parts, but allows for the physicai cross connection of 
fiber pigtails. 

4.4.5. E € M ,  per Hour 
Definition: The per-hour cost for the “engineered, furnished, and installed” activities for quipment in each 
wire center asssmiated with the interoffice fiber ring, such as the ”pigtails” and patch panels to which the 
transmission equipment is connected. 

Default Value: 

Support: This is a filly loaded labor rate used for the most sophisticated technicians. It  includes basic 
wages and benefits, Social Security, Relief & Pensions, management supervision, overtime, exempt material 
and motor vehicle loadings. A team of experienced outside plant experts estimated this value. 

4.4.6. EE’&I, Units 
Definition: The number ofhours required to install the equipment associated with the interoffice 
transmission system (see EFkI, per hour, above) in a wire center. 

Default Value: 

I €Fa, unlts i 
. -  

I 32 hours 1 
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Support: This amount of labor was estimated by a team of experienced engineering experts. It Includes 
the labor hours to install and test the trimsport equipment involved in interofice facilities. 

4.4.7. Regenerator Investment, Installed 
Definition: The installed cost of an OC-48 optical regenerator. 

Default Value: 

I?egenerator Investment, Installed F F l  
Support: This approximation was obtained fiom a representative of a major fiber optic muItipIexer 
manufacturer at Supercorn ‘96, in June I996 in Dallas, Texas. 

Current fiber multiplexers readily operate at distance beyond 40 miles between a laser kansmitter and a 
laser receiver. Where span distances exceed the recommended default of40 miles, a regenerator is 
required. Significantly different fiom a. fiber optic multiplexer that combines large numbers of low speed 
signals into an extremely high speed laser driven device using Time Division Multiplexing, a regenerator 
simply receives a high speed laser pulsc:, determines whether each individual laser pulse is an “on” or “ o f f  
condition, and triggers a laser to fire a signal in an identical pattern. 

An OC-48 regenerator is a single shelf device, no more than 10% inches high by 2 I % inches wide by 12 
inches deep. Installation is normally done in a central ofice environment by simply screwing it onto an 
existing frame, providing a standard CO power connection, and attaching the fiber pigtails. The default 
value assumes installation in an existing central office along the route, and including costs for material, 
engineering, and installation. 

4.4.8. Regenerator Spacing, Miles 
Definition: The distance between digital signal regenerators in the interofice fiter optics transmission 
system. 

Default Value: 

I Regenerator Spacing I 
40 miles 1 

Support: Based on field experience ofmaximum distance before fiber regeneration is necessary. This 
number is conservatively low compared to Fujitsu product titerature, which indicates a maximum 
regenerator spacing of I lOkm, or approximately 69 miles42 (with p s t -  and pre-amp). 

4.4.9. Channel Bank Investment, per 24 Lines 
Definition: The investment in voice gwde to DS-1 multiplexers in wire centers required for some special 
access circuits. 

‘* Futjitsu Network Communications, hic. product sheet for Flash”-192 multiplexer, ”Typical Optical Span 
Lengths SMF Fiber {Single Mode Fiber) I10 km (with post- and pre-amp).” 

HA1 Model Release 5.1 
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Default Value: 

Channd Bank Investmen?, per 24 llnes 

35,000 

Support: Industry experience and expertise of HAI, supplemented by consultations with 
telecommunications equipment suppliers. 

4.4.10. Fraction of SA Linea Requiring Multiplexing 
Dtflnition: The percentage of special access circuits that require voice grade to DS-1 multiplexing in the 
wire center in order to be carried on the interoffice transmission system. This parameter is for use in 
conjunction with a study of the cost of special access circuits. 

Defau It Value: 
Fraction of SA Llnes Requlring Muttlptexlng 

Support: The default value of zero is  appropriate for the existing set of UNEs, which do not include a 
special access W E .  

4.4.1 1. Digital Cross Connect System, Installed, per DS-3 
Definition: The invesment required for a digital cross connect system that interfaces DS- 1 signals between 
switches and OC-3 multiplexers, expressed on a per DS-3 (672 DS-O) basis. 

Default Value: 
Wgttil Cross Connect System, Installed, per 

Support: Industry experience and expertise of HAI, supplemented by consultations with 
telecommunications equipment suppliers. 

4.4.12. Transmission Terminal Fill (DS-0 level) 
Definition: The fiaction of inaxhum DS-0 circuit capacity that can actually be utilized in ADMs, DS-1 to 
OC-3 multiplexers, and channe1 banks. 

Default Value: 
Trammlsslon Tmlnal Flll (DS.0 level) 

Support: Based on outside ,plant subject matter expert judgment. 

HA1 Model Release 5.1 Inputs Portfolio Page 99 



HA1 Consulting, Inc. 

4.4.13. Interoff ice Fiber Cable Investment per Foot, Installed 
Definitlon: The installed cost per foot of interofice fiber cable, assuming a 24-fiber cable. 

Default Value: 
tnterofflce Fiber Cable Investment, Installed, r per foot 

$1.79 

Support: {NOTE: The dkcussiorn br Section 3.4.2. [Fiber Feeder] i s  reproduced here for ease of use.] 

Outside plant planning engineers have commonly assumed that the cost of cable material can be represented 
as an a + bx straight line graph. In fact, Bellcore Planning tools, E F M P  I, E F M P  II, and LE1S:PLAN 
have had the engineer develop such an a + bx equation to represent the cost of cable. A5 technology, 
manufacturing methods, and competiti.on have advanced, the price of cable has been reduced. While 10 
years ago, the cost of fiber cable was typically $0.50 + $0.10 per fiber per foot, and as recentIy as 4 years 
ago was typically $0.30 f $0.05 per fiber per foot as represented in HM 5.0a, extensive deployment of 
fiber, especially by CATV companies has driven the cost of fiber even lower. 

The Rural Utilities Service (“RUS”) supplied Dr. David Gabel (on behalf of NRlUd3) with a substantial 
amount of data from actual contracts. That data is available from the NRRI Website at 
http:/~,nrri.ohio-state.edu/. An analysis of data involving fiber cable was performed to obtain the new 
default values recommended for HA1 5.1 

7 1 of 1,505 observations were excluded from the analysis (32 observations with zero footage quantities, IO 
observations with zero total cost, 23 observations containing labor only without any material, 3 observations 
of cables with 0-3 fikrs, and 3 obsewations with costs far outside reasonable bounds, e.g., 24-fiber cable 
with material cost greater than a 2 ICfiber cable). The remaining 1,434 observations (1,028 buried, 243 
aerial, and 163 underground) were miIyzed to produce the new default values for installed fiber cable. 

The analysis of 1,434 observations provided an a + bx result of $1 .OO per foot PIUS 5.032 per fiber-fmt 

Splicing Engineering and Direct Labor are included in the cost of the Remote Terminal Installations, and 
the Central Office Installations, since field splicing is unnecessary with fiber cable pulls that are as long as 
35,000 feet between splices. 

The NRRI analysis recognized that the fured component included structure costs, or partial structure costs 
for buried and underground installations. NRRI then excluded the fixed component of fiber cable costs. In 
contrast to that approach, this analysis normalized buried data to remove the cost of buried structure, and 
underground data was normalized to remove the cost of innerduct structurea. Engineering costs were 
assumed to bc $O.O4/ft. (2,000 ft./hr. (8 $ 7 5 h . ) ,  which is simpler than copper engineering because tasks 
involve route layout with construction forces reporting “as built” conditions. 

43 National Regulatory Research Instilute. 

$0.62. InstaHed costs per foot were 
S0.037lfiber; Underground = E 1.02 f S0.03Ufiber; Average all types = $0.96 + SO.OSZ/fiber. 

Buried fuctd cost per foot was reduced by $0.88, and underground fixed cost per foot was reduced by 
follows: Buried = $0.97 + S0.0301fiber; A d  = $0.88 + 
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The following chart represents the default values used in the model HA[ ver. 5.1, plus a comparison with 
HA1 ver. 5.0a and the NRRI !;tudy. 

_ _ _ _  
FLbmr Cmblm I n s l a l k d  Cast  

. I_..." ..... ....... .................. " -. -- - - 

.- 

4.4.14. Number of Strands per ADM 
Definition: The number of iaterofice fiber strands connected to the ADM in each wire center. 
Default Vatue: 

Support: This is the standard number of strands required by an ADM. it provides for redundant 
transmission in both directions around the interoffice film ring. 

4.4.15. Interoffice Structure Percentages 
Definition: The relative amounts of different structure types supporting interoffice transmission facilities. 
Aerial cable is attached to telephone poles or buildings, buried cable is laid directly in the earth, and 
underground cable runs through underground conduit. Aerial and buried percentages are entered by the 
user; the underground hct ion  is then computed. 

Default Values: 

Support: These are average figures that reflect the judgment of a team of outside plant experts regarding 
the appropriate mix of density zones applicable to interoffice transmission facilities. 
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4.4.16. Transport Placement 
Definition: The cost of fiber cable sti'~ctures used in the interofice mansmission system. 

Defau I t Values: 

Transport Placement, per foot FiqsEj 
Support: Structures doser to the ceniral ofice are normally shared with feeder cable. Additional 
structures at the end of feeder routes may be required to complete an interoffice transport path. Since 
distances farther from the central office normally involve Iower density zones, average structure costs 
appropriate for lower density zones ant reflected in the default vaiues. A default value for Buried 
representing the Iower density zones is used, while a consewativety higher value is used for Conduit, 
representing the default value expected in a 850-2,550 line per square mile density zone. 

4.4.17. Buried $heath Addition 
Definition: The cost of dual sheathing for additional mechanical protection of fiber interoftice transport 
cable. 

Default Value: 

Support: pOTE: The dkcussion Irr Sectbn 3.23. [Fiber Feeder] Is reproduced here for ease of use) 

Incremental cost for mechanical sheath prowtion on fiber optic cable is a constant per foot, rather than the 
ratio factor used for copper cable, beciiuse fiber sheath i s  approximately X inch in diameter, regardless of 
the number of fiber strands contained in the sheath. The incremental per foot cost was estimated by a team 
of experienced outside plant experts who have purchased millions of feet of fiber optic cable. 

4.4.18. Interoffice Conduit, Cost and Number of Tubes 
Definition: The cost per foot for interofice fiber cable conduit, and the number of spare tubes (conduit) 
placed per route. 

Default Values: 

Support: I;r(rOTE: TlCe dhcussborro 1~ Sections b4.3. and 244. [DrsaiQrrtion] are reproduced here for 
erne of us&) 
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Conduit Cost Der foot: 
Several suppliers were contacted for material prices. Results are shown below. 

Duct Materlal Cost per foot 

I 
Duct 

Material 
Cost per 

foot 

$0.30 

The labor to place conduit in trenches is included in the cost of the trench, not in the conduit cost. 

Under the Model’s assumptiotis, a relatively few copper cables serving short distances (e.g., less than 9,000 
It. feeder cable length), and one or more fiber cables to sewe longer distances, will be needed. Since h e  
number of cables in each of the four feeder routes is relatively small, the predominant cost is that of the 
wench, plus the material cost c d  et few additionai 4“ PVC conduit pipes. No additional allowance is 
necessary for stabilizing the conduit in the bench. 

&are Tubes rn r Route: 
“A major advantage of using conduits is the ability to reuse cable spaces without costly excavation by 
removing smaller, older cablels and replacing them with larger cables or fiber facilities. Some companies 
reserve vacant ducts for maintenance purposes.”45 Version 5. I of the HA1 Model provides one spare 
maintenance duct (as default) in each conduit run. In addition, if there is also a fiber feeder cable along 
with a copper feeder cable in Ihe run, an additional maintenance duct (as a default) is provided in each 
conduit run to facilitate a f i k r  cable replacement at the same time a copper cable replacement may be 
required. 

4.4.19. Piullbor Spacing 
m i t i o n :  Spacing between pullbxes in the interofice portion of the nehvork. 

Bellcore, BOC Notes on tho Networks - 1997, p. 12-46. 
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Default Value: 
Pullbox Spaclng t 2,000 feet 

Support: PUTE: The discussion in Section 3.2.2. IFeederf ir reproduced here for euse of use.] 

Unlike copper manhole spacing, the spacing for fiber pullboxes is based on the practice of coiling spare 
fiber (slack) within pullboxes to facil it~e repair in the event the cable is cut or otherwise impacted. Fiber 
feeder pullbox spacing is not a function of the cable reel lengths, but rather a hnction of length o f  cable 
placed. The standard practice during tlhe cable placement process is to provide for 5 percent excess cable to 
facilitate subsurface relocation, lessen potential damage from impact on cable, or provide for ease of cable 
splicing when cable is cut or damaged.& It is common practice for outside plant engineers to require 
approximately 2 slack boxes per mile. 

4.4.20. Pullbox Investment 
Definition: Investment per fiber pullbox in the interoffice portion of the network. 

Default Value: 
Pullbox Investment I 

$500 

S ~ p p ~ r t :  POTE: The dlscusslon br Sectwn 3.7. [Fiber Feeder] LF reproduced here for ease of use.) 

The information was received verbally from a Vice President of PenCell Corporation at heir Supercom '96 
h t h .  He stated a price of approximately $280 for one of their larger boxes, without a large corporate 
purchase discount. Including installation, HM 5. I uses a default value of $500. 

4.4.21. Pole Spaicing, Interofice 
Definition: Spacing hetween poles supporting aerial interofice fiber cable. 

Default Value: 

I Pole Spacing, Interoffice I 
I-- -- 150 feet I 

Support: This is a representative figure accounting for the mix of density mnes applicable to interofice 
transmission facilities. 

4.4.22. InteroMiice Pole Material and Labor 
Definition: The installed cost of a 40' Class 4 treated southern pine pole. 

CommScope, Cab!e Construction Manual, 4 I h  Edition, p. 75. 46 
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Defa u It Values: 

I Polr Investment 

Materials 
Labor 
Total 

$20 1 

$417 

Supporl: {NOTE: The discussion in Section 2.4. I .  /Dlrtribution] is reproduced here for ease of use. 
Refer to Section 2.41. /Dtktributionl for material, labor ond total pole investment as depicted in a 
cornpilafion of pole dutu chm* thd has recenfly been pled by large telephone companies with the FCC.] 

Pole investment is a function ofthe material and labor costs of placing a pole. Costs include periodic down- 
guys and anchors. Utility polr:s can be purchased and installed by empIoyees of ILECs, but are frequently 
placed by contractors. Several sources revealed the following information on prices. 

- . . ,- - r Pole Investment 

$1,200 1 
$1,000 

$800 

8 $600 
0 

$4400 

$2200 

Y 

. .. . .. . t 
. _  I-- _. 

_____________._ .___._____________ t - - - - -  

1 

Pole Mati Pole Labor: Rural Pok tabor: Pole Investment: 

i (incl FCC data) (wlo FCC data) Suburban Total 
(wlo FCC data) (incl FCC data) ! 

The exempt material load on direct labor includes ancillary material not considered by FCC Part 32 as a 
unit of plant. That includes items such a5 downguys and anchors that are already included in the pole 
placement labor cost. The steel strand run between poles is likewise an exempt material item, charged to 
the aerial cable account. The cost of steel strands is not included in the cost of poles; it is included in the 
installed cost of aerial cable. 

4.4.23. Fraction of Interoffice Structure Common with Feeder 
Definition: The percentage of smcture supporting interoffice transport faciiities that is also shared by 
feeder facilities, expressed as a fmction of the smaller of the interoRce and feeder investment for each of 
the three types of facilities (Le., aeriaI, buried and underground are treated separately in calculating the 
amount of sharing). 
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Defau It Value: 

Buried 

.33 

I FralAon of InterOtcIce Structure Common I VAth Fwder 

Underground 

.33 

75 I 
Support: Interoffice transport faciiitks will almost always follow feeder routes which radiate from each 
central office. Typically only a small distance between adjacent wire centers is not traversed by a feeder 
route; for this distance, structure is appropriately assigned exclusively to interoffice transport. In the 
opinion of a team of outside plant engineers, the additional structure required exclusively for interoffice 
transport is no more than 25 percent of the distance. Therefore, 75 percent of the interoffice route is 
assumed by the HM 5 .  I to be shared with feeder cables. 

4.4.24. Interoffice Structure Sharing Fraction 
Definition: The fraction of investment in interoffice poles and trenching that is assigned to ILECs. The 
remainder is attributed to other utilitie!;/carriers. 

