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Loop Cost Studies

Description of Models

Q.

Let’s turn to the fifth major section of your testimony, conceming SWBT’s loop cost
studies. Earlier, you mentioned some difficulties you encountered during your
investigation. Despite these problems, have you been able to gain an understanding of
the Company’s loop studies and study methodology?
Yes. Members of ny firm ard | have focused considerabl e attentionon the loop studies,
because these UN E rates are of great inportance in movirg towards a more competitive
market. As aresut of examining the electronic copies of SWBT' s loop cost models and files,
as well as hard copiesof various workpapers and outputs from model stha were rot provided
electronically, we gained a fairly detailed urderstanding of SWBT’ s loop cost estimating
approach

SWBT uses a series of urlinked database sample files and spreadsheets, longwith
some modelstha were rot avalable to me, apparently because they operate on mainframe
computers. | have atached a flow chart (Schedue 2) whch represerts my understanding of
thelinkages and flows of the sanpledata, input devdopmert spreadsheets, and manframe

models.

Did the fact that the mainframe models (LPVST and ACES) were not electronically
acce ssible preve nt you from analyzing and simulating the SWBT loop modeling
process?

No. Their inaccessibility dowed our review and forced us to spend nmore time than if they had

been available for direct examination, but it did not prevert usfrom learnngwhat was
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happeringin tre SWBT oost studies. Usingtheworkpapers ard output from these models as
well asresponses to discovery (including copies of the electronic filesthat feed into these
models), we were eventually able to urderstand what went on within this portion of the
modeling process. It turns ou that the dgorithms withinthe LPV ST nodel actualy perform
relatively Smple mutiplication functions that need not be performed on a mairframe computer.
Infact, these computations could easily be acconplished in a oreadsheet.

In fact, once we understood what was happening within LPV ST, we were able to
simulate it within an dectronic spreadsheet. We subsequently inked the simulated LPV ST
electroncally to other conponerts of SWBT s modeling process, thereby greatly smplifying
and accelerating our overall analysis and allowing us to probe muchdeeper than if we had rot
takenthis extra step. By integrating various aspects of the studies into a Inge system of linked
fies, we were able to examine rdationshps among various aspects of SWBT’ s cost modeling
process.

It is my undergandirg thet when other parties ask SWBT to run its loop cost models
using alternative input assumptions, SWBT takes as muchas two weeks to develop and
provide new cost estinmetes. In contrast, using these linked spreadsheets, we were able to
develop new estimates rearly instantaneously. This allowed us to aralyze the effect of modifying
the labor rates, fill factors, cable investments and other aspects of SWBT’s cost studies, and to
readily determire the corresponding changes in nontHy loop costs.

Before we get into specific input assumptions and problems you found in SWBT’s loop
cost modeling, can you explain in more detail the relationships among the many piece
parts of the SWBT loop modeling process, starting with the input development files?
Yes. Atits core, the SWBT loop modeling process has many similarities to other
telecommurications cost nodels. For instance it applies cable investments per foot to loop
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distance data. The investirents vary by plant mix (aerial, urderground or buried), by technology
(copper or fiber) and by copper cable gauge (26, 24, 22 or 19). Unlike some other models
(e.g. Hatfieddd and BCPM) the loop distances are derived from sample data descriptive of the
exiging network. Samples lengths are developed for the three geographic zones, but these data
are not input directly to the LPVST nodel. Rather, LPVST uses the percertages of loops
withnstandardized distance bands (e.g., from 2,500 to 3,500 feet). Thisis an agpect of the
modeling process that we studied in considerable detail; a discusson of the banding process will
falow laer in my testimony.

The cable investments used inLPV ST are developed primerily from two spreadshests.
The loop investment inputs to LPV ST origrete in the Broad Gauge Report, which is used to
develop cablecosts per foot, excluding contractor costs The outptts of the Broad Gauge
Report are comprised of material costs per foot plus splicing and placing the results are
sometimes referred to asunit partial costs. The splicingand placing costs are developed
withinthe Broad Gauge development spreadsheet, based on estimates of thetime it takesto
splice and place cable multiplied by assumed hourly labor rates. These investmerts are
developed by plant type (aerial, urderground or buried), by technology (copper or fiber), by
copper cable gauge (26, 24, 22 or 19) and by the various cable szes. These unit partial costs
(outputsfrom the Broad GaLge Report) are theninput to anintermediate spreadsheet
(GEOK S96forRFI.Xs) which is used to deternine cable costs per pair foot as well as plant
mix.

This second readsheet GEOK S96forRFI.Xs (Pre-L PV ST spreadsheet) conbires
the Broad Gauge resuts with other data. Spedfically, it uses aninventory of anbedded cable
sheath feet by geographic zore, plant type, cable gage, and cable sheath size; it also usesan
inventory of Feeder Didribution Interface (FDI) quantities and sizes by geographic zone. All
these inventory data are descriptive of SWBT’s existing network in Kansas. Fromthese data,
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thePre-LPV ST spreadsheet computesFDI investiment per pair and feeder cable investment
per pair foot (indudingcontractor costs) for each of the plant types and cable gauges. The
analogous digtribution cable investments per pair foot are then resdudlly determined fromthe
total sheathfoot quantities, based upon some assunrptions concerning the placemert of FDIs.
Plant mix by geographic zone is aso derived from the embedded inventory of shesth feet.
Therefore, the principal outputs fromthe Pre-L PV ST spreadsheet are the FDI investment per
pair, the feeder and distribution cable investments per pair foot by gauge and plart type, and the
mix of aerial, buried, and underground plart. All these outputs vary by geographic zone and are
used asinputs to LPVST.

Are there other inputs used by LPVST?

Y es. Fill, pole, ard condut factors are inputs to the LPV ST model. Also, as | mentioned
earlier, the percentages for copper feeder, fiber feeder, and copper distribution within each
loop lergthband are taken from theloop sample data for each of the geographc zores and
input to LPVST.

