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UNITED TELEPHONE COMP 
OF FLORIDA 
CEEE3.L TELEPHONE COMPANY 

43 OF FLORIDA 
DOCKET NO. 961230-TP 
FILED: November 5, 1996 

BEFORE TZ& FLORIDA PUBLIC SERVICE COMMISSION 

DIRECT TESTIMONY 

OF 

7 JAMES D. DUNBAR, JR. 

Q. ,, Please state yDur name, place of employment, and business 

address. 

A.  

I. 

Q. 

A. 

My name is Jwkes D. Dunbar, Jr. I am employed by 

Sprint/United hnagement Company, an affiliate of United 

Telephone Comisny of Florida and Central Telephone 

Company of Fkorida, as a Manager - Pricing and 

Regulatory, at 2330 Shawnee Mission Parkway, Westwood, 

Kansas, 6 6 2 0 5 .  ~ 

What is your ed+cational background? 
> I  

I 
I 

I received a I3 elor of Science in Engineering degree 

from Pennsylvapia Military College (now Widener 

University), Ch-ter, Pennsylvania with a split emphasis 
I 

in Computer and Flea, Engineering. In 1983, I received 
a Master of Bwkness Administration degree from James 

Madison Univergdty, Harrisonburg, ~ ~ ~ ~ ~ J M ~ ~ ~ A T ~  
I 
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emphasis in Business. I have a l s o  completed numerous 

industry engineering and related courses in General 

Engineering, Outside Plant Engineering, the Bell 

Technical Center Course in Long Range Technical Planning, 

Transmission Engineering, Traffic Engineering, and 

Transmission Noise Mitigation. 

Q. Wnat is your work experience? 

A .  From 1960 to 1970, I served as an Officer in the U.S. 

Army Signal Corps leading or cornmardins signal units on 

various communicarions assignments including command of 

a U. S. Strike Force international Cs3mmunications Team. 

Xesponsibilities included cne provision of 3 4 ,  U i F ,  

microwave radio, radio/wire integrated links, 1ar.d line, 

switching, network concrol, and secure communications. 

Following accive duty, I continued in a reserve staius 

assigned primarily to the U . S .  A r m y  Air Defense School at 

Ft. Bliss, Texas as a senior communications instructor 

and course analyst. 

.~ 

From 1970 to 1973, I was employed by the Denver & Ephrata 

Telephone & Telegraph Company in Zphrata, Pennsylvania. 

My duties included OuLside Flant Engineering, Traffic 

Engineerinp, COE Bngineering, deveiopmrnt of certain cos; 
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I have been employed by Sprint Corporation or one of its 

predecessor companies since 1973. From 1973 to 1985, I 

was located in Virginia. From 1973 to 1974, I was an 

Outside Plant Engineer with responsibility for many 

projects including a complete rework of the University of 

Virginia loop plant. I worked as a Transmission Engineer 

during 1974 and then was assigned t o  manage the state 

capital budget 2nd outside plant plannins group for the 

1974 to 1976 period. This group was assigned 

responsibility for engineerins all outside plant capital 

projeccs in excess of $ 2 5 , 0 0 0  and budgeting for a11 

classes of plan:. From 1976 to 1978, I was Discrict 

Plant Manaoer for the 1800 square mile Southern Virginia 

District where I manages the Construction, Maintenance, 

and InsEallacion forces. 

From 1978 to 1984, I managed various Regularory costing 
z iunctions, including ?he state depreciarion and cost 

separations group. From 1984 To 1985, I was General 

Manager - Interexchange Services where I managed the cost 
separations, rates and tariffs, depreciation, ana the 

inrerexchange carrier billing/conrract and incerface 

functions. I was a member of the 'Virginia Telephone 
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PssociaEion Separations Committee 

From 1085 to 1 9 9 3 ,  I was General Staff Manager - 

Separarions for the predecessor Centel Corporate Staff in 

Chicago, Illinois. My job functions included managing 

the cost separations staff, the revenues 2nd earnings 

monitoring function, the programmer and modeling support 

for those functions, and cost issue analysis activities 

such as rate of return versus price caps and FCCINIWUC 

rcle changes. I was the primary corporate interface with 

USTA and N L I U C  for technical issues. I served on the 

USTA Technical Operations Committee, the ?rice Caps Team 

(from 1 9 8 7  to 199i), and rhe Policy Pnalysis Commirtee. 

I also taught a portion of the USTA Separations Classes. 

From 1 9 5 3  to the present, I hzve been assigned to the 

Spri2t/United Management Company Local. Telephone Division 

Staff in Westwood, Kansas. From 1 9 9 3  to 1 9 5 4 ,  I was 

Manager - Separations with responsibility for the merger 

of rhe Centel and Sprinr separations functions and 

various other costing and monitoring activities. Since 

1 9 9 4 ,  I have been in my current posision with 

responsibility for analysis and modeling of costing 

issues, sach as LID3 and 800, broadband implementation, 

and che development of the Benchmark Costing Model (BCM) 

4 
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9 11. Purpose of Testimony 

sponsored by Sprint, MCI, h W E X ,  and US West. I am a 

coauthor of Benchmark Cost Model 2 (BCM 2 1 .  In addition 

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

Telecommunications Industries Anal y s  1 S Pro j e c t ( TIAP ) 

industry team currently sponsored by the University of 

Florida since its inception and am a member of the 

current TIP2 Broadband Model development team. 

