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The inputs used to perform the run of the model used to develop costs for use in this 

proceeding are attached as Exhibit DJW-2. As with all data, MCI is continuing to 

evaluate the accuracy and validity of these inputs in order to ensure the reliability of the 

cost information produced by the model. 

WHAT ARE THE RESULTS OF THE MODEL? 

In Exhibit D J W J ,  I have included the results of running the Hatfield Model to develop 

costs for use in this proceeding. In summary, the results of MCI’s analysis are as 

follows: 

Hatfield Model Unbundled Network Element Summary 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 .  

12. 

Element 

Network Interface Device 

Loop Distribution 

Loop concentrator 

Loop Feeder 

End Office Switching Port 

Usage 

Signaling Links 

Signal Transfer Point 

Signal Control Point 

Common Transport 

Dedicated Transport 

Tandem Switching 

Operator Systems 

Unit Definition 

per line-per month 

per line-per month 

per line-per month 

per line-per month 

per line-per month 

per minute 

per link-per month 

per message 

per message 

per minute 

per DSO - per month 

per minute 

Unit Cost 

$ 0.52 

f 8.50 

$ 2.49 

$ 2.34 

5 1.05 

$ ,0023 

$ 27.57 

s ,00018 

$ ,00119 

S ,00063 

8 3.76 

$ ,0025 

$ 2,347,959 

21 



I 
2 
3 
4 
6 
8 

- 

7 

B I C I . D  I E I I3 I H I I  
Note: Anything in italics in the two columns containing values is a calculated value. 10/28196 1133 
Donl change any of rhese manually. 

You may change any of the input values (highlighted in blue) diredy in this sheet. 
However, 1 you subsequently use one of the dialogs to set values, any values entered 
there will ovenide any changes you make manually here. 

Complete 

Cost of Capital Factors 
DepW21atfon Lhns 
Loop Mribution 
Loop Feeder 
Loop Concentrator 
Wire CMller 
End Omcs Switching 
Tandem switching 
Trenspolt Facildar 
Opntor Systems 
STP 
SCP 
Links 
Public Telephones 
General Suppolt 

cost orc.ph1 
Debt Percent 
Cost ol DeM 
Cost of Equity w w  PeKafd 
O d I C & o r ~ ~ l  

u 

0 Company 1 Sp'nt LTD (CehWnikd) WoMle path 
10 Company 2 ID Code HMG08199614M) 

8 state Florida WOMk 

11 c m p n y 3  

13 InputName Default Inputs Name Module Sheet Cell Ref 
12 Variable 

!%&c Expense Factors 

20 
20 
10 
37 

14.3 
14.3 

19 
8 

14 
14 
19 
9 
7 

45.00% 
7.70% 

11.90% 
55.00% 
fO.Of% 

10.00% 
40.00% 
5.00% 
1.00% 
$1.22 
$0.15 

70.00% 
2.69% 

70.00% 
$0.25 
0.0269 
0.0153 
$1.56 
$3.00 

$35.00 

0.65 
0.75 
0.80 
0.80 
0.80 
0.80 

20 
20 
10 
37 

14.3 
14.3 

19 
8 

14 
14 
19 
9 
7 

DistLfe 
FeedLt9 
MncLfe 
WireLfe 
EOLh 

TandLh 
TrensLfe 

OPLh 
STPLh 
SCPLfS 
Li"Kf* 
PubLfe 
Ge"Lh 

Expense 
Expense 
Expense 
Expense 
E- 
Expense 
Expense 
Expense 
E-"- 
E-"% 
Expense 
Expense 
Expense 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

45.00% DebtP Expense Inputs 
7.70% EebtCst Expense Inputs 

11.90% EquityCod E-nse Inputs 
55.00% 
10.01% 

10.00% 
40.00% 
5.00% 
1 .00% 
$1.22 
$0.15 

70.00% 
2.69% 

70.00% 
10.25 
0.0269 
0.0153 
11.58 
19.00 

$35.00 

VarOvhd 
FlTRate 
OtherTax 
StatelT 
Billing 

Directory 
N9tOpS 

COSwitch 
EOTraffic 

LNP 
ACQSF 
ACEF 
carcar 
NIDExp 
circom 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

0.65 Feedem Loopmuter Input 
0.75 Feeder5 Lwpmaster Input 
0.80 Feeder200 Loopmaster Input 
0.80 F e e d e m  bopmaster Input 
0.80 F e e d e m  Loopmaster Input 
0.80 Feeder2550 Loopmaster Input 

H37 
H38 
H39 
H41 
H40 
H42 
H44 
H43 
H45 
H46 
H47 
H48 
H49 

C34 
C35 
c37 

C42 
H35 
c43 
c44 
c45 
c46 
c48 
c47 
C51 
C52 
c49 
C50 
Ea 
,259 
c62 

518 
519 
520 
521 
522 
523 
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B I C I D I E I G I H I I  
8 8 0 5  0.50 0.50 DirtO Loopmuter Input T18 
69 5-200 0.55 T19 

70 200450 
71 65- 
12 050-2550 
73 25- 

Usar Inputs 

- 
98 Swiachcartphk lines 
99 Lowlinerb 
100 Mid line 
101 High line s b  
102 costllins 
103 Low line size 
104 Mid line size 
105 High line o b  
106 
107 Residential Holding Time Multiplier 
108 B u r r i m  Holding Time Multiplier 
109 Busy Hour fraction of daily wage 
110 Annual to daily "rape reduct i i  factor 
fl 
112 lnteroftke and Tandem Parameters 
11s 
114 OpuatorTraffic Fraction 
116 Total lnteromce Traffic Fraction 
2 Dirnct-Routed Fraction of Local Intemffice 

118 TrunkTennination investment. per end 
119 Amw Direct Route Distance. mi& 

117 Ma!dmum TNnkOccupancy. CCS 

120 Amw Trunk h o e  Fndion 
(21 

M E 0  Swltchlng Parameters 

122 
123 
124 
125 
2 
128 
(29 
130 
1 ~ 1  
122 
153 
134 
136 

127 

I ?I 

71 Busy hour call attempts. residential 
78 Busy hour call attempts. business 
19 Switch Maximum Une Size 
80 Swbh Maximum Line Fill 
81 Switch Maximum Processor Occupancy 
82 PI0C.M F a t u n  Loading Multiplier 
83 Switch Installation Multiplier 

86 swi*hP.Rmrr(an 
86 Switch real-time limit BHCA 
81 1-l.m 
88 l.m-lo.m 
89 1 0 , m - 4 o . m  
90 4 o . m  

Tdtnnrinputr 
Tandem-routed W of total IntraIATA tram 
A m g e  direct IntraIATA mute distance, 
Tandemmuted W ot total interlATA tram 
A w w @  direct access mute distance, mi. 

T a ~ S w l k h I n g p r n ~  
mal time limit. BHCA 
port limit. bunk 
common equipment investment 
maximum hunk fill 
maximum real time occupancy 
common equipment intercept factor 

0.w 
0.65 
0.70 
0.75 

1.3 
3.5 

0.8 
p.m 
~ 0.9 
1 1  
~ 1.1 

~ 1o .m 
~ 50.m 

.m 

2.782 
11.200 
8o.m 

$220.00 
$86.00 
$59.00 

1 .00 
1 .w 
0.10 

270.00 

0.02 
0.65 
0.98 
27.5 

$100 
10 
0.3 

0.2 
25 
0.2 
15 

1.m.m 
120.m 

$l.wo,Mo 
0.8 
0.9 

0.25 

0.55 Dist5 
0.60 
0.65 
0.70 
0.75 

1.3 
3.5 

100,WO 
0.8 
0.9 

1 
1.1 

l o . m  
50.m 

2 w . m  
6W.WO 

l o . m  
50.m 
SD3.m 

1 .m.m 

2.782 
11.200 
80.m 

$220.00 
$86.00 
$59.00 

1 .00 
1.00 
0.10 

270.00 

0.02 
0.65 
0.98 
27.5 

SlW 
10 

0.3 

0.2 
25 

0.2 
15 

1 .m,m 
120.m 

t1.m.m 
0.8 

Dit200 
Dist65o 
Dirt850 
Dist2550 

BHCAR 
BHCAB 

Maxlines 
M a d  i n e F i l l 
MuProc 

FeatureMult 
InstailMuiI 

BHCAl 
BHCA2 
BHCA3 
BHCA4 

BHCCSl 
BHCCS2 
BHccs3 
BHCCS4 

Lows!!* 
MidSue 
HighSie 

LowCast 
MidCost 
HighCast 

nsHT 
burHT 
BHF 

UoRed 

OpFrac 
InterFrac 

DimtFrac 
T N ~ ~ C C S  
Termlnv 

Miles 
T ~ n k F r a ~  

tandIATA 
IATAdist 

tan d A c c eu 
A c c d i s t  

bndBHCA 
podlimit 

tandcaminv 
maxtrunMill 

Loopmuter 
Loopmaster 
Loopmaster 
Loopmaster 
Lwpmaster 

Wirecenter 
wirecenter 
Wirecenter 
wirecenter 
Wirecenter 
Wirecenter 
wirecenter 

W irecenter 
Wirecenter 
WireCenter 
Wirecenter 

Wirnbnter 
Wirecenter 
Wirecenter 
WireCnnter 

Wirecenter 
Wirecenter 
Wirecenter 

Wirecenter 
Wirecenter 
Wirecenter 

Wirecenter 
Wirnlhnter 
Wirecenter 
Wirecenter 

wirecentw 
Wirecenter 
WireCenter 
Wirecanter 
Wi-nter 
WireCenter 
W i d n t e r  

WimCmbr 
WimCmhr 
WireCenter 
WimCmler 

Wirecenter 
Wirecenter 
Wirecenter 
Wirecenter 

0.9 tandmaxoee Wirecenter 
0.25 tandintercept Wirecenter 

Input 
Input 
Input 
Input 
Input 

traffic and cost inputs 
tnmc and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
tRmC and cost inputs 
traffic and cost inputs 

traffic and cost inputs 
traffic and cost inputs 
tram and cost inputs 
t f i c  and cost inputs 

tmfk and coot inputs 
trafic and cost inputs 
traffic and cost inputs 
t f i c  and cost imuts 

t f ic  and cost inputs 
t f i c  and coot inputs 
tPamc and cost inputs 

t f i c  and cost inputs 
t r a f i  and coot inputs 
tPamc and cost inputs 

traffic and cast inputs 
trafi and cost inputs 
traffic and cost inputs 
t&ic and cost inputs 

tramc and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and coot inputs 
tnmc and cost inputs 
tramc and cost inputs 
trams and cost inputs 

tramc and cost inputs 
t f i c  and cast inputs 
traffic and cost inputs 
t f i c  and cost inputs 

t d c  and cost inputs 
tmfk and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
tmfk and cost inputs 
tramc and cost inputs 

t20 
T21 
T22 
T23 

F28 
F29 
C27 
C29 
wo 
C31 
c33 

C16 
C17 
C18 
CIS 

C23 
C24 
C25 
C26 

F6 
G6 
H6 

F5 
0 5  
H5 

F19 
F20 
F16 
F17 

C39 
c40 
c43 
c46 
c47 
c46 
C50 

F82 
F83 
F85 
F86 

c53 
c54 
C55 
C58 
c57 
C58 

Page 2 



Exhibd WW-2 
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user Inputs 

sum d power 6 hams 
0 s1o.m 

1 ,000 $20.000 
5.000 $40,000 

25.000 1100.000 
50.m $Mo,Wo 

floor area required 
0 Mo 

1 .m 1 ,000 
5.000 2.000 

2 5 . m  5.000 
50.m 10,WO 

1 ,000 
5 , m  

25,053 
50.003 

pricelsq n 
0 

1 .m 
5.000 

25.000 
50.000 

15.00 
17.50 

$10.00 
$15.00 
$20.00 

0.5 
0.5 
0.5 
0.5 
0.4 

0.65 

0.5 
0.5 
0.5 
0.5 
0.5 

0.05 

0 
0 
0 
0 

0.7 
0.3 

s2.00 
$2.00 
$2.00 
$3.00 
$3.00 

120.00 

Lot size. mukiplier of switch mom size 
TandemlEO win  C O ~ ~ M  common factor 

Powurarnihminvasbmnt 

2 
0.4 

DlsMbution Structure lnpub 

2 
0.4 

t10.m 
$20.000 
s40.000 

t100.m 
1500.000 

Mo 
1 ,000 
2.000 
5 . m  

1 0 . m  

$75 
$65 

$100 
$125 
$150 

$5.00 
$7.50 

110.00 
115.00 
$20.00 

Lotsize 
WCcomm 

PF1 
PFZ 
PF3 
PF4 
PF5 

Room1 
Room2 
Room3 
Room4 
Rmm5 

Const1 
Const2 
Const3 
Const4 
CO"* 

Land1 
Land2 
Land3 
Land4 
Land5 

0.5 
0.5 
0.5 
0.5 
0.4 

0.65 

0.5 
0.5 
0.5 
0.5 
0.5 

0.05 

0 
0 
0 
0 

0.7 
0.3 

$2.03 
s2.00 
$2.00 
13.00 
13.00 

$20.00 

dirtaerial1 
dotaerial2 
distaeriai3 
distaeriai4 
didaerial5 
didaerial6 

distbur1 
dirtbur2 
dirtbur3 
dirtbur4 
distburS 
distbur6 

dirtburinv4 

Wirecenter 
WirsCenter 

Wi ron ter  
WirsCentw 
Wirecenter 
Wireenter 
W i r a n t M  

Wirecenter 
Wirecenter 
Wirecenter 
Wi-ter 
Wirecenter 

WirsCenter 
WirsCenter 
Wirecanter 
Wirecenter 
Wirecenter 

Convergence 

Convergence 
Convergence 
Convergence 
Convergence 

Convergence 

tramc and cost inputs 
trams and cost inputs 

tnmc and cost inputs 
tRmc and cost inputs 
tnmc and cost inputs 
tnmc and cost Inputs 
tRmc and cmt Inputs 

tram= and cost inputs 
tnmc and cost inputs 
tnme end cost inputs 
M e  and cost inputs 
tmfh and cast b u t s  

trarnc and cost inputs 
tnmc and so11 inp& 
tmmc and c a t  inp& 
tmmc and cost inputs 
mmc and cost inputs 

tramc and cost inputs 
tnmc and cmt inputs 
tmmC and cost inputs 
tmmC and cost inputs 
tmmc and cost inputs 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
inputs 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

inpvt. 
Inputs 

C71 
c n  

c83 
c84 
c85 
c86 
C87 

c92 
c93 
C94 
C95 
c96 

c102 
C103 
c1c4 
c105 
C106 

c111 
c112 
C113 
C114 
c115 

C46 
C47 
018 
C49 
C50 
C51 

046 
D47 
D48 
049 
DM 
mi 

E48 
E47 
E48 
E49 
E50 
E51 

046 
047 
048 
049 
050 
051 

Page 3 
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VIM Inputs 

Pol. spacing. he( 
Poln invesbnent 
Conduit invsstment p n  foot 
Manhole investment. per manhole 
Buried cable anming multiplier 

Copper Feeder Structure Inputs 

Pole spcing, M 
Pole investment 
Condult investment per twt 
Manhole investment. per manhole 
Buried cable armming multiplier 

