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BEFORE THE FLORIDA PuPLI C SERVICE COMMISSION 

DIRECT TESTIMONY 

OF 

JAMES D. DIDIBAR, JR. 

.J I 

Q. Please state your name, place ot employment, and business 
addre.aa. 

Hy name is Jllmea D. Dunbar, Jr. I am empl oyed by 
Sprint/United Management Company, lln affiliate of Uni ted 
Telephone Compllny ot Florida and Central Tel ephone 

Company ot Florida, as a Manager Pricing and 
Regulatory, at 2330 Shawnee Mission Parkway, Westwood, 

Kans.ss, 66205. 

z. lackqroun4 &D4 oyaliticationl 

Q. What is your educati onal background? 

A. X received a Bachelor ot Science in Engineeri ng degree 

from Pennsylvania Military College (now Wi dener 
University), Cheater, Pennsylvania with a split emphasis 
in Computer and Nuclear Engineering. In 1983 , I rece i ved 

a Master ot Business Administrat i on deqree from J ames 

Harrisonbur~-,.uY~rgirip wi th an 
V Jv M 'ir!/ ' rq. DATE 

G !r~ 2 8 t.UG 12~ 
FPSC. f,[COkOM I(f'ORT lhG 



I nave also completed n\Uierou.s 
industry engineering and related courses in General 
Engineering, outaide Plant Engineerinq, tne Bell 
Technical Center Course i n Long Range Technical Planning, 
Tranaaiasion Engineering, Traffic Engineering, and 
Tran .. ission Noise Mitigation. 

g. What is your work experi ance? 

A. Froa 1966 to 1970, I served as an Officer in the u.s. 
Aray Signal Corps leading or co.aandinq siqnal units on 
various co .. unica eions asMignments including command of 
a u.s. Strike Force International Communications Team. 
Respon~ibilities included the provision of FM, UHF, 
aicrowave radio, radio/wire int egrated links, land line, 
switching, network control , and secure communications. 
Following active duty, I continued in a reserve status 
assiqned primarily to tne u.s. Army Air Defense School at 
Ft. Bliss, Texas as a senior communications instructor 
and course analyst. 

rroa 1970 to 1973, I was employed by tne Denver ' Ephrata 
Telephone ' Telegraph Company in Ephrata, Pennsylvani a. 
Ky duti- included Outside Plant Enginearinq, Traffic 
Enqineering, COB Engineering, development of certain cost 
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studies, and some Circuit Equipment maintenance. 

I have been .. ployed by Sprint Corporation or one o! ita 
predec-aor companies since 1973. Pro111 1973 to 1985, I 
v- lcx:atecS in Virqinia. Prom 1973 to 1974, I was an 
OUtside Pl ant Enqineer with responsibi lity t o r 111&1\Y 
projects includinq a co•plete rework or the Oniversity o r 
Virqinia loop plant. I vorked as a Tranaaiaaion Enqi neer 
durin9 1974 ancS then was aaeiqne d t o •anaqe the state 
capital budget and outside plant planning qroup t or the 
1974 to 1976 period. This group was asaiqned 
responsibility tor enqineerinq all outside plant c apital 
projects in excel'& or $25, ooo and budqetinq tor all 
classes ot plant. Prom 1976 to 1978, I was District 
Plant ~anaqer tor the 1800 square 111 i le Southern Virq i nia 
District where I aanaqed the Construction, Maintenance, 
and Installation forces. 

Proa 1978 to 1984, I manaqBd various Requlatory coatinq 
functions, includinq the state depreciation and c oat 
separations qroup. P'rom 1994 t o 1985 , I was General 
Kana~Jer - Interexchanqe services where I aanaqed the coat 
separations , rates and tar itta, depreciation, and the 
intere.xchanqe carrier billinq/contract and interrace 
functions. I was a ID81Ibclr ot the Virqinia Telephone 
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Aaaociation Separations Committee . 

Proa 198!5 to 1993, I was General Stat! Kanaqer -

Separations !or the predecessor Centel Corporo~e St a t ! in 
Cbicaqo, Illinois . Hy job !unctions included manaqinq 
the cost separations stat!, the revenues and earninqs 

aonitorinq !unction, the proqra-.er and aodelinq support 

tor those functions , and cost issue analysis activi ties 
such as rate o! return versus price caps and FCC/NARUC 
rule Chan<Jes. I was the priaary corporate interface with 

OSTA and NAROC ! or technical issues. I served on the 
US~ Technical Operations Committee, the Price Caps Team 

{!roa .\987 to 1991), and the Policy Analysis Co mmittee. 
I also tauqht a portion o! the USTA Separations Classes. 

rroa 1993 to the present, I have been asdqned to the 

Sprint/United Manaq-ent Company Local Telephone Division 

Staff in Westvood, Kansas. From 1993 to 1994, I was 
Kanaqer - separations vith responsibility ! or t he merqer 
of the C.ntel and Sprint separations functions and 

various other costinq and monitoring activities. Since 
1994, I have bean in ay current position with 

responsibility tor analysis and modeling of costinq 
issuaa, such as LIDB and 800, broadband iaplementation, 
and the developaent of the Benchmark Costinq Model (BCH) 
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sponsored by Sprint, MCI, NYNEX, and us West. I am a 

coauthor or Be.nchllark cost Model 2 (BCM 2). In addition 

to the BCM activities, I have been a lleJDber of the 

Teleco .. unications Industries Analysis Project (TIAP) 

inc1uetry te .. curre.ntly sponsored by the University or 

Plorid.a sine. its i nception and aa a aaaber o f the 

current TIAP Broa~nd Model developasent teaJD. 

t II. lprpo•• of TtatiwoDy 

10 

11 

12 

13 

14 

15 

16 

Q. 

a.. 

What ie the purpose o r your testiasony today? 

The purpose of ay testiaony is to explain the BenchiDark 

Coating Model 2 (BCM 2), its assumptions, and how it 

develops invutaente and aonthly cost tor basic telephone 

service by Census Block Group (CBG). BCM 2 deteraines 

17 costs of loops, fro• which prices can be developed. 

18 

19 III . leacb•erk C:ottilag Mo4el 2 liCK 2 l 

20 

21 

22 

23 

24 

25 

a.. 

What is the origin ot the BCM 2? 

BCM 2 vaa developed as a joint ettort by Sprint 

Corporation and us West to address critical coaaents 

tiled with the FCC in cc docket 80-286 in response to the 
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g. 

g. 

Joint Board's request tor co.aents regarding universal 

service and apecitically the original BCM. In this 

taati.Jiony, when I re~er to !'print , I aa t a lking about 

United Telephone Coapany ot Florida and central Telephone 

Coap&ny ot Fl.orida . I will rater to these coapa n i e s ' 

parent coapany aa Sprint Corporation . The SCM was 

developed by sprint corporation, NYNEX, MCI and us West 

(j~int aponaora ) in respcnae to the FCC 's expressed 

interest in considerinq a aodel which develops "proXl'" 

coats tor the provision ot basic telephone service at the 

C8G level. BCK 2 vas tiled with the FCC on July 3, 1996, 

tor consideration in cc Doclcet 96-4 5 (Federal-State Joint 

Board On universal Service). 

What ia the purpose ot BCK 2? 

The purpose ot BCM 2 ie to identity those CBGs in which 

the co.t ot provid~ng basic telephone service is so high 

that ao.. ! ora ot explicit high-cost support may be 

necessary aa part ot a universal service solution at both 

the tederal and individual state levels, including 

Florida . It ia also a coaparative tool to toet the 

r-sonablenua ot other costinq mechanisms. 

What are the results ot SCM 2? 
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Q. 

0· 

a. 

8CH 2 produces a benchaar~ coat range tor a datined set 
ot basic residential telephone services aas1111ing 
etticient engineering and design criteria and the 
deploy118ftt ot current state-ot-the-art tranaaiaaion and 
switching technology . It uses the current national l oca l 
exchange network topology . BCM 2 provides a benchmark 
... aureaent ot the relative costa ot servinq custoaers 
reaidinq in given areas such aa a CBG. 

What does BCH 2 not do? 

BCH 2 does not detine the actual coot tor any telephone 
coapany, nor the ellbecSded coat that a company aiqht 
experience in providing telephone service today. That 
is, it ia a proxy tor current enqineerinq costa, 
developed troa inputs such aa loop distance, subscriber 
density , and the terrain characteristics that typically 
intluence the investment and expenses ot a carrior 
providing telephone tacilitiea. 

Plea•• define a Census Block Group (COO). 

A Census BloeJt Croup (CBG) 1a a qeogt'aphic unit detined 
by the Bureau ot the Census which icSeally contains 
approxiliAtely 400 houaeholcSa. Th.ere are 9, 087 CBGs in 
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Q. 

... 

Q. 

... 

the State of Florida . 

Please define basic telephone service as it relates to 
the bench.aark costa developed by BCH 2. 

Basic telephone service is defined as voice qrade access 
to the public switched network with the ability t o place 
and receive calls , rflaidential one party service, t ouch 
tone, a white page directory listing, and acce~a to 
directory assistance, operator service, and emergency 
aervicea, e.g., 911/ E911. 

Please explain hov aonthly costa t or baaic t elephone 
.. rvice are developed within BCH 2 . 