10 

11 Q. What is the purpose of your testimony today? 

li 
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The purpose of my testimony is to explain the Benchmark 

Costing Model 2 (BCM 2 ) .  I explz.in the BCM 2, ics 

assumptions, and how it develops investments and monthly 

cost for basic telephone service by Census Block Group 

( C B G ) .  Additionally, T explain hod BCM 2 determines 

COSES of loops, from which prices can be developed. 

It was my intention to address the Hat.field Model Version 

2 . 2  mentioned in MCI's Petition and its witness Don J. 

Woods' Direct Tescimony. However, M C I  has no: furnished 

either the Hatfield Model or ics outpucs in chis 

proceeding. I will address the Hatfield Model in my 

rebutt21 testimony, assuming that M C I  will file the Model 

5 



1 ana its outputs sufficiently in advance of the date 

2 Sprint's rebuttal testimony is due. If not, then I 

3 request the right to file rebuttal testimony after that 

4 date. 

5 

6 111. Benchmark Costinu Model 2 (BCM 2 )  

7 

8 Q. What is the origin of the ECM 2 ?  

9 

10 A .  BCM 2 was developed as a joint effort by Sprint 

11 Corporation and US West to adaress: critical comments 

12 filed wirh the FCC in CC docket 80-286 in response to the 

L3 Joint aoard's request for comments regarding universsl 

- -  ? A  service and specifically the origi:nal BCM. IR this 

15 testimony, when I refer to Svrint, I am talking about 

16 United Telephone Company of Florida arid Central Telephone 

17 Company of Florida. I will refer :.o tnese companies' 

18 parent compaEy a s  Sarint CorDoratim. The 9CM was 

1 5  developed by Sprint Corporation, NYNEX, MCI and US West 

20 (joint sponsors) in resgonse to the XC's expressed 

21 interest in considering a model which develops "proxy" 

2 2  c o s t s  f o r  the provision of basic telephone service at the 

23 CBG Level. BCM 2 was filed with the €CC on July 3, 1956, 

24 for consideration in CC Docket 96-45 (Federal-State Joini 

25 Board On Universal Service). 

6 



1 Q. What is the purpose of BCM 2? 

2 

3 A.  The purpose of BCM 2 is to identify those CBGs in which 

4 the cost of providing basic telephone service is so high 

5 that some form of explicit high-cost support may be 

6 necessary as part of a universal service solution at both 

7 the federal and ineiviauai szate levels, including 

Ir is a l s o  a compararivr tool co test the 8 I lorida . 

9 reasonableness of other costing mechanisms. 

- 

10 

11 Q. What are the results of BCM S? 

12 

13 A .  

-5 L - _  
15 

16 

17 

16 

19 

20 

21 

2 2  Q. 
23 

24 A .  

25 

BCM 2 produces a benchmark cosc range for a defined set 

of basic residenrial tele2hone services assuming 

efficient engineering and design criteria and rhe 

deployment of current scate-of-rhe-art transmission and 

switching technoLopy. It uses the current nazional local 

exchange network topology. BWI 2 proviaes a benchmark 

measurement of the relative coscs of serving customers 

residing in given areas such as a CBG. 

What does BCK 2 not do? 

BCM 2 does not define the actual cost: for any telephone 

company, nor the embedded cost char a company might 

7 
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experience in providing telephone service today.  That 

is, It is a proxy for current engineering costs, 

developed from inputs such as loop distance, subscriber 

ciensity, and the terrain characteristics thai typically 

influence the investmenr and expenses of a carrier 

providing telephone facilities. 

Please define a Census Block Group (CBG). 

A Census Elock Group (CBG) i~ a geo5;raphic unit defined 

by the Bcreac of :he Census whic:h ideslly contains 

approxima:ely C O O  households. There are 9,087 CBGs in 

the State of Fiorids. 

Please define basic telephone service a s  ic relates r o  

the benchmark cos:s developed by BCM 2 .  

Basic Kelephone service is defined as vcice grade access 

to the public switched nezwork with i:he ability to place 

and receive cails, resideririal one party service, touch 

tone, a white page directory listing, ana access to 

cirectory assistance, c?erator service, and emergency 

services, e.g., 911/2911. 

~. 

Please explai?, h o w  monthly costs f o r  basic relephone 

e 
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service are developed within BCM 2. 

All cost calculations are derived in terms of efficient 

and state-of-the-art investment. The technology used in 

the model must be forward looking and actually in use 

today. In order to determine a monthly cost for basic 

local service by CBG, the individual investments for the 

piece parts must be summed to inclucii- ioop and structure 

investments, electronic circuit equipment investments and 

switching investments. In order to determine a monthly 

cost for basic local service by C3G,  3CM 2 uses boEh 

investment relayed expense factors and line related 

expense factcrs. The investment related factors are 

developed separately for three plant categories: cable 

and wire facilicies, switching equipment, and circuit 

equipment. A separate annual cost factor is developed 

for line-related expenses. These factors are apgiied to 

investment or access lines, as appropriate, and che 

result is divided by 12 to estimate a monthly cost of 

basic local service. 