Support: The structure sharing with other utilities covered by this parameter involves the portion of 
interoffice smcture that i s  not shared with feeder cable. Sharing with other utilities is assumed to include at 
least two other occupants of the struchrre. Candidates for sharing include electrical power, CATV, 
competitive long distance carriers, competitive IocaI access providers, municipal services and others. See 
also Appendix B. 

.. 

HA1 Model Release 5.1 Inpub Portfolio Page 106 



HA1 Consulting, Inc. 

Llne she 

&I ,000 

1 ,ooo-1o,oO0 

4.5. TRANSMISSION PAMMETERS 

Fraction 

0.65 

0.65 

4.5.1. Operator Traffic Fraction 
Definition: Fraction of traffic that requires operator assistance. This assistance can be automated or 
manual (see Operator Intervetition Fraction in the Operator Systems section below). These fractions may be 
varied by switch line size if the user has access to such information, in order to reflect possible differences 
between mfic characteristics for different demographic situations, such as a lower incidence of operator- 
assisted traflk in rural areas where smaller switches are typically deployed 

Default Value: 

Operator Trafflc Fndion t Una size I F r a d i o n 

1,000-10,000 

10,000-40,000 

Support: Industry experience and expertise of HAL 

4.5.2. Taltal Interoffice Traffic Fraction 
Deflsition: The fraction of a11 cails that are completed on a switch other than the originating switch, as 
opposed to calls completed within a single switch. These fiactions may be varied by switch line size if the 
user has access to such infomiation, in order to reflect possible differences between traffic characteristics 
for different demographic situations, such as a lower incidence of interoffice calls in ntral areas where 
smaller switches are typically deployed. 

Default Value: 

I 10,000-40,000 I 0.65 1 
I 40,000+ I 0.65 I 

Support: According to E n m i  Tabit 4-5, p. 125, the most recent 
information source found to date, the percentage of calls that are interoffice calls ranges from 34 percent for 
rural areas to 69 percent for urban areas. Assuming weightings according to the t y p i 4  number of lines per 
wire center for each environment (urban, suburban, rural), these figures suggest aa overall interoffice M c  
hct ion  of approximately 65 percent. 
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4.5.3. Maximum Trunk Occupancy, CCS 
Definition: The maximum utilization of a trunk during the busy hour. 

Default Value: 

Maximum Trunk Occupancy, CCS F M  
Support: AT&T Capacity Cost Study 

4.5.4. Trunk Port Investment, per End 
Definition: Per-tnmk equivalent invemnent in switch trunk port at each end of a W. 

Default Value: 
Tnrnk Investment, per end 1 - 1 1  

Support: AT&T Capacity Cost Study!’ HA1 judgment is that S 100 is for the switch port itself. 

4.5.5. Direct-Raluted Fraction of Local InterofFce Traffic 
Definition: The amount of local interoffice traffic that is directly muted between originating and 
terminating end ofices as opposed to king routed via a tandem switch. These hctioos may be varied by 
switch line size, if the user has access la such information, in order to reflect possible differences between 
traffic characteristics for different demographic situations, such as a higher incidence of traffic routed via 
tandem switches in rural areas where simalIer switches are typicalIy deployxi. 

Default Value: 

I 0-1 ,ooo I 0.98 I 

1 10,0004,ooo I 0.98 I 

Support: The direct routed fraction of local interofice is based on data filed by the LECs in response to an 
FCC data request issued in Docket 80-286: In the Matter cfArnenhent of Part 36 ofthe Commission ‘s 

“ Blake, et al., “A Study of AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, p.4. 

Biake, et al., “A Study of AT&T’s C:ompetitors’ Capacity to Absorb Rapid Demand Growth,’’, p. 7. 
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Line size t- 0-1,OOO 

Rules and Establishment of a Joint Board, Docket 80-286, Order, December I ,  1994,9 FCC Rcd 7962 
(1994). See Universal Service Fund Data Request, File 1 of 4, page 8 of 1 I ,  9 FCC Rcd 7962,7976. 

Fractlon 

0.20 

4.5.6. Tandem-Routed Fraction of Total IntraLATA Toll Traffic 
Definition: Fraction of intraL,ATA toll calls that are routed through a tandem. These fractions may be 
varied by switch line size, if the user has access to such information, in order to reflect possible differences 
between traffic characteristics for different demographic situations, such as a higher incidence of trandem- 
routed mafic in rural areas where smaller switches are typically deployed. 

1,000-10,000 t 10,000-40,000 

Default Value: 

0.20 

0.20 

I Tandem-Routed Fractlon of Total IntralATA foil I Trafflc 

I 40,000+ 0.20 I 
- - . . -. - 

Support: The tandem routed hction of total htraLATA toll traffic is based on data filed by the LECs in 
response to an FCC data request issued in Docket 80-286: In the Matter of Amenhen: of Parr 34 of the 
Commission 's Rules and Establishment of a Joint Board, Docket 80-286, Order, December 1, 1994,9 FCC 
Rcd 7962 ( 1994). See Universal Service Fund Data Request, File 1 of 4, page 8 of 1 1,9 FCC Red 7962, 
7976. 

4.5.7. Tandem-Routed Fraction of Totaf InterLATA Traffic 
Definition: Fraction of interLATA (IXC access) calls that are routed through a tandem instead of directly 
to the IXC. These fiactions may be varied by switch line size, if the user has access to such information, in 
order to reflect possible differences between traffic characteristics for different demographic situations, 
such as a higher incidence of wandem-routed traffic in rural areas where smaller switches are typically 
depIo y ed. 

Default Value: 

I 4o,OOo+ I 0.20 I 
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Support: The tandem routed fraction of total interLATA traffic is based on data filed by the LECs in 
response to an FCC data request issued in Docket 80-286: In  the Matter of Amendment of Part 36 of the 
Commission ’s Rules and Esrablishmer;lt of a Joint Board, Docket 80-286, Order, December I ,  1994,9 FCC 
Rcd 7962 (1994). See Universal Service Fund Data Request, File 1 of 4, page 8 of I I ,  9 FCC Rcd 7962, 
7976. 

4.5.8. POPS per Tandem Location 
Definition: The number of IXC point:; of presence requiring an entrance facility, per LEC tandem. 

Default Value: 

POPs per Tandem Locatlon E! 
Support: An assumption that envisions POPs for three principal IXCs plus two smaller carriers associated 
with each LEC tandem. 

4.5.9. Threshold Value for Off-Ring Wire Centem 
Definition: The threshold value, in lhl:s, that determines whether a wire center should be included in ring 
calculations and therefore be a candidate to appear on (that is, be directly connected to) a ring. Wire 
centers whose size falls below the threshold will not be appear on a ring, but will be connected via a 
redundant point-point Iink to the tandem switch or via a redundant “spur” to the nearest wire center that is 
on a ring. Transmission equipment in such cases consists of terminal multiplexers and not ADMs. This 
parameter only appIies to companies that own and operate a local tandem switch. 

Deholt Value: 

Support: Ey setting this value to 1, all switches are candidates for being part of a ring. The algorithm that 
calculates ring configurations includes a test to ensure it is economic to incur the cost of terminal equipment 
required to be on the ring. Therefore, no other arbitrary limitation is required, although it is still provided to 
study the effect of an ILEC imposing such a limitation. 

4.5.10. RemoteHost Fraction of Interoffice Traffic 
Definition: Fraction of local direct traftk assumed to flow h m  a remote to its host switch. 

Dttrult Value: - 
Rem#& - Host Fractlon of Interoflee T M k ,  

Rerneta 

0.10 - 
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Support: Based on HA1 judgment. 

4.5.1 1. H[ost-Remote Fraction of Interoffice Traffic 
Definition: Fraction of local direct traffic assumed to flow from a host to its remotes. 

Default Value: 

I Host - Remote Fraction of Interoffice Traffic, I Host 

0.05 

Support: Based on HA1 judgment. 

4.5,12. Maximum Nodes per Ring 
Definition: Maximum number of ADMs that are permitted on a single ring. 

Default Value: 

I Maximum Nodes per Ring 1 
16 

Support: Buffering and othelr internal delays in adddrop multiplexers (ADMs) ultimately limit the number 
of ADMs that can constitute ii SONET ring. A 16-node limit is a typical value.“ 

4.5.13. Ring Transiting Traffic Factor 
Definition: An estimated factor, representing the fraction of traffic that flows fiom one ring to another by 
way of a third, or “mnsit,” ri:ng. 

Default Value: 

I FUng Trsnsltlng Trafflc Factor 1 
0.40 

Support: Based on HA1 jud,gernent of the amount of traffic &ween wire centers on different rings versus 
total interofice mfic and thl: number of rings that must be msited between the originating and 
terminating wire center. 

49 Fujitsu, Network Design Fleatures, FJTU-320-560-100, Issue 3, Revision I ,  December 1995, p.11, 

HA1 Model Release 5.1 
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4.5.14. Intertandem Fraction of Tandem Trunks 
Definition: A factor used to estimate the number of additional tandem trunks required to carry intertandem 
traffic. 

Default Value: 
1 Intertandem Fraction of Tandem tnrnks I 
I---- 0.10 1 

Support: Based on HA1 judgement. 
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4.6. TANDEM !SWITCHING 

4.6.1. Real Time Limit, BHCA 
Definition: The maximum niimber of BHCA a tandem switch can process. 

Default Value: 

Support: Industry experience and expertise of HAL These numbers are well within the range of the BHCA 
limitations NORTEL supplies in its Web site. See 4.1.1. 

4.6.2. Port Limit, Trunks 
Definition: The maximum number of trunks that can be terminated on a tandem switch. 

Default Value: 

I Port Limit, Trunks 1 
I 100,000 I 
-. .. 

Support: AT&T Updated C,apacity Cost Study.'' 

4.6.3. Tradem Common Equipment Investment 
Definition: The amount of investment in common equipment for a large tandem switch. Common 
Equipment is the hardware arid software that is present in the tandem in addition to the trunk termhatiom 
themselves. The cost of a taridem is estimated by the HA1 Model as the cost of common equipment plus su 
investment per trunk terminated on the tandem. 

Default Value: 
Tandem Common Equipment Investment 

I $1,000,000 I 
Support: ATgLT Capacity Cost Study? 

4.6.4. Maximum Trunk Fill p o r t  Occupancy) 
Definition: The fraction of Ihe maximum number of trunk ports on a tandem switch that can be utilized 

'* Brand, T.L., Hallas, G.A., et al.. "An Updated Study of AT&T's Competitors' Capacity to Absorb wid 
Demand Growth", April 19, 1995, p. 9. 

'' Blake, et. al., "A Study of AT&T's Competitors' Capacity to Absorb Rapid Demand Growth", p.9. 
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Default Value: 

Mimxlmum Trunk Fill (port occupancy) F=F=j 
Support: This is an HA1 estimate, based on consultations with AT&T and MCI subject matter experts. 

4.6.5. Maximum Tandem Real Time Occupancy 
Definition: The fraction of the total cnipacity (expresses as the real time limit, BHCA) a tandem switch is 
allowed to carry before an additional switch is provided. 

Defa uft Value: 
Maximum Tandem Real Time Occupancy tw 

Support: Bell Communications Research, LATA Swifching Syslems Generic Requiremenrs, Section 17: 
Traffic Capacity and Environment, TR-TSY-0005 17, Issue 3, March 1989, figure 17.5- 1, p. 17-24. 

4.6.6. Tandem Common Equipment Intercept Factor 
Definition: The multiplier of the common equipment investment input that gives the common equipment 
cost for the smallest tandem switch, allowing scaling of tandem switching investment according to mnk 
requirements. 

Default Value: 

Tandem Common Equipmmt lntsrcept F F l  
Support: Value selected to allow tandem common equipment investment to range from $500,000 to 
$ I,OOO,OOO which is the appropriate range based on expertise of HAI. 

4.6.7. Entrance Facility Distance from Serving Wire Center & IXC 
POP 

Definition: Average length of ~ connecting an IXC POP with the wire center that serves it. 

Default Value: 

I I Entance Facility Dhtance from Sewing W h  
c a m  a IXC POP 

0.5 miles I 
Support: Value selected in recogniticin of the fact that IXCs typically locate POPS close to the serving wire 
center to avoid long cable runs. 
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4.7. SIGNALING 

4.7.1. STP Link Capacity 
Definition: The maximum number of signaling links that can be terminated on a given STP pair. 

Default Value: 
Sf? Link Capacity 

720 

Support: ATBLT Updated Capacity Cost Study .52 

4.7.2. STP Maximum Fill 
Definition: The fraction of maximum links (as stated by the STP link capacity input) that the model 
assumes can be utilized befori: it adds another STP pair. 

Default Value: 
STP Maximum Fill 1 1  

Support: The STP maximum fill factor is based on HA1 engineering judgment and is consistent with 
maximum link/port fill leveh throughout HM 5 .  I .  

4.7.3. SIT’ MaKimurn Common Equipment Investment, per Pair 
Definition: The cost to purchase and install a pair of maximum-sized STPs. 

Default Value: 

Support: ATBLT Updated Cilppacity Cost Study ?’ 

4.7.4. STP Minimum Common Equipment Investment, per Pair 
Definition: The minimum investment for a minimum-capacity STP, i.e.: the fixed investment for an STP 
pair that serves a minimum nimber of links. 

’* Brand, et al., “An Updated Study of AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 26. 

’’ Brand, et al., “An Updated Study of ATkT’s Competitors’ Capacity to Absorb Rapid Demand 
GrowtW,p. 26. 
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Default Value: 

Support: It is necessary to allow the scaling of STP common equipment for smaller STPs that in some 
configuration are sufficient for local exhange carriers. The minimum STP common equipment investment 
cost is an HA1 judgment of the lower end of the range of common equipment investment. 

4.7.5. Link Termination, Both Ends 
Definition: The investment required for the transmission equipment that terminates both ends of an SS7 
signaling link. 

Default Value: 
Llnk Termination, Both Ends E B  

Support: AT&T Updated Capacity Cost Study.54 

4.7.6. Signaling Link Bit Rate 
Definition: The rate at which bits are transmitted over an SS7 signaling link. 

Deiault Value: 

Support: The AT&T Updated Capacity Cost Study, and an SS7 network industry standard.’5 

4.7.7. Link Occupancy 
Definition: The €radon of the maxhium bit rate that can be sustained on an SS7 signaling link. 

Default Value: 

Support: AT&T Updated Capacity Cost Study .’* 

Brand, et al., “An Updated Study ofAT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 26, 

” B m d ,  et a]., “An Updated Study of ATBtT’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 25. 
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4.7.8. C ILink Cross-Section 
Definition: The number of C-links in each segment connecting a mated STP pair. 

Default Value: 

I C Link Cross-Sectlon I 
I 24 - 1  

Support: The input was derived assuming the 56 kbps signaling links between STPs are normally 
transported in a DS-1 signal, whose capacity is 24 DS-Os. 

4.7.9. IS’UP Messages per Interoffice BHCA 
Definition: The number of Integrated Services Digital Network User Part (ISUP) messages associated with 
each interofice telephone call attempt. Switches send to each other ISUP messages over the SS7 network 
to negotiate the establishment of a telephone connection. 

Default Value: 
I ISUP messages per tnteroffice BHCA I 

6 

Support: AT&T Updated Capacity Cost Study?’ 

4.7.10. ISUP Message Length, Bytes 
Deflnitlon: The average number of bytes in each ISUP (ISDN User Part) message. 

Default Vniue: 

Support: Bellcore Technical Reference TR-N WT-0003 17, Appendix A, shows that 25 bytes per message 
is a conservatively high figuw. Northern Telecom’s DMS-STP productlservice information booklet shows 
an average ISUP message length of 25 bytes.” Therefore a default value of 25 average bytes per message 
is appropriate for use in the HA1 Model. 

Brand, et al., “An Updated Study of ATCT’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 24. 

’’ Brand, at al., “An Updated Study of ATgtT’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 25. 

’’ Northern Telecorn, DMS-BTP Planner 1995, ProductlService Information, 57005.16, Issue 1,  April, 
1995, p. 13. 
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4.7.11. TCAP Messages per Transaction 
Definition: The number of Transactio11 Capabilities Application Part (TCAP) messages required per 
Service Control Point (SCP) database cluery. A TCAP message is a message between a switch and a 
database that is necessary to provide this switch with additional information prior to setting up a call or 
completing a call. 

Default Value: 

TCAP Messages per Transaction t f l  
Support: AT&T Updated Capacity Cost Study .J9 

4.7.12. TCAP Message Length, Bytes 
Definition: The average length of a TCAP message. 

Defau It VI h e :  

TCAP Message Length F F l  
Support: Bellcore Technical Reference TR-NWT-0003 17, Appendix A, shows that 100 bytes per message 
is a conservatively high figure. Northern Telecom’s DMS-STP productkrvice information booklet shows 
an average TCAP message length of 81; bytes.” 