All coat calc~lations are derived i n terms ot efficient 
~:~nd state-of-the-art inveataent. The technology used i n 
the aocSel auat be torvard looking and actually in use 
today . In order to detaraine a monthly cost tor basic 
local service by CBG, t .he individual inveata~enta tor the 
piece parts m~t be summed to include loop and structure 
investments, electronic circuit equipment investments and 
avitchinq inveataenta. In order t o deteraine a monthly 
coat tor basic local service by CBG, BCH 2 uses both 
investment related expense factors and line rela ted 
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Q.. 

a. 

expense factors. The investment related factors are 

devalopec1 separately tor three plant categories: cable 

and wire facilities, switching eq\.ipment, and circuit 

equipaant . A separate annual cost factor is developed 

for line-related axpenses. These factors are applied to 

inv-blant or access lines, as appropriate, and the 

result is c1ivided by 12 to estimate a monthly c ost ot 

basic local sarvice. 

What are tbe three 11u .jor steps of tbe BCM 2 process? 

1. Builc1 the data input file to be used in the model. 

Since CBGs consist of about 400 households, there 

are many times tAore CBGs than central offi ces. 

Each CBC is associatad wit.h the nearest central 

office usinq the distance between the centroid or 

qeoqrapbical center of the CBG and the cent ral 

office (CO) location from the Bellcore Local 

Exchange Routlnq Guide (LERG). Tho CBG is a b o 

assigned to a North , East, South, West quadrant 

basad on the polar anqle ot the CBG from the co. 

To the co and CBG ceraua data are added the terrai n 

c1ata from the u.s. Department of Aqriculture Soil 

Conservation Servic~. This is accomplished usi ng 
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z. 

3. 

commercially available ~apping proqrams. This 

results in a CBG apecitic data input tile to load 

into the BCK 2 ~odel. 

oeeer.ine the appropriate teeder and d istribution 

plant for the celative location of the CBCs. 

The BCK aaaiqna all CBGa in a quadrant to a single 

shared feeder «-nd selects the appropriate loop 

technoloqy tor each CBC. The model then shea a.nd 

prices the feeder and distribution cables. 

The appropriate placement coats are then developed. 

This step uses u.s . government data tor terrain and 

density to develop estimates of loop placement 

coats within the CBC . 

Develop the appropriate switching costs. 

This step develops the switching coats associated 

with serving each CBG. 

10 
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Q. 

a. 

Q. 

a. 

Q. 

a. 

Bavt you prtpartd an txhibit that 4tacribta the 

-tbo4o1oqy uatd i n BCM 2 to develop proxy costa tor 
baaic exchanqt service? 

Yu. It is attached to ay teatimony as Exhibit No • • TOo-

1. 

Kr. DUnbar, vbat is tht avtraqt loop coat procSuced by BCM 

2 tor tht Maitland/ Winter Park Area? 

It is $20.01. 

Dots thia conclude your testimony? 

Yta. 

11 
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Introduction 

Benchmark Cost Model 2 
Methodology 
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The purpoee of the model !a to estimate a benctun.rk cost of providing basic · local telephone aervice for both business and residence customers in small geographic areas for the entire U.S. and ita territories. Small geographic areas are UHCI because the coat of provkfmg basic telephone service varies greatly even within the geographic unit of the wire center. Thus, the use of small geographic areas allow the model to Identify specific areas which are high cost to serve because of the physical characteristics of the area. 

The BCM2 assumes an plant Is placed at a single point in time. All facilities are created as if the entire country is a new service a -ea. Therefore, the BCM2 reflects the coats a telephone engineer faces lost llling new service to existing population cert.era. 

BCM2 Is a geographically-based high level engineering model of a hypothetical local network. The basic geographic units used by the model are Census Block Gtoups (CBGs), as designated by the U.S. Bureau of the Census. There are over 226,000 covering the entire U.S.' The basic data provided by the Census Bureau are the geographic boundaries of the CBG, the geographic center (centroid) of the CBG, and the number of households In the CBG. In addition t:> the Census data, terrain Information from the U.S. Geologic Survey (U.S.G.S.) is developed by CBG. This Information Includes data which Impacts 'the cost of placing telephone plant Into service. The terrain data includes water table depth, depth to bedrock, hardness of the bedrock, surface soil texture, and the slope of the terrain. Another date item developed by CBG Is an estimate of the number of business fines. This number is developed based on a third party data base of employees by CBG. These preceding Items contain all the CBG characteristics necessary for input to BCM2. 

The BCM2 starts with the existing central office locatioM throughout the country. The source of the central office locations is Bellcore's Local Exchange Routing Guide (LERG). This data Is Input into a geographic information system where each CBG is associated with the closest central office. Once all CBGs are associated with central oftice toeationa, this information plus the relative physical locations and CBG Information are Input to the BCM2. This baste Input Information anows the BCM2 to design a local exchange networ1< utilizing a tree and branch topology. 

1 BCM2 Is cap.blt of utlng any at~~~~ I geographic unit. auch •• a eenaut bloek or the •grlcr. Utlized by the Colt Proxy Model (CPM) developed by Pacl1\e Telesb and INOETEC. 
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I4IW& lfo. JOD-I BCM2 methodology Is presented below in the following sections: ,... 

1 
or n 

• Assumptions for Loop Technology 
• ~~for Feeder Plant Architecture • Ass~ for Distribution Plant Architecture • Assumptions for Switch Technology • Asaumptionl1or Density 
• Algorithms to Develop Bale Local Service Costs • User Adjustable lnputa · 

Pl1or to addreulng BCM2 methodology a brief desc:ription of the major model changes from the original BCM Is provided In the following section. 
lblor Chang .. From BCM to BCM2 

Based upon public comments and analyses of the BCM, a number of enhancements have been lneotporated into BCM2. These enhancements are designed to more accui'Jtely reflect actual engineering practic:a In the development of a local exchange rwtwork. BCM2 Includes all costs of basic local telephone service, wheraas the BCM only included the major cost drivers that differentiated high cost and tow cost areas. The major changes from BCM to BCM2 folow. 

Population Distribution 

The BCM2 rural CBG Input data are modified by a Geographic Information System module to reduce the square mUe area of the CBG to an area that reflects the ctusterlng of households. This Is done' utilizing a third party road network database to Identify the areas within the CBGs which have the highest probability of containing households. A 500 foot buffer Is created on each side of roads In CBGs with 20 households per square mile or leu. A new area Is calculated by the buffer area. If road buffers over1ap, the area Is not double-counted. 

Business Une Information 

The BCM2 Includes buslne11 linea, private line loops, as well as residential lines by CBG. State specific counts for reported business lines and private fine loops are aDocated to CBGs based on a third party data base of employees by CBG. Additional residential demand beyond a single One per household Is lnclud.s based on the national ratlo of all residential lines reported in the end of year 1994 as a ratio of 1990 households.2 The 
2 8CM2 has a 111411' Vlllfllble Input far the numbef of lines per household. Tlle deflultvatuell 1.2. 

:z 



.. 
.,.W U_,c-1 
Doc-.l&o. 9601l'-TP 
J_.D.~, Jt. 
!Oiolll&o. JD0-1 
...,)o(ll 

Inclusion of these Ones allows the realization of all economies of scale associated with loop plant within the wire center. 

Engineering Aaaumptions 

Additlona8y, there are four major areas where the engineering assumptions changed from BCM to BCM2: switching plant, distribution plant, feeder plant, and the placing of a cap on wireline loop investment 
The 8CM2 awttchlng module changes includes five switch sizes to more closely reflect the awltch app6cation. The new switch module uses the Local Exchange Routing Guide Information for remote switch locations to place remote IWitches In the locations where they are currently installed. Additionally, stand alone switch sizes of up to 10,000 lines, 10,000 to 60,000 fines, 80,000 to 100,000 lines and ,wer 100,000 lines are used. 
The BCM2 distribution plant engineering has been altered to reflect the distribution demands of each CBG. Varying the distribution plant engineering assumptions In urban areas aligns the BCM2 engineering deslgna more closely with actual engineering practices In thesa areas. This Is done by bulng the number of dlstnbutlon plant cable legs on the number of housing lots in each CBG. The original BCM vtlrtzed a simplifying assumption of a constant four distribution cables per CBG. 
Another dlstribution plant enhancement Is that no copper distribution distances exceed those apec:ified by the user. The maximum copper distribution distance Is a user input with a 12,000 foot default. The Dmitation of copper technology serving distance has the effect of producing multiple distribution areas within rural CBGa, which In effect extends the feeder plant facilities Into the CBG. This change also aUgns BCM2 more closely with actual engineering practices. The original BCM assumed all plant within the CBG was copper distribution plant and that there would always be four distribution cables. 

Two other afeas of distribution plant engineering changes are driven by high concer.trations of business lines In a CBG. The first change is that if a CBG line c:our.t ex~s 2,016, a variable percentage or lines will be terminated at the OS1 level to reflect com of providing service to digital PBXs and providing wideband private line services. This is a user variable input. AdditionaDy, if fine demand for a single CBG exceeds the capacity of aiTialdmum size copper cable, fiber Will be deployed to the CBG regardless of the distance. 

3 
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,.,. • otn The third major area of engineering assumption change Is that the costs for feeder plant digital loop carrier (OLC) systems reflect the fi)(ed and variable nature of the costs. This ensures that the cost for OLC equipment properly reflects the effects of the equipment loading in each CBG. This is an Important change since there can rrem be multiple remote terminals within a CBG for two reasons. First, the Inclusion of business lines can cause the Dne demand to exceed that which can be provided by a single remote terminal. Second, the maximum copper dlstnbution distance can cause the deployment of multiple remote terminals. 