What are the three major steps of the BCM 2 process? 

Build the data input file to be used in the model. 
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Since CBGs consist of about 400 households, there 

are many times more CBGs than central offices. 

Each CBG is associated with the nearest central 

office using the distance between the centroid or 

geographical center of the CBG and the central 

office (CO) location from the Bellcore Local 

Exchance Routing Guide (LERGI. The CBG is also 

assigned to a North, East, South, West cpadrant 

based on the polar angle of the CBG from the CO. 

To the C 3  and CBG census data are added the terrain 

data from the U.S. Depa:rtment of Agriculture Soil 

Conservation Service. This is accomplished using 

commercially available mapping programs. This 

results in a CBG specific data input f i l e  to load 

into the BCM 2 model. 

Determine the 2ppropriat.e feeder and distribution 

plant for :he relarive location of the C 3 G s .  

The BCM assigns zl1 CBGs in a quadranK to a sinFle 

shared feeder an6 selects the appropriate loop 

technoloqy f o r  each CBG. The model then sizes 2nd 

prices the feeder and distriburion cables. 

The appropriate placement. costs are then developed. 

1 0  
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This step uses U.S. government data for terrain and 

density to develop estimates of loop placement 

costs within the CBG. 

3 .  Develop ?he appropriate switching costs 

This step develops the switching costs associated 

with servinc each CBG. 

IV. Methodolow of BCM 2 

Q. Have you prepared an exhibit rhat describes the 

methodology used in BCM 2 to cievelop proxy costs f o r  

basic exchange service? 

A .  Yes. It is artached to my testimony as Exhibit No. JDD- 

1. 

Q. Does this conclude your testimony? 

A .  ' Yes. 

11 



S e n c h n a r k  Cos: Model 2 
Me:hodoloz 

lntrod u t  ti o n 

?he purpose of the mode! is to esiinate a b~ncnmark cos: of  providing bzsic 
locsi teiephone service :or bsin business and residence customers in small 
Seosraphic areas for ;hs er,:iie U.S. and iis ierritories. S,nall geq:zphic areas 
zie mer; b e a u s e  the wst ci ?roviding basic ielephone service varies greatiy 
even within tne pographic  un% of the wire center. i nus, the use of small 
pocraphic 2ie2s allow the mode! to  identify spec5c arsas which 2 r s  nign cos; to 
sew2 bezauss of :he p n y s i ~ i  cha:aeerjstics ci the 2122. 

-, 
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BCM2 me:hodology is presented below in :ne following setiions: 

- Assumptions for Loop Technology 
Assumptions for Fesder Plant Architecture 
Assumptions for Disiribution Plant Architecture 
Assumptions for S w k h  Technology 
Assumptions for D e n s q  
Algorithms to Develop aasic Loc21 Servize Costs 
User Adjustable Inpss  

Prior to addressing BCM2 methodology a brief descripiion of the major model 
changes from the original BCM is provided in the following section. 

Major Chanaes From S C M  to  SCM2 

Based upon pubiic comnents 2nd analyses of ;he 3CM, a number of 
enhancemenis have been incorporated into 3Ch42. These enhancements are 
desicjned to more accurstely reRec: actual enoineeiing p;ac,ices in the 
development of a local exchenge neiwork. 3CM2 inclildes all c3sts of basic 
local ielephone service, whereas the 9CM only included the major cos: driven 
that diEereniiatsd hich CCSi  and low C ~ S :  areas. The  rr,ajo,r chmges from BCM 
to SCM2 follow. 

The EC1b.42 rural C3C- ingut data are nodi5ed by 2 Geogiiiphic Information 
System nodule to re6uce ihe square mile 2ie2 of the  CBG io an area that 
reflects the cIus;erin_c of houssholds. This is done utilizing 2 third p a w  
road nework da:abase ;o identify the areas within the C9Gs which h tve  
the hicnes: prokbiliry of cmtaining households. A 500 bo ;  buffer is 
Cieated on e2ch side of rozds in C3C-s with 20 households per square mile 
or less. A new area is c2Icula:ed by :he buffer iiiea. I: read buEem 
overlap, the area is not double-counted. 

Business Line Information 

- 
i ne BCM2 includes business lines. private line loops. as well 2s residential 
lines by CBG. State speci-2c cwnts  for repofied business lines and private 
line loops are 2 1 l o ~ ~ t e d  :o C3Gs based on a third p a p  data base of 
employees by CBG. Addiiional residential demand beyond 2 single line 
per household is included S2sed on ihe nztional ratio of all residential lines 
repo:lel in ‘he end o? year i 2% as e rziio of 1 GCO househobs.’ The 

BCM2 h2s 2 user variable i n p i  b r  the nu;;?ber 3: lines per household. me defsui: valse is 1.2. 
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inci:.sion cf ? k s e  lines allows ;he rea1iza:ion of all econonies c: s 2 i e  
associared wiih loop plan! within the  wire center. 