4.7.13. Fraction of BHCA Requiring TCAP 
Definition: The percentage of BHCAr that require a database query, and thus generate TCAP messages. 

Default Value: 
. 

I F n e t i o n  of BHCA Requidng TCAP 1 
0.10 

Support: The AT&T Updated Capaci;ty Cost Study assumes that 50% of all calls require a database query, 
but that is not an appropriate number to use in the HM because a substantial fraction of IXC calls are toll- 
h e  (800) calls!’ When reduced to reflect the fact that a large majority of calls handled by the LECs are 
local calls that do not require such a dtitabase query, the 50% would be less than 10%; HA1 has used the 
10% default as a conservatively high estimate. 

’’ Brand, et al., “An Updated Study of AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 25. 

DMS-STP Planner 1995, p. 13. 

6 1  Bmd, et al., “An Updated Study of AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, 
p. 25. 
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4,7.14. SCP Investment per Transaction per Second 
Definition: The investment in the SCP associated with database queries, or transactions, stated as the 
investment required per transaction per second. For example, if the default of $20,000 is assumed, an SCP 
required to handle 100 transactions per second would require a 2 million dollar ($20,000 times 100) 
investment. 

Defau It Value: 
SCP Investment per Transaction, per Second 

$20,000 

Support: AT&T Updated Caipacity Cost Study uses a default value of $30,000 from the 1990 study, but 
notes that this is “conservatively high because of the industry’s advances in this area and the resulting 
decrease in technology costs shce the 1990 study.” ‘‘ The default value used in the HM represents the 
judgment of HA1 as to the reduction of such processing costs since then. 

Brand, et al., “An Updated Study of AT&T’s Competitors’ Capaciry to Absorb Rapid Demand Growth”, 
p. 27. 
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4.8. OS AND PUBLIC TELEPHONE 

4.8.1. Investment per Operator Position 
Definition: The Investment per compiiter required for each operator position. 

Default Value: 
Investment per operator Position 1 

$6,400 I 
Support: Based on AT&T experiencr: in the long distance business. 

4.8.2. Maximum Utilization per Position, CCS 
Definition: The estimated maximum limber of CCS that one operator position can handle during the busy 
hour. 

Deiault Value: 

I Maximum Utilization per Position I 
I 32 CCS 1 

Support: Industry experience and expertise of HA1 in conjunction with subject matter experts. 

4.8.3. Operator Intervention Factor 
Definition: The percentage of all operator-assisted calls that require manual operator intervention, 
expressed as I out of every N calls, where N is the value of the input. Given the default values for operator- 
assisted calls, this parameter means that 1 / I  0, or 1 Who, of the assisted calls actually require manual 
intervention of an operator, as opposed to outornard operator assistance for credit card verification, etc. 

Default Value: 

Operator Intenrention Factor t c  
Support: Industry experience and expertise of HAI. 

4.8.4. PubIic Trilepbone Equipment Investment per Station 
Definition: The weighted average cost of a public telephone and pedestal (coinlnon-coin and 
indoorloutdoor). 
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DehuIt Value: 

Public Telephone Equipment InvWment, per W o n  E $780 

Support: New England Incremental Cost Study.” 

New England Telephone Company, “ I  993 New Hampshire Incrementa1 Cost Study-, p. 90. 
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4.9. IC0 PARAMETE,RS 

4.9.1. IC0 STP Investment, per Line 
Definition: The surrogate value for equivalent per line investment in STPs by a small independent 
telephone company (ICO), that is used. in lieu of calculating it directly in the model. 

Default Value: 

~ C O  STP Investment per Line 1 
$5.50 

Support: The average STP investment per line estimated by the HA1 Model for all states, with 20 percent 
added to reflect the higher cost a small IC0 is likely to encounter. 

4.9.2. IC0 Local Tandem Investment, per Line 
Definition: The surrogate value for the per line investment in a local tandem switch by a small independent 
telephone company (ICO), that is used in lieu of calculating it directly in the model. 

Default Value: 
Pw Llne IC0 Local Tandem tnvesbnent k k l  

Support: The average local tandem investment per line from the HA1 Model, with 20 percent added to 
reflect the higher cost a small I C 0  is likely to encounter, due to its character of use. 

4.9.3. IC0 OS 'Tandem Investment, per Line 
Definition: The surrogate value for fhe per line investment in an *rator Services tandem switch by a 
small independent telephone company (ICO),thst is used in lieu of calculating it directly in the model. 

Default Value: 

Support: The average OS tandem investment per line fiom the HAI Model, wrth 20 percent added to 
reflect the higher cost a small I C 0  is likely to encounter, due to its character of use. 

4.9.4. IC0 SCl? Investment, per Line 
Definition: The surrogate value for Iha per line investment in a SCP by a small independent telephone 
company (ICO), that is used in lieu o:Tcalculathg it directly in the model. 
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Default Value: 
- .  

Per Line IC0 SCP lnvwtment 

$2.50 

Support: The average SCP irnestment per line from the HA1 Model, with 20 percent added to reflect the 
higher cost a small IC0 is likely to encounter, due to its character of use. 

4.9.5. I C 0  STP/SCP Wire Center Investment, per Line 
Definition: The surrogate value for the per line investment in an STP/SCP wire center by a small 
independent telephone company (KO), that is used in lieu of calculating it directly in the model. 

DefauY Value: 

Support: The average STPlSCP wire center investment per line from the HA1 Model, with 20 percent 
added to reflect the higher cost a small I C 0  is likely to encounter, due to its character of use. 

4.9.6. I C 0  Local Tandem Wire Center Investment, per Line 
Definition: The surrogate vahe for the per line inveslment in a local tandem wire center by a small 
independent telephone company (KO), that is used in lieu of calculating it directly in the model. 

Default Value: 

Support: The average local tandem wire center invesment per line from the HA1 Model, with 20 percent 
added to reflect the higher cost a smalI 1CO is likely to encounter, due to its character of use. 

4.9.7. I C 0  OS Tandem Wire Center Investment, per Line 
Definition: The surrogate value for the per line investment in a operator services tandem wire center by a 
small independent telephone company (ICO), that is used in lieu of calcdating it directly in the model. 

Default Value: 
F w t b  IC0 OS Tandem Wln Center 

Investment 

Support: The average OS tandem wire center investment per line fiom the HA1 Model, with 20 percent 
added to reflect the higher cost a small IC0 is likely to encounter, due to its character of use. 
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4.9.8. I C 0  C-Link / Tandem A-Link Investment, per Line 
Definition: The surrogate value for the per line investment in a C-link / tandem A-link by a small 
independent telephone company (ICO). that is used in lieu of calculating it directly in the model. 

Default Value: 
Per h e  IC0 GLlnk I Tandem ASLink 

Investment 

Support: The average C-Link I tandem A-link investment per line from the HA1 Model, with 20 percent 
added to reflect the higher cost a small IC0 is likely to encounter, due to its character of use. 

4.9.9. Equivalent Facility Investment per DSO, Constant Term 
Definition: The constant term, A, in the per-DSO surrogate facilities investment by an IC0 for dedicated 
circuits between an end ofice and tandlern switch belonging to the 80C (or other large LEC) on which the 
IC0 relies for interoffice connectivity. 

The Model computes the explicit investment required for facilities and terminal equipment connecting the 
I C 0  wire center with the nearest BOC (or other large LEC) wire center, then separately compute a per-DSO 
equivalent facilities investment in BOCYLEC dedicated circuits between the BOCLEC wire center and 
tandem in the form A + B {Miles fiom BOCLEC wire center to tandem). This parameter is the “A” term, 
while section 4.9.10 specifies the “ B  term. See also Section 4.9.1 1 for related terminal equipment 
investment. 

Default Value: 

Support: The default value is the nationwide average 3oC investment in the dedicated transport UNE (part 
of transport network elements) as caIcdated by the Model. Alternatively, the user can input the state- 
specific value hat results from runninj; the model for the BOC (or other large LEC) in question. 

4.9.10. Equivalient Facility Investment per DSO, Slope Term 
Dclinitioa: The slope term, B, in the px-DSO surrogate facilities investment by an I C 0  for dedicated 
circuits between an end office and tantiem switch belonging to the BOC (or other large LEC) on which the 
IC0 relies for interofice connectivity. 

The M&l computes the explicit inveiitment required for facilities and terminal equipment connecting the 
IC0 wire center with the nearest BOC (or other large LEC) wire center, then separately compute a per-DSO 
equivalent facilities investment in BOIYLEC dedicated circuits between the SOCnEC wire center and 
tandem in ?he form A + B (Miles h m  BOCLEC wire center to tandem). This parameter is the “B” term, 
d i l e  Section 4.9.9 sptcifies the “A” term. See also Section 4.9.11 for related terminal equipment 
invesmek 
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Default Value: 

Equivalent Facility Investment per OSO, Slope 

Term 


so 

Support: This parameter is set to $0 because the related constant term (discussed in Section 4.9.9) bears 
the entire cost of these facilities in the default case . 

4.9.11. Equivalent Terminal Investment per DSO 
Delinitioo: The per-DSO surrogate investment by a small ICO for term inal equipment used on dedicated 
circuits between an end office and tandem switch belonging to the BOC (or other large LEC) On which the 
ICO relies for interoffice connectivity. 

Default Value: 

Equivalent Terminal Investment per OSO 

$111.62 

Support: In addition to the equivalent facilities investment incurred by an ICO for the BOC end office to 
tandem dedicated circuits. the model uses this parameter to separately compute a per-DSO equivalent 
investment in the terminal equipment used on the dedicated circuits. The default value is the nationwide 
average BOC investment in the dedicated transmission terminal UNE (part of transport network elements) 
as calculated by the Model. Alternati vely, the user can input the state-specific value that results trom 
rwming the model for the BOC in question. 

4_10_ HOST - REMOTE ASSIGNMENT 

4.10.1. Host - Remote eLLI Assignments 
Delinitioo: An input form consisting of parameters that allow the user to specifY the set of host and remote 
wire centers, and establish the relationships between remotes and their serving host. using the CLL! codes 
of the respective switches. In the default mode, host and remote relationships are defined per the LERG 
and are included in the database such that they appear as pre-defUled (default) selections in the user 
interface. The user may create a scenario and change any of the default host-remote relationships. 

Default Value: 

Host - R8m0te elL! ASSignments 

Host-remote relationships defined per LERG 

Support: These parameters are provided to give the user the means to establish host-remote relationships 
different than those specified in the LERG. 
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4.10.2. Host - Remote Assignment Enable 
Definition: An option that, if enabled, instructs the model to perform switching calculations based on the 
host-remote relationships defined by Parameter 4.10.1. I f  enabled, 1) the investment in hosthemote 
combinations are distributed equally among all lines served by the combination, 2) the cost o f  umbilical 
t runks between remotes and hosts is modeled explicitly, and 3) the host and remotes will be connected on a 
local SONET ring. If disabled, the Model uses the price of an “amalgamated host-remote-standalone switch 
set using the parameters described in S1:ctions 4.1.9 and 4.1.10, and does not carry out the steps described 
in the previous sentence. 

Default Value: 
L H o r r t  - Remote Asslgnrnent Enable I 
1--- Enabled 1 

Support: Pnor users of the Model have most often enabled the host-remote assignment capability, and 
doing so is consistent with the requirements specified by the FCC. 

4.1 1. HOST - REMOTE INVESTMENT4.11.1. Line Sizes 
Definition: The line size designations used to specify the fixed and per line components of the total switch 
investments for stand aIone, host and n:rnote switches. The line sizes defme ranges of switch sizes over 
which the corresponding switch investment components, specified in Section 4.1 1.2, apply . 

Default Values: 

Support: The line size ranges resulting from these default values, for instance, 0 to 640 lines, ate 
considered by subject matter experts to be ranges within which the constant and per-line switch investment 
components are approximately fixed. ‘Those components may, however, change from one range to the next 
(See default values in Section 4.1 1.2). 

4.11.2. Fixed anld per Line investments 
Definition: The fixed and per Iine investments included in the function that calcuiates the total switching 
invcsmtnt as a function of switch line size for host, remote, and stand alone switches, expressed separately 
for BOCs and large independents and for small independents. The total investment function for each type 
of switch and each type of telephone company is assumed to have the form A + B L, where A is the fixed 
invcsment, B is the per-line inveslmait, and L is the number of lines. 

Default Values: 
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Support: The default values are assembled 
amalgam of host, remote and standalone switch investments. This system of derived costs does not reflect a 
detailed analysis of prices. The default values we computed Erom an amalgamated process, whereby the 
thee categories of switch investments are derived as a function of three representative curves, generated by 
separate line sire, and when considered together yield the same result as the cost function for amalgamated 
switches. 

a fonvard-looking basis and are derived from a forced 
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5. EXPENSE 

5.1. COST OF CAPITAL AND CAPITAL STRUCTURE 
Definition: The capital cost structure, including the debvequity ratio, cost of debt, and return on equity, 
that makes up the overall cost of capitril. 

Default Values: 
Cost of Capital 

Debt percent 0,450 
Cost of debt 0.077 

Cost of equity 0.1 19 

0.1001 
Cost of capital 

Support: Based on FCC-approved cost of capital methodology using 1996 financial data and AT&T and 
MCI-sponsored DCF and CAPM analyses calculating the RBOCs’ cost of capital. See, for example, 
“Statement of Matthew I .  Kahal Concerning Cost of Capital,” In the Matter of Rate of R e m  Prescription 
for Local Exchange Carriers,” Fite No. AAD95- 172, March 1 I ,  1996. See also AT&T ex parte filing of 
February 12, 1997, “Estimating the Cost of Capital of Local Telephone Companies for the Provision of 
Network Elements,” by Bradford Comell, September, 1996. 

Note, more recently available data indicate that the appropriate cost of capital to be significantly less than 
the default 10.0 1% figure used here. See, Submission of AT&T Corp. and MCI Worldcom, Inc., in CC 
Docket No. 98-166, “Prescribing the A.uthorized Unitary Rate of Return for Interstate Services of Local 
Exchange Carriers,” fited, March 16, 1999. 
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5.2. DEPRECLATIION AND NET SALVAGE 
Definition: The economic life and net salvage value of various network plant categories 

Default Values: - 
Plant Type 

motor vehides 
garage work equipment 
other work equipment 
buildings 
fu rn itu re 
office support equipment 
company camm. Equipment 
general purpose computers 
digital electronic switching 
opera tor sys terns 
digital circuit equipment 
public telephone term. Equipment 
poles 
aerial cable, metallic 
aerial mbb, non metallic 
underground cable, metallic 
underground cable, non mtallic 
buried cable, metallic 
buried cable, non metallic 
intrabuilding cable, metalk 
intrabuilding cable, non metallic 
conduit sytitems 

Economic Llfe 

8.24 
12.22 
13.04 
46.93 
15.92 

7.40 
6.12 
16.17 
9,41 
10.24 
7.60 

30.25 
20.61 
26.14 
25.00 
26.45 
21.57 
25.91 
18.18 
26.11 
56.19 

10.78 

Net Salvage % 

11 2 1  
-10.71 
3.21 
1.87 
6.88 
6.91 
3.76 
3.73 
2.97 
-0.82 
-1.69 
7.97 

-89.98 
-23.03 
-17.53 
-18.26 
-14.58 
-8.39 
-8.58 
-1 5.74 
- f 0.52 
-10.34 

Support: The default values are the weighted average set of projected depreciation lives, and net salvage 
percentages, corning &om 76 LEC study areas including all the BOCs, WET, Cincinnati Bell, and 
numerous GTE and United companies. Weighting is based on totaI lines per operating company. The 
projected lives and salvage values are determined in a triennial review process involving each state PUC, 
the FCC, and the LEC to establish unique state-~d-operating-company-specific depreciation scheduies. 
See, FCC Public Notice D.A. #'s 95-1635,93-970,96-1175,94-856,95-1712. NID, SAI, and drop lives 
are assumed to be 19.00 years, with no net salvage. 