$25.00 
$25.00 
$45.00 
sm.00 

150 
$450 

$1.00 
$3,000 

1.1 

0.5 
0.5 
0.5 
0.4 
0.1 

0.05 

0.45 
0.45 
0.45 
0.4 
0.1 

0.05 

0.05 
0.05 
0.05 

0.2 
0.8 
0.9 

$2.00 
$2.00 
$2.00 
$3.00 
$3.00 

$25.00 

$25.00 
$25.00 
125.00 
125.00 
m.00 
$75.00 

800 
800 
800 
800 
800 
400 

150 
$450 
$1 .00 
13.000 

1.1 

$25.00 dstcondinv3 Convariance Inputs 
$25.00 dstcondinv4 Convergence Inputs 
$45.00 distcondin-6 Convergence Inputs 
$70.00 dirtsondin6 Convergence Inputs 

150 distpoiespace Convergence Inputs 
$450 dirtpdsinv Conve-ce Inputs 
$1.00 distcondinv Convergence Inputs 
$3.000 dirtmmhinv Convergence Inputs 

1.1 distarmormuI Convergence Inputs 

0.5 cufeedaeriall Convergence Inputs 
0.5 cufeedaerial2 Convergence inputs 
0.5 cufeedaerial3 Convergence Inputs 
0.4 cufeedaerial4 Convergence Inputs 
0.1 cufeedaerial5 Convergence Inputs 

0.05 cufesdaerial6 Convergence Inputs 

0.45 cufeedburl Convergence Inputs 
0.45 cufeedbur2 Convergence Inputs 
0.45 cufeedbur3 Convergence Inputs 
0.4 cufeedbur4 Convergence Inputs 
0.1 cufeedbu6 Convergence Inputs 

0.05 cufeedbur6 Convergence Inputs 

0.05 CI,fmdUJf Calculated Inputs 
0.05 c h d 4 7 2  Calculeted Inputs 
0.05 c h d 4 7 3  Calculatud Inputs 
0.2 cufeed474 Calculated Inputs 
0.8 cI,fmd475 Calculated Inputs 
0.9 c h d 4 7 6  Calculated Inputs 

$2.00 cufeedburinvl Convergence Inputs 
$2.00 cufeedburinv2 Convergence Inputs 
$2.00 cufmdburinvJ Convergence Inputs 
$3.00 cufmdburinv4 Convergence Inputs 
$3.00 cufeedburin-6 Convergence Inputs 

$25.00 c W b u r i n S  Convergence Inputs 

$25.00 cufesdcondinvl Convergence Inputs 
$25.00 cvleedcondinv2 Convergence Inputs 
$25.00 cvleedcondinv3 Convergence Inputs 
$25.00 svleedcondinv4 Convergence Inputs 
$45.00 cvleedcondin-6 Convergence inputs 
$75.00 cvleedcondind Convergence Inputs 

800 cvleedmanl Convergence Inputs 
800 cvleedman2 Convergence Inputs 
800 cWdman3 Convergence Inputs 
8M) cuWdman4 Convergence Inputs 
600 cvleedman5 Convergence Inputs 
400 cvleedman6 Convergence Inputs 

150 vleedplespc Convergence Inputs 
$450 cvleedpoleinv Convergence Inputs 
$1.00 cvleedcondlnv Convergence Inputs 
$3.000 cufeedmanhinv Convergence Inputs 

1.1 vleedarmormul Convergence Inputs 

H48 
H49 
H50 
H51 

c53 
c54 
c55 
c56 
c57 

C64 
a s  
c66 
C67 
C68 
C69 

c64 
D65 
E66 
D67 
068 
D69 

E64 
E65 
E68 
E67 
E68 
E69 

G64 
G65 
G66 
G67 
G68 
G69 

H64 
H65 
H66 
H67 
HB8 
H69 

F64 
F65 
F66 
F67 
F68 
F69 

C71 
C72 

c74 
c75 

c n  
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c81 
c82 
c83 
c84 
c85 
c86 

D81 
Da2 
D83 
Ea4 
D85 
086 

E81 
E82 
E83 
E84 
E85 
E86 

G81 
082 
G83 
G84 
085 
G88 

H81 
H82 
H83 
H84 
H85 
H86 

F81 
F82 
F83 
F84 
F85 
F86 

C88 

J3 
J4 
J5 
J6 

F59 
H59 
G59 

FW 
HW 
GW 

0.35 
0.35 
0.35 
0.2 
0.1 

0.05 

0.6 
0.6 
0.6 
0.6 
0.1 

0.05 

0.05 
0.05 
0.05 
0.2 
0.8 
0.9 

12.00 
12.00 
12.00 
13.00 
53.00 

120.00 

$25.00 
$25.00 
$25.00 
125.00 
145.00 
$70.00 

2.000 
2.000 
2.000 
2.000 
2.000 
2.000 

10.20 

140.00 
130.00 
$35.00 

4 
0.25 

0.33 
0.33 
0.33 

0.33 
0.33 
0.33 

0.35 fibfeedaeriall Convergence Inputs 

0.35 fibfeedaerial3 Convergnnce Inputs 
0.2 fibfedaerial4 Convergence Inputs 

0.05 fibfedaerials Convergence Inputs 

0.35 fibfeedaerial2 Convergmce Inputs 

0.1 fibfmda*rid5 Convergence Inputs 

0.6 fibfeedburl Convergence Inputs 
0.6 fibfeedbur2 Convargence Inputs 
0.6 fibfeedbun Convergence lnplh 
0.6 fibfeedbur4 Convergence Inputs 
0.1 fibfeedbu6 Convergence Inputs 

0.05 fibfeedbuffi Convergence Inputs 

0.05 fibhedwf Cslculsted Inputs 
0.05 f i b W w 2  Calculated Inputs 
0.05 f i b W q 3  Calculated InpYto 
0.2 f i b W q 4  CalcuMed Inputs 
0.8 fibbdq75 Calculated Inputs 
0.9 fibfeedug6 Calculated Inputs 

12.00 fibfeedburinvl Convergence Inputs 
12.00 fibfeedburin@ Convergence Inputs 
12.00 fibfeedburinln Convergence Inputs 
13.00 fibfeedburinv4 Convergence Inputs 
13.00 fibfeedburin6 Convergence Inputs 

$20.00 fibfeedburin* Convergence Inputs 

125.00 fibfeedcondinvl Convergence Inputs 
$25.00 fibfeedcondin@ Convergence Inputs 
125.00 fibfeedcondinv3 Convergence Inputs 
$25.00 fibfeedcondinv4 Convergence Inputs 
145.00 fibfeedcondin6 Convergence Inputs 
170.00 fibfeedcondin* Convergence Inputs 

2.000 fibfeedman1 Convergence Inputs 
2.000 fibfeedman2 Convergmce Inputs 
2.000 fibfeedman3 Convergence Inputs 
2.000 fibfeedman4 Convergence Inputs 
2.000 fibfeedman5 Convergence Inputs 
2.000 fibfeedman6 Convergence Inputs 

$0.20 ibfwdarmormul Converpence Inputs 

140.00 dropinv Convergence Inputs 
130.00 NlDlnv Convergence Inputs 
$35.00 Splicelm Convergence Inputs 

4 Burfindoc Convergence Inputs 
0.25 Feedshare 

0.33 AirDistTd E-ns Inputs 
0.33 BurDirtTeI Expens Inputs 
0.33 UgDistTd E v e n s  Inputs 

033 AirFeedTel E v e n s  Inputs 
0.33 BurFeedTel E-nro Inputs 
0.33 UgFeedTel Even- Inputs 
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User Inputs 

C I D I E I 0 I H I I  

cuSAH 
euSA12 
cuSA13 
cuSA14 
cuSA15 
cuSAl6 
cuSA17 
cuSAl8 
cuSAI9 
cuSAHO 
cuSAH1 

fibSAH 
6bSAI2 
fibSA13 
fibSA14 
fibSA15 
fibSAl6 
fibSA17 
fibSAl8 
fibSA19 
fibSAHO 
fibSAH1 

coppr feeder 
0 $500.00 

100 $700.00 
200 $900.00 
400 $1.100.00 
800 $1.300.00 
900 11.500.00 

1200 $1.700.00 
1800 $1.900.00 
2400 $2.100.00 
3wo $2.300.00 
36w $2,500.00 

fiber feeder 

$500.00 
$700.00 
$900.00 

$1.100.00 
$1.300.00 
$1.500.00 
$1.700.00 
$1.900.00 
$2,100.00 
$2,300.00 
$2,500.00 

Convergence 

Convergence 
Convergence 
Convergence 
CoMrgenCO 
Convergence 
Convergence 
Convergmce 
Convergeme 
Co"V0rg~. 

Convergence 
Input* 
Inputs 
hputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 
Inputs 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

$2,500.00 
$2,700.00 
$2,900.00 
$3,100.00 
$3,300.00 
$3,500.00 
$3,700.00 
$3,900.00 
$4.1 00.00 
$4,300.00 
14,Mo.Oo 

$2,500.00 
$2.700.00 
$2,900.00 
$3.100.00 
$3,300.00 
$3,500.00 
$3.700.00 
$3,900.00 
$4,100.00 
$4,300.00 
$4.500.00 

convergencs 

conwg*nce 
conw,g*,nce 
Converg*nce 
converg*,nce 
Convergence 

Convergsnce 
Com*rg.nca 

Convergence 

Convergence 

Convergence 

J16 
J17 
J18 
J19 
J20 
521 
J22 
J23 
J24 
J25 
J26 

0 
100 
200 
400 
800 
900 

1200 
1800 
2400 
3wo 
3600 

remote terminal fill factor 
common equipment investment 
channel unit investment p r  line 

remote termlnsl fill factor 
common .guIpment investment 
channel unit investment per line 

ISUP messages per i n t e r n e  BHCA 
ISUP message length, bytes 
TCAP messages per transaction 
TCAP message h 5 h .  bfles 
Fraction of BHCA requiring TCAP 

'I Digital Loop Carrler inputs 7 
SLC (TR-303) 
site. housing. and paver per remote term 
maximum lines 

$J,WO.M) 
672 
0.9 

$42,WO.00 
575.00 

12.016.00 
4 

13.WO.00 SLChouoe Convergence Inputs 
672 SLCmaxlines Convergence Inputs 
0.9 SLcflll Convergence Inputs 

142.wO.W SLCcomm Convergence Inputs 
$75.00 SLCchan Convergence Inputs 

$2,016.00 Loopmaster Input 
4 Loopmaster Input 

D26 
D27 
D28 
D29 
030 
x19 
Y19 

3 4 s  per fiker 
IFiben perremote terminal 

'C 
e, h-ing. and paver per remote term 

Imaximum lines 
s2.Mo.00 

100 
0.9 

SlO.WO.00 
$150.00 

2.016 

12.500.00 AFChouse Convergence Inputs 
100 AFCmadines Convergence Inputs 
0.9 AFcflll Convergence Inputs 

$lO.oOo.00 AFCcomm Convergence Inputs 
$150.00 AFCchsn Convergence Inputs 

2,016 Loopmaster Input 
4 Lmpmapter Input 

034 
035 
1)36 
D37 
D38 
x20 
Y20 

3 4 s  psrfiker 
AFike'r psr remde terminal 4 

9 . m  ~ F i h f e e d s r  drt.nce threshold. R. Wder  9 . m  Lmpmaster Input W23 

lpnallng Parameters 
I 

720 
0.8 

f5.WO.WO.00 
s1.WO.WO.00 

$900.00 
5M100 

0.4 
24 
6 

25 
2 

100 
0.1 

$2O.WO.W 

720 
0.8 

55.WO,m.00 
$1.WO,m.00 

$900.00 
5Bwo 

0.4 
24 
6 

25 
2 

100 
0.1 

$20.WO.00 

sTPcap 
STWlll 
STPlnv 

STPcomm 
LinkTerm 
LinkRab 

Wirecents 
WlrscSntw 
Wir&nter 
wirecentw 
W i h n t e r  
W i h n t e r  

tramC and cost inputs F39 
tramC and cost inputs F40 
tramC and cost inputs F41 
tramC nnd cost inputs F42 
t m c  and cost inputs F43 
IramC and cost inputs F45 
tmlk  and cost inputs F46 
tramC and cost inputs F47 
t M c  and cost inputs F46 
t M c  and cost Inputs F49 
tramC and cc6t inputs F51 
tmlk and cost inputs F52 
traffic and cost inputs F53 
traffic and cost inputs F54 

STP Link -puny 

STP c m m m  equipment investment. p r  
Link Tmination. both ends 
Signaling Link Bit Rate 
Link Occvpncy 
C Unk C d . c t i o n  

LinkOcc Wirecenter 
Linkcross Wirecenter 
ISUPmsgs WiwCentw 
ISUPlen Wi ron ter  

TCAPmsgs WlreC.ntef 
TCAPlen WimCentef 

TCAPFrac WimCenter 
SCPlnv Wirecenter SCP investment per bansaction p r  -0 
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$3,500.00 
27 
10 
0 

24 
28 

fl.2W.W 

24 
12 

0.8 
143.000.00 

$60.00 
$1,000.00 

$55.00 
32 

0.33 
0.25 

41 
40 

$15.000.00 
12.00 
$2.00 
zoo00 

$15.00 
$45.00 
110.00 
14.00 

2 
15.000.00 

1000 
15.00 
450 
150 

35.00% 
50.00% 

0.15 

3,759.659.W 
209,658,571 
517.640.000 
664,810,000 

0.70 

18.545.325 
3.075.939 
5.204.808 

1.1 
2 
3 

D S m 1  crolsovBr 
DSllDS3 c m o w  

Public Telephone investment p r  station 

Transport Investment 

T&nallmattnmtlf 
Number ol Fibers 
FOT capacity, DSJS 

Miurn lnvhttnwnf 
Fraction of structure assigned to telephon 
Fraction of structure shared wih feeder 

Splice Spacing. It. 