Engineerina AssunDtions 

Additionally. there are four major areas where the engineering 
assumptions chznced *om BCM to 3CM2: switchins plant, distrjbaon 
plant, feeder plant. 2nd the placing of a cap on wireline loop inves-hent 

I h e  BCM2 switching noc'uie changes includes five s w k h  sizes !o more 
closely reflec; the  switch application. The new switch nodule uses the 
Local Exchange Routing Guide infomatio,r, for remote switch locations :O 

plzce reno:e switches in the locations where they are curently installed. 
Addi~ionally, s i zn t  aionr, swi~ch sizes cf up to 10,OOC lines, 10,000 to 
50,000 lines, 60,G00 io 100,000 lines and'bver 100.000 lines are used. 

I ne %CM2 distribution plan: engineering has been altered ic iefiec: the 
distribution demands ~ f . e ~ h  C3G. Varyin:? the d i s r i b u h n  pian; 
enginsirins assur;,piions in ur jzn =rets 2ligns the 3CM2 encineenrig 
czsigns more clcsely wl;h aCtu2I enginserirlg practices in these aie2s. 
I nis is done by bzsing ;?,e nu;nber of distfibution pian; cable legs on the 
n u n b i r  of nousins IGiS in each C3E. The orisin21 SCM LitiIizeT! a 
sinpii$ing assunpiioc ci 2 constan: four disribuiion cables per C3G. 

.ho the ;  aisiribuiion 3iar,t en?,ance:ment is thzf no cap?sr distiibuiion 
disiances ~ x c ~ e d  : ~ O S E  spec ikd  by the user. The m a x h u m  coppe: 
disiribuiion distance is 2 3ser input with, a 72,000 foot default. 
IimiiEtion of copper techo iooy  serving distance h2s :he eZ;;ec: of producins 
multipie distribution areas within Nisi C3Gs, which in er;ect esends tie 
feeder plmt iaciiiks inia the C3G. I nls chanoe EISO aiigns 3CM2 more 
cicseiy vdh  actilai engincorjns piECtices. i nu orisind 3CM assumed ail 
plant virhin the C3G y12s copper disiribution pian; and that there would 
~ l w a y s  bs four distribution cables. 

- 

-. 

-. 

- 
I ne 

._ 
-. 

-. 

- 
I VI'D otner areas of distribution plant engineerin_o changes zre driven by 
his5 c3ncen::etions of business lines in a CBG. Tne first change is that E 
2 C2G line  mu^; exceeds 2.075, a var;abie percentase of lines will be 
terminated a; the DS1 level i o  reflect costs of providinc service to digi;al 
PZXs 2nd piwidins widsSmd privzie line services. I nis is a user variable 
input. Acdiiiomlly, i; line demand for a single 2 3 G  exceec's the epac i i y  
of a rn2ximum size copper cable. fiber will be deployed io the C3G 
reserdless of the dis;znce. 

- 
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-. 
i ne third ;nE,ior area of engineerins assumption chznge is :hat :he c ~ s k  

for fee6er plant digkal loop carrier (DLC) systems reflec: the fixed a n d  
var;abie n a m e  of :he cosis. This ensures {kai t h e  cost for DLC equipment 
properly refless the e%cts of the equipment loading in each CBG. This is 
an impccant change since there can now De multiple remote terminals 
within a CBG fcr wio reasons. First, the inclusion o i  busiaess iinos can 
cause the line de,Tand to exceed that  which c a n  be provided by 2 single 
remok terminal. Second, the maximum copper distribution disiance can 
cause the deployment of multiple remote iemjnais. 

- 
I he 5nal m2jor 2rez of change is i he  assu,.nption :hat an alternative 
wi iekss  loop iech;lolocy is utilized for loops requi;ino investment levels in 
excess 07 :he cos: cf en 2itema:ive wireless technology. Bzsed gpon 
mooing t;iaIs, a vElue  of S10,OOO per loo? is used in SCMZ. 

Mod D I Me i h o d s 

- .  Assumsiions for !.cor ! scnnolozv 

Feeder tack (cz'sle p k c ~ t  S D  ihz? i: E n  be suppienented E; a later date) 
is cepioyeb 2s 2n21cc c37,per ?!ani where ths tois1 100,- c'is:ance is less 
tt;ar, ;ne user-speciikd maximum copper z b l e  1en;th.' If the loop 
0is:ance exceeds the ~ ; i 2 x i m ~ l m  loo? distance velue, 5 5 s  fesder plant is 
deployed. Fiber Fee6e: may efiend i n b  the CBG io maintain the  
,.;;aximun copper dis;ribc;ion cabie distance. 

Distribuiion piant m2y ca=,:ei;l 2nalog czppsr ':echndo_oy when terminating 
signzls 2t 2 voice c:?ae level, 0: m y  utilizs -?be: loop technolocy or digkal 
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carter on copper, when terminations are m a c e  a: :he DS'r sicpal level for a 
pe rcen t sge  oi business lines. 

BCM2 uses b o  types of DLC equipmen! d e p e n d i n s  on the n u m b e r  of lines 
needed  a! e a c h  remote terminal location. For  2 r emote  terminal requiring 
line capacties grea ter  than 240 lines, Lucent  Technologies  SLC Ser ies  
2000 equipmen: is used. For remote terminal requiring 240 lines or less 
capaciry, Advanced %e: Communicaiions equipment  is used. 3 0 t h  
products are deployid in dropladd configurations, with SLC having a toh i  
capzcrty of 2.016 voice grade  channels  per four fibers a n d  AFC having a 
total c a p a c i v  of 672 voice g rade  channe!s per four fibers. 