5.3. EXPENSE .4SSIGNMENT 
Definition: The fiaction of a:rtain categories of indirect expenses, including the loop component of genera1 
s u p p t ,  as well as network oiperations, other taxes, and variable overhead, that are assigned to loop UNEs 
(distribution, concentrator, feeder and NID), and thus to universal service, on 3 per-line basis, rather than 
the default assignment based on the reIative proportions of the direct costs associated with these UNEs. 
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Default V d i i e  

I--- Gsneral Support LOOPS 

Furniture - Capital Costs 
~ Furniture - Expenses 

Office Equipment - Capital Costs 
Office Equipment - Expenses 
General Purpose Computer - Capital Costs 
General Purpose Computer - Expenses 
Motor Vehicles -Capital Costs 
Motor Vehicles - Eixpenses 
Buildings - Capital Costs 
Buildings - Expenises 
Garage Work Equipment - Capital Costs 
Garage Work Equipment - Expenses 
Other Work Equipment - Capital Costs 
Other Work Equipment - Expenses 
Notwork Operatlclns 
Other Taxes 
Varlabls Overhead 

assigned per line 
I_ 

0 %  
0 %  
0% 
0 %  
0% 
0% 
0 %  
0% 
0% 
0% 
0 % 
0 % 
0% 
0 %  
0 % 
0 K 
0% 

Support: the default assumption is that these costs are most appropriately assigned in proportion 
to the identified direct costs, not on a per-line basis. 

5.4. STRUCTURE SHARTNG FRACTIONS 

Definition: The fraction of investment in distribution and feeder poles and trenching that is assigned to 
LECs. The remainder is attributed to other utilitiedcarriers. 

Default Values: 

Density Zone 

0-5 
52Qo 

100-200 
2 0 0 - 6 5 0 
650-850 

850-2,550 
2,550-5,000 
5,Oa]-lO,Mx) 

fO,000+ 

Strveture Percent Assigned to Telephone Company 

-- 
Aerial 

50 
.33 
.25 
-25 
.25 
.25 
.25 
-25 
-25 

Buried 

-33 
.33 
.33 
.33 
.33 
.33 
-33 
.33 
.33 

Underground 

1.00 
.50 
-50 
-50 
-40 
-33 
.33 
-33 
.33 

Aerial 

-50 
.33 
.25 
.25 
.25 
2 5  
.25 
.25 
.25 

6uried 

.40 

.40 

.40 
-40 
.40 
.40 
.40 
-40 
.40 

Underground 

.50 
-50 
.40 
.33 
.33 
.33 
.33 
"33 
.33 
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Support: Industry experience and expertise of HA1 and outside plant engineers; Montgomery County, MD 
Subdivision Regulations Policy Relating to Grants of Location for New Conduit Network for the Provision 
of Commercial Telecommunications Services; Monthly Financial Statements of the Southern California 
Joint Pole Committee; Conwmations with representatives of local utility companies. See the structure 
sharing discussion in Appendix B. 
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5.5. OTHER EXPENSE INPUTS 

5.5.1. Income T.ax Rate 
Definition: The combined federat and state income tax rate on earnings paid by a telephone company. 

Default Value: 
Income Tax Rate 1 - 1 1  

Support: Based on a nationwide average of composite federal and state tax rates. 

5.5.2. Corporate Overhead Factor 
Definition: Forward-Iooking corporate overhead costs, expressed as a fraction of the sum of all capital 
costs and operations expenses calculated by the model. 

Default Value: 

Overhead Factor - -1 
10.4% 

Support: Based on data f?om AT&T"s Form M. See, also earlier ex parte submission by AT&T dated 
March 18, 1997 and Appendix C. 

5.5.3. Other Taxes Factor 
Definition: Operating taxes (primarily gross receipts and property taxes) paid by a telephone company in 
addition to federal and state income taxes. 

Default Vaiue: 
I Other Taxes Factor I 

5% 

Support: This is the average for all Tier I LECs, expressed as a percentage of total revenue. Revenue and 
tax data are taken from the 1996 ARMIS report 43-03. See, also Appendix B. 

5.5.4. Billing/Bill Inquiry per Line per Month 
Definition: 

The cost of bill genetation and billing inquiries for end users, expressed as an amount per line p month. 

HA1 Model Release 5 1  

_ _ _ _  
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Default Value: 

1 81111ng I Bill lfisuiw Der line mr month I 
1 $1.22 I 

Support: Based on data f0un.d in the New England Incremental Cost Study, section for billing and bill 
inquiry where unit costs are developed. This study uses marginal costing techniques, rather than TSLRIC. 
Therefore, billinghill inquiry specific fixed costs were added to conform with TSLRTC principles.M 

To compute this value from the NET study, the base monthly cost for residential access lines is divided by 
the base demand (lines) for both bill inquiry (p. 122) and bill production (p. 126). The resulting per-line 
values are added together to arrive at the total billinghill inquiry cost per line per month. 

5.5.5. Directory Listing per Line per Month 
Definition: The monthly cost of creating and maintaining white pages listings on a per Iine, per month 
basis for Universal Service Fund purposes. 

Default Value: 
1 Directory Listing per line per month I 
1 $0.00 I 

Support: Because the FCC and Joint Board have determined that white pages listings are not an element of 
supported Universal Service, his value is set to default to zero. HA1 estimates that the cost of maintaining 
a white page listing per line is SO. I5 per month. 

5.5.6. Forward-Looking Network Operations Factor 

Definition: The forward-looking factor applied to a specific category of expenses reported in ARMIS 
called Network Operations. Ihe factor is expressed as the percentage of current ARMIS-reported Network 
Operations costs per Iine. 

Default Value: 

I Fomard LookIng Netwurk Operations Factor I 
I 50% I 

Support: ARMIS-based network operations expenses are - by definition -- a function of telephone 
company embedded costs. A!; reported, these costs are artificially high because they reflect antiquated 
systems and practices that are more costly than the modern equipment and practices that the HA1 Model 
assumes will be installed on a forward-looking basis. Furthermore, today’s costs do not reflect much of the 
substantial savings opportunities posed by new technologies, such 
intranets, and the like. See Appendix D for a more detailed discussion of the savings opportunities 
associated with network openitions. 

new management network standards, 

64 New Engiand Telephone Company, “I993 New Hampshire Incremental Cost Study”, p. 122, 126. 
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5.5.7. A1ternat:ive Central Office Switching Expense Factor 
Definition: The expense to investment ratio for digital switching equipment, used as an alternative to the 
ARMIS expense ratio, reflecting fonvard looking rather than embedded costs. Thus, this factor multiplies 
the calculated investment in digital switching in order to determine the monthly expense associated with 
digital switching. This factor is not intended to capture the cost of software upgrades to the switch, as all 
switching sofhvare is  part of the capital value inputs to H M  5.1.  

Default Value: 

Alternative Central Office Switching Expense 

Support: New England Incremental Cost StUdy.6’ 

5.5.8. Alternsltiive Circuit Equipment Factor 
Definition: The expense to investment ratio for all circuit equipment (as categorized by LECs in their 
ARMIS reports), used as an alternative to the ARMIS expense ratio to reflect forward looking rather than 
embedded costs. 

Default Value: 
I A l t e m a t i v e  Circuit Equipment Factor 

I 0.01 53 I 
Support: New England incremental Cost 

5.5.9. End Office Non Line-Port Cost Fraction 
Definition: The fraction of the total investment in digitat switching that is assumed to be not related to the 
connection of lines to the switch. 

Default Value: 
E:nd Office Non line-Port Cost Fnctlon t 70% 

Support: This factor is an HA1 estimate of the average over several different switching technologies. 

‘’ New England Telephone C O ~ P M ~ ,  ‘I 1993 New Hampshire Incremental Cost Study”, p. 394 

66 New England Telephone Company, “1993 New Hampshire Incremental Cost Study”, p. 394 
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5.5.10. h4onthly LNP Cost, per Line 
Definition: The estimated cost of permanent Local Number Portability (LNP), expressed on a per-line, 
per-month basis, including the costs of implementing and maintaining the service. This is included in the 
USF calculations only, not the UNE rates, because it will be included in the definition of universal service 
once the service i s  implemented. 

Default Value: 

Support: This estimate is based on an ex parte submission by AT&T to the FCC in CC Docket No. 95- 
I 16, dated May 22, 1996. 

5.5.11. Carrier-Carrier Customer Service, per Line, per Year 
Definition: The yearly amount of customer operations expense associated with the provision of unbundled 
network elements by the L E G  to carriers who purchase those elements. 

Defau It Value: 
Carrier-Carrier Customer Sewice per line 

$1 -69 

Support: This calculation is based on data drawn from LEC ARMIS accounts 7 1 50, 7 1 70, 7 I90 and 7270 
reported by all Tier I LECs in 1996. To calculate this charge, the amounts shown for each Tier 1 LEC in 
the referenced accounts are summed across the accounts and across all LECs, divided by the number of 
access lines reported by those LECs in order to express the result on a per-line basis, and multiplied by 70% 
to reflect forward-looking efliciencies in the provision of network elements. See, also Appendix C. 

5.5.12. NID Expense, per Line, per Year 
Definition: The estimated annual NID expense on a per line basis, based on an analysis of ARMIS data 
modified to reflect forward-l,ooking costs. This is for the NID only, not the drop wire, which is included in 
the ARMIS cable and wire account. 

Default Value: 

NID Expense per line per year 

$1.00 
-. . 

Support: The opinion of outside plant experts indicate a failure rate of less than 0.25 per 100 lines per 
month, or 3 percent per year At a replacement cost of $29, this would yieid an annual cost of $0.87. 
Therefore, the current default value i s  conservatively high. 
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5.5.13. DS-OIDS-1 Terminal Factor 
Definition: The computed ratio for teiminal investment per DS-0 when provided in a DS-0 level signal, to 
terminal investment per DS-0 when provided in a DS- 1 level signal 

Default Value: 

I DS-O 1 DS-1 Terminal Factor I 
12.4 

Support:, This ratio is based on defadt transmission terminal investments specified in Section 4.4.1, 

5.5.14. DS-1DS-3 Terminal Factor 
Definition: The computed ratio for terminal investment per DS-0 when provided in a DS- 1 level signal. to 
terminal investment per DS-0 when provided in a DS-3 level signal. 

Default Value: 

Support: This ratio i s  based on default transmission terminal investments specified in Section 4.4.1 

5.5.1 5. Average Lines per Business Location 
Definition: The average number of business lines per business location, used to calculate NID and drop 
cost. This parameter should be set the same as 2.2.5. 

Default Value: 
Average Business Lines per Location t 4 

Support: POTE: The discussion in Section 2.2.5. [Distribution] is reproduced here for ease of use*) 

The number of lines per business location estimated by HA1 is  based on data in the 1995 Common Carrier 
Statisfics and the I995 Statistical Absfracf of the United States. 

HA1 Model Release 5.1 
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5.5.16. Average Trunk Utilization 
Definition: The 24 hour average utilization of an interofice trunk. 

Default Value: 

I Average Trunk Utilization I 
0.30 

Support: AT&T Capacity Cost Study.67 

Blake, et ai., “A Study of‘AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth”, p.4. 67 
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$6.00 

$6.00 

6. EXCAVATION AND RESTORATION 

67% $20.00 10% $10.00 

72% $30.00 12% $18.00 

6.1. UNDERGROUND EXCAVATION 
Definition: The cost per foot to dig 21 trench in connection with building an underground conduit sye :m 
facilitate the placement of underground cables. Cutting the surface, placing the 4” PVC conduit pipes, 
backfilling the trench with appropriatdy screened f i l l ,  and restoring surface conditions is covered in the 
following section titled, “Wndergroun,d Restoration Cost per Foot“. These two sections do not include the 
material cost of the PVC conduit pipe, which is covered under “Conduit Material Investment per foot”, and 
is affected by the number of cables placed in a conduit run, and the number of “Spare tubes per Route.” 

- 

Default Values: 

Underground Excavation Costs per Foot 

Nclrmal trenching Backhoe Hand Trench 

$1.90 45% $3.00 1% $5.00 

5-100 54% $1.90 45% $3.00 1% $5.00 

100-200 I 54% I $1.90 1 45% I 53.00 1 1% 1 $5.00 1 
200-650 1 52% 1 $1.90 I 45% 1 $3.00 1 1 $5.00 I 
650-850 52% $1.95 45% $3.00 $5,00 

850-2,550 50% $2.15 45% $3.00 $5.00 
.. . 

2,550-5,000 1 35% I $2.15 I 55% I $3.00 I 10% I $5.00 I 

Support: See discussion in Section 6.2. 

6.2. UNDERGROUN!D RESTORATION 
Definition: The cost per foot to cut I.he surface, place the 4” PVC conduit pipes, backfill the trench with 
appropriately screened fil l ,  and restote surface conditions. Digging a trench in connection with building an 
underground conduit system to facilitate the placement of underground cables is covered in the preceding 
section titled, “Underground Excavation Cost per Foot“. These two sections do not include the material 
cost of the PVC conduit pipe, which is covered under “Conduit Material Investment per foot”, and is 
affected by the number of cables placed in a conduit run, and the number of “Spare tubes per Route.” 
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Defau It VaIues: 

Note: Fraction K for Simple BacMill is the fraction remaining affersubhcting Asphaff % & Concrete % & Sod %. 
Fraction % for Conduit Pligcement & Stabilization fur Pavement is Asphafi % + Concrete %. 
Fraction % for Conduit Plimment & Stabilizafion for Dirt is Sod % + Simple BacMi//%. 

Support: The costs reflect 1 1  mixture of different types of placement activities. 

Note: Use of underground conduit structure for distribution should be infrequent, especially in the lower 
density zones. Although use: of conduit for distribution cable in lower density zones is  not expected, default 
prices are shown, should a user elect to change parameters for percent underground, aerial, and buried 
structure allowed by the HM: 5.1 model structure. 

Excavation and restoral costs are significantly higher in the two highest density zones to care for working 
within congested subsurface facility conditions, handling traffic control, work hour restrictions, concrete 
encasement of ducts, and atypical trench depths. 

A compound weighted cost for conduit excavation, placement and restoral can be calculated by multiplying 
the individual columns shown above and in the immediately preceding section, “Underground Excavation 
Costs per Foot”. Performing such calculations using the default values shown would provide the following 
composite costs by density zme. 

The percentages for Underground Excavation Costs total to 1 OO%, for Restoration (Asphalt f Concrete + 
Sod + Simple Backfill) total to loo%, and for Conduit Placement & Stabitintion total to loo%, since each 
is a discrete function. 
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2,550-5,000 

!j,OOO-I 0,000 
- 

i Underground Excavation, Restoration, 
and Condult Placement Cost per Foot 

$21 .SO 

$50.10 

Clenslty Zone I PecrDFSk I 
I $10.29 I 0- 5 

100-200 $10.29 

650-850 $1 1.88 

10,000+ I $75.00 I 

Costs for various trenching methods were estimated by a team of experienced outside plant experts. 
Additional information was obtained from printed resources68. Still other information was provided by 
several contractors who routinely perfonn excavation, conduit, and manhole placement work for telephone 
companies. Results of those inquiries are revealed in the following charts. Note that this survey 
demonstrates that costs do not vary significantly between buried placements at 24" underground versus 36" 
underground. Therefore the HAT Model assumes an average placement depth ranging from 24" to 36", 
averaging 30". 

Conduit placement cost is essentially the same, whether the conduit is  used to house distribution cable, 
feeder cable, interoffice cable, or otbx telecommunication carrier cable, including CATV 

$20.00 

$16.00 

$ $12.00 

ii 
$8.00 0 

$4.00 

$0.00 

Normal Trenching in Dirt with Backfill 

, -. .. . .. _I- 

Rura! 24" Rural 36" Suburban 24" Suburban 36" 

Martin D. Kiley and Marques AHln, eds., I997 National Construction Estimator 451h Edirion, pp. 12-1 5. 6H 

HA1 Model Release 5.1 Inputs Portfolio Page 140 



HA1 Consulting, Inc. 

Trenching in Pavement with Restoral 

$140.00 r 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  - 1  

~ _ - _  

. . .  . . . . . . . .  . . . . . .  

.... . . . . . . .  .... ........ 

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

. - - . . 

$1 ~~,~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 8 860.00 
0 

$40.00 

S20.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ l  . . . . . . . . . . . . . . . . .  --I-_ - , 

. . . . . . . . . . . . .  . . . . . .  

*V.UY 

Metro 24" Metro 36" 
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$2.15 10% 

$2.15 10% 

$6.00 10% 

$15.00 25% 

6.3. BURIED EXCAVATION 
Definition: The cost per foot to dig a. trench to allow buried placement of cables, or the plowing of one or 
more cables into the earth using a single or multiple sheath plow. 