Can you des cribe the inte rnal workings of SWBT’s LPVST model?
Not exactly. Since the model resides on a meinframe compuiter, itwas not accessibleto me.
Howewver, by examining hard copies of inputs, printous of internal engneering assunptions, ad

outputs of investent results, we were able to simuate the LPV ST process to within pemies.

Your spreadsheet simulation does not e xactly replicate the LPVST results. Did this
hinder your understanding and evaluation of the LPVST process?
Not to my krowledge. It seers likely that the remaining discreparcies are due to rounding

errors perhaps related to the fact thet we relied uponhard copy printouts in developing our
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simulation. Whie it may rot be a perfect replica of the mainframe LPVST nodel, our
spreadsheet smulation of LPVST is conmpletely auditable, traceable, and verifiable and it
accomplishes essentidly the same purpose as LPV ST. Furthernore, our simulation has a very
important advantage over the mainframe version: we were able to electrorically link it to various
other componerts of SWBT’s cost nodeling process, alowing us to gain a better
understanding of the process and grestly reducing the amourt of time and effort required to
develop altemative resuts based upon alterretive input assunptions.

Can you des cribe the modeling proce ss within your spre adshee t simulation of LPVST?
Y es. Since mary cacuations take place across many dimernsions, in my description of the
process | will narrow the focus specifically to geogaphic zore 1, 26-gauge buried distribution
cable investrrent. Keep inmind that similar calculations take place for aerial and undergrourd
plant, copper and fiber feeder, other cable gauges (24, 22, and 19) and for the remaining two
geographic zones (2 and 3).

A keyinpu to LPV ST is the relative percentage of buried plant in the distribution
network. The embedded invertory is used inthe Pre-LPV ST spreadsheet to develop this
percentage for Kansas. The ouput from the Pre-LPVST spreadsheet provides another key
input to LPV ST as well: the cost of cable. Continuingwith this specific example, a per-pair-foot
unit investment amount is used for 26- gauge buried distribution cable. These two irputs--the
percentage of buried plant and the unit investrment-- are multiplied by each other, as wel as by
therelative percentage of 26-gauge cable in each digance band and a set of didances (referred
to by Satisticians as “ class marks”) which are assumed to be descriptive of the cable lenghs
within each band (1000, 2000, 3000, etc.). The relative percentages are based on engreering
assumptions conceming the optimal distances thet particular gauge cable may be deployed.
(The thinnest cable, 26 gaLge, is the least costly option for short distances. Heavier gauge cable
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is used when spannng longer distances, inorder to mairtainadequate quality). A fill factor is
then applied to produce an estimate of the 26-gauge buried investrent for each of the bards.
The other gauges are Smilarly calculated and added to the 26-gauge invesment amount. This
total investrment is then multtiplied by the percentage of samples within eachband and then
sunmed for all bands resutingin a buried distribution cable investnent per loop for geographic

zore 1.

How are structure investments estimated in LPVST?

They are not really modeled. Instead, the cost of aerial and undergrourd structures (poles and
conduit) is estimated by applying ratios to the cable investment. Some weaknesses in this
approachwill be discussed later in rmy testimony.

How does LPVST model the deployment of fiber?

For the feeder portion of LPV ST, fiber feeder is assumed to be deployed whenfeeder
digances are greater than 15,000 feet; copper feeder is assumed for lenghsof 15,000 feet and
urder. A process Smilar to the one just described isused to develop copper and fiber feeder

investrents.

Can you summarize the outputs of the LPVST model?

Y es. The principal outpus of the LPV ST model are investnents per loop for iterms suchas
aerial cable, urderground cable, buried cable, poles and corduit for copper feeder, fiber
feeder, and copper distribution in each of the three geographic zores.
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Would you please explain what happens to the outputs of the LPVST model?

SWBT takes the LPV ST outputs ard inputs themto other spreadsheets, in order to develop
monthly cost estimetes. Specifically, the cable and structure investments per loop are input to
the spreadsheet K8gpl.Xs, which | will refer to as the Post-L PV ST goreadsheet and
aggegaed into ARMI S type accourts, where there is no longer a distinction between feeder
and distribution investments. Other investment cononerts of the loop such aspremise
termination, Digta Loop Carrier (DLC), feeder stub and frame stringer are calcuated inthis
spreadsheet. Inaddition, Feede Distribution Interface (FDI) investrent per pair is input
directly to the Post-L PVST spreadsheet fromthe Pre-LPV ST spreadsheet. As| indicated
earlier, for purposesof our analyss, we dectronically linked together the Pre-L PVST
spreadsheet, our simulation of LPV ST, and the Post- LPV ST spreadshest.

Would you de fine feeder stub?

When digital electronics are used inthe loop network (e.g. withfiber cable), a portion of the
electronics is typically located at aremote terminal (RT) which sometimes serves not only its
own didribution area but also one or nore additional areas. The FDI sernving these other
aress, lackirg its own digtal eectronics, will be connected to the electronics at the remote
terminal by copper feeder cable. This copper cable is called feeder stub.

Would you further explain how the feeder stub investments are calculated by SWBT?
The average feeder stub lengh within each geographic zore is multiplied by the 24-gauge
buried cost per pair foot and the percentage of fiber feeder. Some problems with this approach

will be discussed in a later section.
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Would you now des cribe how monthly loop cos ts are derived from the loop inves tments
developed so far?

Just aswe simuated the LPV ST neirframe nodel, we also simulated SWBTs Anrua Cost
Extraction System (ACES), sncethiswasnot provided to usin an ectronic format. The
resulting spreadsheet simply takes amual capital cost factors and mantenarce factors ard
applies themto the investments devel oped in the LPV ST process, reaulting inanrual cost
estimates. The anrual capital cost factors come from the CAPCOST mode. These costs are
then divided by 12 to arive a the monthly TELRIC estimatesfiled by SWBT.