Assunotions io: Fees'e: Plant ArchireCure 

Feeder pian: u s e s  a tree a r i  brznch topoiogy, wiih plaz; iou?es 
interseci,;n_c 2: right an_olss. Each feeder E b t e  begins at t h e  cer,:ral cfzce 
and  oenerally ends  a: 2 ten ina l  at t h e  e d g e  of 2 CBG. Hbwevei ,  fiber 
feeder may e x e n d  ints :he C3G to enswe that the  Ese :  s p e c x e d  
mzxinum c3i)?ei cabif iencth is not exceeded. 

Four ~ a i n  feeder routes iezve esch centra! 05ce': directly East (quadrant  
7 ) :  directly NSL? (cuzcran; 2 ) ;  dirtcily Wesi (quadrani  3) 2nd directly 
S o ~ n  (quadrani  4). Thc iss5:'Dr rouie boundaries  zt 45 desree angles  
io : h ~  main feeder rorks. 

' h c e n W  o t k e  m2y have less ;$an four feecer r3Li:es i f  no C3Gs 2re located wi;hin a !eese: 
quabrant 

5 
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F e e d e r  Plant Archi tec ture  

Bath copper  2nd  fiber feeder e5Ies sha re  t h e  structure and placement 
toSiS in t h e  ,main f eede r  sys tems.  Ass the  ,main feeder ioutes move away 
iiom the cential office 2nd deploy czbie c z ~ a c t y  to ;he CSGs,  tne feec'e: 
cabies t2per in size to :he c2paciry necessary  for each individual segment. 

Copper feedfi e b l e s  i a n g e  in sizi t o m  25 p2ir e b l e  to 4,200 pair czble, 
while fiber fefeder ECIZ sizes rEng3 from 12 s:rznS cable u p  to 5 4 4  strand 
c2b12. Feeder Fim; ccsk include the rnaterizl cost of cable a n d  
eiec:ronics, as well as t h e  ca$2iized cost of stmcture 2nd  placing :he 
cable. electronics c s t s  a; the central oZce and remote  :enin&, 2s well 
as costs of in-line tenii;2!s, splicing 2nd ens insf r ing .  

The BCM2 assumes  ?ha: all households within a C8G are unifomly 
disiribute5. In rural areas, the  CBG area input d2:a h a s  been reduced 
reflecting the  removal of areas tha t  do not have  road access. 

Distribution'cable bes ins  at the e n d  of :he f e e d e r  mble a n d  cmi inues  to 
the custome: premise. 'PIP distribution plant is des igned  to reach all 
households in :he CBG through the  pissing of cables  between subdivision 
lot lines. 

6 
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5CM2 more precisely designs distribution plant io: each CEG to ensure 
cables pass by eacn premise. The number of disrribution cables n a y  be 
as few 2s one for 2 small CBG to 20 or more cables in more densely 
populated CBGs. 

In laqer  rural CBGs, it may be necessary to extend the fiber feeder into 
the CBG its& to rnzintain copper cable lengths less than the user 
specified maximum. An example of fiber exiending into the CBG is 
displayed below. 

Example of Distribution Plant With Fiber 

Fiemote Dicit21 Terminal Ccpper Facility - - Dro? Wire - 
.. 

X Pedes21 II Fiber Faciiity 

Investments for distribution plan: include Cne lmstenzl cost of the E b l e  and 
ils cos; of struckre. 2s well 2s the neiwoic interface device, the drop wire, 
the  pedes:al, in-line terminals, di9i;al teminals, splicing anr! engineering. 
Distribution cable sizes range from 32 pair c2ole to 3500 p2jr cable. 

Since business lines are now included by CEiG, the BCM2 distribution 
archi:ecture uses 5ber distribution mble in very dense CBGs that require 
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larger c2ble casaciry than a maximum size copper dis::ibution cable. 
Additionzlly, 9Ct42 terminates 2 percentage of :he lines in these dense 
CEGs at a digital DS-1 sign21 level, since a perccniage of businesses have 
digital PBXs or wideband services :ha: utilize such wpacity. 

Assumpiions for Switch Te=hnoloav 

The 3CM2 ~ s e s  i jve differen: size generic digi;al switches for czlculating 
switch inves-ments. Using Bellcore's LERG information. 2 switch is 
designated as a renote sw%ch or 2 stand-alone switch. S'snd alone 
switches siE split by line size grouping: u p  to 10,000 lines; 10,OOP lines to 
60,000 lines, 60,000 lines to 100,000, ana over 100,000 lines. Each size 

stag? up C 0 S i  includes ceniial processor iraines, Sillins and data recordinc 
equipment and framss, missel12necus power fiquipmrni and bzck-up 
power, the main dislribstion ?2ne, frames for testins, 2nd b2sic so%vare. 

sw%ch has a unique 5xed or start u; cos: a n d  2 un ique  pe: line ms;. -. I ne 

C3G densities are cakulate:! in 2 :hres step process. Fin!, the businzss 
lines E r z  dividsa by ;r user ingut d e n s i q ~  a:!jcstnent. I ne d e f a u t  vaiue for 
;he dsnsiry adjcsi.rient is 10 business Iinils occupying t h e  physiwl space 
of on% homehold line. In t h e  seconc s;ep, !hz adjusted business lines aie 

s;ua:e miies ~i :he C 3 E .  I ns insures :hat ;hz ; i 3 ? i r  dens? 
ckrac ter is i i s  Z i S  ass i~ned  io the C8G. 