$3.00 4% 

$3.00 5% 

$20.00 6% 

$30.00 10% 

Default Values: 

I Buried Excavation Costs per Foot -1 
PI C Normal I Backhoe 1 Hand 

'W I Trench 
Trench I Borecable 1 E; h 

1 
Plpd 

:able 

Per I Frac- I Per 1 F;; Per I Frae I 
Foot tion Foot tlon foot tlon 

$0,80 28% $1.90 10% $3.00 

Density 
Range 

0-5 

FMC. 
tion 

60% 

Per 
Foot 

$6.00 

5100 $0.80 1 28% I $1.90 1 10% 1 $3.00 1 :: 
$0.80 28% $1.90 10% $3.00 

$0.80 37% $1.90 10% $3.00 1% 

$5.00 I OK I $11.00 I 2% $6.00 

$6.00 

60% 

60% 

50% 

35% 

100-200 $5.00 0% $11.00 2% 

$5.00 0% $11.00 2% $6.00 200-650 

$0.80 I 51% 1 $1.95 1 10% I $3.00 I 2% $5.00 I 0% I $ l I . O O  I 2% 6 5 0 - 8 5 0 $6.00 

$6.00 

$6.00 
850-2,550 20% 9 

$10.00 5% $11.00 6% 
2,550-5,000 0% 

$6.00 5,000-1 0,000 
~ $18.00 I 5% 1 $18.00 I 6% $24.00 1 o,ooo+ 
flow %, Backhoe %, Hand Trench ! Vote: Fraction S 7 Y 

Support: See discussion in Section 6.4. 

6.4. BURIED INSTAILATION AND RESTORATION 
Definition: The cost per foot to push pipe under pavement , or the costs per foot to cut the surface, place 
cable in a trench, backfill the trench with appropriately screened fill, and restore surface conditions. 
Digging a trench in connection with placing buried cable is covered in the preceding section titled, "Buried 
Excavation Cost per Foot". 
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Oenstty Zone 
0-5 

Defau It Values: 

Per Foot 

$1.77 

I 8502,550 1 :i 1 $tj.OO 1 lt 1 $9.00 1 f 1 $1.00 
2,550-5,000 $KO0 $9.00 $1.00 
5,000-10,000 18% $18.00 8% $21.00 11% $1.00 
10.000+ 60% $30.00 20% $36.00 $1.00 

100-200 
200-650 
650-850 

850-2,550 
2,55@5,000 
5,000-1 0,000 
10,000+ 

Note: Note: Restoral is not required for plowing, boring, or pushing pipe & pu. 

$1.77 
$1.93 
$2.17 
$3.54 
$4.27 

$13.00 

$45.00 

Restoral 

30% I $0.15 I 27% 

ing cable. Fraction for Simple 3 :Mill is 
the fraction remaining aff er subtracting the Restoral Not Required fraction and the cNrestore activities fractions from 
100%. 

support: 
The costs reflect a mixture of different types of placement activities. 

Excavation and restoral costs are significantly higher in the two highest density zones to care for working 
within congested subsurface facility conditions, handling traffic control, work hour restrictions, and atypical 
trench depths. 

A compound weighted cost for conduit excavation, placement and restoral can be calculated by multiplying 
the individual columns s h o w  above and in the immediately preceding section, "Buried Excavation Costs 
per Foot". Performing such calculations using the default values shown would provide the following 
composite costs by density zone. 

I Buried Excavation, Installation, and I 
Restoration Cost per Foot 

cost 

1 51 00 I $1.77 I 

. ... 

HA1 Model Release 5.1 
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Costs for various excavation methods were estimated by a team of experienced outside plant experts. 
Additional information was obtained from printed resources69. Still other information was provided by 
several contractors who routinely perifom excavation, conduit, and manhole placement work for telephone 
companies. Results of those inquiries, are revealed in the following charts. Note that this survey 
demonstrates that costs do not vary significantly between buried placements at 24" underground versus 36" 
underground. Therefore the HA1 Mo,del assumes an average placement depth ranging from 24" to 36", 
averaging 30". 

88.00 

$6.00 

c 2 

; woo 
0 

$2 .m 

30.00 

Plow Cable 

Rural 24" Rural 3 6  Suburban 24" Suburban 36" 

69 Martin D. Kiley and Marques Allyn, eds., 1997 National Consfruction Estimator 451h Edition, pp. 12-15. 

HA1 Model Release 5.1 Inputs Portfolio Page 144 



HA1 Consulting, Inc. 

Normal Trenching in Dirt with Backfill 

$20.00 

$16.00 

U $ $12.00 

li 2 w.oo 

$4.00 

SO.00  

I 

. . . . . . . . . . . . . . .  - . . - . - . _ . . _ . . - 

. . - _. ... 

- 
Rural 24" Rural 36" Suburban 2 4  Suburban 3 6  

Trenching in Pavement with Restoral 

880.00 r 1 
1 . . . .  

820.00 

80.00 + I 
Metro or Cty 2 4  

depth 
Metro or Ctty 36" 

depth 
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6.5. SURFACE TEXTURE MULTIPLIER 

Definition: The increase in placement cost attributable to the soil condition in a main cluster and its 
associated outlier clusters, expressed ,as a multiplier of a fraction of all buried or underground structure 
excavation components in the clusters. The multiplier appears in the “Effect” column, and the fraction 
appears in the “Fraction of Cluster Affected” column. The surface conditions are determined from the CB 
io which the clusters belong. The tab:le lists effects in alphabetical order by Texture Code. 

Default VP I ucs: 
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Description of Texture 

Affected 
Coarse Cherty 

1-00 Verv Chertv 
1.2(1 CRV-L Very Cherty & Loam 
1.20 CRV-SIL Very Cherty & Silty Loam 
1.30 CRX Extremely Cherty 
1.3(1 CRX-SIL Extremely Cherty & Silty Loam 
1.00 DE IDiatomacmous Earth 
1.00 FB IFibric Material 
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Cluster 
Affected 

Fraction Texture ‘1; GR-VFSL 

py- 
GRV-CL 

Descrlptlon of Texture 

Gravel & Very Fine Sandy Loam 

pj--tt 
GRV-LCOS 

1- 1 1.00 IGRC 
1.00 IGRF 

I .oo 
1.00 

1 .oo GRV-SL 

Coarse Gravelly 
Fine Gravel 
Fine Gravel SPty Loam 
Very Gravelly 

m y  
GRV-VFSL 

1 1 .oo 1.10 IGRX 

Very Gravelly 8, Coarse Sandv Loam 
Verv Gravelly & Fine Sandv Loam 
Very Gravelly & Loam 
Very Gravelly & Loamy Coarse Sand 
Very Gravelly & Loamy Sand 
Verv Gravelly & Sand 
Very Gravely & Sandy Clay Loam 
Very Gravelly 4 Silty Clay Loam 
Very Gravelly & Sitt 
Yew Gravelly & Sandy Loam 
Very Gravelly & Very Fine Sand 
Very Gravelly & Very Fine Sandy Loam 
Extremely Gravelly 
Extremely Gravelly & Coarse Loam 
IExtrernetv Gravellv & Coarse Sand 

I 

_. 
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p-y 1.00 
1.00 
1.00 

1 .oo 1.00 

Fraction Effect 

Affected 

SL Sandy Loam 
SP 
SR 
ST Stony 
ST-C Stony & Clay 
ST-CL Stony & Clay Loam 

Sapric Material 
Stratified 

I 1.00 I 1.00 

Texture 

MK-FSL 

Description of Texture 

Muck & Fine Sandy Loam 

MK-LFS Mucky Loamy Fine Sand 
MK-LS Mucky Loamy Sand 
MK-S Muck & Sand 
MK-SI Mucky & Silty 
M K-S I C L 
MK-Slt Mucky Silt 

Mucky & Silty Clay Loam 

SH 
SH-CL 
SH-L 
SH-SICL 
SH-SIL 
SHV 
SHV-CL 
SHX 

Shah 1 

Shalv & Silt Loam I 
Very Shaly 
Very Shaly & Clay Loam I Extremely Shaty 

I I .oo I 1 .OO IST-COSL 
1.lD p: - 

1 .oo 1.1U 

1 .oo 1 . o o [ S T - S I C  

ST-FSL 
ST-L 
ST-LCOS 
ST-LFS 
ST-LS 

Stony 8 Coarse Sandy Loam I 
Stonv & Fine Sandy Loam I 

Stony & Silty Clay 
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Support: Discussions with excavation contractors who routinely perfom work in a variety of soil 
conditions are reflected in the default difficulty factors listed above. DiMicutty factors range from 1 .OO, or 
no additional effect, to as high as 4.0, or 400% as much as normal. 

Although an engineer would norma1l:y modify plans to avoid difficult soil textures where possible, and 
although it is likely that population is located in portions of a CBG where conditions are less severe than is 
the average throughout the CBG, HM 5.  I has taken the conservative approach of assuming that the difficult 
terrain factors would affect 100% of the cluster. 
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Factor 

7. REGIONAL LABOR ADJUSTMENT FACTORS 

1 .o 

Definition: Factors that adjust a specific portion of certain investments by a labor factor adjustment that 
account for regional differenlxs in the availability of trained labor, union contracts, and cost of living 
factors. Both the portions of different categories of investments that are affected and the size of adjustment 
are included as parameters. 

Contractor Trenching 

Telco Construction - Copper 

Telco Construction - Fiber 

Telco I&M - NID & Drop 

Pole Placing 

Default Value: 

. I25 

,164 

.3M 

,571 

,518 

Support: Different areas ofthe country are known to experience variations in wages paid to technicians, 
depending on availability of trained labor, union contracts, and cost of living factors. The adjustment 
applies only to that portion cif installed costs pertaining to salaries. It does not apply to loading factors such 
as exempt material, construction machinery, motor vehicles, leases and rentals of special tools and work 
equipment, welfare, pension, unemployment insurance, workers compensation insurance, liability insurance, 
general contractor overheads, subcontractor overheads, and taxable and non-taxable fringe benefits. 

The pottions of various kinds of network investment affected by the adjustment are determined as follows. 
For heavy construction of outside plant cable, the model assumes a fully loaded direct labor cost of $55.00 
per hour for a placing or sphcing technician who receives pay of $20 per hour. For copper feeder and 
copper distribution cable, the HA1 Model assumes that this fdly loaded direct labor component accounts for 
45% of the investment. 

Because $20 is 36.4% of the: fully loaded $55 per hour figure, the effect of the Regional Labor Adjustment 
Factor is 0.364 x .45, or 16.4% of the installed cost of copper cable. Therefore, the labor adjustment factor 
is applied to 16.4% of the installed cost of copper cable. 

The labor adjustment factor also applies to pole labor, NID installation, conduit and buried placement, and 
drop installation. In the feeder plant, the factor applies to manhole and pullbox instatlation as we11 as to 
cable and other structure components. 

Contract labor is used for buried trenching, conduit trenching, and manholelpullbox excavation. Contract 
labor (vs. equipment + other charges) is 25% of total contractor cost. Direct salaries are 50% of the “labor 
& benefits” cost. The fraction of investment that represents labor cost for these items, and is, therefore, 
subject to the regional labor adjustment factor, is 0.25 times 0.50, or 0.125 of the trenching and excavation 
costs. 

Once the adjustment factors are determined in this fashion, the factor is multiplied by the corresponding unit 
cost to determine the amourit of investment affected by the adjustment. This amount is then multipIied by 
the specific regional labor adjustment factor to determine the modified investment. For instance, if buried 
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Buried 
Installation 

Density Zone per Foot 
0-5 $1.77 

5-100 $1 -77 
100-200 $1 -77 
20b650 $1.93 
650-850 $2.17 

850-2,550 $3.54 
2,550-5,000 $4.27 

5,0000-10,OOO $1 3.00 
1 o,ooo+ $45.00 

installation trenching per foot is normally $1.77, the adjustment factor of 0,125 applied to this amount is 
$0.22 13. If the regional adjustment was 1.07 (e.g., California), the increased installation cost is 0.07 times 
$0.2213, or $0.015. 

Labor Investment 
Con tent Affected 
Affected per Fool 

0.125 $0.22 13 
0.125 $0.22j3 
0.125 $0.2213 
0.125 $0.241 3 
0.125 $0.271 3 
0.125 $0.4425 
0.125 $0.5338 
0.125 $1.6250 
0.125 $5.6250 

Density Zone 

I Application of Regional Labor Adjustment Factor on I Conduit Installation 

Conduit 
Installation per 

Foot 

0-5 
5-100 

100-200 
20G650 
65B850 

850-2,550 
2,5504,000 

5,000.1 0,000 
1 o,ooo+ 

$1 0.29 
$1 0.29 
$10.29 
$11.35 
$11.38 
$16.40 
$21.60 
$50.10 
$75.00 

Investment I Affected Content Labor 
Affected per Foot 

0. I25 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 

$1.2863 
$1 -2863 
$1.2863 
$1.4188 
$1.4225 
$2.0500 
$2.7000 
$6.2625 
$9.3750 
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Manhole 
Excavation & 

Backfill 

Application of Regional Labor Adjustment Factor on 
Manhole Instaltatton 

Labor 
Content 
Affected Density Zone - 

0-5 
5-1 00 

100-200 
200-6fi0 
650-8Fi 

850-2,b50 
2,5504,000 
5,000-1 0,000 
20,000+ 

Excavation & 
Backfill 

Content Affected 
Affected per Pullbox 

$2,800 
$2,800 
$2,800 
$2,800 
$3,200 
$3,500 
$3,500 
$5,000 
$5,000 

Pullbox Labor 

0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 

Investment 

Investment 
Affected 

per Manhde 

$350 
$350 
$350 
$350 
$400 
$438 
$438 
$625 
$625 

Application of Regional Labor Adjustment Factor on r 1 - 

Density Zone 

0-5 
5-100 
100-2.30 
20G650 
650-850 
850-2,!550 
2,550-5,000 

5,000-1 0,000 
lO,M]O+ - 

Fiber Pullbox Installation 1 

$220 
$220 
$220 
$220 
$220 
$220 
$220 
$220 
$220 

0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 

$27.50 
$27.50 
$27.50 
$27.50 
$27.50 
$27.50 
$27.50 
$27.50 
$27.50 
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Appllcatiion of Regional Labor Adjustment Factor on 
Copper Dlstdbution Cable Installation 

Investment 
Distribution Distribution Content Affected 
Cable Size Affected per Foot 

2,400 
1,800 
1,200 
900 
600 
400 
203 
Io0 
50 
25 
12 
6 

$20.00 
$16.00 
$1 2.00 
$10.00 
$7.75 
$6.00 
$4.25 
$2.50 
$1.63 
$1.19 
$0.76 
$0.63 

0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

$3.28 
$2.62 
$1.97 
$1.64 
$1.27 
$0.98 
$0.70 
$0.41 
$0.27 
$0.20 
$0.12 
$0.10 

Applicatiion of Reglonal Labor Adjustment Factor on 
Copper Rlser Cable installation 

Copper 
Distribution 
Cable Size 

2,400 
1,800 
1,200 
900 
600 
400 
200 
Io0 
50 
25 
12 
6 

- 
In!;tatled Copper 

Distribution 
Cost 

$25.00 
$20.00 
$15.00 
$1 2.50 
$1 0.00 
$7.50 
$5.30 
$3.15 
$2.05 
$1.50 
$0.95 
$0.80 

- 

- 

Labor 
Con tent 
Affected 

0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

Investment 
AffWAed 
per Fmt 

$4.10 
$3.28 
$2.46 
$2.05 
$1.64 
$1.23 
$0.87 
$0.52 
$0.34 
$0.25 
$0.16 
$0.13 
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Labor 
Content 
Affected 

$2.00 
$2.00 
$2.00 
$2.00 
$2.00 
$2.00 
$2.00 
$2.00 
112.00 
$2.00 

Appllcation of Regional Labor Adjustment Factor on 
Copper Feeder Cable lnstallation 

Investment 
Affected 

Factor pef Fmt 

0.364 $0,73 
0.364 $0.73 
0,364 $0.73 
0.364 $0.73 
0.364 $0.73 
0.364 $0.73 
0.364 $0.73 
0.364 $0.73 
0.364 $0.73 
0.364 50.73 

CoppE!t 
Feeder 

Cable Size 

4,200 
3,600 
3,000 
2,40C 
1,800 
1,20Q 
900 
600 
400 
200 
100 

Installed Copper 
Feeder 

Cost 

$29.00 
$26.00 
$23.00 
$20,00 
$j6.00 
$12.00 
$1 0.00 
$7.75 
$6.00 
$4.25 
$2.50 