Trenching per foot 
Resurfacing per foot 

Number Or tubes 
Manhole investment 
Manhole spacing 
Buried installation per foot 
Pole investment 

Call Attempts 6 DEMs 

lntnlata Intrastate 
InteILata Intrastate 
InteILata Intemrte 
CaU Completion Fraction 

I 

Local bushes DEMs 
Intrastate bWres MMs 
Interst.ts bud- E M S  

$3,500.00 
27 
10 
0 

24 
28 

$1.200.00 

24 
12 

0.8 
$43.000.00 

$60.00 
$1.000.00 

155.00 
32 

0.33 
0.25 

41 
40 

$15,000.00 
$2.00 
$2.00 
zoo00 

115.00 
145.00 
ito.00 
$4.00 

2 
$5,000.00 

lD00 
$5.00 
450 
150 

35.00% 
50.00% 

0.15 

3,759,659,000 
209,658,571 
517,640,000 
M14.810,000 

0.70 

18,545,325 
3.075.939 
5,204,808 

1.1 
2 
3 

opinv 
opccr 
opint 
opdist 

DSoCrms 
DSlcross 

Pvbinv 

termfib 
FOTcap 
FOTfiIl 
FOTinst 

PCS 
panel 
& 

EFlU 

tSlfmC 
-c 

did 
ra0enSP 
regeninv 

fibinv 
fibplace 
splicesp 
splice 
trench 
resurf 
condfl 
tubes 

manhinv 
manhsp 
burinst 
pol e i n v 
P0l-P 
u m c  
b u h c  
aimac 

CALocal 
CARaRa 
CAErRa 
CaEhr 

CallComp 

OEMsLocal 
DEMslntn 
DEMslntel 
LocalDF 
IntraDF 
InterDF 

wirecenter 
wirecentel 
Wirecentel 
Wirecenter 

Expense 
Ewnse  

Wirecenter 

Wirecenter 
Wirecenter 
WireCmter 
wirecenter 
Wi-ter 
WireCenter 
WirsCenter 
Wi ren ter  

Wirecenter 
WirsCenter 
WirsCenter 
Wirecenter 
Wirecanter 
W irecenter 
Wirecenter 
Wirecenter 
WiruAnter 
W incenter 
Wincenter 
Wirecenter 
Wirecenter 
Wirecenter 
Wi&nter 
Wirecenter 
WirsCentsr 
Wirecenter 
Wirecenter 
wirecenter 
wirecenter 

Wirecenter 
WinCenter 
Wirecenter 
wirecenter 
WireCenter 

Wirecenter 
Wirecenter 
wirecenter 
wirecentel 
WireCenter 
WirsCentW 

tram and cost inputs 
traffic and cost inputs 
tmfk and cost inputs 
tmfk and cod inputs 

Inputs 
Inputs 

traific and cost inputs 

traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
bnffic and cost inputs 
tram= and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
tnmc and cost h u t s  

traffic and cost inputs 
h m c  and cost inputs 
bnmc and cost inputs 
trams and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traific and cost inputs 
traffic and cost inputs 

traffic and cost inputs 
trdWic and cost inputs 
tmfk and cost inputs 
tmfk and cmt inputs 
t f i c  and cost inputs 

t f i c  and cost inputs 
tnmS and cost inputs 
t f i c  and cost inputs 
traffic and cmt inputs 
t f i c  and cost inputs 
traffic and cost inputs 

C62 
c63 
c64 
c65 

C60 
c61 

F130 

C142 
c143 
c144 
c145 
c148 
C147 
c14a 
d148 

c152 
c153 
c154 
c155 
C157 
c159 
Cleo 
C161 
c162 
c163 
c164 
C165 
c166 
C170 
c169 
c173 
c175 
C176 
C179 
c180 
C181 

F66 
F66 
F69 
F70 
F67 

F71 
F72 
F73 
K78 
K79 
K80 

v3 
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U*KWd 
Cable Sire cat UG 

4200 
Jax, 
Moo 
24w 
1800 
1200 
900 
MX) 

4w 
200 
100 

Asrial 

4200 
36w 
Moo 
2400 
1800 
1 2 w  
900 
600 
400 
200 
100 

Cable Sir, Cost Aerial 

Cost UG 
5600 
3ow 
2400 
1800 
1200 
900 
600 
400 
200 
100 
50 
25 

A-1 

5600 
3ow 
24w 
1800 
1200 
900 
em 
400 
200 
100 
50 
25 

Cost Aerial 

U*KWd 

216 
144 
96 
72 

CODtuG 

74.25 
63.75 
53.25 
42.75 
32.25 
21.75 
16.5 

11.25 
7.75 
4.25 
2.5 

74.25 
63.75 
53.25 
42.75 
32.25 
21.75 

16.5 
11.25 
7.75 
4.25 
2.5 

63.75 
53.25 
42.75 
32.25 
21.75 
16.5 

11.25 
7.75 
4.25 
2.5 

1.625 
1.19 

63.75 
53.25 
42.75 
32.25 
21.75 
16.5 

11.25 
7.75 
4.25 
2.5 

1.625 
1.19 

13.1 
9.5 
7.1 
5 ~ 9  

~ ~ ~~~ 

9.5 FlbeNG144 Loopmaner 
7.1 FlbefflG96 Loopmaster .. ._ 

... 5.9 FlbefflG72 Loopmator W50 
5.3 FibeNGW Loomatar Input w51 

74.25 FwdUG42 
63.75 FeedUG56 
53.25 FeedUG3O 
42.75 FwdUG24 
32.25 FeedUG18 
21.75 FwdUGl2 

16.5 FeedUG9 
11.25 FeedUG6 
7.75 Feedffi4 
4.25 FeedUG2 
2.5 FeedUG1 

74.25 FeedA42 
63.75 FeedA36 
53.25 F d 3 0  
42.75 F d 2 4  
32.25 F d 1 8  
21.75 FeedA12 

16.5 FeedA9 
11.25 F d 6  
7.75 F d 4  
4.25 F d 2  

2.5 F d l  

63.75 DistUG36 
53.25 DistUG3O 
42.75 DistUG24 
32.25 DistUG18 
21.75 DistUG12 

16.5 DistUG9 
11.25 DistUG6 
7.75 DistUG4 
4.25 DistUGZ 

2.5 DistUGl 
1.625 DistUGS 

1.19 DistLIG25 

63.75 DlstA36 
53.25 w30 
42.75 W 2 4  
32.25 D i a l 8  
21.75 Dist412 
16.5 DistA9 

11.25 DiotA6 
7.75 D i d 4  
4.25 DistA2 

2.5 O i l  
1.625 DiitA5 
1.19 DistA25 

Loop m a t s r 
Loopmator 
Loopmator 
Loop m a e r 
Loop m a t  or 
Loop m an n 
Loop m a er 
L O O P m a t U  
Loopmatn 
L o o p m a r  
L o o p m a r  

Loopmatar 
Loopmatsr 
Loopmatar 
Loopmat., 
Loopmatar 
Loop m at e I 
Loopmata 
LOOpmD.tW 
LODpmatW 
Loopmator 
Loopmatsr 

Loopmatar 
LOOpmlMtW 
Loopmate, 
Lwpmatsr 
LO0pmat.l 
LOOpmrtW 
Loopmater 
LOOpmlWtO, 
Loop m a  tar 
Loopmatsr 
Loop m a t e r 
Loop m a  tar 

Loopmator 
Loopmatsr 
Loop m m a r  
Loop ma e r 
LWpmortW 
Loop m a t  or 
Loop mat or 
Loop m a s r 
L00pma.r 
Loopmatu 
LOOplMtM 
LOopmo*tOr 

13.1 FibeNG216 Lam-sr 

Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 

Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 

Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 

Input 
hpYt 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 

Input 
Input 
Input 
Input 

T M  
T65 
T88 
T67 
T88 
T69 
T70 
T71 
T72 
T73 
T74 

U64 
U65 
U88 
U67 
U68 
U69 
U70 
U71 
U72 

u74 
u n  

X64 
X65 
X66 
X67 
X88 
X69 
X70 
X71 
X72 
X73 
x74 
x75 

YE4 
Y65 
Y88 
Y67 
Y88 
Y69 
Y70 
Y71 
Y72 
Y73 
Y74 
Y75 

w47  
W48 
WAq 
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User Inputs 

i Loopm89tet nput W52 
36 4.1 4.1 FiberUG36 LoOpmttaler Input W53 
24 3.5 3.5 FiberlJG24 Loopmttater Input W54 
18 3.2 3 .2 FiberUG18 Loopmaeter Input W55 
12 2 .9 2.9 FiberUG12 Loopmestor Input W56 

Aerial 
I Size Cost Aerial 

216 13.1 13.1 FiberA216 Loopmsstllr Input X47 
144 9.5 9.5 FiberA144 Loopmaeter Input X48 

96 7.1 7.1 FiberA96 Loopmaeter Input X49 
72 5.9 5.9 FiberAn Loopmaeter Input XSO 
60 5.3 5.3 FiberA60 loopmaeter Input X51 
48 4 .7 4 .7 FiberA48 Loopmaster Input X52 
36 4.1 4.1 FiberAJ6 Loopmaeter Input X53 
24 3.5 3.5 FiberA24 Loopmttater Input X54 
18 3.2 3.2 FiberA18 LoopmMter Input X55 
12 2 .9 2 .9 FiberA12 Loopml!lltor Input X56 

0.50 0.50 Convergence inputs N5 
0.55 0,55 Convergence inputs N6 
0.60 0.60 Convergence inputs N7 
0.65 0.65 Convergence inputs N8 
0.70 0.70 Convergence inputs N9 
0.75 0.75 Convergence Inputs N10 

Investment 

24 24 WireCenter traffic and cost inputs C20D 
12 12 WireCcnter traffiC and cost inputs C201 

0.8 0.8 WireCenter traffic and cost inputs C202 
f,43 ,000.00 f,43 ,000.00 WireCenter traffic and cost inputs C203 

f,60.00 $60.00 WireCenter traffic and cost inputs C204 
S1.000.00 $1,000.00 WireCenter traffic and cost inputs C205 

155.00 f,55.00 WireCenter traffic and cost inputs C206 
32 32 WireCenter traffic and cost inputs 0206 

Investment 
of s1ructure assigned 10 teJephon 0.33 0.33 WireCenter lraffic and cost inputs C2l0 

0.25 0.25 
41 41 

spacing, mi . 40 40 WireGenter traffic and cost inputs C2l3 
investment, installed f,15,OOO.00 f,15,000.00 WireCenter traffic and cost inputs C21S 

investment per foot $2.00 $2.00 WireCenler traffic and cost inputs C217 
12.00 $2.00 WircCenter traffic and cost inputs C21S 
20000 20000 WireCenter traffic and cost inputs C219 

$1!i.00 115.00 WireCenler traffic and cost inputs C220 
145.00 $4!i.OO WireCenter traffic and cost inputs C221 
$10.00 S10.00 WireCenter traffic and cost Inputs C222 

f,4.00 f,4.00 WireCenter traffic and cost inputs C223 
2 2 WireCenler traffic and cost inputs C224 

f,5,000.00 15,000.00 WireCentor ttame and cost inputs C228 
1000 1000 WireCenter traffic and cost inputs C227 

f,5.00 15.00 WlreCenler traffic and cost inputs C231 
45{) 450 WireCenter !tamC and cost inputs C233 
150 150 WireCenter traffic and cost inputs C234 

35.00% 35.00% 
50,00% 50.00% 

0. 15 0.15 
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User inputs 

._ 
0.8 

$43,000.00 
$60.00 

$1.000.00 
155.00 

32 

0.33 
0.25 

40 
115.000.00 

52.00 
$2.00 
2WOO 

$15.00 
$45.00 
$10.00 

$4.00 
2 

$5,000.00 
1000 

$5.00 
450 
150 

35.00% 
50.00% 

0.15 

24 
12 

0.8 
$43.000.00 

$60.00 
$1,wo.00 

$55.00 
32 

0.33 

40 
150w 

2 
2 

$20,000.00 
$15.00 
$45.00 

10 
$4.00 
$2.00 

$5,000.00 
$1.000.00 

5 
$450.00 

150 
$0.35 

0.5 

._ 
0.8 

s43.wo.00 
$60.00 

$1.wo.00 
$55.00 

32 

0.33 
0.25 

40 
$15,000.00 

$2.00 
$2.00 
2 w w  

$15.00 
$45.00 
$10.00 
s4.w 

2 
s5,WO.w 

1wo 
15.00 
450 
1W 

35.00% 
50.00% 

0.15 

24 
12 

0.8 
$43.000.00 

$60.00 
s1,wo.w 

$55.00 
32 

0.33 

40 
1Moo 

2 
2 

$20,000.00 
115.00 
145.00 

10 
$4.00 
$2.00 

$5,wo.00 
$1.ooO.00 

5 
S4M.W 

150 
$0.35 

0.5 

Wirecentel 

C I D I E I 0 I H I i  
24 24 WirsCenter traffic and cost inputs C259 
f 7  f 7  

d d d w e  assigned to telephon 
im datrurmn shared wah M e r  

egenentws$acing, mi. 
egmmrator investment. instdied 
bw Cabie investment per foot 

snhoie in&ent 

ried inst.lhtion per foot 

ndqround percent 

M I  Inmsblmd 

T capcity, DS-k 

umlnvartnnd 
Ction Of stNctun asigned to tslephon 

egendor q c i r g ,  mi. 
egewrator investment. instailed 
b r  Cabie investment per foot 

0.15 0.15 

Wirecenter 
WireCenter 
W i d n t e r  
WireCenhr 
Wirecenter 
WireCsnter 

wirecenter 

wirecenter 
Wirecenter 
wirecenter 
Wirecenter 
Wirecenter 
Wirecenter 
wirecenter 
Wirecanter 
Wirecanter 
Wirecenter 
WireCenter 
Wirecenter 
Wirecenter 
Wirecenter 
Wirecanter 

Wirecenter 
Wirecenter 
Wirecenter 
W ir&nter 
WinCenter 
Wireenter 
wirecenter 
Wirecenter 

Wirecanter 

Widenter 
wirecenter 
wirecent*r 
Widenter 
wirecenter 
wirecenter 
Wireenter 
Wirecenter 
WinCenter 
WireCenter 
wireenter 
WinC0nter 
Wirecenter 
Widenter 
Wirecenter 

traffic and cost inputs 
t M c  and cost inputs 
ttmlic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
t M c  and cost inputs 
ttmlic and cost inputs 

traffic and cost inputs 

t M c  and cost inputs 
ttmlic and cost inputs 
trsmC and cost inputs 
t n i k  and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
t M c  and cost inputs 
tram and cost inputs 
t n i k  and cost inputs 
tram and cost inputs 
t M c  and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 

traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
t M c  and cost inputs 
traffic and cost inputs 
traffic and cost inputs 
traffic and cost inputs 

traffic and cost inputs 

traffic and cost inputs 
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I. 

2 

3 

INTRODUCTION 

A. OVERVIEW(PRWATE } 

The Hatfield Model has been developed by Hatfield Associates, Inc. 
(HAI), of Boulder, Colorado, at the request of AT&T and MCI. Its purposes are: 
1) to estimate the forward-looking economic cost of unbundled network elements 
referenced in 9 252(d)(l)(A) and (B) of the Telecommunications Act of 1996 
based on Total Element Long Run Incremental Cost (TELRIC) principles;’ and 2) 
in a separate calculation using consistent procedures and input data, to estimate 
the forward-looking economic cost of the basic local telephone service that is the 
target of universal service funding mechanisms? 

B. EVOLUTION OF THE HATFIELD MODEL 

The original version of the Hatfield Model was developed to produce 
estimates of the TljLRIC of basic local telephone service as part of an 
examination of the cost of universal service. This original model was a 
“greenfield” model in that it assumed all network facilities would be built without 
consideration given to the location of existing wire centers or transmission routes. 
When the original Benchmark Cost Model (BCMI)’ became available, HAI 
revised the original Hatfield Model to incorporate certain loop investment data 

TELRIC is the term wed by the Federal Communications Commission to refer to the total service 
long run incremental cost (TSLRIC) of unbundled network elements. 

The defmition of basic universal service used in the model includes the following functional 
components: 

single-line, single-pany access to the fm point of switching in a local exchange network; 

usage within a local exchange area; 

touch tone capability; 

a white pages dire*ory listing; and 

access to 91 1 services, operator services, directory assistance, and telecommunications relay 
service for the hearing-impaired. 

Excluded from this tiefmition are many other local telephone company services, such BS toll 
calling, interexchange carrier access, custom calling and CLASSSM features, and private line 
services, although the existence of such services is taken into account in developing the cost 
estimates for unbundled elements. 

The Benchmark Cost IModel is a model of basic local telephone service developed by MCI, 
NYNEX, Sprint, and 1J S WEST. 