I ne BCMZ 252s six d i k e ? !  densiiy Q i O U p S  ':o determine charzderisiics of 
the pian: beinc used .  %e six densiry groups are 2s follows: 

0 < and<= 3 

5 and<= 200 
2 3 0 < a n d  c E50 
E50 <and <= E50 
650 c 2nd <= 2.550 . > 2.550 

I ne density groops defernine the rnifiure of aej+al and below Ground 
plant, feeder 511 fac:o:s, distiibu'iion 5!l :ac:orr, and the mix of ac?ivnies in 
plzcing plant and the cos: per ioc: :o place pI2,nt. I nsse are all user 
2djus:zble inpuis. 

- 

summed vizn :he C ~ C  - r  ' r,ouseholcs. finally, ikis sum is divided by :he 
-. . 

-1 

L 

- 
-. 

. 

s 
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U.S.G.S. 62ia for four terrain characteristics that inpac t  t h e  structure and 
placing cos: of telephone plant are included as inputs to BCM2 by C3G. 
These tem in  variables include depth to water table, depth to bedrock. 
hardness of bedrock. and :he surface soil texiure. Combinations of these 
characteris;ics deiemine one of four placement cas: levels. Tne normal 
placenenf CDS: for 2 densky group occurs when nekher :he water table 
depth nor :he depth to bedrock is within the placement depth for the cabie 
2nd the sucace soil texiure does not inkcere with plowing activities. Tie 
 ne^ higher level of placin_c cost occurs when either the suiYace soil texiure 
does interfere with nom21 plowing 2c:ivities or so* bedrock is within t he  
c&ie placement depth. I ne third level of plzcing di;iiculry occurs when 
hard bedrock is wiihin the placenent depth of copoer cable or Zbar cable. 

I ne last level of p1acer;ent cost di?i7culQ o.ccurs when :he water table is 
present within t h e  pkcing de?:,? of coppei or Z k r  Z b l e .  

-. 

-. 

Aloorithrns to Develor~ S2Sic Local Service Costs - 
Feeder Plzn: Dis'znce 

-. ' 
I ne oeogr2pnic CDritSiS (cetztroi2s) of the C3Gs may % I 1  in any of i h e  ioii, , - ~ e r  
rouie sewing areas. In or&: 13 deternine on wnich oi:he four main feeder 
roii<%s (ci qmdran:s) E C3G is saved ,  En angle 9 is calcuki-id. The angle 0 
repi-senis :ne coun;er-clocirwise ro:aiional angle be?,vwoen i? line conneciing the 
C3G with 313 clos2st cen::al c5ce  and a line head& directly east from ine 
cenml  o6ce.  I nis is displayed in t h e  5gure below. - 

a 
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Determina t ion  of Feeder Q u a d r a n t  

7 Ccnsur alock Groups 

-, 
I ne re!ationsni:, % w e e n  the angle R and :he feede r  route  is found in the table 
below: 

- 
I O  estimzt2 isedzr plan: ccsts io: a given CBG, t h e  !enr$h of t h e  feeder cable 
from :he clcsest ceniral ofrice t o  the  CBG is zpproxi,nzted.  For  p u r p o s e s  of 
simpli5c&ion, i? is zssurned i h i :  each C3G is s q u a i e  in s h a p e ,  with t h e  
households wi:hin t h e  C 9 F  dis:ributPd unifomly. A s  discussed, in CBGs w%h 
iess than 20 housenolcs per s q u a r e  nile, C3G a r e a  is reduced to elininat? non- 
popul2:ed areas. kdaiiionally, i; is a s s u m e d  that sub-feeder  cable Generally 
ends st ths e5se of the  CSG, unless the C 6 G  bound2;y overlaps t h e  main 

f eede r  dis:mce bemmes  2 t ~ ~ s t e p  process .  
x ,eecer route, in which C ~ S E  no  sub-feeder  plant Is used .  T h u s .  calculating the 

First, a n  airiine dis tance  is calculated using :he latitude and longitude of t h e  
closes:'cential of ice 2nd the  latitude and longitvde of the  centmid c: t h e  CBG. 
Nex'., :ne airline distance is converted :o an equivalent iepder plan: rou te  l e n g a .  

I nis conversion becomes a simple mathematical model. -. 

10 
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Feede Distance Calculation 

Ccnczi 
c 3 c c  

b 

Airline disiance between !he ceniral oRce and CBG centroid = Line c 

Angle beween Main Feeder i ioute (Line 5) a n d  Line c = c 

Main Feedl-r i i O U i e  Gis;ance to C2G = Line b = C' ~ ' 3 s  c 

Sub-feeder route eisiance is caiciJiai+d in 2 similar manner, howwer ,  ths sub- 
feeder does not =xiend into i h e  CBG. 