The final major area of change Ia the assumption that an alternative wireless loop technology is utilized for loops requiring lnves1mentlevels In excess of the cost of an alternative wireless technology. Based upon ongoing trials, a value of $10,000 per loop is used in BCM2. 
~erEnha~n~ 

Thera are a number of other enhance nents Included in the BCM2. The BCM2 Includes costs of the local loop not previously reflected in the original BCM'. slope data is Included in the BCM2 input data, and new variables that impact structure costs are available for future use. Another area of change provides separate annual cost factors for cost items that are plant related and a separate annual cost factor for line-related expenses. Three separate plant related f•ctors are utilized for cable and wire facility Investment, circuit equipment Investment, and switch equipment investment 

Model Method• 

Assumptions for Loop Technology 

Feeder cable (cable placed so that it can be supplemented at a later date) is deployed as analog copper plant where the total loop distance is less than the user-specified maximum copper cable length. • If the loop distance exceeds the maximum loop distance value, fiber feeder plant Is deployed. Fiber Feeder may extend Into the CBG to maintain the maximum copper distribution cable distance. 

Distribution p•nt may contain analog copper technology when terminating signals at a voice grade level, or may utilize fiber loop technology or digital 

' BCM2 lndudet c:oata ror the ptdtttal, drop wire, netwottc lnterlac:t diYic:e, in-line terminals, lplicing and env'-'tn;. 
' The user may specify maximum c::opp« distances of 8,000 feet. 12,000 feet. 15,000 feet,« 18,000 feel 
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....Soll1 carrier on copper, when termination& are made at the 051 signal level for a percentage of business lines. 

BCM2 uses two types of OLC equipment depending on the number of lines needed at each remote terminal location. For a remote terminal requiring line capacltia greater than 240 lines, Lucent T echnologles SLC Series 2000 equipment Is used. For remote terminal requiring 240 lines or less rapacity, Advanced Filer Communications equipment Is used. Both products are deploy.cf in drop/add configurations, with SLC having a total capacity of 2,016 voloe grade channels per four fibers and AFC having a total capacity of 672 voice grade channels per four fibers. 

Auumptions for Feeder Plant Architecture 

FMder plant uses a tree and branch topology, with plant routes ildiN•c:ting at right angles. Each · eeder cable begins at the central office anclgeneraly ends at a terminal a the edge of a CBG. However, fiber feeder may oxtend Into the CBG to ensure that the user specified maximum copper cable length Is not exceeded. 

Four main feeder routes leave each central office': directly Eas1 (quadran t 1); dltedly North (quadrznt 2); dlrectty Wast (quadrant 3) and directly South (quadrant 4). The feeder route boundaries are at 45 degree angles to the main feeder routes. 

• A cenlrll olb trWf M¥e lesllhan tour fMder routes If no CBGt are located within a te.:~ queclrw1l 

s 



• 

• 

Faadar Plant Architecture 

.... Uahtf'C,.... 
Dot .... Mo. NOCJI-TP 
-D. o.Moow,l< . 
~"o. IDO.I ,..totn 

~c--a.... ···-..:·---· -·-- . ·-1---·1--/' ···.• . ... ·· ___.::........ -·-- ., - -.. .~··' -­_, --- l .... ··.... - ....... ·····o~ . .. -·· . . i . : i : c:.nl . : 
- J .. ...... _ 

! 
I .. -~~ --L.-. ••• ••• -··--r··-u .. .. .. ·· . .. .. ·· .. 

Both copper and fiber feeder cables share the structure and placement costs In the main feeder systems. Aa the main feeder routes move away from the central ortice and deploy cable capacity to the CBGs, the feeder cables taper In aize to the capa.clty necessary for each indiVidual segment 
Copper feeder cables range In size from 25 pair cable to 4~00 p11ir cable, while fiber feeder cable sizes range from 12 strBnd cable up to 144 strand cable. Feeder plant cosu include the material cost of cable and electronics, as weU as the capitalized ~~ of stnJcture and placing the cable, electronics costs at the central office and remote tennlnals, as well as costs of in-line tenninals, splicing and engineering . 

Assumptions for Distribution Plant Architecture 

The BCM2 assumes that all households within a CBG are unlfonnly distributed. In rural areas, the CBG area Input data has been reduced reftfding the removal of areas that do not have road &cc:;e$1. 

Dlstribl.ltion cable begins at the ertd of the feeder cable and continues to the customE.r premise. The distribution plant Is designed to reach all households In the CBG through the placing of cables between subdivision lot lines. 
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..,.7otl1 BCM2 more predsely designs distribution plant for each CBG to ensure cables pass by uch premise. The number or distribution cables may be as few as one for a small CBG to 20 or more cables In more densely populated CBGs. 

In larger rural CBGs, It may be necenary to extend the fiber feeder Into the CBG Itself to maintain copper cable lengths less than the user apecified maximum. An example or fiber extending Into the CBG Is dlapleyed below. 

. 

Example of Distribution Plant With Fiber 
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Investments for distribution plant lnduoe the material cost of the cable and Ita cost of structure, as weU as the network Interface device, the drop wire, the pedestal, In-line terminals, digital terminals, splicing and engineering. Dfstnbutlon cable sizes range from 12 pair cable to 3600 pair cable. 
Since business llnes are now Included by CBG, the BCM2 distribution archltecwre uses fiber distribution cable In very dense CBGs that require 

7 



lfdooU~ 
Daobc ~. ,., .. T? 
1-o.~.lr. 
--~. JDD.I 
..... o()l larger cable capacity than a maximum size copper distribution cable. Additionally, BCM2 terminates a percentDge of the lines in these dense CBGs at a digital DS-1 signal level, since a percentage or businesses have digital PBXs orwideband services that uUiize such capacity. 

Assumptions for Switch Technology 

The BCM2 uses five different size generic digital swit.ches for calculating switch Investments. Using Bellcore's LERG Information, a switch is dealgnated as a remote switch or a stand-alone switch. Stand alone ~Witches are spHt by line size grouping: up to 10,000 lines; 10,000 lines to 60,000 lines, 60,000 lines to 100,000, and over 100,000 lines. Each size switch hu a unique fixed or start up cost and a unique per line cost The start up cost indudea central processor frames, billing and data recording equipment and frames, miscellaneous power equipment and back-up power, the maln distribution frame, flames for testing, and basic software. 
Assumptions for Density 

CBG dansltles are calculated In a three step process. Firs1. the business lines are divided by a user input density adjustment The default value for the denalty adjus1ment Is 10 business lines occupying the physical space of one household line. In the second step, the adjusted business lines are summed with the CBG households. Finally, this sum is divided by the square miles of the CBG. This insures that the proper density characteristl:s are assigned to the CBG. 

The BCM2 uses six different density groups to determine characteristics of the plant being used. The six density groups are as follows: 
• o < and <• 5 
• 5 < and <c 200 
• 200 < and < 650 
• 650 < and <c 850 
• 850 < and c: 2,550 
• > 2,550 

The densdy groups determine the mixture of aerial and below ground plant, feeder flU factors, distribution fiU factors, and the mix of activities in placing plant and the cost per foot to place plant These are all user adjustable Inputs. 

I 
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Terrain Assumptions 
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U.S.G.S. data for four terrain characteristics that impad the structure and placing cost of telephone plant are included as inputs to BCM2 by CBG. These terrain variables Include depth to water table. depth to bedrock, hardness of bedrock. and the surface soli texture. Combinations of these charac:teristlca detennine one of four p.lacement cost levels. The normal placement cost for a density group occurs when neither the water table depth nor the depth to bedrock Ia within the placement depth for the cable and the surface soli texture does not Interfere with plowing activities. The next higher level of placing cost occurs when either the surface soil texture does lntetfere with normal plowing activities or soft bedrock Is within the cable pla.cement depth. The third level of placing difficulty occurs when hard bedrock Is within the placement depth of copper cable or fiber cable. The laat level of placement cost drficulty occurs when the water table is present within the placing depth 0 1 copper or fiber cable. 

Algorlthma to Develop Basic Local Service Coats 

FHder Plant Distance 

Typically, each LEC central office has four main feeder routes, radiating out from the.central oftic:e (BCM2 uses an East, a North, a West, and a South main feeder routes). Branching off from the main feeders are sub-feeders, typicaly at right angles to the main feeder, giving rise to the fammar tree and branch topology of feeder routes. Subscribers or homes are some...-hat randomly spread within the fOute serving areas. The routes become less densely populated as the distance from the central office increases. 