Hatfield Associates, Inc. 1 
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produced by BCM I. As a result, the Hatfield Model became a "scorched node" 
model that developed efficient, forward-looking network investments and costs 
for basic universal service based on existing Wire center locations. Thus, this new 
version of the Hatfield Model combined results from BCMl's loop modeling 
(based on actual pcipulation distributions) with the extensive wire center and 
interoffice calculations from the earlier Hatfield Model. 

Early in 1996, an expanded version of earlier Hatfield Models, referred to 
as the Hatfield Model, Version 2.2, Release 1, was developed to estimate the costs 
for unbundled network elements. It was submitted to the Federal 
Communications Commission (FCC) in CC Docket No. 96-98 on May 16 and 30, 
1996, accompanied1 by descriptive documentation! On July 3,1996, this model 
was placed into the record of CC Docket No. 96-45 to assist the Commission in 
determining the economic costs of universal service.' 

The Hatfield Model, Version 2.2, Release 2 (hereafter HM2.2.2), 
described in this document, estimates the eficient, forward-looking economic 
cost of both unbundled network elements and basic local telephone service. This 
release incorporates a number of enhancements over earlier versions! ~ ~ 2 . 2 . 2  
derives certain of its inputs and methods from the BCM-PLUS model. The BCM- 
PLUS model is a derivative of BCMl that has been developed for and is 
copyrighted by MCI Telecommunications Corporation.' Furthermore, because 
populated data workfiles now accompany HM2.2.2, Release 2 executes more 
quickly than Releave 1, and without required user intervention. 

The Hatfield Model comprises several workbook files in Microsoft Excel 
7.0 for Windows 9S or Windows NT. An automated front end interface permits 
the user to select the study area to be modeled and to enter any desired user- 
adjustable input assumptions. The entire model will then execute without any 

See, Appendix E of the Comments of AT&T in CC Docket No. 96-98, In the Maner of 
Implementation ofthe .Local Competition Rovisioru in the Telecommunications Act of 1996, and 
Appendix D of AT&T?s Reply Comments. In the same proceeding, MCI submined results based 
on an earlier "gmnfield" version of the Model 

Ex parte submission of L. Sawicki, MCI. 

Appendix A to this documentation contains a summary of the differences between Release 1 and 
Release 2 of Vmion 2.2 of the Hatfield Model. 

On July 3,1996, Sprint Corporation and U S WEST presented version 2 of the BCM (BCM2) to 
the FCC. NYNEX and MCI are not sponsors of BCM2. A careful review by HA1 indicates that 
all of BCM2's relevant enhancements over BCMl are already present in the Hatfield Model. 
Furthermore, the Hatfield Model has important attributes and capabilities that are not available in 
the BCM2. 

4 

Attachment 1 to its Comments. 
3 

6 
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required user intervention.' Although AT&T and MCI typically have run 
HM2.2.2 for 49 continental U.S. study areas (Bell Operating Companies "BOCs" 
plus Southern New England Telephone Company), it may be run for any Tier 1 
study area? 

C. PURPOSE OF THIS DOCUMENT 

This document describes: 1) the structure and operation of HM2.2.2, and 
2) inputs to the model, emphasizing those that can be changed by the user and 
their default values. It should be emphasized that the model provides a large 
number of inputs ithat can be altered by the user. However, the default values for 
these inputs are believed to be appropriate based on the experience and 
engineering judgment of HAI personnel and other subject matter experts. 

11. STRUCTURE OF THE MODEL 

A. GENERAL NETWORK COMPONENTS DESCRIPTION 

This secticin describes generally the network components modeled in 
HM2.2.2. Figures 1,2 and 3 depict the relationships among the network 
components discussed in the following sections. 

Documentation of this automated user interface is provided in Appendix B. 

AT&T has retained telecommunications consultants from the Deloine & Touche Consulting 
Group (and not Deloitte & Touche, LLP as might have been inferred from the prior reference to 
"Deloitte & Touche" in footnote 7 of AT&Ts August 9,1996 Further Comments in CC Docket 
No. 96-45). to provide additional Hatfield support. Deloitte & Touche Consulting Group 
personnel have: (1) provided analytical support to Hatfield and AT&T personnel; (2) assisted 
with data entry, resulbr interpretation, and version and release testing; and (3) worked to improve 
the Hatfield Model's user interfaces, as well as to identify other areas for improvement with regard 
to the operation of the model. 

8 
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1. Loop description 

Figure 1 Lroop components 

a) General loop description 
The local loop begins at a physical demarcation fiame within the central 

office building (wire center). Copper cable feeder facilities terminate on the 
verticd side of the main distributing frame (MDF) in the wire center. Fiber optic 
feeder cable serving integrated digital loop carrier terminates on a fiber 
distribution h e  in the wire center. At its distant end, the local loop terminates 
at the Network Interface Device (NID) at the customer's premises. 

underground conduit, poles, or trenches for buried cable. Underground cable is 
distinguished fiom buried cable in that underground cable is placed in conduit, 
while buried cable comes into direct contact with soil.'o 

Loop cables, are supported by "structures." These "structures" may be 

~ 

While the conduit SUpp(0rting underground cable is placed in a trench, buried cable may either be 
placed in a trench or be directly plowed into the earth. 

10 
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b) Local Loop Components 

(1) NID 
The demarcation point between the local carrier’s network and the 

customer’s inside wiring is known as the Network Interface Device (NID). This 
device terminates the drop wire and is an access point that may be used to isolate 
trouble between the carrier’s network and the customer’s premises Wiring. 

(2) Drop 
A drop wire extends from the NID at the customer’s premises to the block 

terminal at the distribution cable that runs along the street or the lot line. 

(3) Block Terminal 
The block terminal is the interface between the drop and the distribution 

cable. With aerial distribution cable, the block terminal is attached to a pole in the 
subscriber’s backyard or at the edge of a road. If the distribution cable is buried, 
then the block ternninal is contained within a pedestal. 

(4) Distribution Cable 
Distribution cable runs from each of the block terminals to the Serving 

Area Interface (SAJ), also called a “cross box” or Serving Area Concept (SAC) 
box or connection. Distribution cable connects the feeder cable with all customer 
premises within a Census Block Group (CBG). The model assumes that each 
CBG contains one SAI, and that the SAI is placed one quarter of the way into the 
CBG. Distribution structure components may consist of poles, trenches and 
conduit. Manholes normally are not used in distribution facilities. 

. ( 5 )  Feeder facilities 
Feeder cable may be copper wires or optical fibers. Feeder cables extend 

from the wire center to the SAIs. The Hatfield Model assumes that there is a 
standard feeder distance beyond which optical feeder cable will be installed and 
Digital Loop Carrier (DLC) equipment will be used to serve subscribers. 

Feeder structure components also include poles, trenches and conduit. 
Manholes are also normally instatled in conjunction with underground feeder 
cable. Manhole spacing is a function of population density and the type of feeder 
cable used. Manholes installed for underground fiber cable are normally farther 
apart than are manholes used with copper cables because the lightness and 
flexibility of fiber (cable permits it to be pulled over longer lengths than copper 
cable. The costs of structure components are normally shared among at least three 
utilities, e.g., electric utilities, local exchange companies (LECs) and cable 
television (CATV) operators. 

Hatfield Associates, Inc. 5 
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2. Intwoffice network description 

This section describes generally network components at the wire center 
and interoffice 1eve:l. Figures 2 and 3 illustrate the relationships among the 
components described below. 

T '  

w 

Figure 2 Iiiteroffice network 

Hatfield Associates, Inc. 6 
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Figure 3 Signaling network components 

.. ., 

a) Wire center 
The wire center is a location from which local feeder routes emanate. A 

wire center normally contains at least one End Office (EO) switch and also may 
contain a tandem office, a Signal Transfer Point (STP), an operator tandem, or any 
combination of these facilities. Wire center physical facilities include a building, 
power and air condlitioning systems, separate rooms housing switches, 
transmission equipment, distributing frames and entrance facilities for interoffice 
and loop cables. 

b) End office switch 
The end oflice switch provides dial tone to the switched access lines it 

serves. It also provides connections to other end offices via direct trunks, to 
tandem switches via tandem trunks, and to operator tandems via operator trunks. 
The model computes the numbers of trunks for each mute according to input 
traffk assumptions and the breakdown of business, residential, and public access 
lines served by each end office switch. 

Hatfield Associates, Inc. 7 
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c) Tandem switch 
Tandem switches interconnect end office switches via tandem trunks. 

These trunks provide an alternate route for M c  between end offices when direct 
routes are unavailable. The tandem also may route access traffic between end 
offices and interexchange caniers' (IXC's) points of presence (POPS). Tandem 
switching functiorls often are performed by switches that also perform end office 
functions. 

d) Signal transfer point 
STPs route signaling messages between switching and control entities in a 

Signaling System '7 (SS7) network via signaling links between STPs and SS7- 
compatible end oflices and tandems (called Service Switching Points "SSPs") as 
well as Service Control Points (SCPs ). STPs are equipped in mated pairs, with at 
least one pair in each LATA. 

e) Service switching points 
SSPs are SL37-compatible end office or tandem switches. They 

communicate with each other and with SCPs through signaling links, which are 
56 kbps dedicated (circuits connecting SSPs with the mated STP pair serving the 
LATA. 

f) Service control points 
SCPs are databases residing in an SS7 network that contain various types 

of information such as IXC identification or routing instructions for 800 numbers 
in regional 800 datibases and customer line information in Line Information 
Databases (LIDB). 

B. OVERVIEW OF MODEL ORGANIZATION 

Figure 4 shows the relationships among the various modules contained 
within HM2.2.2. A n  overview of each component module follows. 

Hatfield Associates, Inc. 8 
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BCMF'LUS Data Module 

feeder dkhures 

assunptiom, 
intnofsadhtaocu 

Output Reports 

I 

Figure 4 

1. 

The BCM-PLUS input data for the model generally consist of the original 
BCM state-by-stale worksheets filed with the FCC." The input household counts 
in each CBG (which in BCMl were derived from 1990 Census Bureau data) have 
been replaced with 1995 household counts estimated from more recent Census 
Bureau data. As the following section discusses, HM2.2.2 modifies these BCM- 
PLUS data in several significant ways. 

Haffield Model Organization Flow Chart 

BCM-PLUS loop input data file 

2. Lime Converter Module 
The model calculates all network costs on a per line basis, thus it must first 

determine the total access lines of all types within each CBG. The Line Converter 
Module transformii the Census data included in the BCM-PLUS input data files 
(which contain only household counts for each CBG) into total line counts by 

These data arc for all rates except Alaska. While the pertinent data for Alaska are included with 
BCM2, the BCM2 sppomsors have placed more restrictive terms in the BCM2 license agreement 
that prohibit the use ol'thcse data for modeling use here. 

11 
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I3 

customer type. The: Line Converter Module performs this function while 
recognizing that residential subscriber penetration is less than loo%, that some 
residences contain second lines, and that business, public, and special access lines 
need also to be added. The module adds these latter line types based on other of 
its input data that indicate the number of business employees in each CBG. These 
line number calculadions, which are performed on a CBG by CBG basis, are also 
required to accord with the number of lines that the incumbent LEC (ILEC) 
reports for the study  area in ARMIS.  

3. BCM-PLUS Data Module 

The Data Module computes the distribution and feeder cable lengths 
necessary to serve each CBG and determines facilities placement difficulty 
according to geological parameters included in the BCM-PLUS input data. 

4. BCM-PLUS Loop Module 

The Loop h4odule estimates cable investments in each CBG according to 
the distribution and feeder lengths calculated in the Data Module. The module 
selects either fiber or copper feeder cable according to a user-adjustable parameter 
that specifies the feeder distance beyond which fiber is to be installed. The 
module then deternnines the size of copper or fiber cable required to serve each 
CBG according to user-adjustable maximum engineered fill levels for each 
population density range. Once the module has determined the required types and 
sizes of cable, it computes the total investment in feeder and distribution cables.'* 

5. Wire Center Module 

The Wire Center Module computes investment in wire centers, switching 
(including end offices, tandems, and operator tandems), signaling, and interoffice 
transmission facilities. It uses line totals by type across all CBGs served by the 
wire center, along with user-adjustable traf€ic inputs, to estimate required 
switching capacities. 

The model determines switching and interoffice capacity sufficient to 
serve all demand im the service area studied. rIM2.2.2 derives its switch 
investment estimales by using data on typical per-line prices paid by BOCs, GTE 
and other indepen~ients,'~ and data fiom Table 2.10 of the FCC's Stutisrics of 
Communications (.bmmon Curriers, which provides the average number of access 
lines served by existing LEC switches. 

A later module, the Convergence Module, ad& investment for placement and "structure" (conduit, 
poles, trenching, and manholes). as well as other components, including SAIs, terminals, splices, 
subscriber drops and IqIDr. 

See US. Central Ofice Equipment Market - 1994, McGraw-Hill. 
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6. Convergence Module 

The Convergence Module combines output of the Loop Module (loop 
cable investments) with that of the Wire Center Module (per-line wire center and 
interoffice investments). The Convergence Module also adds investment in SAIs,  
buried, underground and aerial cable placement, terminals and splices, drop wires, 
NIDs, and structure components including poles, conduit, and manholes. Output 
from this module contains total investment for all plant categories by density 
range. 

7. Expense Module 

The Expense Module uses output from the Convergence Module to 
produce monthly costs of Unbundled Network Elements (UNEs) and basic local 
service. These coz;ts include the annual user cost of capital for network 
investment (e.g., depreciation, retum, and tax on retum), network operating and 
maintenance expenses, and other per-line expenses incurred by ILECs in the 
provision of local service and UNEs. This module uses investment, revenue and 
expense data relationships that are available from ILEC ARMIS reports and 
allows the user to set different economic lives for various plant categories as well 
as adjust capital sb-ucture parameters. 

C. MODULE DESCRIPTIONS 

1. BCIM-PLUS Input Data File 

BCM-PLUS includes input data files organized by state. Each state file 
contains a list of that state's CBGs. CBGs are assumed to be served from the nearest 
existing wire center.'4 Each CBG appears as a separate record in a Microsoft Excel 
7.0 spreadsheet, and each record includes a set of geometric parameters describing 
the physical relatiorlship (distake and direction) between the center of the CBG and 
the wire center w i n g  it. The data also contain certain geological parameters 
associated With the CBG that indicate bedrock depth, bedrock hardness, and soil 
type." The input &ita file also contains the estimated n u m b  of households in each 
CBG as of 1995. 

~ 

I4 Because wire centers are associated with specific telephone companies, the model may be run on a 
company-specific basis. 

Studies of the effects of'these parameters on the estimate of placement difficulty show that the 
parameters affect overall results only slightly. The HM2.2.2 Convergence Module produces much 
more accurate estimates, of placement investment with user-adjustable inputs than did the original 
BCM with its undocumented input assumptions. As noted in the text, however, HM2.2.2 
(continued) 

IS 
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2. Line converter module 

a) Overview 
HM2.2.2 engineers loop facilities for residence, business, public and special 

access lines. As shown in Figure 5,  the Line Converter Module calculates total 
access line counts for each CBG, as well as overall line totals for use in the BCM- 
PLUS Data Module and the Wire Center Investment Module. The Line Converter 
Module replaces the household count in each CBG with estimated total access lines, 
includiig business, public, special access, and first and second residential lines. 
This allows the BCM-PLUS Loop Module to calculate the sizes of feeder and 
distribution cables required to serve the existing demand. 

b) 
The Line Converter module uses access line demand data fiom the 

Operatin Data Reports, ARMIS 43-08, submitted to the FCC annually by all Tier 
1 LECs. HM2.2.2 thus incorporates the following data. 