Labor 
Content 
Affected 

0.164 
0.164 
0.1M 
0.164 
0.164 
0.164 
0.164 
0.164 
0,164 
0.164 
0.164 

Inveshent 
Affected 
per Foot 

$4.76 
$4.26 
$3.77 
$3.28 
$2.62 
$1.97 
$1.64 
$1.27 
$0.98 
$0.70 
$0.4t 

Applicatlon of Regional Labor Adjustment Factor on 
Fiber Feeder Cable Installation 

Fiber 
Feeder 

Cable Size 

21 6 
144 
96 
72 
60 
48 
36 
24 
18 
12 

Installed 
Film Feeder 

Cost 

$13.10 
$9.50 
$7.10 
$5.90 
$5.30 
$4.70 
$4.10 
$3.50 
$3.20 
$2.90 
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Ou tdmr SA1 
Total Pain 
Terminated 

of Regional Labor Adjustment Factor on 
Outdoor SA1 lnstallatlon 

Installed 
Outdm 

SA1 

Indoor SA[ 
Oistribution 

7,200 
5,400 
3,600 
2,400 
1,800 
1,200 
900 
600 
400 
200 
100 
50 

Installed 
Indoor 

$1 0,000 
$8,200 
$6,000 
$4,300 
$3,400 
$2,400 
$1,900 
$1,400 
$1,000 
$600 
$350 
$250 

Labor 
Content 
Affected 

0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

lnvestment 
Affected 

per Outdoor SA1 

$1,640 
$1,345 
$984 
$705 
$558 
$394 
$31 2 
$230 
$164 
$98 
$57 
$41 

- 

Application of Regional Labor Adjustment Factor on 
Indoor SA1 lnstallatlon 

7,200 
5,400 
3,600 
2,400 
1,800 
1,200 
900 
600 
400 
200 
100 
50 

$3,456 
$2,592 
$1,728 
$1,752 
$864 
$576 
$432 
$288 
$192 
$96 
$48 
$48 

labor 
Con tent 
Affected 

0.164 
0.164 
0.164 
0.164 
0 . W  
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

Investment 
Affected 

per Indoor SA1 

$567 
$425 
$283 
$1 89 
$1 42 
$94 
$71 
$47 
$31 
S l S  

$8 
$8 

Telco InstaIlation & Repair Iabor (Drop & NID instaIlation): Regional Labor Adjustment Factor applies to 
$20 of the $35 loaded labor rate (exclnsive of exempt material loadings). 
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i Application of Regional Labor Adjustment Factor on 
NID Instaltation 

NID Labor Investment 
Basic Content Affected 
Labor Affected per NID 

Residence $1 5.00 0.571 $8.57 
Business $1 5.00 0.571 $8.57 

APl 

Density Zone 

0-5 
5100 
100-200 
2 0 0- 6 5 I3 
650-8511 

850-2,550 
2,550-5,000 
5,000- 'i 0,000 

10,000+ 

ication of Regional 
Aerlal Dr 

Labor Adjustment Factor on 
ip Installatlon 

Instatled 
Aerial 
Drop 

$23.33 
$23.33 
$17.50 
$17.50 
$1 Z -67 
$11.67 
$11,67 
$11.67 
$1 t .67 

Labor Investment 
Content Affected 
Mected per Drop 

0.571 $1 3.33 
0.571 $1 3.33 
0.571 $10.00 
0.571 $10.00 
0.571 $6.67 
0.571 $6.67 
0.571 $6.67 
0.57 1 $6.67 
0.571 $6.67 

Applicatlon of Reglonal Labor Adjustment Factor on I Buried Drop Installation - 

Density Zone 
&5 

5-1 00 
100-200 
200-650 
650-850 

850-2550 

5,000-10,000 
10,000 + 

2,550-5,000 

Installed Buried 
Drop per Foot 

$0.60 
$0.60 
$0.60 
$0.60 
$0.60 
$0.75 
$1.13 
$1 S O  
$5.00 

Labor Content 
Affected 

0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 
0.125 

1 n ve s tm e n t 
Affected per Drop 

$0.075 
$0.075 
$0.075 
$0.075 
$0,075 
$0.094 
$0.141 
$0.188 
$0.625 
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0.518 $417 I $216 

Appllcation of Regional labor Adjustment Factor on 
Pole Installation 

$216 

Labor Content lnvestment 
tnvestrnsnt I Pole Labor I Affected 

Alaska t Hawaii 

1.25 

1.22 

The following chart shows recommended default values for each state. 

Regional Labor Adiustment Factor; 

Direct Labor costs vary among regions in the United States. A variery of sources can be used for labor 
adjustment  factor^.'^ The following statewide labor adjustment factor indexes can be used as default 
values: 

IMassachusetts I 1.09 

IMichigan I 1.01 

I N w  York I 1.00 

INaw Jersey I 1.00 

IRhode Island I 1.00 

Minnesota 

Connecticut 

Pan nsylvan ia 

lKGZ--i+% 
Washington (State) 1;; 

IMary land I 0.89 
. _  

INlew Hampshire 1 0.86 

'O See, for example, R.S. Means Company, Inc., Squure Foot Costs, 18" Annual Edition, 1996, p.429-433. 

'I Martin D. Kiley and Marques Allyi, eds., 1997 National Consrructiun Estimator 45Ih Edition, pp. 12-15. 
pormalized for New York State as 1 .OO] 
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I State 1 Factor” 

I M o nta n a I 0.85 

West Virginia 0.84 

Ohio 0.83 

Wisconsin 

Arizona 

Colorado 0.77 

New Mexico 

North Dakota 0.74 

Idaho 0.73 

Maine 0.73 

Kentucky 0.73 

Louisiana 0.72 

Kansas 0.71 

Utah 0.71 

Tennessee 1 0.70 
Oklahoma 0.69 

Florida 0.68 

Virginia 0.67 

Nebraska 0.65 

ITexas I 0.65 

[South Dakota 
. . _. _.. I 0.64 

IGeorgia I 0.62 

Arkansas 0.61 

Wyoming 0.60 

Alabama 0.58 

Mississippi 0.58 

South Carolina 0.55 

North Carolina 0.51 
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APPENDIX A 

Interoffice Transmission Terminal Configuration (OC-3 Fiber Ring) 

oc-3 / OC-3 Ring // ADM // OC-3 Ring /// 

I Digital cross Connect system I 

Speciat 
Access 

(Nan- DLC) 

Special I Switch 1 
Access 
P L C )  
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Interoffice Trarismission Terminal Configuration (OC-48 Fiber Ring) 

/ QC-48 Ring // / / /  

M OS-’ UX I mr 
Special 
Access 

(Non-DLC:) 

I_ Digital cross Connect system 
/ 

I 
Special 
Access 
( D W  

LY Switch 
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APPENDIX B 

Structure Shares Assigned to Incumbent Local Telephone Companies 

B.1. Overview 
Due to their legacy as rate-of-return r1:guIated monopolies, LECs and other utilities have heretofore had 
little incentive to share their outside plant structure with other users. To share would have simply reduced 
the “ratebase” upon which their reguhted returns were computed. But today and going forward, LECs and 
other utilities face far stronger economic and institutional incentives to share outside plant structure 
whenever it is technically feasible. Tlnere are two main reasons. First, because utiIities are now more likely 
to either face competition or to be regulated on the basis of their prices (e.g., price caps) rather than their 
costs (e.g., ratebase), a LEC’s own economic incentive is to share use of its investment in outside plant 
structure. Such arrangements permit Ithe LEC to save substantially on its outside plant costs by spreading 
these costs across other utilities or u s m .  Second, many localities now strongly encourage joint pole usage 
or trenching operations for conduit and buried facilities as a means of minimizing the unsightliness andlor 
right-of-way congestion occasioned by multiple poles, or disruptions associated with multiple trenching 
activities. 

Because of these economic and legal incentives, not only has structure sharing recently become more 
common, but its incidence is likely to accelerate in the future - especially given the Federal 
Telecommunications Act‘s requirements for nondiscriminatory access to structure at economic prices. 

The degree to which a LEC can benefit from structure sharing arrangements varies with the type of facility 
under consideration. Sharing opportunities are most limited for multiple use of the actual conduits (e.g., 
PVC pipe) through which cables are pulled that comprise a portion of underground structure. Because of 
safety concerns, excess ILEC capacity within a conduit that carries telephone cables can generally be shared 
only with other low-voltage users, sueh as cable companies, other telecommunications companies, or with 
municipalities or private network ope:rators. Although the introduction of fiber optic technology has 
resulted in slimmer cables that have freed up extra space within existing conduits, and thus enlarged actual 
sharing opportunities, the HA1 Model does not assume that conduit is shared because as a forward-looking 
model of efficient supply, it assumes that a LEC will not overbuild its conduit so as to cany  excess capacity 
available for sharing. 

Trenching costs of conduit, however, account for most of the costs associated with underground facilities - 
and LECs can readily share these cods with other telecommunications companies, cable companies, 
electric, gas or water utilities, particularly when new construction is involved. Increased CATV penetration 
rates and accelerated facilities based mtry by CLEO into local telecommunications markets will expand 
further fbture oppomtnities for underground structure sharing. In addition, in high density urban areas, use 
of existing underground conduit is a much more economic alternative than excavating established streets 
and other paved areas. 

Sharing of trenches used for buried cable is already the nom, especially in new housing subdivisions. In 
the typical case, power companies, cable companies and LECs simply place their facilities in a common 
trench, and share equally in the costs of trenching, backfilling and surface repair. Gas, water and sewer 
companies may also occupy the trench in some IocaIities. Economic and regulatory factors are likely to 
increase further incentives for LECs to schedule and perform joint trenching operations in an efkient 
manner. 

Aerial facilities offer the most extensive opportunities for sharing. The practice of sharing poles through 
joint ownership or monthly lease arrangements is already widespread. Indeed, the typical pole carries the 
facilities of at least three potential users - power companies, telephone companies and cable companies. 
Power companies and LECs typically share the ownership of poles through either cross-tease or 
condominium arrangements, or through other arrangements such as one where the telephone company and 
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power company each own every other pole. Cable companies have commonly leased a portion of the pole 
space available for low voltage applications from either the telephone company or the power company. 
Methods of setting purchase prices and of calculating pole attachment rates generally are prescribed by 
federal and state regulatory authorities. 

The number of parties wishing to participate in pole sharing arrangements should only increase with the 
advent of competition in local telecommunications markets. Economic and institutional factors strongly 
support reliance on pole sharing arrangements. It makes economic sense for power companies, cable 
companies and telephone companies to share pole space because they are all serving the same customer. 
Moreover, most local authorities restrict sharply the number of poles that can be placed on any particular 
right-of-way, thus rendering pole space a scarce resource. The Federal Telecommunications Act reinforces 
and regulates the market for pole space by prescribing nondiscriminatory access to poles (as welt as to 
conduit and other rights-of-way) for any service provider that seeks access, The aerial distribution share 
factors displayed below caphlre a forward-looking view of the importance of these arrangements in an 
increasingly competitive local market. 

B.2. Structure Sharing Parameters 
The HA1 Model captures the effects of structure sharing arrangements through the use of user-adjustable 
structure sharing parameters. These define the fraction of total required investment that will be borne by the 
LEC for distribution and feedler poles, and for trenching used as structure to support buried and 
underground telephone cabks. Since best forward looking practice indicates that structure will be shared 
among LEO,  IXCs, CAPS, c:able companies, and other utilities, default structure sharing parameters are 
assumed to be less than one. Incumbent telephone companies, then, should be expected to bear only a 
portion of the forward-looking costs of placing structure, with the remainder to be assumed by other users 
of this structure. 

The default LEC structure share percentages displayed below reflect most likely, technically feasible 
structure sharing arrangements. For both distribution and feeder facilities, structure share percentages vary 
by faciiity type to reflect difhences in the degree to which structure associated with aerial, buried or 
underground facilities can reasonably be shared. Structure share parameters for aerial and underground 
facilities also vary by density zone to reflect the presence of more extensive sharing oppomnities in urban 
and suburban areas. In addition, LEC shares of buried feeder structure are larger than buried distribution 
structure shares because a LEC’s ability to share buried feeder structure with power companies is less over 
the relatively longer routes that differentiate feeder runs from distribution runs. This is because power 
companies generally do not share trenches with telephone facilities over distances exceeding 2500 ft.72 

72 A LEC’s sharing of trenches with power companies, using random separation between cables for 
distances greater than 2,500 feet requires that either the telecommunications cable have no metallic 
components (Le., fiber cable), or that both companies follow “Multi-Grounded Neutral” practices (use the 
same connection to earth gra,und at least every 2,500 feet). 
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Defaull Values in HM 5.1 

Buried 

-33 
-33 
.33 
.33 
.33 
-33 
-33 
.33 
.33 

Structure Percent Assigned to Telephone Company 

Under- 
ground 

1 .oo 
-50 
S O  
S O  
.40 
.33 
.33 
.33 
.33 

I Distribution 

Density Zone Aerial I 
0-5 

5-100 
100-200 
2 0 0 - 6 5 0 
650-850 
850-2,550 

2,550-5,000 
5,000-10,000 

1 o,ooo+ 

S O  
.33 
.25 
-25 
.25 
.25 
.25 
.25 
.25 

Aerial 

-50 
.33 
.25 
.25 
-25 
.25 
.25 
,25 
.25 

Feeder 

Burled 

.40 
,40 
.40 
-40 
-40 
.40 
.40 
.40 
.40 

Under- 
ground 

.50 

.50 

.40 
-33 
-33 
.33 
.33 
.33 
.33 

B.3. Support 
Actual values for the default structure sharing parameters were determined through forward-looking 
analysis as well as assessment of the existing evidence of structure sharing arrangements. Information 
concerning present structure sharing practices is available through a variety of sources, as indicated in the 
references to this section. The HM 5 , l  estimates of best forward-looking structure shares have been 
developed by combining this information with expert judgments regarding the technical feasibility of 
various sharing arrangements, and thr: relative strength of economic incentives to share facilities in an 
increasingly competitive local market. The reasoning behind the HA1 Model’s default shlcture sharing 
parameters is described beiow. 

Aerial Facilities: 

As noted in the overview to this section, aerial facilities (poles) are already a frequently shared form of 
smcture, a fact that can readily be established through direct observation. For al l  but the two lowest 
density mnes, the HA1 Model uses di:fault aerial structure sharing percentages that assign 25 percent of 
aerial structure costs to the incumbent telephone company. This assignment reflects a conservative 
assessment of current pole ownership patterns, the actual division of structure responsibility between high 
voltage (electric utility) applications ,and low voltage applications, and the likelihood that incumbent 
telephone companies will share the available low voltage space on their poles with additional atta~hers.7~ 

ILECs and Power Companies generally have preferred to operate under “joint use,” “shared use,” or “joint 
ownership” agreements whereby resrionsibility for poles is divided between the ILEC and the power 
company, both of whom may benefit from the presence of third party attachers. New York Telephone 
reports, for example, that almost 63 percent of its pole inventory is jointly owned? while, in the same 
proceeding, Niagara Mohawk Power Company reported that 58 percent of its pole inventory was jointly 

’’ This sharing may be either of unused direct attachment space on the poje, or via co-lashing of other users’ 
low voltage cables to the LEC’s aeriril cables. See, Direct Panel Testimony of Richard Wolf, Clay T. 
Whitehead, Donald Fiscella, David Peacock and Dr. Miles Bidwell on Behalf of the Electric Utilities, Case 
95-C-0341: Pole Attachments, State of New York Public Service Commission, January 27, 1997. 

’4 New York Telephone’s Response ‘to Interrogatory of January 22, 1997, Case 95-C-0341: Pole 
Attachments, State of New York Putilic Service Commission, January 27, 1997. 
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~ w n e d ’ ~ .  Financial statements of the Southern California Joint Pole Committee indicate that telephone 
companies hold approximately 50 percent of pole units’6. Although proportions may vary by region or 
state, informed opinion of industry experts generally assign about 45 percent of poles to telephone 
companies. Note that both telephone companies and power companies may lease space on poles solely 
owned by the other. 

While the responsibility for 21 pole may be joint, it is typically not equal. Because a power company 
commonly needs to use a larger amount of the space on the pole to ensure safe separation between its 
conductors that c a y  currents o f  different voltages (e.g., 440 volt conductors versus 220 volt conductors) 
and between its wires and the wires of low voltage users, the power company is typically responsible for a 
larger portion of pole cost than a telephone company. 