The geographic centers (centroids) of the CBGs may fall in any of the four feeder route serving areas. In order to determine on which of the four main feeder routes (or quadrants) a CBG Ia served, an angle n is calculated. The angle n represents the counter-docl<wise rotational angle between a llne connecting the CBG with the c1otest central otlice and a line headed directly east from the central office. This Ia displayed In the figure below. 
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The relatlonahip between the angle Cl and the feeder route is found In the table below: 

East Feeder Route (Quadrant 1) 
North Feeder Route (Quadrant 2) 
West Feeder Route (Quadrant 3) 
South Feeder Route (Quadrant 4) 

315" <a 45" 
45° <a 135" 

135" <a 225" 
225• • 315" 

To estimate feeder plant costa for a given CBG, the length or the feeder cable from the closest c:entral office to the CBG Is approximated. For purposes of simplification, it Ia assumed that each CBG Is square in shape, with the households within the CBG distributed uniformly. As discussed, in CBGs with leA than 20 households per square mile, CBG area Is reduced to eliminate non· populated aran. AddiUonalfY., It Is assumed that sulrfeeder cable generally ends at the edge of the CBG, unless the CBG boundary overlaps the main feeder route, In which case no sulrfeeder plant Is used. Thus, calculating the feeder distance becomes a two-step proc:eu. 

Flm, an ...,_ c:Jstanoe Is calculated using the latitude and longitude of the closest central office and the latitude and longitude of the centroid of the CBG. Next. the al111ne distance Ia converted to an equivalent feeder plant route length. This conversion becomes a simple mathematical model. 
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Feeder Dlatance Calculation 

Caurold 
orCBG 

• 

Airline distance between the central office and CBG centroid • Une c 

Angle between Main Feeder Route (line b) and Une c • a 

Main Feeder Route Distance to CBG • Une b • c• cos a 
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Sub-feeder route distance is calculated In a similar manner, however. the sub­feeder does not extend Into the CBG. 

The preced'~ng distance calculations may be increased if the minimum or maximum slope measurements for a CBG reach the trigger values. If the slope is greater than the trigger value, then the feeder and sub-feeder distance are Increased by a user specified factor. 

Shared Feeder Plant Distance 

CBGs that are served along a common feeder route share feeder facilities. The BCM2 calculates the distances for the shared feeder segments by calculating the Une b distance descn'bed above for each CBG in a quadrant Once the Une b distances are calculat.ed, the model aorta the CBG data first by central office, then by quadrant and finally by Une b distance. An example or three CBGs in main feeder q1..'8drant 1 Is shown below. 
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In this example, there are three feeder segments in quadrant 1, main feeder segment X, main feeder aegment Xz, and main feeder segment X,. The formula for calculating the feeder segment distance is: 

For n {the number of CBGs within a quadrant) > 1, 

Main feeder aegment X.. • b. - b,.., 

The total feeder distance for a CBG is the sum of main feeder distance and sub­feeder distance . 

Cable Capacity and Materlal lnvutments for Shared Feeder Plant 

The required capacity of a segment of copper feeder plant is determined by the sum of the lines of an CBGs utillzlng that particular segment and copper technology. Next, the sum of these lines Is divided by the fill factor for the density group associated with the segment This calculation yields the cop~r cable capacity required for the segment The BCM2 then "looks up• the cable capacity In 1 table to determine the actual cable size available {and its associated ~~ per foot) to meet the segment capacity. If the required capacity Is greafer than the size of the largest available cable, the BCM2 determines the number of maximum size cables and the next size cable to meet the capacity needs of the segment The copper feeder cable sizes available In the model are 25, 50, 100, 200,400, 600, 900, 1200, 1'300, 2400, 3000, 3600, and 4200 pair. 
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ltGiWI ""· 100.1 ,.., uotn The required Qlpaeity for a segment of fiber feeder plant is determined in a almllar manner, however, SLC technology and AFC technology cannot share fiber strands because of differing transmission parameters. For SLC systems, four fibers can cany up to 2.016 voice grade paths. If the segment capacity exceeds ttU limit. four additional fibers are required for each increment of 2,016 voice grade paths. For AFC systems, four fibers can cany up to 672 voice grade paths. Uke SLC, each lt(iditional increment of 672 voice grade pah capacity requites an additional four fibers. The voice grade paths are detennined by technology by surrvnlng the lines by CBG utilizing l~ particular technology and dividing the sum by the fill factor associated with the den.sity group d the feeder aegmenl 

The total capacity for a fiber feeder segment is the sum of the required SLC fiber strands and required AFC fiber strands. The BCM2 determines the number of maximum size fiber cables and the size of the .cldltional fiber cable to meet the capacity needs of the aegmenl The fiber fe~er cable sizes available in the model are 12, 18, 24, 38, 48, 60, 72, 96, and 144 strands. 

Once each feeder segment's cable size and cost per foot Is determined, a total material cost Ia calcutated for the segment. This calculation Is the material cost per foot multiplied by the number of feet of the feeder segment Each CBG that utiDzes the segment fac:mties shares the material cost on an equal cost per unit (per line). 
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Distribution Plant Dt.tances 
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The design of the plant within a CBG is dependent upon the number of square miles withi1 the CBG, as well es the number of households served within the CBG. Fnt, the CBG is chec:ked to determine If the width of the CBG is greater tlwl twice the maximum copper aervlng distance (apeelfied by the user). If the width Ia grater, then the approprt.te number of feeder-type legs will be extended Into the CBG to StJb.dlvlde the area Into multiple distribution areas. 
The vertical distribution distance per feeder-type leg within the CBG Is calculated u width of the CBG divided by the number of feeder-type legs, less two base lot aide lengths. The horizontal aeiVing distances for copper facilitles within the CBG are calcutated as the maximum copper serving distance less one-half the width of the CBG and one base lot aide length. However, if the horizontal distances are so large u to require the uae c f remote terminals on the horizontal legs then the horizontal copper facility distan1 :e is calculated as one half the number of bue lots bGtween remota terminals multiplied by the base lot aide length. Fiber Ia deployed Into the horizontal plant legs when remote terminals .,. used. In this c:aae, the horizontal plant length is calculated as the width of the CBG, lea the distance .between remote terminals, less a baae aide lot length. 

Cable Capacity and Matariallnv .. tmenta for Distribution Plant 
Copper cable and fiber cable capacities for distribution plant are determined In a similar manner as feeder plant However, disttibut;on plant only provides capacity to serve lines within the CBG. Thus, for distribution plant each of the horizontal plant legs aerves an equal portlon of the CBG fine capacity as do the vertical legs. As with feeder plant the cable sizes (and their cost per foot) deployed by the model are determined by utilizing a "look up" table of the number of lines served by each cable leg (done separately for horizontal and vertical cables) divided by Ute fiU factor for the CBG's specific density group. ). The copper distribution cable sizes available In the model are 12, 25, 50,100. 200, 400, 600, 900, 1200, 1800, 2400, 3000, and 3600 pair. The fiber dlstnbutlon cable sizes available in the model are 12, 18, 2.4, 36, 48, eo, 72, 96, and 144 strands. 
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Ois1rbltlon cable Investment • Number of Horizontal Dis1ribution Legs • 
Horizontal Distribution Distance • 
Horizontal Cable Cost Per Foot + 
Number of Vertical Distribution legs • 
Vertical Distribution Distance • Vertical 
Cable Cost Per Foot 

Strueture md Placement Costa 

Struc:tunt and the coat of placing plant Include the costs of poles, conduit. lnnerduct. etc., and the caphired costs of instaU'mg cable and wire facaTrties plant. The BCM2 usa a cost per foot for atructure that varies by plant type, terrain, and density group. It represents the cost of structure and placing the ama1eat alze cables. Each denalty group and terrain cfrfficulty reftecu a dlf'rerent mix of placing activities and atructute1. The baalc structure calculations are done outside the BCM2. Following is an example of the calculations for below ground plant for the three dlf'rerent levels of terrain difficulty associated with the 650 to 850 Houtieholds per Sq. Mi. density group. 

6so.850 Normal . 
SIFT %of .. 

Plow . 
0.7 $ . Rocky Plow 1.15 $ . [Trench & Backfill 1.95 25.00% $ 0 .49 Rocky Trench 2.23 $ Backhoe Trench 2.04 5.00% $ 0.10 Hand Dig Trench 2.23 5.00% $ 0.11 Bore CJb1e 12.12 20.00% $ 2.42 Push Plpe & Pull Cable 9.8 5 .00% $ 0 .49 Cut & Restore Asphalt 8.23 10.00% $ 0.82 Cut & Restore Concrete 10.84 10.00% $ 1.08 ~ & Restore Sod 2 .06 20.00% $ 0.<41 

100.00% $ 5.93 !COnduit <40 0.50% $ 020 
6 .13 



$1FT 

Plow 0.7 
Rocky Plow 1.15 
Trench & S.ckfill 1.95 

Trench 2.23 
S.c:khoe Tteneh 2 .04 
Hand Dig Trench 2.23 
Bore Cable 12.12 
Push Pipe & PuD Cable 9.8 
Cut & Restore Asphalt 14.23 
Cut & Restore Concrete 16.84 
Cut & Restore Sod 4.1 

Conduit 40 

. . 
SIFT 

Plow 0.7 
Rocky Plow 1.15 
!Trench & Backfill 1.95 
RIX:ky_ Trench 10.23 
Backhoe Trench 2.04 
Hand Dig Trench 10.23 
Bore Cable 12.12 
Push Pipe & Pull Cable 14.8 
Cut & Restore Asphalt 16.5 
Cut & Restore Concrete 19.2 
Cut & Restore Sod 11.15 

Conduit 40 

650-850 Rock Soft 
% of Activity 

$ 
$ 
$ 

25.00% $ 
5.00% $ 
5.00% $ 

20.00% $ 
5.00% $ 

10.00% $ 
10.00°.4 $ 
20.00% $ 

100.00% $ 
0.50% $ 

650-850 Rock Hard 
% of Activjty 

$ 
$ 

5.00% $ 
$ 
$ 

25.00% $ 
10.00% $ 
10.00% $ 
25.00% $ 
25.00% $ 

$ 
100.00% $ 

0 .60% $ 

-
-
-

0.56 
0.10 
0.11 
2.42 
0.49 
1.42 
1.68 
0.82 
7.61 
0.20 
7.81 

~u~ 
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-
-

0.10 

-
-

2.56 
1.21 
1.48 
4.13 
4.80 

-
14.27 
U.24 

14.51 

The tables above display the development of a weighted cost per foot for below ground stnJcture. The first column shows the activity. The second column displays the cost per foot of the activity In that row. The cost per foot data used aa the defauH values In the BCM2 are based on a national average of available 
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loWWI ICo. 5'DP.I contractor prices for thf.t activity. The third column displays the percent of the ,....,.tn activity in the apecific density group and terrain dltficulty. The final column represenll the multlplication of the cost per foot and the percent occurrence of the ac:tlvlty. The final weighted average above is the sum of specific acrl':lty prlcu tirl,.a the percent occurrence. 