Description of inputs and assumptions 

I f  

Residential access lines, both analog and digital. These totals 
measure all residential switched access lines, including flat rate (1 FR) 
and measured rate (IMR) service.” 

Business access lines, including analog single l i e ,  analog multiline 
and digital. These totals include flat rate business (IFB) and 
measured rate business (1MB) single lines, PBX trunks, Centrex 
lines, IhoteVmotel long distance trunks and multi-line semi-public 
lines.” 

Special access lines, including analog and digital. These totals 
includlt dedicated lines connecting end users’ premises to an IXC 
POP, but do not include intraLATA private lines.” 

~~ ~ ~~ 

increases feeder and distribution cable lengths in the presence of shallow bedrock or rocky soil 
types for routing of facilities around areas with difficult placement conditions. 

See Reporting Requirements for Certain Class A and Tier 1 Telephone Companies (Parts 31.43, 
67 and 69 of the FCC‘a Rules), CC Docket No. 8 6 1  82.2 FCC Rcd 5770 (1987) (ARMIS Order), 
modified on recon., 3 F a R c d ,  6375 (1988). Tier I LECs are those with more than $100 million 
in annual revenues horn regulated services. This includes over SO carriers. 

Revision of ARMIS USOA Report (FCC Repon 43-02) for Tier 1 Telephone Companies and 
Annual Report Form kl, AAD 92-46, DA 92-1405. released October 16, 1992, Appendix C, at 
FCC Report 43-08 - Rcport Defmition for Table S-3. page 2. 

Id at 1-2. 

Id at 2-3. 
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0 Public access lines, which include lines associated with coin (public 
and semi-public) phones, but exclude customer owned pay telephone 
lines.'!' 

2 

Figure 5 Line Converter Module 

c) Explanation of calculations 
In order to iestimate loop plant investment properly, the model must consider 

the demand for all aenices, e.g., business, first and second residential, special access 
and public access lines, within each CBG. Presumably, these service-specific 
demand data are hiown to the ILECs at a wire center or fmer level. But because the 
ILECs have declared these data to be proprietary, absent Commission directive they 
are not available for incorporation into HM2.2.2:' 

The Line Converter Module uses ARMIS access line data to assist in 
estimating total liic: counts per CBG. To compute residential lines in each CBG, 
the module multiplies the household count by the ratio of total reported residential 
access lines to total households. This accounts for total household penetration and 
multiple residential lines via a single average factor. The module similarly 
computes business lines in each CBG by multiplying the number of business 
employees in each CBG by the ratio of total reported business lines to total 
employees in the sludy area. Special access and public line calculations also are 

Id at 2. 

Some BOCs, notably the Southwestern Bell companies, formerly publ ied  this information for 
use by their interexchange carrier customers, but the practice apparently has been discontinued. 
-9 See Southwestern Bell, Inferexchange Cuctomer Inforinafion Handbook Volume IV (End Office 
Profile), 1981. 

20 

21 

HaMeld Associates, Inc. 13 



Hatfield Model Version 2.2, Release 2 

based on business employee counts because both services are closely associated 
with businesses. 

d) 
The primary output h m  the Line Converter Module is the Input Data File - 

Description of module outputs and connection to next module 

with household counts in each CBG replaced by total residential, business, special 
access and public hies. The other data in the Input Data File pass through the 
module unchanged for eventual use by both the BCM-PLUS Data Module and the 
Wire Center Module. 

3. BCM-PLUS Data module 

a) 0ve:rview 
The BCM-PLUS Data Module uses Line Converter Module output to 

calculate feeder, sutbfeeder, and distribution cable lengths. The BCM-PLUS Data 
Module uses the distance between each CBG and its serving wire center, and the 
area of each CBG, T.0 estimate feeder and dishbution cable lengths. In areas of 
increased placement difficulty, generally those CBGs with shallow bedrock (within 
one foot of the surface) or having rocky (e.g., “buldery”) soil types, the Data 
Module increases the calculated feeder and distribution distances to allow for 
routing of facilities around these rocky conditions. 

ata file with total 
mess line counts 

I 

Figure 6 Data Module 

b) 
The Data Module bases its loop length calculations on the following 

Description of inputs and assumptions 

assumptions. 
‘ Feeder cable extends from the wire center to an SAI located midway 

betweein the edge and the center of the CBG. 
There are four main feeder routes that leave each wire center, with 
sub-feeder routes placed at 90 degree angles from the main feeder 
routes. 

Customer premises are spaced uniformly across a CBG. 

Hatfield Associates, Inc. 14 
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Distribution cables extend from the SAI within the CBG to terminals 
serving several customers’ premises. 

A variable number of equal-length distribution cables serve each 
CBG. The area of the CBG determines the length of each cable, and 
the CBG line density determines the number of cables. 

A more detailed description of the model’s feeder route design is contained 
in the documentation to Release 1 .= 

c) Explanation of calculations 
Disfribution Disrunce -- BCM-PLUS uses geometric relationships to 

calculate distribution distances. The distribution distance is the average distance 
between a customer premises and the SAI .  The module calculates the average 
distribution distance within a CBG to equal 0.625 times the length of one side of 
the CBG. 

SAIplucexnenr -- The Data Module adds sufficient feeder cable to place 
the SAI at a point midway between the CBG boundary and its center. This 
approach comports with telephone company outside plant engineering practices. 

d) Outputs 
The output of the BCM-PLUS Data Module includes total line counts per 

CBG, along with ~ e d e r  and distribution cable lengths. Other parameters include 
“cable multipliers” used in a previous version to estimate combined placement 
investment. Because HM2.2.2 calculates separately cable placement and structure 
investments, these values are not used by BCM-PLUS. 

4. BCM-PLUS Loop Module 

This section discusses inputs and calculations in the BCM-PLUS Loop 
Module. 

a) Module overview 
The BCM-PLUS Loop Module estimates loop cable facilities investment 

for HM2.2.2. The Loop Module employs a “bottoms-up” network design process 
that uses forward-looking loop plant engineering and planning practices, publicly- 
available informatiton on component prices, and least-cost cable sizing algorithms 
to estimate the outside plant investment appropriate to a TELRIC-based analysis. 

See, note 4, infa. 
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Figure 7 BCM-PLUS Loop Module 

b) 
Inputs to the Loop Module include the per-foot investment cost for copper 

and fiber cable, the distance at which fiber feeder cable is installed, the number of 
DS-Os that can be carried on a single fiber, and the number of fibers required to 
feed a DLC remote terminal. There are separate per-unit investment tables for 
distribution, copper feeder, and fiber feeder cables. These tables show the 
assumed per-foot iiivestment for cables having different cross sections. The 
default numbers in these tables assume discounted cable materials prices, along 
with per-unit costs for installation, engineering, and delivery. 

Description of inputs and assumptions 

c). 
The following outputs from the Data Module are used as inputs by the 

Inputs derived from the Data Module 

Loop Module. 

Feeder and Distribution Distances -- These are the feeder, sub-feeder and 
distribution lengths calculated for each CBG. The main feeder distance (called 
the “B” distance in the model) for each CBG is expressed as the incremental 
distance from the CBG to the CBG served by that feeder that is the next closest to 
the wire center (the “B segment” length). The formula used to develop B segment 
length is to first match the CBG with all others served by the same wire center 
and within the same quadrant (i.e., on the same main feeder route). The module 
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Ilensity 

0-5 
25 - 200 
200 - 650 
6SO - 850 
850 - 2550 

(1inc:slsq. mi.) 

then calculates thse B segment length for each CBG by subtracting fiom its total B 
length the total B length associated with the next CBG closer to the wire center. 
Segmentation of the main feeder in this way allows the Loop Module to simulate 
the t ap ing  of cable facilities along the feeder route. 

Feederfill Distribution 
a1 

0.65 0.50 
0.75 0.55 
0.80 0.60 
0.80 0.65 
0.80 0.70 

The model also computes a "subfeeder" distance (called the "A" distance 
within the model) which is the distance h m  the main feeder route to the SAI in 
CBGs that are not astride the main feeder route. 

d) User Specified Inputs 
Because the Loop Module simulates the "bottoms up" development of a 

network, it requirres several inputs specifying the type and purchase price for 
copper distribution cable and copper and fiber feeder cable, as well as maximum 
engineered cable fill factors that vary by density range. Because the actual prices 
paid for these components may vary from carrier to carrier, these values may be 
adjusted, if approlpriate, by the user. The model, however, contains HAI's best 
estimates as default values for cable investment per foot and cable fill factors. 
These default valiies for fill factors and cable investment per foot are as follows: 
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Fiber cable .: Investment per foot 
Size(strands) 

12 $2.90 
18 $3.20 
24 $3.50 
36 $4.10 
48 $4.70 
60 $5.30 

~ 72 $5.90 
96 $7.10 

144 $9.50 
216 $13.10 

d 

Fiber feeder cable investment per foot 
(including engineering, delivery and 

installation) 

Pairsinsheath' 

100 
200 
400 
600 
900 
1200 
1800. 
2400 
3000 
3600 
4200 

Investmentper 
foot 

$2.50 
$4.25 
$7.75 
$1 1.25 
$16.50 
$21.75 
$32.25 
$42.75 
$53.25 
$63.75 
$74.25 
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Distribution cable investment 
per foot (including enginixring, 

delivery and installation) 

Investment COPPer 
cable sizes Per foot 

25 $1.19 
50 $1.63 
100 $2.50 
200 $4.25 
400 $7.75 
600 $11.25 
900 $16.50 
1200 $21.75 
1800 $32.25 
2400 $42.75 
3600 $63.75 

~ 

e) Distribution plant 
This section examines components of the distribution facilities. The 

model assumes that all distribution cables serving a CBG are of equal length. The 
number of distribution cables per CBG varies by density range as shown below. 

[Density (lines/sq. mi.) I Number of cables 1 I 

2 
I A 

1- 0 - 5  
5 - 21313 F F l  

85C - 2,550 
> 2550 

The larger number of cables serving higher density CBGs reflects the fact 
that households will tend to be distributed more uniformly across densely 
populated CBGs than across less dense CBGs. In addition, customer premises 
plot sizes will be smaller. Lower numbers of cables serving lower density CBGs 
reflect the fact that customer premises will either be concentrated along a few 
roads, or clustered in towns rather than being distributed uniformly. 
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Mix of aerial and undergroundplantfor distriburion -- Distribution 
cables typically connect with the feeder network at one or more SAIs and run 
along streets with~m a defined area. Distribution plant may be aerial (carried on 
poles), underground (placed in conduit), or buried (plowed directly in the ground 
or placed in a trench without conduit). The proportions of aerial, underground 
and buried cable are user-adjustable variables set in the Convergence Module. 

Unit Costs for Distriburion Cable - The default cable investment figures 
shown in the preceding table include discounted materials prices, engineering, 
delivery to the site, and placement or installation.= These costs are added to other 
loop investments in the Convergence Module, described later.) 

Fill Facrorl for Distriburion Cable - The Loop Module permits users to 
input values speciQing the maximum engineered level of plant utilization or “fill” 
for distribution and feeder ~ab le .2~  Engineered cable fills are always less than 
100% in practice, with some spare pairs necessary to accommodate unforeseen 
growth, breakage ,and line administration. 

The effective fill factors achieved by the Hatfield Model are even lower 
than the engineered fill factors because the model requires that the next larger 
available cable size be installed to accommodate the engineered fill. 

f) Feeder plant 
Feeder cables extend along any of four routes fiom the wire center to one 

or more points where they are cross-connected to the distribution network. 
Depending on required feeder capacity, distance or economics may dictate that 
feeder be provisioned using various sizes of copper cabling, or fiber cables in 
conjunction with DLC systems. The Loop Module assumes that a CBG will be 
served with fiber-fed DLC equipment whenever the feeder length exceeds a user- 
adjustable threshold value (the default is 9,000 feet); otherwise it assumes copper 
feeder cable. 

The user may specify the number of E‘hers assigned per DLC remote 
terminal. The default value is four. Similarly, the number of equivalent voice 

Placement investment consists of pulling underground cable through conduit and mounting aerial 
cable on poles. It shoiuld not be confwd with the actual “ ~ c t u r e ”  investment in poles. conduit 
and manholes, or in the installation of structure components. 

A cable fill factor represents the ratio of working lines (measured in terms of voice grade 
equivalent channels or copper wire pairs) to minimum installed line capacity. 

23 
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circuits OS-Os) tlhat may be carried on this fiber may be set by the user. The 
default value is 2016, or 3 DS-3s. 

Mir of aerial and undergroundplant for feeder -- These values are set in 
the Convergence Module, as they are for distribution cable. 

g) Explanation of calculations 
The Loop Module’s calculations include the following: 
e Selection of copper or fiber feeder cable to serve each CBG according 

to the: user-adjustable threshold feeder distance (default is 9,000 ft). 
Siziqg of main feeder segments to accommodate the cumulative 
capacity requirements along the route. 

Determination of the type and quantity of feeder facilities and 
distrilbution cables to meet each CBG’s capacity requirements. 

Applying unit investment costs to estimate total investment in loop cables - 
- The fundamental feeder length calculations, including the sharing of feeder 
sheath by multiple CBGs lying on a common route, are essentially unchanged 
from those described in the Release 1 documentation. The BCM-PLUS Data 
Module does, however, extend the SAI  location into each CBG halfway to its 
center. 

The BCM-PLUS Loop Module computes distribution cable lengths as 
0.625 times the length of a side of the CBG. The number of cables serving a CBG 
varies according to the CBG‘s density range, as described in the Data Module 
discussion above. The Loop Module sizes the distribution cables according to the 
specified fill factor and number of cables in each CBG. 

h) Description of model outputs 
The Loop Module produces total investment by CBG for distribution and 

feeder cable. The Loop Module’s “costing” worksheet contains these investments 
and is sent to the Convergence Module to determine overall network investment. 

5. Wiire Center Investment Module 

a) Overview 
This Module produces network investment estimates in the following 

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

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

Tramport investment - This categoly consists of investment in 
transmission systems supporting local interoffice (tandem and direct) trunks, 
intraLATA toll trunks (tandem and direct) and access trunks (tandem and direct). 
The model also separately calculates investment in operator trunks. 

Operator Systems investment - This includes investments in operator 
systems positions and operator tandems. The module allows the operator 
positions to be located at a distance from the operator tandem. 
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line m b p l i  
2. Switchdistances 
3. DEMandtotalcalldam 

t 

Figure 8 Wire Center Module 

b) Description of inputs and assumptions 
- For the wire center module to compute required switching and 

transmission investments, it must have as inputs total line counts for each wire 
center, interoffice distances, Uaffic peakedness assumptions, as well as inputs 
describing the distribution of total traffic among local intraoffice, local interoffice, 
intraLATA toll, interexchange access and operator services. This module takes as 
data inputs overall line counts obtained from the Line Converter Module and 
interoffice distancies for the calculation of transmission facilities investment?’ 