Loop Fill Factors

Pleas e turn your attention to the problems you have found with this process, beginning
with the fill factor assumptions. Howdoes SWBT compute fill factors?
The Company computes afill factor for each geographic zore by dividingthe number of
workinglines by the nunber of available lines. The number of avaiable lines comprises the
number of committed inesand Begin proprietary ***  *** End proprietary of the
nurber of uncommitted lines. This reduction in the runber of uncommitted lines reduces the
total number of avaiable lines thereby increasingthe ratio of workinglinesto available lines or
calculated fill fector. For exanple, copper feeder in zone 1 hes afill factor of Be gin
proprietary *** *** End proprietary when 100% of uncommitted lines are taken
into account. After mekingthis adjustment, the fill factor junmps to *** Begin proprietary

. *** End proprietary .
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Is this a reasonable procedure?
This adjustment is a reasorable step toward meking thetrarsition from embedded data to an

appropriate factor for use in alongrun cod study, bu it is not sufficient, as | wil discuss below.

Were you able to replicate SWBT’s results?

Not exactly. Using the underlying LEIS data received durirg the discovery process, we were
ureble to matchthe fill factors used by the Company in the LPV ST nodel. However, our
smulations were fairly close. For both feeder and distribution cable we were only about 3
percertage points off for geographic zore 1 and less than 1 percentage point off for geographic
zores 2 and 3.

Do you agree with the Company’s cable fill factors?

No. A classclongrun cost study optimizes the amount of plant investment to best match the
volume of output. It is rot intended to be a simulation of the real-world situetion, in whichthe
carrier has installed plant over a period of many decades and periodicdly comesin ard
overbulds a particular route by addirng additional cable, or replacingthe older cable.

While the Company made a step towards adj ustingits embedded data to account for
this discrepancy, it did not go far erough  The Company has included an umecessarily large
amourt of spare capadty in its studies. Inparticular, the Company has used urreasorably low
fil factors for distribution cable Begin proprietary***  ***End proprie tary thereby
providing far nore spare capacity than the minimum level that is necessary or appropriate for a
longrun cog study.
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You say the Company has used fill factors that are too low for a long run study. What
might be the rationale for using such low fill factors?

The only plausible economic rationale for including so much spare cable woud be in
anticipation of potertial growthin demand over the life cycle of the plant in question. Thus, for
exanple, if ore assumes the cable will be in use for 15 years, one might argue that large enowgh
cables must be installed to enaure that the capacity of these cables won't be exceeded at any
time within the entire 15 year life cycle.

Howewer, even if ore acceptsthis line of reasoning it woudn’t be appropriate to look
at the fil fadtor presert at the very begnningof the ertire 15-year period. This woud create a
clear distortion, since the fill factor will steadily increase over time, as growth occurs If one is
goingto go beyond a classic “ static” arelysis which focuses onthevolurre of demand ard
required amount of gare capacity in asinge year, thenitiscrucially important to accomplish
this in a balanced and corsistert manrer.

If oneis goirg to condder future growth as arationae for extra spare capacity, then the
gppropriate ca culations wou d need to ook at the average leve of spare capacity over the
relevart period, not simply the amount of spare capacity at the very begiming of the growth
cycle. The cogts of the extra capacity irsta led to meet future growth shoud be offset by the
additiordl reverues that will be received due to future growth in demard. In order to get a
proper metchingof costs ard beneifits, it woudn't be appropriate to oread the entire cost of
gpare capacity needed for future years over the currert volurne of wnits.

Properly handled, the cost of extra capacity installed to serve future demand would not
place a subgartial burdenon curert ratepayers, because the calculations would recogrnize that
this extra capecity will be paid for by future ratepayers. Rather than conrplicatingthe issue by
moving from asinge year study to anentire life cycle study, | would suggest simply using a fill

10
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factor that is reasorebly represertative of the minimumlevel of goare capacity thet canbe

redisticdly achieved by firm operaing at a minimum cog, long run equilibrium

Does SWBT’s approach adequately match this benchmark?

No. The ypward adjugment to embedded data made inSWBT’ s study isnot adequete. As a
result, there is a mismatch between the quantity of distribution cable that was modeled and the
volurme of dermand (runber of workingloops) thet was used in deriving the estimated cost per
urburdled loop.

Ineffect, SWBT has included a hghfraction of unused cable (presumably installed in
anticipation of future growth), without giving any condderation to the larger volume of loops
tha will be provided from that spare capacity in future years. Stated differently, SWBT hes
priced out relatively large cables, then taken the resulting costs and spread them over amuch
smaller quantity of loops. The effect is to inflate the estimated cost per loop.

In the context of this proceedirg, this overestinetion would effectively force SWBT’ s
competitors to pay for cable capacity that they won’t be using and which will actually be used
and paid for by fuure customers. In effect, the potertial exids for a“double dip” with the cost
of this excess capacity being paid for once through higher than necessary urburdied [oop rates
and again through reverue increases which will occur as the spare capecity is absorbed through
growth in demand which occurs over time. To be consistert with the long run economic costing
approach, distribution fill fators should be higher than the overall average fill level typically
present inSWBT's network, but no greater than the "target” levels used by network engineers
in determining whether cable must be reinforced.