Because of the prevalence ofjoint ownership, sharing, and teasing arrangements, it is unusual for a 
telephone company to use poles that are not also used by a power company. ILEC structure costs are 
further reduced by the preseclce of other atfachers in the low voltage space. Perhaps the best example is 
cable TV. Rather than install their own facilities, CATV companies generally have leased low voltage 
space on poles owned by the utilities. Thus, the ILECs have been able to recover a portion of the costs of 
their own aerial facilities though pole attachment rental fees paid by the CATV companies. The proportion 
of ILEC aerial structure cost:; recoverable through poIe attachment fees is now likely to increase still further 
as new service providers enter the telecommunications market. 

As noted above, the other, most obvious reason for assigning a share of aerial structure costs as low as 25 
percent to the ILEC i s  the way that the space is used on a pole. HM 5.1 assumes that ILECs install the most 
commonly placed pole used for joint use, a 40 foot, Class 4 pole.” Of the usable space on such a pole, 
roughly half is used by the power company which has greater needs for intercable separation. That leaves 
the remaining half to be shared by low voltage users, including CATV companies and competing 
telecommunications providers. 

Thus, a) because ILECs generally already bear well less than half of aerial structure costs; b) because 
ILECs now face increased opportunities and incentives to recover aerial facilities costs from competing 
local service providers; c> bccause new facilities-based entrants will be obliged to use ILEC-owned 
structure to install their own networks; and, d) because the Telecommunications Act requires ILECs to 
provide nondiscriminatory access to structure as a means of promoting local competition, on a forward- 
looking basis, it is extremely reasonable to expect that ILECs will need, on average, to bear as little as 25 
percent of the total cost of aerial structure. 

Buried Facilities: 

Buried smcture sharing prac:tices are more difficult to observe directly than pole sharing practices. Some 
insight into the degree to whiich buried structure is, and will be shared can be gained from prevailing 
municipal rules and architectural conventions governing placement of buried facilities. As mentioned in the 
overview, municipalities generally regulate subsurface construction. Their objectives are clear: less 

’’ Direct Panel Testimony of Richard Wolf, Clay T, Whitehead, Donald Fiscella, David Peacock and Dr. 
Miles Bidwell on Behalf of the Electric Utilities, Case 95-C-0341: Pole Attachments, State of New York 
Public Service Commission, January 27, 1997. These experts also predicted that sharing of poles among 
six attachers would nor be uncommon. 

76 “ Statement of Joint Pole Units and Annual Pole Unit Changes by Regular Members”, Monthly Financial 
Statements of the Southern California Joint Pole Committee, October, 1996. 

” Opinion of engineering term. Also, “The Commission {FCC) found that ‘the most commonly used poles 
are 35 and 40 feet high, ...‘‘I (FCC CS Docket No. 97-98 NPRM dtd 3/14/97 pg. 6,  and 47 C.F.R. 8 
1.1402(c). A pole’s “class” refers to the diameter of the pole, with lower numbers representing larger 
diameter poles. 
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damage to other subsurface utilities, less cost to ratepayers, less disruption of traffic and property owners, 
and fewer instances of deteriorated roadways from frequent excavation and potholes. 

Furthermore, since 1980, new subdivisions have usually been served with buried cable for several reasons. 
First, prior to 1980, cables filled with water blocking compounds had not been perfected. Thus, prior to 
that time, buried cable was relatively #expensive and unreliable. Second, reliable splice closures of the type 
required for buried facilities were not the norm. And third, the public now clearly desires more out-of-sight 
plant for both aesthetic and safety related reasons. Contacts with telephone outside plant engineers, 
architects and propew developers in several states confirm that in new subdivisions, builders typically not 
only prefer buried plant that is capabla of accommodating multiple uses, but they usuatly dig the trenches at 
their own expense, and place power, telephone, and CATV cables in the trenches, if the utilities are willing 
to supply the materials. Thus, many h i e d  strucmres are available to the LEC at no charge. The effect of 
such "no charge" use of developer-dug trenches reduces greatly the effective portion of total buried 
structure cost borne by the LEC. Nobe, too, that because power companies do not need to use a 
disproportionately large fraction of a ,trench - in contrast to !heir disproportionate use of pole space, and 
because certain buried telephone cables are plowed into the soil rather than placed in trenches, the HM 5.1 
assumed LEC share of buried structure generally is greater than of aerial structure. 

Facilities are easily placed next to each other in a trench as shown below: 

P - r  
O C E  
W A L  
E T C  
R V O  

Bb.0 

Underproimd Facilities: 

Underground plant is generally used in more dense areas, where the high cost of pavement restoration 
makes it attractive to place conduit in the ground to permit subsequent cable reinforcement or replacement, 
without the need for further excavation. Underground conduit usually is the most expensive investment per 
foot of structure -- with most of these costs attributable to trenching. For this reason alone, it is the most 
amctive for sharing. 

In recent years, major cities such as New York, Boston, and Chicago have seen a large influx of conduit 
occupants other than the local telco. Indeed most of the new installations being performed today are cable 
piacement for new telecommunications providers. As an example, well over 30 telecommunications 
providers now occupy ducts owned by Empire City Subway in New York City.78 This trend is likely to 
continue as new competitors enter the local market. 

. 

'* Empire City Subway is the subsidiary of NYNEX that operates its underground conduits in New York 
City. 
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APPENDIX C 

Expenses in the HA1 Mode1 

Expense Group: Network Expenses 
Explanation: Maintenance and repair of various categories of investment - outside plant (e.g., NID, drop, 
distribution, Service Area Interface, Circuit equipment, Feeder plant) and Central offtce equipment (e.g., 
switch) 
Data Orinin: New England Telephont: Company Incremental Cost Study (switching and circuit operating 
expenses), HA1 Consultant WID), FCC 1996 ARMIS 43-03 (everything else). 

62 12 Digital Electronic Expense 
6230 Operator Systems Expense 
6232 Circuit Equipment E x p s e  
6351 Public 
6362 Other Terminal Equipment 
641 1 Poles 
6421 Aerial Cable 
6422 Underground Cable 
6423 Buried Cable 
6426 Intrabuilding Cable 
6431 Aerial Wire 
6441 Conduit Systems 

Amount Determination: Expense-to-Investment ratio (NET Study, ARMIS); Dollar per Line for NID. 
ApDlication: Determine cost by multiplying Expense-to-Investment ratio times modeled investments; 
Determine NID cost by multiplying Dollar-per-Line times number of lines 

Expense Group: Network Operations 
Explanation: Network related expenses needed to manage the nehlrork but not accounted for on a plant type 
specific basis 
Data Origin: 1996 ARMIS 43-03 

65 12 Provisioning Expenses 
653 1 Power Expenses 
6532 Network Administration 
6533 Testing 
6534 Plant Operations Administration 
6535 Engineering 

Amount Determination: HA1 default ’Network Operations Factor 50% times the embedded amount in 
ARMIS. 
Application: Determine cost by alloci3ting to unbundled network elements (UNEs) equiproportionally 
relative to LJNE direct costs. Cost of “Network Administration” is allocated to traffic sensitive (i.e., 
switching, signaling and interoffice) UNEs only. 

Exwnse Group: Network Support and Miscellaneous 
ExpIanation: Miscellaneous expenses. needed to support day to day operations 
Data Wain :  1996 ARMIS 43-03 

6 1 12 Motor Vehicles 
61 13 Aircraft 
6 1 14 Special Purpose Vehiclies 
6 1 1 6 Other Work Equipment 

HAI: Network Support 
HAI: Network Support 
HAI: Miscellaneous 
HAI: Miscellaneous 
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Amount Determination: In essence, embedded ARMIS levels are scaled to reflect the relative change in 
either cable and wire (C&W) investment for Network Support Expenses or total investment for 
Miscellaneous Expenses in ,the modeled results versus ARMIS. For example: 
HA1 Cost 
= Embedded ARMIS Expense x (HA1 C&W Inv./ARMIS C&W Inv.) 

The rationale is that these costs will be lower in a forward-looking cost study. 
ApDlication: Determine cost by allocating to unbundled network elements (UNEs) equiproportionally 
relative to direct costs 

Expense Group: Other Taxes 
Exdanation: Taxes paid on gross receipts and property (Le., 7240 Other Operating Taxes) 
Data Origin: HA1 expert estimate of 5% is based on overall Tier 1 Company ratio of ARMIS 7240 
Expenses to ARMIS Revenues. 
Amount Determination: Modeled costs are grossed up by 5%. 
Application: Determine cost by allocating to unbundled network elements (UNEs) equiproportionally 
relative to direct costs. 

Expense Grouu: Miscel1anr:ous 
Exdanation: Miscel1aneou.s expenses needed to support day to day operations 
Data Origin: 1996 ARMIS 43-03 

6 122 Furniture 
6 123 Office Equipment 
6 124 General Purpose Computer 
6 12 1 Buildings 

Amount Determination: In essence, embedded ARMIS levels are scaled to reflect the relative change in 
total investment in the HA1 model versus ARMIS. For example: 
HA1 Cost 
= Embedded ARMIS Expense x (HA1 Tot. Inv./ARMIS Tot. Inv.) 

The rationale is that these costs will be lower in a forward-looking cost study. 
ADdication: Determine cost by allocating to unbundled network elements (UNEs) equiproportionally 
relative to direct costs. 

ExDense Grow: Carrier-to-carrier customer service 
Expianation: This categoy includes all carrier customer-related expenses such as billing, billing inquiry, 
service order processing, pi ipent  and cojlections. End-user retail services are not included in 1ME cost 
development. 
Data Origin: 1996 ARMIS 4304 (carrier-to-carrier cost to serve IXC access service) 

71 50 Service Ordar Processing 
7 170 Payment and Collections 
7 190 Billing Inquiry 
7270 Carrier Accsss Billing System 

Amount Determination: HA1 multiplies embedded amount (across Tier I LECs) times 70% to get $1.69 per 
line per year. The cost is determined by multiplying the cost per line times the number of lines, This figure 
includes the above bushes!; office activities, hence there is no need for a separate non-recurring charge to 
account for this activities. The underlying data that the UNE costs were developed fiom include other types 
of non-recurring costs outside the business ofice. Most of the non-recurring costs are captured in the HA1 
LME estimate. 
ADDlication: Determine cost by allocating to unbundled network elements (UNEs) equiproportionally 
relative to direct costs. 

Expense Grow: Variabie Overhead 
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Explanation: Executive, Planning and General and Administrative costs 
Data Origin: 1996 ARMIS 43-03 

67 1 1 Executive 
67 12 Planning 
672 1 Accounting & Finance 
6722 External Relations 
6723 Human Resources 
6724 Information Management 
6725 Legal 
6726 Procurement 
6727 Research & Development 
6728 Other General & Administrative 

Amount Determination: HA1 estimate:s 10.4% mdtiplier based on AT&T public data. 

A Rev. Net of Settlements 36,877 Form M 1994 
B Settlement Payout 4,238 Intl Traffic Data, 1994 data 
C Gross Revenues 41,115 A t B  
D Corporate Operations 3,879 Form M 1994 
E Revenue less Corp. Op. 37,236 C - D  
F Ratio 10.4% DE 

%Mill Source 

Application: Cost is determined by muItiplying the sum of all costs by 1.104. 

Expense Group: Carrier-to-carrier Uncollectibles 
Explanation: Revenues not realized associated with services provided (Le., delinquency, fraud) 
Data Origin: Company-speciftc ratio calculated from 1996 ARMIS 4304 Uncollectibles to 1996 ARMIS 
Access Revenues. 
Amount Determination: Modeled cos1.s are grossed up by the uncollectible rate. 
Apolication: Determine cost by alloca.ting to unbundled network elements (UNEs) equiproportionalty 
relative to direct costs. 
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APPENDIX D 

Network Operritions Reduction 

No matter what area of network operations one looks at, one observes a rich set of target opportunities for 
cost savings. In Account 65 12, Network Provisioning, new technologies such as the Telecommunications 
Management Network (TMN) standards, procedures, and systems, and Digital Cross-Connect Systems 
(DCS) provide for much more centralized access and control, and self-provisioning by customers 
(including, and especially, knowledgeable CLECs). Given the tiered nature of TMN, where there are 
element, network, service, and business layers of management, some of the advantages of TMN will 
redound to the benefit of plant-specific expenses, while others, associated with the network, service and 
business management layers, will benefit the more-generat activities included in network operations 
The use of Electronic Data Interchange, intranet technology, and technologies such as bar coding provide 
substantial opportunities to teduce the costs of the inventory component of this category of accounts. On 
the human resources side, there is a greater emphasis on quality control in provisioning activities, reducing 
incipient failures in the services and elements provided. 

As far as power expenses, Account 653 1, digital components typically consume less power than their 
analog counterparts. Furtheirnore, centralization in other expense categories atso spills over into this 
category, since centralization implies fewer buildings to power less of the time. Finaliy, due to the onset of 
competition in the electric power industry and the greater regulatory scrutiny of new generation resources, 
the industry is increasingly willing to provide price reductions to large business (and, increasingly, even 
residential and small business) customers. It is now quite common for firms to participate in energy 
programs in which, in exchange for reducing consumption during peak hours, they receive substantial 
discounts in the cost of poww. 

Network Administration, Account 6532, benefits from the deployment of SONET-based transport, because 
many administration activities are oriented to reacting to outages, which are lessened with the deployment 
o f  newer technologies. Testing, Account 6533, also benefits from the better monitoring and reporting 
capabilities provided by TMN and SONET. This can lead to more proactive, better-scheduled preventative 
maintenance. On the human resources side, there is a growing tendency for testing activities to be taken 
over by contractors, leading to lower labor costs for the ILECs. To the extent the activities are still 
performed by telephone company personnel, they can be performed by personnel with lower job 
classifications. Finally, the use of “hot spares” can reduce the need for out-of-hours dispatch and 
emergency restoral activitie?;. Overall, fiber and SONET projects are often “proven in” partly on the 
assumption that they will produce significant operational savings. 

Plant Operations and Administration, Account 6534, is likely to require fewer supervisory personnel, and 
more involvement by the vendors of equipment to the ILECs. For instance, as vendors take over many of 
the installation and ongoing maintenance activities associated with their equipment, there will be fewer 
ILEC engineers requiring management. The use of multi-skilled craft people will allow for fewer 
specialists to be sent out to address particular problems, and less supervision to manage the people that are 
sent out. It will, for instance, allow for greater span of control in supervisory and management ranks. 

Finally, Engineering, Account 6535, will be more focused on activities associated with positioning the 
ILECs in a multi-entrant mairketplace, less on the engineering of specific elements and services, as those 
activities become more automated and more in the hands of the purchasen of unbundled elements. To the 
extent that engineering addresses particular projects, or categories of projects, the use of better planning 
tools, such as the ability to g,eocode customer locations and sizes, will act to reduce the amount of such 
activities. 

Additional specific reasons for adjusting the embedded level of these expenses include the following: 
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Recognize industry trends and the omortunities for further reductions. Network operations expenses, 
expressed on a per line basis, have already declined over the past severat years. For the reasons described 
in the previous section, this trend is e:rpected to continue a5 modern systems and technologies are deployed. 

Eliminate incumbent LEC retail costs from the network operations expense included in the cost for 
unbundled network elements. A number of the sub-accounts (6533 Testing and 6534 Plant Operations 
Administration) include costs that are specific to retail operations that are not appropriately included in the 
cost calculated for unbundled network elements. A portion of the expenses booked to these sub-accounts 
represent activities that new entrants, rather than the incumbent LEC, will be performing. Analysis 
indicates that, as a conservative measure, 20% of the expenses in these two sub-accounts represent such 
retail activities and should be excluded. Since these two sub-accounts represent 56% of the total booked 
network operations expense, it is reasonable to conclude that, at a minimum, an additional 11% reduction 
should be applied to the historic booked levels of network operations expense. 

Incorporate incumbent LEC expectations of forward-looking network onerations exDense levels. The 
Benchmark Cost Proxy Model (“BCPM”), sponsored by PacTel, Sprint, and US West, consistently 
calculates a level network operations expense per line that is well below historic levels and below the leve! 
calculated by the HA1 Model. This projection of forward-looking network operations expenses, prepared 
for and advocated by three incumbenl LECs, indicates that the HA1 Model adjustment to the embedded 
levels of these expenses are appropriaie and necessary (and may yield cost estimates that are conservatively 
high). 