The Coat Factor Table In the BCM2 Includes a weighted average structure cost per foot fer below ground plant and aerial plant This table Includes separate entries for distribution plant, copper feeder plant, and fiber feeder plant by density group by terrain dlft'iculty. Structure costs are adjusted for cable size In the atructure cost calculations. As copper cable sizes inctease, there are 8ddltional handling costa because each cable reel holds less cable. The BCM2 structure cost. recognizes these additional handling costs separately for three copper cable alze groupings: 600-900 pair, 1200 pair, and 1800 pair and above. Additional handling costs for fiber cables are less pronounced and only occur wlh fiber cables of 72 ftber strands or more. The final element of the structure and ~t cost Is the cost to pull the largest size cables through conduit. The structure cost calculation follov '1: 

Structure Cost • Density Group Terrain Specific Cost Per Foot • Cable 
Length • Cable Size Factor+ Number of Maximum Size 
Cables • Cost Per Foot to Pull Underground Cable 
Through Conduit 

Swttch Equipment lnvutments 

Switching lrwestments are calculated based on current central office locations a.s reported In the lERG. Investments are calculated using generic digital switch Investments for five sizes of switch. The BCM2 categorizes the switch at each location either as a remote (if designated as a remote switch In the LERG) or by the number of CBG lines, both residence and business assoaated with the switch location. The total switching plus interoffice investment per line is calculated as follows: 

location Specific F'txed Costs Per Une = 

((Fixed Cost for Specific Remote/line Size) • (NTS % of Switch + (1 - NTS % of Switch) • (% local OEM)) I Unes at location 

Total Switch and Inter-Office Investment Per Une = 

Land & Building Factor • Switch Equip Discount · Switch Engineering Factor • Switch InterOffice Investment Ratio • (Fixed Switch Cost Par line + Switch Size Specific Per Une 
Cost) 
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The BCM2 uaes SLC and AFC digital loop carrier equipment investments split between the fixed coats of the remote termiMI and digital loop carrier costs that vary by line. The fixed remote terminal c::ciSta lnc:lucle the optical line interface unita, eoftware, cabinet, power, and the acceu resource manager common card kit. The per &ne c:omponent Includes the line card and shelves at the remote terminal, a well 11 au the cemponents of the central oftice terminal. 

The circuit equipment lnvestmentl by CBG are developed through the use of a "'ook up" table whlch provldea the appropriate foced terminal cost for the number of linea using the terminal, as wen ac the cost per line for the Individual terminal s!ze. When these in·,wbileiltlare f )Und In the table, the discount factor is applied, aa wellu the engineering ,and installation factor. 

Annual Coat Factora 

Throughout the BCM2 process, an cost calculations are derived In tenns of lrMistinent. In oroer to determlne a monthly cost for basic local service by CBG, the BCM2 uses both investment related expense factors and line related expense fndorl. 

The Investment related factora are developed separately for three plant categories: cable and wire facilities, switching equipment, and circuit equipment For each of these three investment categories, 1995 ARMIS data is used to derive the historical ratio of certain Investment related expenses to the gross Investment for the plant category. The expense categorie.s include: 

Retum on Investment at 11.25 % 
FIT, State, and Local Taxes 
Plant Specific Expenses 
Plant Non-Specific Expenses 
Depreclatlon/Amortlzatlon 

Using natlonal1995 ARMIS data the historical booked expenses were developed. Thus, the factors reflect the historical maintenance expense to Investment rer.tlonship as well as r~ulatory-approved depreciation lives. These factors are user adjustable. The BCM2 default values for the three plant category annual cost factors are: 
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The expenses that vary based on the number of lines includes customer operations- mat1<eting, customer operations- services, corporate operations, and other depreciation/amortization. This cost per line is also developed from 1995 ARMIS. This annual cost per Une Is $133.39. The BCM2 uses an allocation flctor to auoclate ncn-plant related expenses to local servica. Both the annual cost per line and the allocation factor are user adjustable. The BCM2 deflult value for the allocation factor is .75. 

User Adjustable Inputs 

Nearly aU the variables Included in the BCW2 are user adjustable. U S WEST and Sprint have set default values for the ir puts at levels that they feel represent forward-looking practices for the deployment of basic local telephone service. Attachment A Is a map of the User Inputs and Tables. This map indicates where specific input tables are located on the Input Tables worksheet 

Below are listed the BCM2's user Inputs. Followlng the user input list are user adjustable tables used in the calculations of investments. 

I
USER INPUTS 
TO MODEL 

Variable 
Norm&JUGQcpch 

Nonn&IFibctDcplh 

CrillcaiWawOcpch 
Wascrfaaor 

ResLinesMultiplier 
MW1bcrSize 
MwccdaSizc 
Mut>U1Size 
CprMaxDislr 

NewT cm.in T riucr 
NcwTcmainf'Kter 

MiASiopeTriucr 

Valua Ducriptloa 
l4 Normal Placement Depth in Indies for 

Buticdi\J I Coppa C&bk 
36 Normal Placement Depth in indies for 

Buricdi'Underpound Fibe:r 
l Ocpch in feet a1 which watc.r imparu pkcement costs 

30 % Coslln<nasc for prucnec or waur wilhln aiuc;&l 
depth 

1.21 Residence Llna per household multiplier 
144 Maximwn Fiber Cable Sw: 

4200 Maximum Copper Feeder Cable Size 
3600 ~um Copper Dislribwon Ublc Size 

llOOO Maximum lencth or ccppcr cable in the CBO 
dUtriblllioo &IQ 

S Value that Diners new tm-ain variable multiplier 
I COSl multiplier when new tttnin variable ru teds 

aiucr point 
12 Point at wbldl minimum dope errcru pl&«ment 

cllstanu 
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MiDSiopeFICIDr 1.1 
Max.SiopcTriaa' lO 

MaxSiopeFICIOt 1.0$ 

tcombSiopcF_. 1.2 

Eql1aall J$ 

. 
0.1$ ·--
0.95 
0.13 

• 10 
162000 

. '' Ill) 

wlazio 1.03 
20 
20 

-~· 20 
. 10 

20 
J'ooc 0.1 

41.22 
Nideoa 30 
lapet Varllble for rwitcblac ud 
oYVIIuds1 

Swilcll&pJ'KU 1.07 
SwildiJ'illJ'a.c:~« 0.1 
fSwl.a481dafactor l.o.tl 
NonTrfSal 10.00% 
Tr1Sal 7).93% 
OSPEnpf- 1.0$ 
FibcrSplleclWio 0.04S 

.Fiber~ 0.01 

CoppcrSpllcebio 0.07 

lnL 0.1 

Cabi&W'ITCF-1 0.23276 
ACIOI'I O.l42AI 

SWI&chlllaf-1 0.2570} 
OlbuFICIOrl 133.391 

I 0.15 . 
. 

S,.WU+d.C: .... 
Doca.. He. _,..TP 
J-•D. ~.Jr. 
l!4oiW& He. JDI).t 
Po,. liDoOl 

Chance in dlsuncc due 10 increued avma• slope 
Point wbcrc pn:s.cncc of "a"'J hi &)I SIO?C auscs yet 
men cable disunec 
Cbanac in diswlcc dlle 10 a maximwu only slope 

Sccoallaty chan&clo diswlec due to subSWllill slope 

Eq~Dccrina llld iniWialloa loadina factor for 
elecawllcs 
Fill J' .aon !or £Mclrooics 
Fill J'.aon (or Hi&b Capacity ()pc1c Multlplcun 
Rlllo of Special Access LIDc:s 10 Blllirleu and Spedal l.o 

A venae NWIIbcr of BuslliCn lines per loatioa 
Awncc cost for cadi DS-3 for CO and field DSl to 
OS I multiplex en 
Avcrqe Cost pet 05-1 on copper (bot~ tcnninals II. 