-. 
i ne precsding distance calcuieiions m2y be increased if the minhu l? i  or 
maximum slope mtesure rnen t s  for a CSG reach , k h ~  irig_ci.r vaiues. If t he  sbpe 
is gieater than the trisger vdue, then the isejer and sub-feeder d i s i a n e  are 
increzsed by  a use: specified iacior. 

Shared  Feeder Plant  Dis-ance 

C2Gs ;ha; are served 2lons a common feeder :outs share fee&: facilities. Tne 
8CM2 c ~ I c ~ l a t e s  :he disiances for the shzred feeder segments by calculating the  
Line b disiance described above i O i  each CBG in 2: cuacrant. Once t h e  Line b 
cistances are celculz;ed. the node l  SOITS the CBG data first by central ofice, 
then by quadrant, and finally by l i n e  b 6is;ance. An example of three CBGs in 
main feeder quzdrant  1 is shown below. 



SHARED FEEDER DISTANCE 
CALCULATION 

-. 
! 2s total feeder d is tmce for 2 C3G is i h r  si'= of ;;;zin k 5 s r  Cistrnce and s u G  

feeder distance. 

Cable Capzcity and Mater iz i  Investinen% fo: Sh ,a red  Feeder  Plan: 
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The required capacty for a segment oi.fiber feeder plant is determined in 2 

Similar manner, however. SLC technology ana AFC technology cannot share 
fiber strands because of dfffering transmission paianeters. For SLC systems, 
four fibers can carry up to 2,016 voice grade pziihs. I f  the segmen: capacity 
exceeds this h i t ,  four addzional fibers are required for each inciemeni of2.016 
voice grade paths. For AFC systems, four fibers c2n c a q  up to 572 voice grade 
paths. Like SLC, each additional increment of 672 voice grade paths capacty 
requires an add$ional four fibers. Tne voice grade paths are determined by 
technology by summing the lines by CSG utilizing the  particular technology and 
dividing the sum by the f i l l  factor associated with the density group of the feeder 
segment. 

I ne total c2?acih’y foi a fiber feDaer sesment is the sum of the required SLC -Zber 
strands and required AFC fiber s;;ands. The 3CM2 determines the number of 
maximum size 55er cables ana the size ofthe acici:ionaI 5ber mb ie  to mee: ine 
~ p 2 c i i y  ne&s of &he sqment.  I n.i 3bpr ieecer cable sizes available in :he 
model 2rs 32, i 8 ,  24, 36. 42,  50. 72, 95, 2nd i4.4 s tax i s .  

- 

. .  -. 

Once each fseder segment’s czble size 2nd csst per ioo: is deiemined. 2 total 
material c 3 ~ t  is caicukied for the segment. This calcula2on is :he materjal cos: 
per ioo: muliiplied by ‘;ne number of fee; of the ieede: segment. Each C3G ~ 5 2 :  
utilizes ;he segment  j i c i l%ks  shares the m2kri2l csst on an  equal ~ 3 s t  per u n ~  
(per line). 
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Distribution Plan: D isbnces  

-. 
I ne design of :he pian: within s CBG is dependent upon ;he  number of square 
miles within t h e  C 3 G ,  as well a s  the n m b e r  of households sewed within :he 
CEG. firs;, :he CSG is checked io de:emine i; the width of tho, CBG is greater 
than Mice the maximu,? cooper sewing distance (specified by t h e  user). If t h e  
width is oreaier. :hen the Ep?rocria:e number of feeder-type legs will be 
enended into ;ne C3G :c subd iv ide  the area into multiple distnbuiion areas. 

I ne v e r t i d  distn'buticn distance per  feeder-type leg wi;hin t h e  C B G  is c~lcul2ted 
as widih of the CEG divide? by :he number of keder-rype less, less two base lot 
side iengths. The horizont5.i sewing disyances io: copge r  faciliiies wj;hin ;he 
CSG srt calr,ulaied as :he n;aximum co??er serving distance less one-haif the 
width of ;he CSG and m e  b2sc lo: side ienc:h. Sowever .  i f  ihe horizon:21 
cis;- 

legs then 6% h o r i n n i z !  c,s??-3r faciiiiy dis:ance is cdcuia:e5 as one halithe 
number of Esse lois bewe% ie,To:e ieminir.21~ nu!:ipIied by the base 10; side 
Ien~th. Fibs; is oe?ioyec into :he horjzo;;;zl plan: !ecs w k n  renot2 :enina!s 
sre used. in this ~ s e ,  the horizoni2l pian; lens5 is c a l c ~ k i e d  2s the width oi 
the C3G, IE-ss :he dis:~nce h ~ ~ e e n  izmoie tt;;nina!s, I ~ S S  s CESS side loi 
leng:h. 