Minimize double counting of network. oDerations expenses. A carefil review of the way ARMIS account 
6530 and the related sub-accounts (653 1 Power, 6532 Network Administration, 6533 Testing, 6534 Plant 
Operations Administration, and 6535 Engineering) are constructed makes it clear that further adjustment is 
necessary to accurately produce forward-looking costs. Many of the engineering and administrative 
functions that are included in these accounts are recovered by the incumbent LECs through non-recurring 
charges. Without such an adjustment, these costs may be double-recovered through existing non-recurring 
charges and simultaneously through the recurring rates based on the HA1 Model results. Similarly, double 
recovery is possible because these accounts are constructed as so-called ”clearance accounts” where 
expenses are booked before they are rtssigned to a specific project. Without an adjustment, these expenses 
could be recovered as service or element-specific costs and as the shared costs represented by network 
operations expense. 
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INDEX 

Aerial and Buried Drop Structure Fractions, 24 
Aerial and Buried Terminal and Splice per Line, 

Alternative Central Office Switching Expense 

Alternative Circuit Equipment Fa.ctor, 14 1 
Analog Line Circuit Offset for D:LC Lines, per 

Annual to daily usage reduction factor, 10 1 
Appendix A, 169 
Appendix 8, 17 1 
Appendix C, I77 
Appendix D, 180 
Average Lines per Business Loca.tion, 24, 143 
Billing/bilt Inquiry, 139 
Buried Copper Cable Sheath Mu1 tiplier, 34 
Buried Drop Sharing Fraction, 21; 
BURIED EXCAVATION, 149 
BURIED INSTALLATION AND 

Buried Sheath Addition-Fiber Interoffice, 109 
Business Penetration Ratio, 95 
Busy Hour Call Attempts 

ResidentialBusiness, 102 
Busy hour fraction of daily usage, 10 1 
Busy Hour Fraction of Daily Usage, 10 I 
C Link Cross-section, 124 
Cable 

25 

Factor, 141 

Line, 93 

RESTORATION, 149 

24 Gauge & 26 Gauge, 27 
Distribution Cable Sizes, 27 
Distribution, Cost per foot InstaIled, 27 
Riser Cable, Size & Gauge, 29 

Copper Feeder Cable, 72 
Copper Feeder Cable Cost per foot, per pair- 

Fiber Feeder Cable, 73 
Call Completion Fraction, 99 
Carrier-Carrier Customer Service per Line, 142 
Channel Bank Investment, per 24 Lines, 105 
Channel Unit Investment 

Investment, 79 

Cable Cost 

foot, 72 

GR-303 & Low Density DLC Channel Unit 

T-1 Channel Unit Investment, 50 

GR-303 & Low Density DLC, 77 
Per additional increment of GF:-303 & Low 

Common Equipment Investment 

Density DLC capacity, 82 
Conduit 

Innerducf Material Investment, 65 
Material Investment per foot, :;4 

Material Investment per foot Graph, 34 
Spare ducts per route-Distribution & Feeder, 

Spare tubes per route-Distribution & Feeder, 

Spare tubes per route-Interoffice, 109 

Manhole Spacing, 6 1 
Pole Spacing, 62 
Structure Fractions, 60 

Copper Feeder Pole Investment, 62 
Copper Maximum Distance 

Corporate Overhead Factor, 139 
COST OF CAPITAL AND CAPITAL 
STRUCTURE, 135 

Dedicated Circuit Inputs 
Pairs per Dedicated Circuit, 5 5  
Percentage of Dedicated Circuits, 55 

DEPRECIATION AND NET SALVAGE, 136 
Difficult Terrain Distance Multiplier, 44 
Digital Cross Connect System, Installed, per DS- 

Directory Listing, 140 
Direct-routed Fraction of Local Inter-office, 1 15 
Distribution Cable 

35 

35 

Copper Feeder 

Maximum Analog Copper Total Distance, 46 

3,106 

Cost per foot, Installed, 27 
Distribution Cable Sizes, 27 
Riser Cable, Size & Gauge, 29 
Sizing Factors, 40, 4 I 

Distribution Pole Spacing, 42 
DLC 

AnaIog Line Circuit Offset for DLC Lines, per 

Channel Unit Investment, 79 
Common Equipment Inveshnnent per 

Additional Line Increment, 82 
Initial Common Equipment Investment, 77 
Integrated T-1 COT Investment, 50 
Lines per Channel Unit, 80 
Low Density DLC to GR-303 DLC Cutover, 

Maximum Line Size per Remote Terminal, 76 
Maximum Number of Additional Line 

Modules per Remote Terminal, 84 
Remote Terminal Fill Factor, 77 
Site and Power per Remote Terminal, 76 
T-I Channel Unit Investment per Subscriber, 

Line, 93 

80 

50 
Drop 

Aerial & Buried Drop Structure Fractions, 24 
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Aerial Drop Placement-Labor Components, 22 
Aerial Drop Wire Material Cost per foot, 25 
Buried Drop Placement-Cost per foot-Graph, 

Buried Drop Sharing Fraction, 23 
Buried Drop Wire Material Cost per foot, 25 
Drop Distance, 2 1 
Drop Placement-Aerial & Buried, 21 
Drop Wire Material Cost per foot Graph, 26 
Pairs per Aerial Drop, 25 
Pairs per Buried Drop, 25 

22 

DS-O/DS-1 Terminal Factor, 14:; 
DS-1mS-3 Terminal Factor, 143 
End Ofice Non Line-Port Cost Ikiction, 14 I 
End Office Switching Investment Constant Term, 

End Ofice  Switching Investment Slope Term, 94 
Entrance Facility Distance from Serving Wire 

Center & IXC POP, 12 I 
Equivalent Facility Investment per DSO, per 

Line, 131 
EXCAVATION AND RESTORATION, 145 
EXPENSE, 135 
Expenses in Hatfield 4.0 Model, 177 
Feeder Steering 

94 

Feeder Steering Enable, 47 
Main Feeder Route/Air Multiplier, 47 

Fiber Cable Investment 
Interofhe, 107, 108 

Fiber Feeder 
Buried Fiber Sheath Addition, 69 
Copper Feeder Maximum Distance, 8 1 
CopperFiber Break-even distance, 8 1 
Fiber Feeder Cable Cost per foot, per strand- 

Fiber Strands per Remote Terminal, 8 1 
Optical Patch Panel Investment, 8 1 
Pullbox Investment-Fiber Feeder, 90 
Pullbox Spacing, 68 
Strumre Fractions, 66 

foot, 73 

Fiber feeder distance threshold, 8 1 
Fill Factors 

Remote Terminal Fill Factor, 77 
Forward-looking Network Operations Factor, 

140 
Fraction of BHCA Requiring TCAP, 125 
Fraction of Interoffice Structure Common with 

Fraction of SA Lines Requiring Multiplexing, 

Fraction of Stnrcture Assigned to  Telephone, I 13 
GR-303 DLC remote terminal fill factor, 77 
Hard Rock Placement Multiplier, 44 
Holding Time Multiplier 

Feeder, I 12 

I06 

Residential, 102 

Host - Remote Investment, 133 
Fixed and per line investment, 133 
Line Sizes, 133 

Host - Remote Parameters 
Host - Remote CLLI Assignments, 132 

Host-Remote Fraction of Interofice Traffic, 1 18 
I C 0  C-Link / Tandem A-Link Investment, per 

IC0 Local Tandem Investment, per Line, 129 
IC0 Local Tandem Wire Center Investment, per 

I C 0  OS Tandem Investment, per Line, 129 
IC0 OS Tandem Wire Center Investment, per 

I C 0  PARAMETERS, 129 
IC0 SCP Investment, per Line, 129 
IC0 STP Investment, per Line, 129 
I C 0  STP/SCP Wire Center Investment, per Line, 

Income Tax Rate, i 39 
Initial Common Equipment Investment 
GR-303 & Low Density DLC, 77 

Innerduct Material Investment, 65 
InlerLATA Interstate Calls Completed, 99 
1nterLATA Intrastate Calls Completed, 99 
Interoffice Pole Material and Labor, 11 1 
Interofice Structure Sharing Fraction, 113 
Interoffice Transmission Terminal Configuration 

(OC - 48  Fiber Ring), 170 
Interofice Transmission Terminal Configuration 

(OC -3 Fiber Ring), 169 
Interstate bushes DEMs, 10 1 
Interstate BusinesslResidential DEMs, 10 I 
Interstate DEMs, Thousands, 100 
Intertandem fraction of tandem trunks, 119 
InrraLATA Calls Completed, 99 
Intrastate bushes DEMs, 10 1 
Intrastate BusinesdResidential DEMs, IO0 
Intrastate DEMs, Thousands, 100 
Investmenr per Operator Position, 127 
ISUP Message Length, 124 
ISUP Messages per Interoffice BHCA, 124 

Line, 131 

Line, 130 

Line, 130 

130 

Labor Adjustment Factor, 160 
Lines per Channel Unit-GR-303 & Low 

Link Occupancy, 123 
Link Termination, 123 
LNP Cost, per Line, 142 
Local BuslRes DEMs Ratio, 100 
Local BusinessResidentiai DEMs Ratio 
Local Call Attempts, 99 
Local DEMs, Thousands, 100 
Long Loop Investments, 49 

DLC, 80 

Integrated T-1 COT Investment, 50 
Maximum TIS per Cable, 51 

)ensity 

100 
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T-1 Channel Unit Investment per Subscriber, 

TI Remote Terminal Fill Factor, 51 
T- 1 Repeater Investments, 49 

Low Density DLC to GR-303 :DLC Cutover, 

Low Density DLC to GR-303 DL.C Cutover, 80 
Manhole Investment 

Interofice, 1 1  1 
Manholes 

Dewatering Factor for Manhole Placement, 88 
Manhole Excavation & Backfill Graph, 89 
Manhole Investment-Copper Feeder, 87 
Manhole Material Graph, 87 
Pullbox Investment-Fiber Feedler, 90 
Pullbox spacing-Fiber Feeder, 68 
Pullbox spacing-Interoffice, 1 I O  
Spacing-Capper Feeder, 6 1 
Water Table Depth for Dewatering, 88 

Maximum Analog Copper Total Distance, 46 
Maximum broadcast lines per cornmon 

Maximum Line Size per Remote Terminal, 76 
Maximum Nodes per Ring, 1 18 
Maximum Number of Additional Line Modules 

per Remote Terminal, 84 
Maximum Trunk Occupancy, 1 lfi 
Maximum Utilization per Operator Position, 127 
MDFlProtector Investment per L.ine, 93 
Network Operations Reduction, 180 
NID 

Business NID - No Protector, 'I 9 
Business NID (6 Pair) without Protector- 

Material Graph, 20 
Indoor NID Case, 20 
NID Protection Block per Line!, 19, 20 
NID Protector Block per Line-Material Graph, 

Residential NID Cost without ITrotector, 17 
Residential NID without Protector-Material 

50 

Low Density DLC 

80 

investment, 57 

19 

Graph, 18 
NID Expense, 142 
NID Investment 

Number of Strands per ADM, 108 
Operator Intervention Factor, 127 
Optical Distribution PaneI-Interoffice, 104 
Optical Patch Pane1 Investment, Fiber Feeder, 8 1 
OTHER EXPENSE INPUTS, 139 
Other Taxes Factor, 139 
OVERVIEW, 16 
Pairs per Dedicated Circuit, 55 
Percentage of Dedicated Circuits, 5 5  
Placement of Transport, 109 

Default Values, 17 

Pole Investment 
Copper Feeder, 62 
Distribution, 3 1 
Material & Labor Cost Graph, 3 I 

Copper Structure, 62 
Interoffice, 1 1  1 

Interoffice Pole Material & Labor, I 1 1  
Pole Spacing-Feeder, 62 
Spacing - Distribution, 42 

POPS per Tandem Location, 1 I7 
Port Limit, Trunks, 120 
Power Investment, 96 
Prices 

Pole Spacing 

Poles 

Potential Retaliation Against Suppliers, I6 
Telecommunications Suppliers, 16 

Processor Feature Loading Multiplier, 95 
Public Telephone Investment, 127 
Pullbox Investment 

Fiber Feeder, 90 
Interoffice, I 1 I 

Fiber Feeder, 68 
Interoffice, I 10 

Pullbox Spacing 

Real Time Limit, BHCA, 120 
Real Time Limit, BHCA, Trunks, 120 
Regenerator Investment, 105 
Regenerator Spacing, 105 
Regional Labor Adjustment Factor, 160 

Effect on Aerial Drop Installation, 166 
Effect on Buried Drop Installation, 166 
Effect on Buried Installation, 16 1 
Effect on Conduit Installation, 16 1 
Effect on Copper Distribution Cable 

Effect on Copper Feeder Cable Installation, 

Effect on Fiber Feeder Cable Installation, 164 
Effect on Fiber Pullbox Installation, 162 
Effect on Indoor SA1 Installation, 165 
Effect on Manhole Installation, 162 
Effect on NID Installation, 166, 167 
Effect on Outdoor SA1 Installation, f 65 
Table of State Values, 167 

Remote Terminal Fill Factor, 77 
Remote-Host Fraction of Interoffice Traffic, 117 
Repeaters 
T- I Repeater Investments, Long Loops, 49 

Require serving areas to be square, 47 
Ring Transiting Traffic Factor, I 18 
Riser Cable Size and Cost per Foot, 29 
Rock Depth Threshold, Inches, 44 
SA1 Investment, 52,57, 58,59 
SCP Investment per Transaction per Second, 126 

Installation, 163 

164 
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Sharing 

SidewalklStreet Fraction, 46 
Signaling Link Bit Rate, 123 
Site and Power per Remote Terminai, 76 
Sizing Factors 

Buried Drop Sharing Fraction, 23 

Copper Feeder Cable, 70 
Distribution Cable, 40, 4 I 
Fiber Feeder, 7 1 

Soft Rock Placement Multiplier, 45 
Spare Conduit tubes per route-Distribution & 

Spare ducts per route-Distribution & Feeder, 35 
Spare tubes per route-Interoffice, 109 
STP Link Capacity, 122 
STP Maximum Common Equipment Investment, 

STP Maximum Fill, 122 
STP Minimum Common Equipment Investment, 

per Pair, 122 
Structure Fractions 

Copper Feeder, 60 
Distribution, 36 
Fiber Feeder, 66 
Fraction of Buried Available for Shift, 37 

Structure Percentages 
Interofice, 108 

Structure Shares Assigned to Incumbent Local 
Telephone Companies, 17 1 

Structure Sharing 
Interoffice, 113 

STRUCTURE SHARING FRACTION, 137 
SURFACE TEXTURE MULTIPlLIER, f 53 
Switch Installation Multiplier, 93 
Switch maximum line size, 92 
Switch Maximum Processor Occupancy, 92 
Switch Port Administrative Fill, 92 
Switch Real-time Limit, Busy Hour Call 

Switch Room Size, 96 
Switch Trafflc Limit, BHCCS, 9 1,92 
T-I Channel Unit Investment per Subscriber, 50 
T- 1 COT, InstaHed, 50 
T- 1 Repeater Investments, Installed, 49 
Tandem Common Equipment Intmept Factor, 

Feeder, 35 

per Pair, 122 

Attempts, 91 

121 
Tandem Common Equipment Investment, I20 
Tandem Real Time Occupancy, 12 1 
Tandem Routed % of Total IntraLATA Traffic, 

TandemlEO wire center common factor, 96 
TCAP Message Length, 125 
TCAP Messages per Transaction, I25 
Terminal 

Terminal Material Cost Graph, 25 
Terminal Investment-Interoffice 

EF&I Labor Cost, per hour, 104 
EF&I Labor Hours, 104 
Fiber Pigtails, 103 
Number of Fibers, 103 
Optical Distribution Panel, 104 
Transmission Terminal Investment, 103 

Aerial Terminal & Splice per Line, 25 
Buried Terminal & Splice per Line, 25 

Distribution Distance Multiplier, Difficult 

Hard Rock Placement Multiplier, 44 
Rock Depth Threshold, Inches, 44 
Rock SawlTrenching Ratio Graph, 45 
Soft Rock Placement Multiplier, 45 

Threshold Value for Off-Ring Wire Centers, 117 
Total Interoffice Traffic Fraction, 1 14 
Transmission Terminal Fill (DS-0 level), 106 
Transport Placement, 109 
Trunk Fill (Port Occupancy), 120 
Trunk Termination Investment, I 15 
Trunk Utilization, 144 
UNDERGROUND EXCAVATION, 145 
UNDERGROUND RESTORATION, 145 
Wire Center 

116 

Terminals 

Terrain 

Terrain, 44 

Construction Costs, 97 
Land Price, 97 
Lot Size, 96 

Wireless common investment, 56 
Wireless Investment, 55 
Wireless investment cap enable, 5 5  
Wireless per line investment, 56 
Wireless point to point investment cap, 56 
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