) 
Multiplier 10 add 111tcrot!lu !Nnlr.IDJ c:on 
IDI&IW Switchina Discount% (Enter \Wbole % ) 
Filer c.blc ou-mt% (Emcr wbolc %) 
!Copper Cable Dlscowt% (Enter whole%) 
1AFC E~c=oa~cs Oisc.owll "<EDter wtotc "> 
SLC £1KO'Onk1 Dlscowt% (Enter whole V.) 
Drop Cost per J'T 
CostofP*-1 
CostperNlD 

Lo.dlna J'aaor for Swltdl Ensinccrina 
Swildl J'Uf FaCIO!' 
Sw Land • BwldlnJ Faaor 
% Noo Trat!ic ScnsltlYe (Enter u decimal) 
%of Tratflc Scruitivc tlw Is local (Entn as dec laW) 
Loadin& FaCIOf for Ouuide Plant Enaineerina 
Loadlna FaCIOI' for spltcin& of fiber cable O:::~tcr as 
decimal) 
Additive for lo line pedcso.ls, c:n»s connects, etc. 
(tiber) 
Loa4!Qa J'ac10r for spUcina of copper cable (E.a•cr as 
dccim&j) .. 
Acld(ti,. for ID line pedestals, crou con ... cu, ciC, 

J'act.ot 1 for cable • W'lt'e facilitla 
fact.ot I for circuit faciUtlu 
F- I for Swi!Chln& facilitic1 
lf'KtOt I for Olbu Joadlnc per line W'olcd 
Alloc:alloa fACIOI' I applied 10 non·plant related 
ICXJ>CnMS 



Qlllc Wlrd'IICIAX'2 ' 0.23176 
ElearooiQFIC1Gd 0.24241 
Swlcdun&f ea.cl'l 0.25703 
0CIIcrfac1012 133.391 

O.AS . 
CprSizafarl 1.2 

1.3 

CpSiz&far3 lA 

FbrSizafar 1.2 
-· ~ 

UOPIIIIColt 0.11 

Faaor2 for uble &: Wire Facilitl« 
FactOr 2 (or eimtit Facilities 
Faacr2 for Swildlin& facilitics 
Fac~or 2 (or Olbcr load in& per line sc:rvul 

Spn. UM1111'Ctao1 
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Allo<:atioo Faaor 2 applkdto DOD-plw rclawl 

Swcan Colt multiplier (or cable$ 40110 900 pr 
-<400pr 
SlniCIIII'e Cosl mullipllcr for cable$ 90110 ISOO pr 
vcnus<400pr 
SlniCIIII'e Colt mullipli~ for cable$ ISO Ito max stu 
-<400pr 
SCnlaure Colt Multiplier for fibct cables >60 fibcn 
vcnus<60tlbcn 
t<;ost per n to pull UO cables mto eoo<lult dua 

MiseellaDeoUJ Calculations (Do Dot thaD&e any value!) 
0.9 AFC Pridna rmo after OiscouDt s u SL.C Priclq rmo after Dllcoum f!h.(" 0.1 Fibct cable eosz (.-c 

' . 0.1 Copper Clble Cost factor 
o.a Dl&kal Swilchin& cott ratiO al\cr cliscowlt 

OpcioaaiBcllchmatlt to rcpJaca ao 
LoopiDYCip 10000 Loop 111-mt Cap 

12000 FibcriCoppc:r bru.lcpoillt 

1. SWitdlin& eosu are mtcrccl u a tblccl cost per JWitdl plut the per line adclluvc. 
Bocb cosamltSI b. illcludeclto Kcunsdy rct!CCI JWildlill& eoszs. The fixccl eosz will b. ~ to a per liD& cost and adclccl to tbc per liD& adcl!tivc to determine &&I awitdWI& eost per Jille. Costs ara ill the twlu:h cott malrix above &nc11o the riabl­lllc% NCII nl!le taU!dvc Is appllcclto the 

fixed cost pxUOID of tbc swttdl. 

TABLES 

•Hard rock above plowlna depth- requites dynamite or rode 
t&Wtopllce 
-soft rode above PIDIWI& clcp!b • requites more eoltly b'ftlehln&. badchoolna. ere. 
• Sni&)lt plow!Da wiib mllllr.W &urfaec Impact 

8dow (iround 
s 

s 

21 

.UtbM Fibct Table 

Con Multiplier 



• • 

Rural Copper CAble Tlblel 
~Multiplier 
SlniCIIIR Below Ground Aai&I S 

s 
RDckH ,. U.St 1.01 
RockS $.16 5.16 

2.92 4.01 

Oisoibution UO/Acrlal Mix Table 
Daldty Below Ground A cri&l% 

% 
o-s tO 10 

.5-lOO 10 20 
200-SSO 70 30 
650..lSO 70 30 

&SD-2550 10 20 
>2550 90 10 

Fiber Fndcr UOIAcrlal Mix Table 
Daulty Below Orou,nd .Acri&l% 

% 
0..$ 95 5 

5·200 u IS 
~so 70 30 
6~SO 70 30 

850..2550 10 20 
>2550 tO 10 

SauctwcAllocationTablc 

lloclcH 20.14 
RockS 1}.92 
Nom"l&l 10.7 

RIU&I Fiber Table 
Coli Multiplier 
Scnlclute Below OI'OWld 

s 
ADctH t:l.$9 
RockS $.16 
Norm&l l.92 

s,.illu••......,, 
Docbt .... HCC*·TP 
1- o . DooiMr,lt • 
~ l'fo, 101).1 
..... llol)l 

14.11 
10.$9 
7.62 

Att!&IS 

1.01 
5.16 
•.oa 

Copper Feeder UO/Acrial Mb: Table 
OCDsily Below OtoCDd 

~ 
Acn&l"t. 

0..$ 70 30 
$-200 72 21 

20D-6SO 75 25 
6SQ.ISO 75 25 
150..25SO ao 20 

>2550 tO 10 

Ocmlty/FUI Table 
Ocnllty F""cr Oislribwon 

0 0.7$ 0.4 
5 0.1 0.45 

200 0.1 0.55 
6SQ o.a5 0.65 
a 5o o.a5 0.1S 

25SO 0.15 0.8 

Cable Size CablcSaue~~~re% Fiber SlniC!UtC 
% 

0 so so 
200 5.S cs 
900 60 40 

2400 6S 35 
4200 15 25 

2l 

• 
5 
6 
7 
8 
9 
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Jeo. for AFO'SLC lOOIU 114111PIIIcat I§ (Noa-discO\lllled mu.uial cost oaly) 
lSO 0 7700 

41 1500 lSO 
l:zoJ JOSOO lSO 

j ;z4Q m:so '"' m 9490!1 '"' 1)34 
·~ '"' 

CO Swltdl SU. Tibia . CO Swildl Cost Table 
COSwitdiCosl Flxcci/St&mlp S 
RazloCc 2$0000 

IQOOOO 10000 400000 
60000 60000 -10000 100000 900000 

500000 1500000 

Voa Cindc IWiD Tlble 

Pu LineS 

~u, , • ...., 
- JC.. NOOI-1? -o.-.Jr . 
&diM Ho. JOO.I 
.... 1lol3l 

100 
100 
100 
100 
100 

II liDes ill C80 % to % JW!rcbcd to % special to vo % special co OS I VG OSI 
0 I 0 I 0 20115 0.6$ 0.35 0-' 0-' 10000 o.s o.s 0.3 0.7 lOOOO 0.7$ O.lS 0.1 0.9 

Dlsaibadoa DISTlUBUTlON CAB!.£ COST icuJc Slza T&blc 
Clblc Clblc Cost UO/Btd Cost Aerial Datsily- DctWiy- OcAslty- OcAslty- OcAslty- Dcamy Dlar Size o-5 .S.lOO 20()..650 650-UO ISO. >2550 k:-

lJSO 3600 22.20 21.90 17.74 17.71 17.69 17.69 17.71 17.74 3000 IUO II.SO 15.02 14.99 14.97 14.97 14.99 15.o2 1400 14.30 14.10 11.42 11.41 11.39 11.39 II AI 11..42 1100 12.44 IU4 9.94 9.92 9.90 9.90 9.92 9.94 l:oo l o.61 10.00 1.49 1.0 1.31 1.31 Ul 1.49 9011 712 7.51 6.23 6.21 6.11 6.11 6.21 6.23 6011 7.Jl 7.1» 5.10 5.69 5.69 5.69 S.69 5.10 40il 4.62 4.56 3.69 3.61 3.61 3.61 ).61 3.69 lOll l.U 2.33 1.19 1.19 1.11 I.U 1.19 1.19 I• IOC 1.27 1.26 1.01 1.01 1.01 1.01 1.01 1.01 ~ 0.61 0.61 O.Si 0.54 0.54 0.54 0.54 0.54 25 0.37 0.36 0.29 0.29 0..29 0.29 0.29 0.29 II o.n 0.31 0.26 O.lS 0.25 0.25 0.25 0.26 ll O.lt 0.21 0.22 0.22 O.ll 0.22 0.22 0.22 

23 
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~-

Spt'- u.~, C'Collel 
DacbtN.. ~a.Tl' 
Jo- D. Dwollot, Jr • 
Edak N.. 100.1 
,.,.l4 otn 

~~:w~.T~~··~~Jo~----------~~~ .COST = ~ ICoa----ICos!Aatal 

oc-~~--~~~~~-=~~d-~~-=~~ llUCl .70 ~ 5,41 20..4 20.4 20.54) lO,j(l lO.!i I 20~ 
la)OJ !0 1 .~ 17. 17.6 _!7~C 17.7 17.71 17.74 
10001 1..5 14. 14.9' 14.91 _l4.l 14.9'11 15.02 
1.eoc11 I .I Ill ! I lAO I lAO II. 11.4 1 I I c: 
•lUll I .:U 9.91 9.91 9.91 9.! _9_.92 9.94 
!.lOCI 10.61 IO.OCJ I J I 1.39 1,41 I .A 1.44 1.49 