11
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Would you summarize your recommendations concerning the Company’s fill factor
inputs?
Yes. A longruncost study should use fill fators thet are substartially higher then the average fill
level typically present in anincumbent LEC’ s network, but less than the highest fill levels
present in s.ch anetwork. [n any event, the fill factors should be no greater than the “target”
levels used by network engneers to determine whenrelief is needed (nore facilities must be
installed).

| have developed alterrative fill factors for distribution cable, as shownon Schedule 3.
The approach | used was straightforward. | analyzed a wide variety of different scererios,
involving different growth rates, numbers of customer lires, cable sizes ard other assumptiors.
Withregard to distribution cable, | looked at the percentage of spare capacity (or fill factor)
tha was present at the time cable was installed, and at various years thereafter Yo to and
ircluwling 17 years after installation Depending upon the assumed gowthrate and other factors,
demand coud potentially grow to the point whereit exceeds the capacity of the originally
installed cable. Inthe case of distribution cable, this is generally sonethingto be avoided exaept
urder unusud circumstances (growth well in excess of the level that wasforecast). To mnimize
the risk of exhausting the cable capacity withinthis 17- year period | have provided a safety
margnof additional spare capacity inschedule 3. Even o, the average fill percentage tends to
be much higher then the factor proposed by the Company in al but the very earliest years of the
life cycle. | recomrmend lookig to the midpoirt of the 17 year period as a proxy for the
equiibriumfil percertage that is appropriate for use in alongrun cod study. Specifically, |
recommend wsing a distribution fill factor of 53%, as stownon page 1 of schedule 3.

| used asimilar approach inthe analyss of feeder cable. However, | used a slightly
higher growth rate for feeder cable than for distribution cable. Some of the growthinthe
network resuts fromtheaddition of digribution cables to new subdivisions ard along new

12
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roads. Hence, the growth experienced alonga typical distribution cable route wil tend to be
lower thanthe growth experienced on a typica feeder route, which must accommodate growth
over amuchbroader area. Also, | looked at the average fill rate over a muchshorter period,
recognizing thet it isn't economically efficient to irstall feeder cables that are large enough to
accommodate many years worth of growth Typically, feeder cables are ergineered to be
“relieved” within 5 to 7 years. The resuts of my feeder cable fil aralysis indicates a 73% fill
fector is reasorable (as shownon page 3 of schedule 3) for input into LPVST. This is roughly
equivalent to the feeder fill factors used by the Conpany inits studies, indicatirg there is no
need to nodify its feeder fill factors.

Pole Factors

Let’s tum to SWBT’s cable s tructure as sumptions. The parties have raised various
concerns regarding aerial structure costs [CA-0006]. Before addressing your concerns
can you describe how SWBT estimated aerial structure investments?

Withregard to aerial structures (poles), SWBT simply applies a uniform fector of Be gin
proprietary*** ***End proprie tary to aeria cable investmert. That isto say for every
dollar invested in aerial cable plart, SWBT assumesBegin proprietary*** ***End
proprietary isinvested in poles. Ths unform fector is the statewide embedded ratio of pole
investrment adj usted for inflation to aerial cable investrment adj usted for inflation.

What is your response to this approach?
The value of the input Begin proprietary*** ***End proprietary does not ssem
excessive. If anything, this factor might be somewhet below a perfectly accurate measure of the

current relationship between aerial structure investment and cable investrent. This is a rather

13
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sinplified approach, and it won't necessarily yield accurate results. For example, asmplistic
ratio approach won’t necessarily provide reliable indications of therelative levels of eerial

structure investrment in rural versus urban areas.

What is the effect of applying a uniform factor to the average cost per pair foot of
aerial cable investment in rural and urban areas?
This procedure is the equivalent of nodelingaerial structure costsas a linear function of cable
invesment. This can be demonstrated with a simple hypothetical exanple. Assume a pole
factor of 0.7 is used. Ths factor trarslates into $2.80 per foot if it is applied to a 200 pair cable
that costs $4 per foot (irstalled). This same factor of 0.7 trandatesinto just $1.40 per foot if it
is applied to a 50-pair cable thet costs $2 per foot (installed). However, there is no reasonto
assume that the poles will cost twice as muchif the 200 pair cable instead of 50 pair cable.
Inreality the installed cost of a pole is relatively corstart regardless of whether a 50-
pair cable or a 200-pair cable is hungon the pole For exanple assune poles cost $400 and
are spaced every 200 feet, or the equivalent of $2 pe route foot. Continuingwith the previous
example, the .07 factor understates pole costs by $0.60 ($2.00 - $1.40) per foot wherever the
small cable sizeis used and it overstates pole costs by $0.80 ($2.80 - $2.00) wherever the
larger cable size is used.

How can this problem be solved?

Idedlly, SWBT would revise their ertire procedure to more directly and accurately estimate
pole costs. Short of a complete overhaul of this part of their studies, at least ore minor
improvement is feasible The polefador canbe adjuged upward in areas where cable sizes

tend to be smaller (such as the rural areas in geographic zore 1) and the factor canbe adjuged

14
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downward in areas where the average cable sizes are larger (suchas the uban areas in

geogaphic zore 3).

Whatis your recommendation conceming the pole factor inputs?
| recommerd dightly different factors be used for the three geographic zones. I’ ve left the
overdl levd of SWBT’ s pole factor unchanged, but modified it to vary across zones, as shown
in schedule 4. 1n this schedule, | first estimate the number of polesin eachof the three
geogaphic zores. | developed this estimate by taking the actual number of poles in Karsas of
129,025 [FCC 1996 ARMIS Report 43-08, Sub. 2, Table 1.A, p. 3] and allocated them
based on aerid sheath feet in each of the geographic zones (extracted from the
GEOK S96forRFI.Xs spreadsheet) assuminguniform pole gpacing Aerial structure investment
is computed by multiplyingthe SWBT pole factor Begin proprietary***  ***End
proprietary by the estimated aerial cable investment. This aerial structure investment is then
spread across the geographic zores in proportion to the runber of polesin eacharea.

To simplify the andysis, aerial cable investment is estimated in this schedule by applying
Broad Gauge agrid cable investments to the average cable size in each zore and mutiplying this
resut by the zore' s actual total aerial sheathfeet. The average aerial cable size is computed by
dividing aerial sheathpair feet by aeria sheathfeet As expected, the average cable sheath size
ircreases as yougo fromrural areas to more densely populated areas (Begin proprietary ***

*** End

proprietary ). The estimated cable investments are corsistert with this pattern The aerial
sructure investents are then divided by the estimated aeria cable investments to estimete the
pole factors. The resulting derived pole factors (0.82 in rural zore 1, 0.68 insuburban zone 2
and 0.60 inurban zore 3) are more representative of what one would expect consideringthe

different cable sizes thet are typicaly present in different zores.