The HM2.2.2 include!i a set of interoffice distance calculations produced 6om wire center location 
information from Bellcore’s Local Exchange Routing Guide (LERG). Because AT&T has now 
gained a site license for use of these data, usm of the Hafield Model no longer need to obtain 
their own copies of thl: LERG. 
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There are many user-adjustable input assumptions in the Wire Center 
module. The follo~wing sections discuss these assumptions, and Appendix C 
includes additional tables showing all of the default values for the module’s input 
parameters. 

c) Traffic assumptions 
Many of the calculations in the Wire Center module rely on traffic 

assumptions suggasted in Bellcore documents?6 These inputs, which the user 
may alter, assume 1.3 busy hour call attempts (BHCA) per residential line and 3.5 
BHCA per business line. Total busy hour usage is then determined based on 
published Dial Equipment Minutes @EM) information. Other inputs, which may 
be changed by the user, specify the fraction of traffic that is interoffice, the 
fraction of traffic that flows to operator services, the local fraction of overall 
trafEc, as well as breakdowns between direct-routed and tandem-routed local, 
intraLATA toll, anid access M i c .  Appendix C contains tables showing the 
default settings for these parameters. 

d) Explanation of calculations 
The following sections describe the calculations used to generate 

investments associated with switching, wire centers, interoffice transport, 
signaling and operator systems functions. 

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

sizes the switches ]placed in the wire center by adding up all the switched lines in 
the CBGs served by the wire center, then compares this line total to the maximum 
allowable switch line size. This parameter is user-adjustable, but its default 
setting is at 100,000 lines with a fill factor of 0.80, yielding a maximum effective 
switch line size of 80,000. By default, the model will equip the wire center with a 
single. switch if the number of switched access lines served by the wire center is 
no greater than 80,000. If a wire center serves 90,000 lines, the model will 
compute the investment required for two 45,000 line switches?’ The wire center 
module also compims the BHCA produced by the mix of lines served by each 
switch with a user-adjustable processor capacity (default set at a maximum of 
600,000 BHCA) tal determine whether the switch is line-limited or processor real- 
time-limited. 

16 Bell Communications .Research, LATA Switching Systems Generic Requirements. Section I?: 
Traflc Capacity andEhvironment, TR-TSY-000517, Issue 3,  March 1989.- 

If multiple switches an: required in the wire center, they are sized equally to allow for maximum 
growth on both switchm. 
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Once the model determines the end ofice switch line size, it calculates the 
required investment per line from an investment function that relates per-line 
switching investment to switch line size. The data defining this function were 
obtained from a publicly-available study of the central office equipment market 
published annually by McGraw-Hill?* This study shows the average investment 
per new line of digital switching paid by BOCs to be $102, and by independents 
to be $235, in 199.5?9 The model combined these figures with average BOC 
(1 1,200) and independent (2,761) switch line sizes derived from data published in 
the FCC's Statistics of Communications Common Carriers, along with 
information on mulch larger switches obtained from switch manufacturers to 
develop the complete investment function?' The above per-line investment 
figures are for the 'entire end ofice switch, including trunk ports. These 
investment figures are then reduced by $16 per line to remove trunk port 
investment that will be accounted for in the module's tmk calculations. Figure 9 
shows the resulting investment curve. 

Northern Business Information study: US. Central m c e  Equipmenr Market - 1995, McGraw- 
Hill. 

These per-line average prices represent investments over all types of switching, including remote 
switching systems, hosts, and stand-alone end oftice switches. k u g h  thii scaling, the switching 
investment curve thus irepresents automatically the cost of the average profile of m o t e ,  host, and 
stand-alone applicatioris of end oftice switches. 

Federal Communications Commission, Stafistics of Communications Common Carriers, Tables 
2.3 and 2.4, 1994 edition. 
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S59nine 

Switch price per line, trunk port 
investment removed 

+ 1 

80.000 Lines 2,721 11,i!OO 

1 
Figure 9 Switching investment curve 

The wire ce,nter module uses existing tandem and end office wire center 
locations for computing interoffice transmission investments. A preprocessing 
step, relying on licensed LERG data, produces end office-to-tandem, end office- 
to-STP, tandem-to-STP, and STP-to-STF’ distances in a table that then is used by 
the module to estimate interoffice transmission facility investments. The module 
computes investments for end office and tandem “A” signaling links, “C” 
signaling links between the STPs in a mated pair, and it estimates investments in 
“ D  signaling link segments that an interconnecting carrier such as an IXC may 
lease from the ILEC. 

Tandem and1 operator tandem switching investments are computed 
according to assum~ptions contained in an AT&T report on interexchange capacity 
expansion costs filed with the FCC.” The investment calculation assips a price 
to switch “common equipment,” switching matrix and control structure, and adds 
to these amounts thle investment in trunk interfaces. The numbers of trunks and 
their related investnients, are derived from the transport calculations described 
below. The module: recognizes that a significant fraction of local tandems also 
perform end office iswitching functions, and the inputs allow the user to vary the 

AT&T, “An Updated study of AT&T’s Competitors’ Capacity to Absorb Rapid Demand Growth,” 
tiled with the FCC in CC Docket No. 79-252, April 24, 1995 (“AT&T Capacity Cost Study”). 

3 1  
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sharing of tandem common equipment with end office use. The default sharing 
value is 40%. 

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

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

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

of access lines senred by each switch, form the basis for the model’s transport 
calculations. The model determines the overall breakdown of traffic per 
subscriber according to the traffic assumptions and computes the numbers of 
trunks required to ‘:any this trafEc. .These calculations are based on the fractions 
of total traffic assumed for interoffice, local direct routing, local tandem routing, 
intraLATA direct and tandem routing and access direct and tandem routing. 
These traffic fractions are applied to the total traffic generated in each wire center 
according to the mix of business and residential lines and appropriate per-line 
offered load assumptions. These trunk loading assumptions include a user- 
adjustable maximum trunk utilization of 27.5 CCS in the busy hour?’ 

The distance preprocessing calculations estimate interofice distances 
using existing wire center and tandem locations. The calculation assumes 
rectilinear routing between end offices and tandems, and between switches and 
STps. The resulting distances are greater than if they were calculated as airline 
mileage. 

Average durect-route distances for local, intraLATA and access trfl ic are 
set as user-definablle inputs. It is not possible to compute these values from wire 
center locations because existing exchange area definitions determine whether 
routes will carry local, intraLATA toll, or access traffic. In addition, the locations 

The 27.5 CCS value is based on an AT&T estimate of maximum per hunk utilization. e, 
AT&T Capacity Cost Study. 
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of IXC POPS may not be publicly available. Because of these factors, the default 
distances for direct transport are 10 miles for local routes, 25 miles for intraLATA 
routes, and 15 miles for access routes. The user may alter these values. 

The model contains explicit transport facilities investment calculations to 
produce both termination and per-mile investments, each expressed per DS-0 (a 
64 kbps voice-equivalent circuit). The assumptions underlying these calculations 
include the facilities capacity expressed at a default SONET transmission rate of 
OC-12, multiplextx installed price per end, regenerator spacing and investment, 
buried/undergrouoid/aerial composition, manhole spacing and investment, pole 
spacing and investment, along with ancillary investments such as splicing, optical 
patch panels, and “pigtail” (short connectorized fibers between strands in the 
cable and the optical patch panel) investment. Interoffice investment calculations 
also include a “sharing” factor that accounts for the sharing of structure used by 
feeder and interoffice facilities. This eliminates double-counting of structure 
between feeder an13 interoffice routes. The amount of sharing, expressed as a 
percentage of interoffice route miles, is a user-adjustable input. The default value 
is 25%. 

(3) Tandem switch calculations 
The module scales the investment in tandem switch common equipment 

according to the total number of tandem trunks computed for the study area. By 
doing so, it thus avoids equipping maximum-capacity tandems whenever a LATA 
is served by multiple tandems. The calculations also recognize that a significant 
fraction of tandems in practice are “Class 415” offices that serve both tandem and 
end office functions. A sharing fraction may be set by the user to reflect the 
incidence of such dual-purpose switches. 

(4) Signaling network calculations 
The Wire Center Module uses the preprocessed interoffice distances to 

compute signaling link investment for end office and tandem A links, C links 
between the STPs in a mated pair, and D link segments. The investment per link- 
mile is the same as the computed per-DS-0 investment described above. 

The model always equips at least two signaling links per switch. It also 
computes required SS7 message traffic according to the call type and trait 
assumptions described earlier. User inputs defme the number and length of ISDN 
User Part (ISUP) messages required for interoffice call control. Default values are 
six messages per interoffice call attempt with twenty-five octets per message. 
These values are those assumed in the AT&T Capacity Cost Study. 

Other inputs define the number and length of Transaction Capabilities 
Application Part (TCAP) messages required for database lookups, along with the 
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percentage of calls requiring TCAP message generation. Default values, also 
obtained fiom the AT&T Capacity Cost Study, are two messages per transaction, 
at 100 octets per message, and 10% of all calls requiring TCAP generation. If the 
message traffic fiom a given switch exceeds the link capacity (also user-adjustable 
and set at 56 kbps and 40% occupancy as default values), the model will add links 
to carry the computed message load. The total link distance calculation includes 
all the links required by a given switch. 

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

SCP investment is expressed in terms of dollars of investment per 
transaction per second. The transaction calculation is based on the fraction of 
calls requiring T C M  message generation, The total TCAP message rate in each 
LATA is then used to determine the total SCP investment. The default SCP 
investment is $20,000 per transaction per second and is based on a number 
reported in the AT&T Capacity Cost Study. 

(5) Operator systems calculations 
Operator tandem and trunk requirements are based on the operator traffic 

fraction inserted by the user into the model and on the overall maximum trunk 
occupancy value of 27.5 CCS discussed above. Operator tandem investment 
assumptions are the same as for local tandems. 

Operator positions are assumed to be based on current personal computer 
terminal technology. The default operator position investment is $3500. The 
Model includes assumptions for maximum operator "occupancy" expressed in 
CCS. The default issumption is that each position can be in service 27.5136 of the 
busy hour. This value is related to the maximum trunk occupancy assumption 
described above. P&o, because many operator services traditionally handled by 
human operators may now be served by announcement sets and voice response 
systems, the model includes a "human intervention" factor that reflects the 
fraction of calls that require human operator assistance. The default factor is 10, 
which is believed to be a conservative estimate. (A factor of ten implies that one 
out of ten calls will require human intervention). 

6. Convergence module 

The Convergence Module combines the loop cable investments produced 
by BCM-PLUS with the wire center, switching, transport, signaling and operator 
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systems investments calculated by the Wire Center Investment Module. The 
output of the Convergence Module is the complete collection of network 
investments stated by density range for use by the Expense module. 

The module adds structure investment to the loop cable investments 
produced by the L~oop Module based directly on the number of sheath miles of 
cable to be installed. The previous version of the Hatfield Model relied on BCM 
estimates of loop s,tructure components which were calculated by applying “cable 
multipliers” to loop cable investment. The cable multipliers produced estimates 
of structure that varied directly with cable investment. In some cases, the 
structure estimates per unit length were unacceptably low. The multiplier 
approach also improperly made structure investment a function of cable materials 
price discounts. 

In Release 2, the Convergence Module includes user-defined inputs for 
conduit investment, pole investment and spacing, manhole investment and 
spacing, trenching and direct burial investment, and breakdowns of aerial, buried, 
and underground cable. Although the Loop Module cable investment inputs 
include values for aerial and underground cable, where buried cable is required 
the Convergence Module adds an incremental amount per foot to represent the 
increased investment in armoring that is characteristic of cable intended to be 
directly buried. The default assumptions, which vary by density range, appear in 
Appendix C. There are separate sets of default inputs for distribution, copper 
feeder and fiber feeder fa~ilities?~ 

The following tables display the default values for structure type: 

Distribution Structure 

-- Density Range Aerial Buried Underground 
Fraction Fraction Fraction 

The HMZ.2.2 Converg,ence Module still performs certain looprelated calculations. These were 
originally included in this module to correct deficiencies in the initial BCM loop calculations. 
HA1 has chosen to keep these additional calculations in the Convergence Module even after the 
incorporation of BCM..PLUS into HM2.22. 

33 
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Density Aerial Buried Underground 
Fraction Fraction Fraction 

0-5 
5' - 200 

:. 2550 

The Convergence Module adds several components to the loop cable 
investments produced by the Loop Module: NIDs, SAIs, terminals and subscriber 
drops. The drop and termindsplice values are added for each line directly. The 
model computes one NID per household and one NID for every four (a user- 
adjustable value) business lines. The default per-unit investments are $30 for the 
NID (obtained from discussions with subject matter experts); $40 for the drop 
(taken.from the New England Telephone Incremental Cost Study34), and $35 for 
the terminal and splice. 

The SAI  hvestments depend on whether cdpper or fiber feeder cable feeds 
a particular CBG. If the feeder cable is copper, the S A I  is a simple cross-connect 
arrangement. This arrangement's investment is obtained from a table listing SAI 
installed prices by total lines served. For optical feeder cable, the SAI consists of 
an optical patch panel for connecting the cable to the remote terminal, along with 
an associated cross-connect for connecting the subscriber loops to the analog side 
of the remote terminal. Investment assumptions for both types of SAIs include 
engineering, a housing, and site preparation, along with common equipment and 

1 I 

0.50 0.45 0.05 
0.50 0.45 0.05 
0.50 0.45 0.05 
0.40 0.40 0.20 
0.10 0.10 0.80 
0.05 0.05 0.90 

NYNEX, 1993 New Hampshire Incremental Cost Study 34 

0-5 
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Fraction Fraction Fraction 
0.35 0.60 0.05 
0.35 0.60 0.05 
0.35 0.60 0.05 
0.20 0.60 0.20 
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0.05 0.05 0.90 
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per-line investments in channel units. A separate fill factor applies to the number 
of lines served by leach set of common equipment. 

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

The Convergence Module also adds investment for integrated DLC 
equipment. Inputs include site and power, common equipment, and per-line 
investment in channel units. The module allows two types of DLC equipment as 
described in the Release 1 documentation: TR-303-compatible SLC@-2000 
equipment, used in all but the lowest density zone, and proprietary equipment 
manufactured by Advanced Fibre Communications, a California company, in the 
0-5 lines per square mile range. 

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

0 

a 

0 

0 

0 

0 

a 

0 

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

Concentration (DLC remote terminal and associated investment in 
power, site preparation, and housing) 

Feeder  aerial, buried and underground fiber and copper feeder cable 
and associated structure) 

Switching (end office and tandem switching investment) 

Wire center (end office and tandem wire center investment) 

Operatcir services (operator tandem switching, tandem wire center, 
trunks and operator positions) 

Transport (common and dedicated) 

STPS 

SCPS 

Signaling links 

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

7. Expense Module 

a) Ov'erview 
The Expense Module provides per-line and per-month cost summaries for 

each unbundled network element defined by the model, and for basic universal 
service, It does sa' by calculating capital carrying cost, operating expenses, 
network operation expenses, and attributable support expenses for each of eleven 
UNEs plus public telephone terminal equipment. 

The Expense Module uses the output of the Convergence Module to 
capitalize the investments needed for each UNE and the per-line investments for 
basic universal service. The module requires investment, revenue and expense 
data reported by inldividual LECs in their annual ARMIS reports. The Module's 
other required inputs are capital structure parameters (e.g., debuequity ratio, costs 
of debt and equity) as well as the total network investment produced by the 
Convergence Module. 