!lOCI 7.1J 7.!11 6. 11 6.19 6.19 6.19 6.l l 6.lJ _60CI 7. 1.05 Ul .S..6S S.69 5.69 $.69 .S.7C 
4001 4. 4.,S _ J J lA Ml 3.61 3.61 3.69 
lOCI 2.J I 1_.1 II 1.11 1.11 1.19 
lOCI 1.2 l.l I.C ll 1.0 1.01 1.01 

Fiber Cable Cosl FIBER CABLE COST 
Til>&. 
111w Cable !CoaUOIBnl CoslAeri&J DaiJiry- Dau.'ry- [Dallit)-~~ 

Oczasicy 

~ sa ~s S.200 200-650 650-150 >2550 

144 .S.S6 .S.24 4.44 4,41 4.37 4 .37 4.40 4.41 
96 l.JO 3.!13 3.03 3.01 2.91 2.91 3.00 3.02 
72 l.l-4 2.65 2.26 2.25 2.23 2.23 2.24 1.26 
60 2..41 2.23 1.92 1.91 1.11 1.11 1.90 1.91 
41 1.91 1.14 I .!II 1.!17 l.!i.S l .!i.S I • .S6 1.$7 
l6 1.60 1..46 1.21 l.l6 1.25 l.lJ l.l6 127 
24 1. 11 1.05 0.94 0.93 0.91 0.91 0.92 0.93 
II 0.91 u.s 0 .71 0.71 0.75 0.15 0 .76 0.71 
12 0.19 0.66 0.63 0.62 0.60 0.60 0.61 0.62 

·-
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Row I Pla.tTypc Urbaal Dculty 
JUraL 

I Oislribudoll Urban >lHO 
_.j 

3 
4 Ultlul ·~llSO 

' 6 
7 DislributloD RllnJ 6~.1$0 
I 

' I C Oislribulioll Rural lOG-650 
II 
12 
13 Disaibution Rural 5-200 
14 
IS 
16 Oisaibution Rural ().S 

' 17 
II 
19 Feeder Ultlul >2550 
:ZO , 
21 
22 Feeder lhtcl 15().2550 
23 
24 
25 Fndct Rllral 6~150 
:u 
27 
21 ~ Rllral 2()0.6$0 
29 
30 
31 Fccdcr Rllral 5-200 
32 
33 
34 Fecclct Rural ().5 
3S 
34 
37 Fiber Urban >lS50 
3 
3 
... Fiber Urban •~:u50 
4 1 
42 
43 Fiber Rural 6~150 .. 

Sarfa« Wdtbted Cost 
CalcJory Factor 

RodcH 23.59262 
R.octS 11.56ns 
Normal 13.31141 
RodcH 16.51161 
,JtQC:ICO 10.072)1 
Normal 7.62624 
RodcH 13.13lS3 
RockS 7.76192 
NotmaJ 6.01~ 
RodcH 12A35S7 
!lock~ 6.43122 
Norr al 3Ai.j21 
llodH 11.922 
R.octS 4.9S9U 
Nonnal 2 .45961 
RodcH 11.95461 
llockS 4.1lSOI 
Normal 1.71132 
RockH 23.59262 
!lockS 11.56719 
Normal 13.31141 
RodcH 16.51161 
llockS 10.07231 
Normal 7.62624 
RodcH 13.367325 
llockS 1.7191 
Normal 6.0112 
RodcH 12.711575 
RoclcS 6.~915 
Normal 3.395 I 
RodcH 11.41l24 
RodeS 4.91S432 
Normal l.S44192 
RodcH IO.ISI23 
RoclcS 4.12~ 
'tlorm&l 1.9UI6 
RodcH 23.59262 
llockS 17.44071 
Normal 13.31141 
~ 16.SU61 
Rod:$ 10.07231 
Normal 7.62624 
RockH 13.13253 

S,rint Uoiood~Co,..l 
~:)oct.~ !jo. HOCl-TP 
~o-o.~. Jt . 
l.diM !jo. IDD-1 
r.,.U o(Jl 

Below Atrial 
Crond Dtnllty 
Dtaslty AdjUJIGIUII 

Adjullllut 
1.11 l .o) 

1.30 1.21 
1.30 1.04 
0.13 C.97 
0.72 0.97 
0.72 0.96 
\.07 1.22 
1.36 1.30 
l.\0 1 '41 
1.04 I. OS 
1.\l 1.07 
1.01 1.16 
0.96 0.92 
o.u 0.19 
0.77 0.11 
0.92 0.11 
o.u 0.12 
0.51 0.61 
1.11 1.03 
1.30 1.21 
1.30 1.04 
0 .. 13 0.91 
0.72 0.91 
0.72 0.96 
1.07 1.22 
1.36 \.3~ 
2.10 1.46 
1.04 \.OS 
1.13 1.07 
1.01 1.16 
0.96 0.92 
O.I S 0.19 
0.77 0..11 
0.92 O.t7 
o.u o.n 
0.51 0.61 
1.11 1.03 
1.30 1.09 
1.30 1.04 
0.13 0.97 
0.72 0.91 
0.72 0.96 
\.07 1.22 



• I • " • 
/ " 4S 

RaraJ . 47 . ... 
49 I fiber JWal 
SCI 
Sl 
Sl lflba' RaraJ 

I •_ Sl 
S4 

Serf~~«. TaCire Teble 
TaCire l •pect! 

18Y 
BY-COS 
BY·FSL 
18Y·L 
BY·LS 
18Y·SJa. 
18Y·SL 
BYV 
18YY· FSL 
BYV·L 
BYV·LS 
BYV·SU. 
ByY·SL 
BYX 
BYX·FSL 

BYX·L 
BYX·SU. 
BYX-SL ,.. 
C8 
1'-BA 
CBA·FSL 

CB-C 
CB-CL 
CB-COSL 
CB-FS 
CB-FSL 
CB-L 
CB-LCOS 
CB-LS 
CB-S 
cs-sa. 
CB-S Ia. 

lloclcS 7.76192 
INonnal 6.07944 

20().6S0 ltiiCir.H 12.4JSS7 
lockS 6.43722 
N-..1 3,41421 

s-100 IRodtH 12.2031 
lloclcS 4.94391 

l .406S6 
o.s Roc:kH ll.ll170S 

RockS 4.13674 
IN«.aai 1.71716 

Dacrtpdoa orTcuare 
OBI&k 
I 
I Boll lcry Count Sand 
I Boll ~_A Flllc Sandy Loam 
I Bou.ldcr r A 1.ollll 
I Bouldorl ! A liandy Loam 
I 8oulda tA Silly Clay Loam 
I A Sandy Loam 
l Vuy Boulclcty 
I Vuy : A FiDe Salldy Loam 
I Vuy l A Loamy 
I Vuy: • l..oMI:y S&lld 
I Vuy : A Silt 
I Vuy A S111dy 1.olm 
I Elarcmcly 
I Exlrcmcly Bouldcry II. Fine S&lldy 

Loam 
I UII"CCIICIY Bouldny 8i: ~ny 
I Ex!rcmcly Bould.cry II. Slit Loam 
I Exlrcmdy Bould:ry It Salld:y Loam 
0 Clay 
0 Cobbly 
I Anlllllr Cobbly 
I Anlllllr Cobbly II. Fino Sand)' 

Loam 
0 II. Clay 
0 Cobbly A Cl1y Loa 
OCobb yll. Coanc Sllldy Loam 
OCobb :y II. FiDe Sand 
OCobb y 1/. f"&DC Sandy Loam 
0 II. Loamy 
OCobb y II. Loamy CouncSIIId 
OCobb yii.LoamySMd 
OCobb l:yll. SMd 
0 Cobbly II. Sandy Clay Loam 
0 II. Silt:y Clay Loam 

26 

,._Un ' t"Crd 
-,... HOI3&-T? 