15
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Contractor/Trenching Assumptions

Let’s now tum to SWBT’s contractor/trenching input ass umptions (Issue CA-0021).
Does SWBT use appropriate assumptions regarding these inputs?

No. Inits loop cost studies SWBT assumes contractor costsfor trenchingthat do not vary by
geogaphic zore. Thisis incorrect; the cost of trenching varies between downtown, suburban
and rural areas due to differences in the frequency of encountering man-mede obstacles. For
exanple, in downtown urban areas additional costs are incured because arelatively large
percentage of the trenching effort will involve tunrelingurder or around sidewalks, streets and
other uility lines To fully understard this statement, congder the situation where distribution
cable rurs alongside the street (this is typically, but notinvariably the case). At every street
crossing the trenchwill necessarily need to pass under a Street at the intersection. Sinilarly,
where sidewalks and water and sanitary sewer mains are located under or alongside a street
that must be crossed, it will be necessary to tunnel under, over or arourd these mannede
obdades. One cannot Smply terminate the trench every time an obgtacdle is encountered. The
relative presence or absence of sidewalks and street crossngs can be readily observed when
drivingthroughurban ard rural areas. For exanple, in anurban area, a street crossing might be
encountered every 1,200 feet or so, whereas in a less corgeged rural area a crossroad might

be encountered every two or three miles.

Do other cost models allow for degrees of difficulty in trenching?

Yes. Variationintrenching costsis consstent with the input assumptions used in the
Benchmark Cost Proxy Model (BCPM) which is currently sponsored by U S WEST,
BellSouth, ard the local exchange operations of Sprint. It is also corsistert withthe input
assumptions of the HAI model, whichis often sponsored by AT& T and MCI, aswell asthe
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Telecom Ecoromic Cost Model, developed by ou firm which hes beenusad in a veriety of
different state jurisdictiors.

Do you have a recommendation for adjusting the values of the contractor/trenching
cost inputs?

No. In the discovery phase of the proceeding we asked SWBT to provide source documerts
and work papers for their contractor cost inputs. The materids provided did not show a
straightforward explarnetion of how they developed their contractor cost factor. In responseto
discovery, they did provide copies of various cortracts which clearly corfirmtha the cost per
foot varies widely, deperding yoon the extent of man mede obstacles encountered, and other
factors. However, it was unclear how these contracts and other supporting docunents related
to the input valuesused in SWBT’ sstudies. Beddes, the changes we would contermplate woud
adjust costs only from one zone to another. Given the time congtraints and difficulties we
encountered, we did not develop an alterretive approach and thus | do not recommend ary

charges to the cortractor/trenching cost input values.

FDI Assumptions

Q.

Let’s tum to SWBT’s assumptions regarding loop feeder/distribution interfaces, an
area in which the parties involved have raised various concerns [CA-0016]. What
exactly is at issue here?

InSWBT s curert network, FDI s are deployed Begin proprietary*** ***End
proprietary of the ime. Herce, AT& T submits thet SWBT' sFDI investrrent shoudd be
reduced by Begin proprietary *** *** End proprietary because, by SWBT'sown
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admission, Begin proprietary *** **% End proprietary of its distribution pairs do not

use FDIs (they are directly spliced to feeder cables).

I's this an approach you endorse?

No. As| discussed earlier, the placement of an FDI is an efficient forward-1ooking network
configuration, since it simplifies and speads the process of assigning digribution pairs and
conrectingthemto feeder cable. SWBT s cost studies assume FDIs ae Wbiquitously deployed,
increasing FDI investment. I f thisis the minimum cost forwar d-1ooking configuration as SWBT
apparently cortends, one canlogically infer thet the correspondirg reductions in maeintenarce
and operations costs nore than off &t the carrying costs onthe extra investment. Accordingy, |
recommend that plant experse factors be reduced by at least as much as the cost of the extra
FDIs (areduction of approximately 0.001), thereby reflecting the net savings achieved through
the forward-looking, least-cost network configuration.

Loop Banding

Q.
A.

Would you next describe the LPVST model’s banding process?

Certainly. In its LPV ST program, the Company uses a banding method in which sample loop
length data are grouped into classintervas, or distance bands. All bands are 1,000 feet in
range with the exception of thefirst bands for digribution, copper feeder, and fiber feeder
loops, and the last band for copper feeder. The rarge of the first band for fiber feeder loopsis
15,000- 15,499 feet, and the range of the first band for distribution and copper feeder loopsis
0-1,499feet. The range of the last band of copper feeder is 14,500- 14,999 feset. In caculating
investrments, the LPV ST model assigrs to a band a class mark , typicaly the midpoirt of the
band’s rarge. That is, the model assumesthat all membersof the dass are at the mdpoint--in
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effect, that the midpoint is the mean, or the total lengh of dl loops, divided by the runter of
loops For exanple, the classmark of the bard 1,500-2,499 feet is 2,000 feet. Corseqertly,
the LPV ST model assumes thet al loops between 1,500 feet and 2,499 feet are 2,000 feet in
length; then a tota loop length can be cal culated by multiplying the class mark of aband by the
frequercy of loops thet lie within that band. So, if 50 loops in a data set fall into the 1,500-
2,499 band, thenthe total loop lenghin this band is 2,000 feet multiplied by 50, or 100,000
feet.

Thereisacontroversia exception to this method in afew cases, where SWBT
assigred class marks thet were not at the midpoint of the bard. Specifically, loops in the O-
1,499 foot band are assigred a lengh of 1,000 feet rather than the nmdpoint lengh of 750 feet.
The Compary’ s basis for this treatmert is thet there are relatively few short loops (SBWT's
response to Issue CA-0001 submitted by AT&T), and thus the class mark can appropriately
be assigned on the basis of the ypper end of the overall band of 500- 1,499 fest.

What are the issues conceming the LPVST model’s banding process?