- 

~ n c e s  ars so jaice 2 s  :s require t h e  USP of ??;note iemir,als on the hoiizonral 
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- 

I ne 1o:a1 distribution e b i e  material investment is calculated as ioliows h r  bo;n - 
copper table 2nd 5ber =able: 

Distribution C2ble lnves'men: = Number of t-lorizon:al Distribution Legs - 
Horizcntal Distribution Distance - 
Horizontal Cable  Cost Per Foot + 
Number of Vert;-1 Distribution Legs * 
Vertical D i s ~ b L + o n  Distance - Veriical 
Cable Cost ?er Foot 

Structure a n d  Placement  Costs 

Stvcture a n d  the ms: of placing plant include tile costs of poles, condu~ ,  
innerdus, e:c., and  the czpitl ized wsts of iostaliing s b l e  a n d  wire fzciliiies 
piant. i ne 5CM2 u s e s  2 cos: per foot for siTuc::Ire that  vzries by piant vpe, 
teriain, and  censiry _croup. I: represents  the  COS': of s:nc:ur; an,' piacinc the 
smalles: size m b l e s .  Ezch d e n s Q  group a c  ;e:;zin ai5culry :eFkc!s a dizerent 
nix of placing activities and si;ueures. Tne basic s:ruc:~lis ~ I c u k t i ~ n ~  are 
done  Dvlside the 3CM2.  Following is 2n Pxampli? of :he calculetions io: below 
- cround plant hi t h e  three  di5sieni levels of terrain d i 5 c d t y  zssocizted wch the 
650 ic 850 h'ousshc!ds p e i  Sc,. Mi. densiiy c:oup. 

-. 



Spnni 
Dockci Eo. %i?W-Tp 
James D. Dunba:. J r .  
Exhibii KO. JDD.1 
P q c  16 of 32 



spnnr 
Docka KO. Y6123O-TP 
Irrncs D .  Dunba:. J r .  
Erhibn KO. JDD-I 
P q c  17 of 32 

-. csn::acmr ~ 5 x 5  b: :,>at 2c:iviiy. i ne third c:lIu,nn GiSp!ays !he persen: of the  
activiyy in t he  Sperj-k ~e? ,s iV  croup and iemin difikul;y. The - k a I  column 
remsents :he nultipiicztion of :he cost per too: and the  percent occurrence of 
the activity. Tne 5nal weighied average above? is :he sum of specific activiry 
prices t ines the perceni occurrence. 

Lane 2 Suiici.qs Facfo: 
Encineerins r a d c r  
(Fixed Switch Ccs; Per Line - Switch Size Speci-Zc ?er Line 
ccs:j 

Switch Equip Ciscouni * Switch 
Swi;ch 1n:eCFZce investmen: 2atio . -  

.- 
I ,  
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Circuit Equipment Investments 

Tne BCM2 uses SLC and AFC d i g ~ a l  io03 c2:iier equipmer,: inves:ments split 
between the fixed costs of ;he remote teGminai ana digital loo? camer c3s;s :hat 
vary by line. The fixed remote terminal m s t s  include ;he optical line int5r;'ace 
uniis, s o h a r e .  cabinet, power, and the  access resource manager common card 
kit  Tne per line component includes the line ward and shelves 2t t h e  remote 
teminal, 2s weli as all t h e  csmponents of the central ofi7ce terminal. 

The circui; equipment invesments by CBG are developed t h r o u g h  i he  use of a 
'look up' :abie which provides !he appiopr;a:e 5xed :e,mical C ~ S ;  for ;he numnber 
of lines using the ieminai, 2s weli as :he czst per h e  for the  individual teminal  

applied, 2s w t l l  as the engineering and inssliaiion i a m r .  
ske. V+en these inves 'mc- ,~~~  are founc . .  I,? :he'tzSis, :he dismun: factor is 

Annual Cos: f a c t o r s  

Throuchou: t h e  SCM2 3:ocess, all cos: cAcuiaiiaos ar? derived in ii4ms of 
invest-irent. In order TO deiemine 2 monthly cost for k s i c  ioc21 se,Yics by 5 3 G ,  
the SCM2 uses bo:n invl-smen; rekieCi ex?ens? factors 2nd line ieizted 
expense i a m i ~ .  

- .  
I h e  invest;;icni ;ek t td  iac;ors ais deveioped separate!y for ;hies ?Ian: 
categories: czble 2nc wir t  iaciifiies, swfic;?inS squipnent, and c i i c u ~  ecuipmpni. 
for each of these three investrz2ni c&eqories. 19S5 ARlvllS data is used io 
derive the nisioricai rztio of cfrrain inves:rnen: reizied expenses 10 :he gross 
invesiment io: the plan: cztesory. The expense Eissories inciude: 

2eiu:n on 1nves:men: 2; i i 2 5  % 
r l  I ,  Skt t ,  s n l  L o z l  Tzxes 
?Ian; S?eri-;lc Expenses 
?Iani Non-Speci5c Expenses 
Df~reci2tion/F\msf,iz2tion 

L -  

Usins national i 905 ).?MIS c=:z :he nisiorisY b o o k e l  expenses were 
developed. Tnus, :he i2c:on refiedi ;ne historical rr;;ain;enZflCE expense to 
investment re!ztionship 2s well 2s rssula;oV-a?prcved oepreciation lives. I nese 
loiiors are user aCjus:able. I he 3CUZ cei2~1: VEIU~~S for tho three pian; 
e tego ry  znnual cos: factors 2163: 

-, 

:--A - 

IS 
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