•-o·-·''· llloiWI "--101>1 
,...»eln 

1.36 ~ 
2.10 1..46 
1.04 I.OS 
1.13 1.07 
1.01 1.16 
0.96 0.92 
O.&s 0.19 
o.n 0.11 
0.92 U7 
o.a.c 0.12 
0$7 0.67 



• ICi="su. 
tcs="sL 
CBV 
CBV.C 

BV.Q. 
BV·FSL 
SV·L 

V·MUCK 
IV·SCL 

CBV·SIL 

CBV·VFS 

CBX·L 

0 Cobbly II. Sill Loam 
I Col>blyli. Sandy Loam 
I V CI)ICobbly 
I Vuy Cobbly II: Clay 
I Very Cobbly II: Clay Loam 
I Vuy Cobbly II. Fine Sandy Loam 
I Vuy Cobb y .t. Loamy 
I Vuy Cobb y .t. Fmc Loamy Sind 

I Very Cobbly II: Mucic 
I Very Cobbly .t. Sandy Clay Loam 
I Very Cobbly A Slit 
I Vuy Cobbly .t. sandy Loam 
I Very Cobbly A V cry F inc Sand 
I Exlrcmcly Cobbly 
I Exlrcmc 'I Cobbly Loam 
I Ex17&mc y Cobbly II: Clay CBX·SIL I E· :ua~~cly Cobbly A Silt t:CBX:::i::::-i .• SL=:=------1'------;.IF.;E: .~mnely Cobbly &:Sandy Loam 

CBX·VFSL I Extremely Cobbly Very Fine Salldy 
Loam 

CE 0 CDOUJEanll 
CIND 0 CiDdcn 
CL 0 Clay Loam 
CM I Cemmt.ld 
01 OCII&May 
CN.cL 0 .t. <:la_y Loam OI·FSL 0 Cbannay A f111e Sandy Loam ~01~~~-------~~----~o~~.t.Loam 
OI·SICL 0 Cbannery A Silty Clay Loam CN·SIL 0 Cb&May .t. Silty Loam Pl-SL 0 A Sandy Loam 

OIV.Q. 0 Very Ch&Muy .t. Clay OIV·L 0 VayCbanncryA Loam CNV·SO. 0 Cbannuy .t. Sandy Clay Loam CNV·SIL 0 Very Olanncty It Slit)' Loam 

OlX 0 ;emcutely CII.&Mery 

,...os 0 Coanc Sand 
COSL o Coanc Sandy Loam 
Cll 0 
CRC I Co&nc a.crty 
~L I .t.Loam 
CR·SICL I Cbtny II. Silly Clay Loam CR·SU. l[Oia1y A Silry Loam Cll·SL I Chuty It Salldy Loam CRV I VuyOiuty 
CRV·L I Very Chuty &: Loam 

27 
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. ' 
PV-SIL 
pX 
DX·SIL 
IDE 
~ 
FINE 
lfl. 
lfL-FSL 
lfL-L 
fL.SJC 
f1...-_SICL 
fl...SIL 
ifL.SL 
Ft.V 
FLV.COSJ. 
lfl.V·L 
FLV-SICL 
FLV·SL 
FLX 
FLX·L 
FRAO 
FS 
FSL 
G 
Oil 
GRC 
Gll-c 
Oil-Ct. 
Gil-cOS 
Gil-COSt. 
Ollf 
Ollf·SIL 
Oll·FS 
Oll-FSL 
Gll· L 
Gll·LCOS 
Oll·LFS 
Gll·LS 
~It-MUCK 

~ll-5 
GR.-SCI. 

ll·SIC 
ll·SlCL 
R-SIL 

~ll·SL 
Oll-VFSL 

<ltV 
~llV-c:L 
JltV.COS 

IGilV-cosL 

I V uy CbaTy .t: Silly Loco 
I E=cmely Cbcny 
I ' OlcnY a: SillY Loam 
0 t>iocomacceas Eanl': 
0 Fibric Malaial 
0 r111e 
0 
0 Ill&)' a: rme SIDdy Loam 
0 l&ll)'.kt-
0 a: Sillyoay 
0 a:. Silly oay Loam 
0 lq&y a: Slky ~ 
0 a:s-syLoam 
I Vuyfla&IY 
I Vuy Flagy a: Come Salldy Loam 
I Vuy FlaJIY .t: Loam 
I Vcty Flail)' A _Slll}' Clay Loam 
I Vuy ~IZY ok SaDdy Loam 
I Ex!mnC: f Fla&lY 
I ly f1aay a: Loamy 
0 Fl'aiJDcmal MMaial 
o r-SIIId 
0 Fin& Sandy Loco 
OIGrrnl 
0 Gravelly 
0 Course Onwlly 
0 Gravel a: Clay 
0 Gravel a: Clay Loam 
0 Gravel .t: Counc Salld 
o Gr1vcl .t: Coanc Salldy Loam 
0 Fine Gravel 
0 riiiC Gravel Silly l..ollm 
0 Gravel A rme Sallcl 
0 Or~velll. Fine Saftdy Loam 
0 Gravel a: Loam 
0 Gravel .t: Loamy Course Sand 
0 Gravel A Loamy Fine Sallcl 
0 Gravel a: Lo&my Sllld 
0 Gravel .t: Mucic 
0 Gr1vcl A SaDd 
0 Gnvd .t: SllldyCiay 1..-n 
0 Gravel& Silty Clay 
0 i(inwl a: Slky Cloy 1.-n 
0 Gnvd a: Sl-,• Loam 
0 Gravel& Salldy Loam 
0 Gravel & Vay Fine Salldy Loam 
I V ay Graveuy_ 
I Vuy cnvc!ly .t: Clay Loam 
I Vuy Grrnlly a: Course Sllld 
I V uy Gravdly ll. Course Sandy 

s,rial Uoiood/C.-1 
Docb114. HOOI-TP 

r-o·- ·''· 
~14o. fDD.I 
,.,.u otll 
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' 

IQkV.SU. ., • ·• 

(IJ'YJ' 
IHII 
IICl 
IINI 
, .. 
ILCOS 
iLFS 
ILS 
~VJ' 

~-s 

Loam 
1 Very ' , ~ Fine Sandy Loam 
I Very , ~Loam 

l .s;d · ~Loamy<:owu 

Y_a"t_ , 4t '--Y Saa4 
Very ' •A >md 
Very W..wl '- k >mdyCiay Loam 
Very t , Loam 
Very o..-11v iilr 
Very , ~ OindJ '--

·~ "' ~Loamy 
1: ·C>III'IY_ ~ 

;..d 
t illcy Loam 

I ICC 01" 'l'OZCD )oil 
I 

, CowK Saad 
, FiDe Sand 
•Sand 

C Very FIDe Sand 
c IMI:t 

c 

1Courlc 

•Clay 
•Clay Loam 

c • • fiDe S&lld 

c• ~r-~~ 
1..-
L.oamy fiDe Sand 
1..-y Sand 

cASand 
· ~Silly 

·~ •Loam 
•Slit 

.,.wu~.-~ 
Do<bl!M. MOU .. Tl' ._D.-.Ir. 
-Ho.JDO.I 
,.,.u .rn 



.. 
• 

ru&t 

[PEAT , 
pt 

IRB 
rt 

: 

0 IMIJCkY II. Viii fIDe Sandy Loam 

0 M\Jek 
Oll'al 

•Peat 

0 SliaiY II. Clay 

~~~~==~==~::::~0~~~-~-t~UMm~~~====:j 0 SII&IY • l>iiiY Clay '-til 
!:Ill 

V~SII&IY 

v~~~ 
lSI 
JSIC 
ISJO. 

1$1. 
SP 
Sit 
ST 
ST.C 
$T..( 

)SL 

r-: L 
·.r 
.I 

>T·LFS 
>T·1.S 
•1 • :011,; 

iT·SICL 

:T·SL 
&•YfSL 

rv 

·L 

OISIIzy CIIY 
OISiltY C.V Liiiiiil 

I 

r.t Clay 
, .t lay Lollll 

ouneSaDd)'LOCD 
ae Sani!V'""LOAift 
~ 

l.olmy Courw SaDd 
1:-t..Oamv Fine Saiid 

l.oam)ISaDd 
~ SiltY Clay 

t Silty Clay t.0m 
:Sill.._ 

:>lOllY ~ ' SaDdy Loam 
.::: 4 · s-ly V f:1:'/ fine S.i11y 

Very ..,v 

I Very SIOIIY II. flllc Sandy Loam 
1 v~ scoa, 11. Lo.Dy 
I V1 L 
11 v~ scoav .t u>Mtv Sand 

a,.;. UoWICMiol 
l'ocb< lfo. NOila.TP 

•-o. ~·''· ~ lfo. 11)1).1 

.... JOo()l 



• • I 

STV·MPT ... 
STV·SICL . 
STV·Sll. . 
SlV·SL 
STV·VfSl. 

S1X 
STX.C 
, ............... 
STX.COS 
STX-cost. 

STX·FSI. 

STX·I. 
ISTX·LCOS 

STX·LS 
STX·MUCX 
ISTX• l\.. 

STX· CL 
STX· 11. 
STX· 
STX·VfSl. 

SY 
SY·L 
SY·SIL 
SYV 
SYX 
UNX 
UWB 
VAA 
VFS 
VFSL 
WB 

I V ay $t.aay .t l•haclcy Pal 
I Vay $t.aay a: MQC:k 
I Vay SIOOY A Silty Clay Lo&m 
I Vay S100y A $111)' Loam 
I Vay Slony lt. Sandy Loam 
1 v ay SIIX1)' a: vay rmc SaDdy 
~.am 

I , $t.aay 
I Exlrcmcl ly Scoay. Clay 
I Exucm~ ly Scoay a: Clay Loam 
I Exlnmc 1y Scoar a: Course SaDd 
I 
~ 

Scony a: Counc Salld 

1 £xlnmcly Scoay a: rmc Sandy 
~.am 

I EXInmcly S1011y .t Loamy 
I Elarcmcly Slony .t Loamy Counc 

SaDd 
I .tl.ouDySmd 
I Exlnmcly Scoay .t Muclt 
I Ex1nmcl I) Scoay.tS lryctay 
I SCony.tS lty Clay Loam 
I Scoay. s tty Loam 
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I Silly A l.alll 
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I Vay Sllcy 
I Elarcmdy Silly 
0 Unkllown 
I Unwca!hcnd 8edtoclt 
0 Vlrilble 
o VayrancSalld 
o v uy rmc Sanely loam 
I Wulhcred Bc4tocc 
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