Inlssue CA-0001, AT&T arguesthat the Company s LPV ST program uses “flawed loop
lengh averaging’ which results in overstated costs. Specifically, AT& T claims that the total
loop lengh calculated using the banding method Begin proprietary *** ok
End proprietary , overstates the total actud loop length, whchit clainmsis actualy just Be gin
proprietary *** *** End proprietary feet. Due to this 6% discrepancy, AT& T
suggeds using actual loop lenghs rather than barded loop lenghs in determining loop
investment codts. This line of reasoning was apparently persuasive in Missouri, where the
commission slbstituted the average loop lengthwithin each band, rather then using the class

mark.
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Did you analyze the statistical validity of SWBT’s banding process?

Yes. We performed an extensive aralysis of the data in aneffort to determine whether
SWBT s nmethod was valid, whether AT& T's alterretive was appropriate, or whether some
other alterretive was preferable. Our corclusions were nmxed.

To begn with, we concluded thet the banding method gererally is an appropriate and
valid method of dealingwith data of this type, and we found it has some important advantages
over AT& T's alterrative, which has a potertial for downward bias. Mathematically speaking,
there are two ways of calculeting the average loop lengh. Whileit is possible to take the
average of all lenghs this can be cumbersome and unrecessary in sone situdions. As Freurd

and Wilians state,

If the numbers are unwieldy or a set of datais very large, it may be
advantageous to group the data first and then obtain the mean from the
resulting distribution....In connection with this, it must be pointed out that
when a set of data is grouped each item, so to speak, loses its identity,
we know only how many items fall into the various classes, and the
actual mean of the datacannot be obtained. However, w e can get a
good approximation by assigning the value of the class mark to each item
falling into a given class...T his kind of approximation is usually excellent,
since the errors that are introduced will more or less ‘average out.””
JohnE. Freund ard Frark J. Williams, Elementary Business
Statistics: The Modern Approach. Prentice-Hall: Engewood Cliffs,
NJ, 1964, pp. 35-6.

Anadvartage of usingthe banding method istheclass mark’s lack of susceptibility to extreme,
or nonsensical, values inthe sample of loop lengths. Since a straightforward average takes into
accourt every loop lergth itis susceptibleto error where problems exist in the urderlying data.
Inthis case, we fourd that AT& T's recommended averaging approach is susceptible to a
downward bias, because the urderlying data set includes sorre questionable data pointstha
urduly influerce the average. Most notably, the data for copper feeder loop lenghs cortain 101
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measurements of 1 foot. Needless to say, these are ot reliable figures, ard they shoud be
given little, if any, weight. For irstance, this nromina value may have been assigned in the data
base whenever the actual lengh was unkrown Whie AT& T daims thet SWBT’ sbanding
method resuts in anoverstatement in total loop lengh of 6%, that claimis based in part on
average calculations that are unduy influenced by ths norsensical or flawed data.

Does the presence of these data anomalies present any serious drawbacks to the
LPVST model’s banding process ?

No. Keepirg in mind that the objective is to estimete the average loop lergth of the underlying
population fromwhich the sanpledata are rardomly selected, we want to use an estimator thet
will not be affected by ronsersical sampledata. The banding method isgererally corsistert

with this obj ective.

Did you find any problens with SWBT’s banding process?

Yes. The class merk, or estimete of centrd terdency, for the band that ranges from O feet to
1,499 feet was not estimated in a manner congstert with the subsequert bands As | noted
earlier, rather thanassignrg a class merk value of 750 feet to eachloop falling into the first
band, SWBT assigrs a class mark of 1,000 feet to the first band. SWBT arguesthis is
appropriate, onthe basis thet the actual range of the data is certered towards the ypper end of
this range. We performed several analyses, in aneffort to sort out the conpeting clains of
SWBT and AT& T in this regard.

21



© 0O N o o b~ wWw N Pk

N NN NN B B R R R R R R R
E W N B © © ® N 0o 00 b W N B O

Direct Testimony of Ben Johnson, Ph.D.
On Behalf of the Kansas Corporation Commission Staff, Docket No. 97-SCCC-149-G T

Would you please describe the analysis you performed to evaluate whether or not it
was appropriate to use a class mark of 1,000 feet for bands that ranged from 0 to 1,500
feet?

Yes. Inorder to address this area of concem, we first analyzed the averages both with and
without any nonsensical or extreme data values. Next, we compared these averages to the class
marks assgred by SWBT ard the alterretive option of using the midpoint of the overall band.
Firdlly, we corducted a statigtical procedure known as a sgntest to determire which class
mark, 750 feet or 1,000 feet, isa better edimate in calculating the central tendency of the data.
Schedule 5 first shows the average of al loop lengths faling withinthe first band’ s range of 0 to
1,499 feet. The schedue also shows the average withou takinginto accourt any edtreme
values (e.g., removirg the 101 loops at 1 foot).

What were the results of this analysis?

Schedule 5 summarizes our results. In particdar, it shows a comparison of the first band’s
averace loop lengh and the average loop lemgthless any outliers, or extrene data. 1t also
shows my recomimended class merk to be assigned to each band. These recommendations are
based upon the results of the gtatistical Sgn tests. SWBT assigned a 1, 000- foot class mark to
both distribution and copper feeder data faling into the first band of loops ranging from O feet to
1,499 feet. Supported by the statistical test, | recommerd a 1,000-foot class merk for first
band digribution loops and a 750-foot dass mark for firgt band copper feeder loops. The
differences between nmy recommerded class marks and the actual loop length averages are also
shown in Schedule 5. The recommended class merks, on average, are amere 5 feet less than

the actua average loop lenghs.
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Did you performany other statistical sign tests on the band data?

Yes. We also attempted to perform a sign test for the first band of fiber feeder loops, to
determine whether a class mark of 15,250 is gppropriate to use. However, we found that there
were orly four sample loop lenghs in bard 1 fiber feeder data--three are 15,003 feet ard one
IS 15,006 feet. Thisdata set wastoo small to dlow avdid sgntest. Consequently, the
schedule shows a difference of 246 feet, or 1.6%, beweenthe recommended dass merk of
15,250 feet and the sanple average of 15,004 feet for fiber feeder loops in bard 1.