The Expense Module uses ARMIS data to calculate several expense-to- 
investment ratios tlo be applied to the investments in different plant categories as 
computed by the model. It also uses estimates of LEC revenues, tax rates, costs 
of debt and equity and economic service lives for various types of network 
equipment 

This section describes the inputs and assumptions of the Expense Module, 
including ARMIS ihta, capital structure parameters and expense factors built into 
the module. It alsai explains the calculations used to determine capital costs and 
operating expenses. 
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ARMIS-Based Expeinse Factors I 
I Network: Expense Investment Factor 

Customer: Expense Lines Factor 

Study-Based Expense IFactors 

Variable Overhead Factor 
Other Tax Factor 

I Capital Costs Factor 
Cost of CaDltal II 
cost of Debt 
DebtlEquily Ratio 
Ewnomic Lives 
lnwme Tax Ratty 

- Capital Carrying Costs 

I -1 - 
Costs of basic universal service 
Expressed by density range and 
including suitable variablle overhead and 
grossups for taxes and retail 
uncollectibles: 
Loop 
pori 
EO usage 
Signaling 
Total per density range 
Total required subsidy by density range 
with user-settable price 

Investment by 
Network Element 

DropMlD 
Distribution 
FeederDLC 
End Offiw 
10 Transporl 
SS? 
Operator Positions 

L L 
Costs of Basic Network Functions 
1. Loop Distribution 
2. Loop Concentrator/Multiplexer 
3. LwpFeeder 
4. End Office Switching 
5. Dedicated Transport 
6. Common Transport 
7. Tandem Switching 
8. Signaling Links 
9. Signal Transfer Points 
I O .  Service Control Points 
11. Operator Systems 

Figure 10 Expense Module 

b) 

(1) ARlwsdata 
The ARMIS data used in the Expense Module include investment and 

Description of inputs and assumptions 

operating expenses and revenues for a given local carrier and state. These data are 
used to derive the total investments, expenses and revenues for each UNE. The 
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investment, expeme and revenue categories are listed below, and described in 
detail in the Calculations section. 

(a) plait specific operations 
end office and tandem switching -- digital switching, operator 
systems 
transmission -- circuit equipment, transmission 
information origination and termination - public telephone, 
terminal equipment 
(cable and wire facilities - poles, cable, conduit 

(b) plant non-specific operations 
jprovisioning 
power 
plant operations 

network administration 

testing 

general support equipment -- land, buildings, vehicles, 
liuniture, office and other equipment 

In addition, ARMIS data include local network service revenues by the 

access revenue -- end user, switched and special access revenue 

basic serMce revenue 

long distance network revenue 

(c) Capital structure parameters 
The Expense Module requires capital structure parameters to calculate the 

following categories: 

carrier’s Weighted Average Cost of Capital (WACC), which is a discount factor 
used to calculate capitalized costs of UNEs and basic local service. Parameters 
required are for the carrier’s debvequity ratio, cost of debt, and cost of equity. 

(d) 
The module uses a number of ratios and factors to calculate monthly per- 

line loop and annual switching costs. These factors are explained in detail in the 
Calculations section. 

Factlors built into the expense module 

(e) Other user inputs 

Hatneld Associates, Inc. 3s 



Hatt7eld Model Version 2.2, Release 2 

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

Other user inputs include an explicit value for the monthly cost per line for 
local number portability (set at a default of $0.25fline/month), a quantity used in 
estimating basic local service monthly costs. There is also a monthly factor of 
$1.22 per line that accounts for bill generation and bill inquiries relating to basic 
local service. The model includes a value for the NID's annual maintenance 
expense, the default is $3.00 per NID. There is an input for carrier-to-carrier 
customer expense, set at $1.56 per line per year, which is used in the 
determination of IJNE costs. This default value derives from Tier 1 LEC 
expenses for servicing the access accounts of their IXC customers reported in 
AlZMIS 43-04 for 1995. 

Appendix C shows all user inputs to the Expense Module. 

c) Explanation of calculations 
The Expense Module is driven primarily by the calculated annual capital 

cost and operating expenses of the canier(s) under study. All costs are 
summarized for each of the eleven UNEs. The algorithms used to detennine these 
amounts are described below. 

( 1 )  Capital costs 
The model calculates annual capital cost for each UNE based on the net 

plant investment, the expected service life (depreciation), the return on the net 
asset and the grossed-up income tax on the return of the net asset. The model 
assumes straight-line depreciation and assumes that cash flows are in arrears (i.e., 
return from assets, tax gross-ups and depreciation are applied at the end of each 
Year>. 

The WACC:, the capital structure, and the cost of debt and equity must be 
provided for the modeled entity. Based on these data, the model calculates the 
investments required for each UNE. The model then determines the appropriate 
levelized monthly cost of these investments based on the economic lives for each 
of the UNEs. 
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(2) Operating Expenses - General 
Operating expenses are derived from historic expense factors which are 

calculated from bdance sheet and expense account information reported in 
carriers’ ARMIS xeports. These expense factors are applied to the investments 
developed by the IlIatfield Model to determine associated operating expense 
amOl l l l t s .  

Certain expenses, particularly those for network maintenance, are strongly 
related to their associated capital investments. The Expense Module estimates 
these expenses using factors computed kom the carrier’s ARMIS reports. Other 
expenses, such as network operations, vary directly with the number of lines 
provisioned rather than with capital investment. Expenses for these elements are 
scaled by the number of access lines supported. Uncollectibles expense is 
calculated as a percentage of revenues. 

(3) 
The Expense Module assigns network-related expenses to each of eleven 

Network-Related Expenses and Expense Factors 

UNEs, plus public telephone terminal equipment. The module also assigns the 
cost of capital, expenses, total investment and attributable support expense to each 
UNE. 

These netwlDrk and non-network operating expenses are added to annual 
capital costs to determine the total economic cost of each UNE. Each network- 
related expense is dlescribed below: 

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

Central Office Swirching -- This includes end office and tandem switching, 
as weil as equipment expenses. 

Central Office Transmission - This includes circuit equipment expenses 
associated with transport investment. 

Cable and Vire - This category includes expenses associated with poles, 
aerial cable, undergroundburied cable and conduit systems. This expense varies 
directly with capital investment. 

Network Ojnerariom - The Network Operations category includes power, 
provisioning, engintzring and network administration expenses. 

The Expense: Module uses specific forward-looking expense factors for 
digital switching and for central office transmission. These values derive from the 
New England Telepihone Incremental Cost Study. The module similarly computes 
forward-looking Network Operations expenses based on corresponding ARMIS- 
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3J 

reported expenses. Because total Network Operations expense is strongly line- 
dependent, the model computes this expense as a per-line additive value based on 
ARMIS-reported total Network Operations expense divided by the number of 
access lines, then deducting 30% of this quotient to produce a forward-looking 
estimate. 35 

(4) 
The Expense Module assigns non-network related expenses to each 

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

Variable support -- Historical variable support expenses for LECs are 
substantially higher than those of similar service industries operating in more 
competitive environments. Based on studies of these variable support expenses in 
competitive industries, such as the interexchange industry, the model applies a 
conservative 10% variable support factor to the total costs estimated for U N E s  as 
well as basic local :service. 

General Supporr Equipment - The module calculates investments for 
furniture, office equipment and general purpose computers. The Model uses 
actual 1995 company investments to determine the ratio of investments in the 
above categories to total investment. The ratio is then multiplied by the network 
investment estimated by the Model t.0 produce the investment in general support 
equipment. The recurring costs of these items are then calculated in the same way 
as recurring costs for network investment. 

Non-network-related operating expenses and expense factors 

( 5 )  Revenues 
Revenues are used to calculate the uncollectibles factor. This factor is a 

ratio of uncollectibles expense to adjusted net revenue. The module computes 
both retail and whollesale uncollectibles factors. The retail factor is applied to 
basic local telephone service monthly costs and the wholesale factor used in the 
calculation of UNE costs. . 

d) 
The Expense Module displays results in a series of reports which depict 

Outputs of the Expense Module 

detailed investments; and expenses for each UNE for each density range, 
summarized investments and expenses for all UNEs, unit costs by UNE and total 

Although forecasting forward-looking expenses is difticult, there is evidence that the 30% 
reduction from currently reported per-line Nework Operations expense is conservative. 
Testimony before the California Public Utilities Commission (Testimony of R L. Scholl, 
Universal Service Proxy Cost Models, April 17, 1996, p. 1 1 )  states that Pacific Bell’s forward- 
looking Network Operations expenses are 55% less than current per-line values computed from 
Pacific Bell’s 1994 ARh4IS data 
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annual and monthly network costs, as well as basic local service costs per 
household. 

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

telephone terminal equipment. These UNEs represent an unbundling of the local 
exchange network into discrete functions, which can be used singly or in any 
combination to frunish services. The U N E s  are described below and their inter- 
relationships are illustrated in Figure 1 1. 

Loop Distribution - The individual communications channel originating 
from the DLC remote terminal or SAI and terminating at the customer’s premises. 
In the Hatfield Model, this UNE also includes the investments in NID, drop and 
terminailsplice. 

Loop Concentrator/Multip[exer -- The DLC remote terminal at which 
individual subscriber traffic is multiplexed and connected to loop distribution for 
termination at the customer’s premises. The Hatfield Model includes DLC 
equipment and SA[ investment in this UNE. 

Loop Feeder - The facilities on which subscriber traffic is carried from 
the line side of the end office switch to the DLC remote terminal or S A I .  The 
UNE includes copper feeder and fiber feeder cable, plus associated structure 
investments (poles, conduit, etc.) 

End Office ,Switching -- The facility connecting lines to lines, or lines to 
trunks. The end office represents the first point of switching. As modeled in the 
Hatfield Model, this UNE includes the end office switching machine investments 
and associated wire center costs, including distributing frames, power, land and 
building investments. 

Operator Sjwesrems -- The systems that process and record special toll calls, 
public telephone toill calls, and other types of calls requiring operator assistance, 
as well as Directory &.sistance. The investments identified in the Hatfield Model 
for the Operator Syistems UNE include the operator position equipment, operator 
tandem (including required subscriber databases), wire. center and operator trunks. 

Dedicured 7rumporr - The full-period, bandwidth-specific interoffice 
transmission path between LEC wire centers or between LEC wire centers and an 
IXC POP. It provides the ability to offer individual and/or multiplexed switched 
and special services circuits between switches. Interoffice transport investments 
that provide dedicated transport are assigned to this UNE. 
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Common 7ransport -- A trunk between two switching systems on which 
traffic is commingled to include LEC trafEc as well as traffic to and ffom other 
local or interexchange carriers. These trunks may originate at an end office and 
terminate at a tandem switch or at another end office. Interofice transport 
investments that provide common transport are assigned to this UNE. 

Tandem Switching - The facility that provides the function of connecting 
trunks to trunks for the purpose of completing interofice calls. Similar types of 
investments as are included in the End Office Switching UNE are also reflected in 
the Tandem Switching UNE. 

Signaling Links -- Transmission facilities in a signaling network that carry 
all out-of-band signaling tr&c between end ofice and tandem switches and 
STPs, between STl’s, and between STPs and SCPs. Signaling link investment 
developed by the Hratfield Model and assigned to this UNE. 

Signal Transfer Poinr -- This facility provides the function of routing 
TCAP and ISUP messages between network nodes (end offices, tandems and 
SCPs). The model estimates STP investment and assigns it to this UNE. 

Service Control Point -- The node in the signaling network to which 
requests for call handling information (e.g., translations for local number 
portability) are directed and processed. The SCP contains service logic and 
customer specific information required to process individual requests. The model 
estimates SCP investment and assigns it to this UNE. 

(2) Universal Service Fund Outputs 
The calculation of costs for basic local service is based on the costs of the 

UNEs constituting ithis service. These are the loop, local portions of end office 
and tandem switching, transport facilities for local traffic, and the local portions of 
signaling investment. No operator services or SCP investments are included. In 
addition, these uN13 cost elements are adjusted to accommodate other items such 
as retail uncollectibles rather than wholesale uncollectibles. Finally, certain retail 
expenses required by basic local service, sucn as billing and bill inquiry, directory 
listings, number portability costs, etc. are added. 

For ilhstrabve purposes, the USF sheet in the expense module compares 
the monthly cost per line in each density range to a user-adjustable “affordable” 
monthly price for lcical service (which include the End User Common Line 
charge). If the cost exceeds the “affordable” price, the model accumulates the 
total required annual subsidy at the stated price level according to the number of 
households in each (density range. 
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-Local Exchange Basic Network Functions 

Figure 11 Local Exchange-Network Elements 

111. SUMMARY 

In its Version 2.2, Release 2 formulation, the Hatfield Model estimates 
reliably and consistently both the forward-looking economic cost of unbundled 
local exchange network elements and the forward-looking economic cost of basic 
local telephone service. Because both of these calculations are performed in 
adherence to TELIUCITSLRIC principles, Hatfield Model cost estimates provide 
an accurate basis for the efficient pricing of unbundled network elements and the 
calculation of efficient universal service funding requirements. 

HM2.2.2'~ methodology is transparent, and it uses public source data for 
its inputs. These default input values represent the developers' best judgments of 
efficient, forward-looking engineering and economic practices. But, because 
many of these inputs are adjustable, users of HM2.2.2 can use the model's 
automated interfaca to model directly and simply any desired alternative scenario. 
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Appendix A 

Summary of Changes Between Releases 1 and 2 
iof the Hatfield Model, Version 2.2 

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

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

BCM-PLUS Modules 

Data modiile 

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

2. Feeder imd distribution distances are increased by 20% in the presence 
of rocky terrain to ;accommodate routing of facilities around difficult placement 
conditions. 

3. Feeder length calculation modified to place SAI inside CBG by one- 
fourth the length of'a CBG side. 

Loop module 

1. The distance at which fiber feeder is assumed is now user-adjustable. 
In the original BCM, the model assumed fiber feeder cables for total loop lengths 
of 12,000 A or greater. In the new version, the calculation is based on total feeder 
length, and the threshold distance may be adjusted by the user to any value. The 
default setting is 9,000 ft. 
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2. The 1)s-0 capacity per fiber is now adjustable with a default value of 
2016 (equivalent to 3 DS-3s). In the original version, the model included a fixed 
capacity of 672 IlS-Os (1 DS-3) per fiber. 

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

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

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

6. Density ranges are now expressed in terms of lines per square mile 
instead of households per square mile. 

Hatfleld Model modules 

Line Multiplier (now Line Converter) Module: 

1. The original Line Multiplier Module used user-specified line 
multipliers that varied by density range to estimate total residential, business, 
special access, and public lines. The new Line Converter module applies uniform 
multipliers to all CBGs to compute residential access lines in each density zone. 
The business, special access, and public line calculations are based on data that 
estimate the number of business employees in each CBG. All line totals are 
computed to match those shown in the ILEC's most recent ARMIS 43-08 reports. 

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

3. The mo'dule computes CBG density in terms of lines, instead of 
households, per square mile. 

A-2 



Wire Center Investment Module 

1. The module removes previous double-counting of trunk ports by 
reducing the input per-line switching investment by $16 per line, because the 
model separately c:alculates the investment in trunk ports for the switches in each 
wire center and adds the total trunk port investment to the total switching 
investment in eachL wire center. 

2. STP size is now scaled by the number of A links in the study area; the 
model previously equipped maximum-capacity STPs in all cases. 

3. The maidule now computes Signaling System 7 C and D link 
investments, when: it previously calculated only A link investments. 

4. The transmission facilities investment, expressed as investment per 

common (tandem) 
local diirect 
intra LATA direct 
IXC switched access direct 
special access 

DS-0-mile, is now calculated explicitly for each of the following routes: 

The calculations allow separate user assumptions for optical patch panels, 
optical multiplexers, regenerator investment and spacing, installation costs, mix of 
buriecUundergrouncVaerial plant, and manhole and pole spacing and installation. 