What are your conclusions conceming the LPVST model’s banding process?

Having compared both options-using the ordirary mean or using a system of class mark
averaging | have concluded thet the banding method used by the Compary is gererally
appropriate and valid with two minor exceptions. Regardingthe first bard data, the use of a
1,000-foot class mark is consistert with the urderlying sample data for distribution loops.
However, | recommend thet 750 feet be used as the class mark for copper feeder loops and
15,250 feet (instead of the conpany s assigred class mark of 15,000 feet) be used asthe class
mark for fiber feeder loops.

Fiber Feeder and Feeder Stub Assumptions

Q.

Re garding Issue CA-0022, do you have concerns with the way SWBT is modeling fiber
feeder and the feeder stub?

Yes. Asdescribed indetail above, SWBT uses loop sample distance data whichare input to
the LPVST nodel. The loop sanple lenghs are organized into feeder, DLC, feeda stub,
distribution, and tota lengths. DLC and feeder stub are subparts of the feeder segmert (i.e. the
sumof the DL C and feeder stub |lenghsalways equals the feeder length). However, the feeder
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stub segnent is not necessarily present in every sample In these instances, the DL C distance is
equal to the feeder portion and the feeder stub segrent distarce is O feet.

LPVST asuunmes that fiber is deployed in the feeder wherever the feeder lenghs (i.e.,
DL C plus feeder stub lengths) are greater than 15,000 feet. LPV ST does this by takingthis
sample and placing it inthe appropriate distance band and costing it out as fiber. The cost of the
feeder stub segmentsis later added by taking the average feeder stub distance for the entire
sample costingit out as 24-gauge copper cable, and nrultiplying this product by the percentage
of samples assumed to be fiber. This method is irgppropriate, Since it sometimes oversates the

feeder codts.

Can you elaborate on this problem?

A modelingerror oacurs in certain instances when the feeder lenghs (including the feeder stub)
are greater than 15,000 feet. The feeder stub is effectively double-courted in these situations
because the total feeder lengh, ot just the DLC portion, is costed as fiber, and thenan
additional lergths of copper feeder stub is added at alater stage inthe calculations.

Canyou give a specific example of this double-counting phenomenon?
Y es. | haveprovided an attachment whch will graphically explain this modelingerror. LPVST
model sthree distinct scenarios: an al-copper scenario inwhich feeder lenghsare less than
15,000 feet; a DL C-fiber scerario inwhich the digital electronics renmote terminal is located at
the FDI (i.e., no feeder stub); and a DLC-fiber scerario which includes a feeder stub. These
three scerarios are shownin Schedule 6 fromtop to bottom

| have provided a sinple description using hypothetical feeder and distribution lenghs.
For exanple the first hypothetical scenario assues a sanpleloop containing a feeder distance
of 12,000 feet and a distribution distance of 6,000 feet. Thisis not an actual example from the

24



© 0O N o o A~ w N P

N NN N DN R R R R R R R R R
A 0O N B ©O © ® N o o0 W N R O

>

Direct Testimony of Ben Johnson, Ph.D.
On Behalf of the Kansas Corporation Commission Staff, Docket No. 97-SCCC-149-G T

sample data, but instead describes the problem wsing round numbers. For costing purposes,
this sanple loop will be placed in the 12,000 foot copper feeder bard and in the 6,000 foot
didribution bard. The next example depids a scerario inwhich the feeder lengh is greater
than 15,000 feet (19,000 feet) ard the distribution length is again 6,000 feet. There is no feeder
stub ard the renote termiral is assumed to be co-located with the FDI. For costing purposes,
this secord sanple is placed in the 19,000 foot fiber feeder bard and in the 6,000 foot
distribution bard.

The modeling error occurs in the third scerario, inwhich the feeder lengh is again
19,000 feet. In ths instance the feeder includes 12,000 feet of DL C feeder and a copper
feeder stub of 7,000 feet, with adidribution length of 6,000 feet. LPV ST places ths sanplein
the19,000 feet fiber feeder bard and cods it out as sieh. In effect, this loop is treated by
LPV ST as being exactly analogous to the much longer fiber feeder route (19,000 feet), yet it
actually involvesjust 12,000 feet of fiber, with the remainder being copper feeder stub.

What is the impact of this modeling error?

In the example above, the fiber feeder investments have clearly been overstated by placing the
loop inthe 19,000 foot band instead of the 12,000 foot band. SWBT has apparently tried to
make an off setting downward adjustment to the feeder stub costs, but was unable to confirm
that this adjustmert adequately defrayed the inpact of this error.

Can you offer a solution which avoids the fiber fee der overstatement and the potential
feeder stub double-counting phenomenon?

Y es. The simplest way woud be to rermove the additional feeder stub costs. This effedively
assunes that the renote terminal is located at the FDI. For each sanplewith afeader distance
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greater than 15,000 feet, fiber feeder will then be assumed over the entire disance to the DLC
as well as the feeder stub portion.

Q. Are there other solutions to this problem?

A. Y es. Irstead of eliminating the feeder stub investrrent, the fiber cable calculations could be
modified to elimrete the overlap. Usirg the example described above, LPVST should place the
sample loop inthe 12,000 foot band based on the DL C distance rather thanplacirg it inthe
19,000 band based onthetotal feeder distance.

Q. Is the LPVST flexible enough to make this adjustment?

A. It is unclear whether the mainframe version of LPV ST is capable of mekingthis adjustment.
Howewer, the LPVST simulation we devdoped is capable of implementing either solution.

Cable Investments

Q. SWBT’s estimates of loop costs in zone 1 are very high relative to costs in other
zones and in comparable areas in other SWBT states (Issue AC-0004). Have you
inve stigated this issue?