5. The module eliminates double counting of structure costs typically 
shared between inte:rofice and feeder facilities. 

6. The model now contains reconciled usage calculations between the 
Expense Module and Wire Center Investment Module. 

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

8. The module now includes tandem-to-POP switched access direct 
transport facilities. 

9. The end office capacity limits now include entries for switch traffic; 
they previously included line and processor real-time limits. There are also 
separate holding time multipliers for business and residence lines to allow users to 
compute the effects of increased holding time on costs. 
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10. The module now uses pre-processed interoffice distance data derived 
from end ofice, tmdem, and STP locations listed in the Local Exchange Routing 
Guide. This facilitates the running of the model. 

Convergence Module 

1. The module now separately computes structure costs for aerial, buried, 
and underground facilities, including poles, conduit, trenching, and manholes. 
The model independently treats underground and buried cable. The new version 
eliminates previous double counting of terminals and splices. All structure 
factors, including the mix of aerial, buried, and underground distribution and 
feeder facilities anz user definable. 

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

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

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

Expense Module 

1. The module allows economic lives of up to 50 years to be input, 
(previous maximurn permitted life was 32 years). 

2. Consistent with the new structure calculations and incorporation of 
separate underground and bm’ed facilities inputs, the model now calculates 
separate expense factors for the following network components: 

Aerial cable 
Underground cable 
Buried cable 
Poles 
Manholes 
Conlduit 

Previously, only aerial and underground factors were calculated. 

3. Double counting of DLC terminations and end office line circuits is 
eliminated. 



4. Trunk port costs can now be estimated per DS-0 or per minute. 

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

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

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

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

9. Dedicated trunking calculations have been reconciled between the 
Expense Module and the Wire Center Investment Module. 

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

1 1. NID expenses are now based on ARMIS-reported regulated expense 
per line (other terminal account); they previously included all “other terminal” 
expenses and, as a result, overstated NID maintenance expenses. 

12. A user-definable carrier-to-carrier customer service expense has been 
added. Its default value is set at $1.56/line/year -- based on ARMIS 43-04 data on 
current ILEC experlse in serving IXC‘s access accounts. 

13. The new version includes a NID monthly cost calculation in the “Cost 
Detail” worksheet. 

14. Structure sharing fractions have been expanded to allow the user to set 
independent parameters for aerial, buried, and underground distribution and feeder 
structure. Default values are 0.33 for all categories. 

15. The module now contains a Universal Service Module with the 
following features: 

Network cost built up from UNEs 

Network Operations factored to reflect local service only 
Local number portability costs have been added as a user input; with a 
default stetting of $0.25 per line per month. 
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1. GETTING STAIRTED 
A. SYSTEM REQUIRlEMENTS 

The Hatfield Model (HM) Ailtomated Interface requires the following minimum PC system 
components to run properly: 

. 

. 

. CD-ROM drive 

. 

. Microsofi Excel version 7.0 

Pentium 133 MHz processor or higher 

128 ME RAM or more 

Microsofi Windows !>5 or Windows NT operating system 

B. TERMINOLOGY 

The following terminology is used in this documentation when referring to the Hatfield Model 
and its components: 

HMModules: The HM Modules are the six functional Excel files which comprise the HM. 
They are Line Converter, Data Master, Loop Master, Wire Center, Convergence, and Expense. 

HM Interface: The user interlice to the Hatfield model, which is contained in the Excel file 
HM - 1nterface.xls. (Figure 1 shows what the HM Interface looks like.) 

Woryile: A workfile is an Excel file created by the HM which contains state-specific HM data 
and outputs, and can reflect user-specified input parameters. Although the workfile is created by 
the HM, the user must provide: a filename. 

Data Template: The data template is a special workfile which contains the default inputs for 
each state. Data templates use a filename convention which looks like: AZ-rboc-tmplt.xls. 
Data templates should not be rnodified by HM users. 

C. DIRECTORY STRUCTURE 

The Hivl Interface assumes a basic directory structure as follows: 
. 
. 

HM modules should be stored in C:\hatfield modules 

HM data templates should be stored in C:Ulaffield templates 

The HM Interface allows users: to specify which dinctories the HM components reside in by 
selecting ‘HM TooldSet Up Paths and Directories’, but it is recommended that the default 
settings be used. 

CD-ROM users should ensure that the paths and filenames point to the appropriate CD-ROM 
drive (e.g., D:\). 
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I I .  RUNNING THE HATFIELD MODEL 
D. CREATING A NEW WORKFILE 

. Select ‘HM ToolsNew HM Workfile ...’ 

. Select the appropriate state from the dialog box. 

. Select ‘HM TooldSave HM Workfile ...’ to give the workfile a unique name. 

. Press ‘GO!’ 

. 

. 
Save Expense Module when HM is done calculating 

Select ‘HM TooldClose I-XM Workfile ...’ when finished 

E. MODIFYING AN ENSTING WORKFILE 

Once a workfile has been created, it can be modified to reflect different input parameters. To 
modify an existing worlctile: 
. 
. 
. Press ‘GO!’ 
. 
. 

Select ‘HM TooldOpen H M  Workfile ...’ 
Modify inputs as necessary, using process described below 

Save Expense Module whcn HM is done calculating 

Select ‘HM TooldClose HM Workfile ...’ when finished 

F. CHANGING USER INPUTS 

The HM contains several hunched user-adjustable parameters, each of which can be easily 
modified using the HM Interface. To change a user input, open the appropriate workfile, and 
select the desired category of inputs from the ‘HM Inputs’ menu. A dialog box will appear, in 
which alternative inputs may be specified. (See Figure 2.) If the workfile is saved, the 
alternative inputs will be saved with it. However, default inputs can always be restored by 
clicking the ‘Reset Defaults’ button on the input dialog box. 

G. TROUBLESHOOTING 

. If the HM Interface displays ‘Cannot find file ...’ errors, ensure that the paths and filenames 
are correctly specified in the ‘HM ToolslSet Paths and Filenames ...’ menu. 

In the unlikely event that thle HM crashes, it is always best to restart. . 
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Figure 1: HM interface 
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Figure 2: Sample lJser Input Dialog Box 
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Appendix C BCM-PLUS Loop Module Inputs 

Cable 811 factors 
density Feeder Distribution 

DS-Os per fiber Fibers per I71 0 0.65 0.5 
5 0.75 0.55 DLC case 2016 4 

200 0.8 0.6 AFC case 2016 4 
650 0.8 0.65 
850 0.8 0.7 Fiber feeder distance lhreshold. fl 

2550 0.8 0.75 9,ooO 

Fiber feeder cable inv per foot 
aeriai "-VI- U I L W  "'U C^*#^ ex-̂  ..I- 

216 S 13.10 S 13.10 
144 S 9.50 S 9.50 
96 S 7.10 S 7.10 
72 S 5.90 S 5.90 
60 ' S  5.30 S 5.30 
48 S 4.70 S 4.70 
36 S 4.10 S 4.10 
24 S 350 S 3.50 
18 S 3.20 S 3.20 
12 f 2.90 S 2.90 

Copper feeder cable inv per fl 
CableSue ulg aerial 

4200 S 74.25 S 74.25 
3600 S 63.75 $ 63.75 
3OOO S 53.25 S 53.25 
2400 S 42.75 $ 42.75 
1800 S 32.25 S 32.25 
1200 S 21.75 S 21.75 
900 S 16.50 S 16.50 
600 S 11.25 S 11.25 

200'5 4.25 S 4.25 
100 S 2.50 S 2.50 

400;s 7.75 s 7.75 

Distribution cable inv per fl 
CabieSize u/g aerial 

3600 S 63.75 $ 63.75 
3000 S 53.25 S 53.25 
2400 S 42.75 S 42.75 
1800 S 32.25 S 32.25 
1200 S 21.75 S 21.75 
900 S 16.50 S 16.50 
600 S 11.25 S 11.25 
400 s 7.75 s 7.75 
200 S 4.25 S 4.25 
100 S 2.50 S 2.50 
50 S 1.63 S 1.63 
25 f 1.19 S 1.19 
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SC 
6.1 

0'1 
01 

OLZ 
01.0 
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C'O 
01 

WWL s 
S'LZ 

96'0 

s9.0 
ZOO 

1'1 

WI 
06.0 
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Appendla C 

Swllch room she Ublu 
rwitch size. lvar 

ConrlrucUon cwb. per sq It 
milch Sks. h S  

Land prlce. per rq fl 
liner in wire cenlei 

s 

Wlre Center Investment Module Inputs 

3.500 
21 
IO 
0 

2 

0.40 

sum of paver and hams 
O S  l0.OW 

l.m s 20.000 
5.000 s 4 0 . m  

25.Ol?O S 1w.wo 
50.m s 5oo .m 

km area reqwred 
0 5w 

1 .wo 1.m 
5 . m  2 . m  

25.000 5.000 
5 0 . m  10,WO 

w s q  n 
o s  5 00 

1.m f 7 50 
5.000 s 10 w 

2 5 . m  S 1500  
s0.w s 2000 

Inlerolce I n n a p l  Invatrnenl 
Termlnal lnvwlmenl 
Nurnba of fibers 
FOT capam. DS-3s 
FOT MI 
FOT. inslalkd 
Pgtailr 
Panel 
EFM. per how 
Medium Inreatmen1 
Frsclim of rlRlctun) assigned lo Iebphone 
Fndond.lnr(ue.handMhlsadsr 
Didam. mi 
Rnoetmralor spacing. mi 
R s ~ a a n l ~  inverlmenl. inslaw 
FibrcaMe hvm 
Placemen1 
s w i  rpacino.n 
splice cost 
Tie- 
Resurfacir@l 
Conduivn 
Number of lubes 
M a n h a l e s W  
Manhole inv per manhole 
Tola1 Conduil 
Bunad hslallalionr(l 
Pole in". 
Pde s p a n g  
Welghllng 

0.10 

0.2 
25 

0.2 
15 

Unit Cwl 

24 
12 

0.80 
s 4 3 . m  
s 60 
s 1.m 
s 55 

0 33 
0 25 

41 
40 

s I5 .W 
f 2 w  
s 2 w  

20.m 
s 15W 
s 45 w 
f 10 w 
I 4w 

2 
1.W 

s 5 . m  

f 5w 
f 450 

150 
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Appendix C 

drop investment per line 
NID investmenl per IW 
terminal and s p b  per line 
average lines per burineas localion 

Digital loop carder inpub 

BCM "SLC" (TR-303) 

Site. housing. and power per RT 
m a x i m  liner 
RT fill fador 
m m o n  equipment investment 
chamel uni( investment per lina 

BCM "AFC" 

site. housing. and power per RT 
maximum linea 
RT 51 fador 
mmmon equipmenl investment 
dlanneltnlilinveslmmlperline 

Convergence Module Inputs 

s 40 
s 30 

35 s 
4 

SAl hveslment (installed) 
copper feeder fiber feeder 

0 s 500.00 s 
100 s 700.00 s 
200 s 900.00 s 
400 s 1,10000 s 
600 S 1.300.00 5 
QM! S 1.5MOD S 

1200 S 1.700.00 S 
1800 s 1,900.00 $ 
2400 S 2.100.00 S 
3000 S 2.300.00 S 
3600 S 2.500.00 S 

2,500.00 
2.700.00 
2,900.00 
3.100.W 
3.300.00 
2.5M.M 
3,700.00 
3.m.00 
4.iw.w 
4.30000 
4.500.00 

3.w 
672 
0.90 

42.000 
75 

2.500 
100 
0.90 

10,Mx) 
150 
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Appendix C Convergence Modu le  Inputs 

Distribution alructum inpub 

density r q e  bmii 

pole spacing. feet 
pok investment 
conduit investment per fwl 
manhok investment. w manhok 
b u r i e d c a b k ~ n n l n i p k  

Feeder r l ruc tun  inputa 

density range iimil 
Copper 

pole spacing. feet 
pok inveslmenl 
CMduil hestmen1 per fool 
manhole investment, per manhok 
buried c a b  srnwhg mulliplier, Cu 

Fibor 
density range limit 

aerial hadion buried lradion 
0 0.50 0.50 
5 0.50 0.50 

200 0.50 0.50 
650 0.50 0.50 
850 0.40 0.50 0.10 

2550 0.65 0.05 0.30 

underground fraction 

150 
s 450 
S 1.00 wlolrenching 
I 3.000 

1.10 

buried installaliorJfoo1 conduit inslallationlfool 
s 2.00 s 25.00 
s 2.00 s 25.00 
s 2.00 s 25.00 
s 3.00 s 25.00 
s 3.00 s 45.00 
s 20.00 s 70.00 

aerial fraction buried fraction underground fraction manhole spacing. f bwied installalwnlfwt conduit instalialionlfoot 
0 0.50 0.45 0.05 800 s 2.00 s 25.00 
5 0.50 0.45 0.05 800 s 2.00 s 25.00 

200 0.50 0.45 0.05 800 s 2.00 s 25.00 
650 0.40 0.40 0.20 800 s 3.00 S 25.00 
850 0.10 0.10 0.80 600 S 3.00 s 45.00 

2550 0.05 0.05 0.90 400 s 25.00 S 75.00 

150 
s 450 
S 1.00 wlolrenching 
S 3.000 

1.10 

aerial fraction buried fraction underground fraction manhole spacing, f buried hslatlalionlfool conduit inslailationlfool 
0 0.35 0.60 0.05 2000 s 2.00 s 25.00 
5 . 035  0 60 0 05 2000 s 2 0 0  s 2500 

200 0 35 0 60 0 05 2000 s 200  s 25 00 
650 0 20 0 60 0 20 2000 s 300 s 2500 
850 0 10 0 t o  0 80 2ow s 300 S 45 00 

2560 0 05 0 05 0 90 2000 s 2000 s 70 00 

Buried cable arnmring per foot. fiber s 0.20 
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Appendix C Expense Module Inputs 

Debt fraction 
Cost of Debt 
Cost of Equity 
corporate ovehead factor 
other taxes factor 
operating state and local income tax factor 
billingmill inquiry per line per month 
directbty listing per line per riwnth - service order processing fraction of 6623 
forward-lwking netwotk operations factor 

-alternative CO switching factor 
,alternative arcuit equipment factor 
€0 traffic-sensitive fraciion 
per-line monthly LNP cost f 
Carrier-carrier customer service. per line per year t 
NID expense per line per year t 
DS-ODs-1 crossover 
O S - h S - 3  crossover 

-Switch line circuit offset per DLC line 5 

economlc life m d  tax Inputs 

tax rate 
economic life - 50 years maximum 
loop distribution 
loop feeder 
loop concentrator 
end office swilching 
wire center 
tandem switching 
OS investment 
transport faulities 
STP 
SCP 
links 
public telephones 
general support 

5 
‘f 

0.45 
0.077 
0.119 
0.100 
0.050 
0.010 
1.22 
0.15 

0.346 
0.700 

0.0269 
0.0153 

0.70 
0.25 , 

1.56 
3.00 

24 
26 

35.00 

0.40 

20 
20 
10 

14.3 
37 

14.3 
8 

19 
14 
14 
19 
9 
7 

Structure fraction assigned to telephone 

distribution 
aerial 

underground 
buried 

feeder 
aerial 

underground 
buried 

0.33 
0.33 
0.33 

0.33 
0.33 
0.33 
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