A. Y es. Once we findly received an dectronic copy of GEOK S96forRFI .xls, we were able to

trace the logic and verify inputs fromthe 1996 Broad Gauge Report ard outputs to the LPVST
model. While auditing thisPre-LPV ST model we found thet some of theirternal algorithirs use
incorsistert logic in their assumptions conceming the weighting of embedded sheathfeet by
gauge.

GEOK S96forRFI .xls combines Broad Gauge cable investments per foot with
embedded sheath feet data to edimate cable investments per pair foot by gauge. When
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determning 26- and 24-gauge cable costs per pair foot, the costs are weighted by the sum of
the sheathfeet for al gauges. However, when 22- and 19- gauge cable investments are
deveoped, they areweighted by the sheath feet assodated with thar regpective gauge. This
incorsistercy introduces a serious problem of dowble courting In other words, the 22- and 19-
gauge cable data are used twice-once with reference to their own gauges and once with

reference to the 26- and 24 gauge cable investrents.

What do yourecommend concerning this inconsistency?
The Pre-LPV ST spreadsheet shoud be revised to consistently use the gaLge-specific weights,
thereby eliminating this double courting Stated differertly, | recommend that the 26- and 24-
gawge cable be tregted in the same manrer as the 22- and 19- gaLge cable, thereby applying
26 gaLge weights to the 26 gauge cable investrment and the 24 gauge weights to the 24 gage
cable investrrent

More specifically, onthe worksheet “SHTHFT” Colurms C, E, and G have lookup
formulas displaying the relevant sheeth feet data. The formulesin rows 4-42 are designed to
display the total sheathfeet (i.e. the sumof dl gaLges. The formulas curertly in rows 48-86
are desigred to display the sheath feet assodated with that particular gauge (i.e., 22- and 19-
gawge). | recommend changng theformmulas in Rows 4-42 (cells related to 26- and 24-gaLge)
to display the sheath feet assodated with those respedtive gauges.

Regarding Issue AC-0004, have you estimated the impact of eliminating this
inconsistency, using your simmlation of the LPVST process?

Y es. Correctingthis inconsistency reduces dl of the cable cost estimetes, but the impact is
gredest in the rural areas. | estimate thet the montHy loop cost estimete for zore 1 are reduced

from nore than Begin proprietary *** *** End proprietary to approximeately $45. In
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other words, correction of this one nodeling error done reduces the zore 1 loop cost estimete
by roughy 25% ard it grealy narrows the discrepancy betweentherural loop costs in Kansas
and those inneighborirg states.

Whenthe spreadsheet is set to nodel geographic zore 2, the loop costs are reduced
from Begin proprietary *** **% End proprietary The least sigrificant
impact occu's in 2one 3, where the costs drop from Begin proprietary ***

*** End proprietary

Why does the adjustment have less of an impact on loop costs in geographic zone 3?
The thicker cables (22- and 19-gauge) are nost often deployed in areas with longer loop
lenghsand lower dersity. In the more urban aress, the thicker cables (which were being
double counted) are not deployed as frequently as inthe more rural areas. The double counting
involves the thicker gauge cables, and thus correcting the formulas as described above hasthe
greatest impact in the rural areas where these cables are nost common.

Are there other problems inherent in using e mbedded sheath fee t data estimating
cable costs?
Yes. Asl mentioned ealier in my testimony, SWBT faled to adjust its enbedded mix of
sheath sizes to reflect true longrun optimization. It would be appropriate to modify the
embedded sheath data to reflect a shift away from multtiple sheaths of smeller sizes towards
singe sheaths of larger sizes. An appropriate adjustment of this type woud somewhet reduce
both feeder and distribution costs, due to elimration of mutple smeller cableswhere asinge
larger cable woud be less costly.

Also, SWBT failsto consider tapering of feeder cables. Schedule 7 depicts this
“multisheath’ problem As shown, an efficient plant configuration uses a relatively large cable
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sheath inttially leaving the central office, which then branches off ard tapers downto smeller
sheath sizes This more efficient arrangenent is not adequaely reflected in SWBT’ scost study.
Again, thisis an area where SWBT’ s cost moddling efforts fall short of the current state of the
art. Other available models, includirg our firmis Telecom Economic Cost Model, do take into
account these taperingand brarching efficiencies. Modifying SWBT’s cost studies to correct
for this weakness woud potertially reducefeeder costs, because greater emphads woud be
given to the lower per-pair costs associated withlarger cable sheath Szes. However, this
reduction in cost would not necessarily have a significart impact on SWBT sfirdl loop cost
estimates, because there could be an offsetting charge in the distribution costs (which are
residually determired).

You indicate that SWBT backs into distribution costs on a residual basis (Issue CA-
0023). Is this areliable method indetermining investments?

No. Errorsinthe feeder cable analysis can potentialy have ripple effects through the
distribution cost estimates. In turn, modifications to the feeder estimetes can potentially result in
of fsetting chargesto the distribution egimates which are not necessarily valid.
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Have you developed any recommendations to correct for the multishe ath and tapering
problems, or the potential problens with residually determining distribution costs?

No. While there are certainly advartages to usng embedded network data in nodeling forward
lookinglorg run costs, there are also some inherent limitations to thisapproach, and these
limitations are exacerbated by weaknesses in SWBT’ smodels. Urlike the Telecom Ecoromic
Cost Model, for exanple, SWBT s nodels do not provide a clear picture of where the various
cables are located, where tapering can ard does occur, or where nulti-sheath inefficiencies
exigt that could potentially be eliminated in along run planning horizon. After giving the tapering
and rulti-sheath issues considerable thought, | was unable to devdop a solution thet | was
confident would correct the problem without potertially introducinga new set of problens, or
requiring massive nodifications to SWBT s nodels. Perhaps with additional time and effort, a
solution can be found which doesrit require a conplee overhad of the models More likely,
however, it will require afairly dragic revamping of SWBT’s loop cost modeling approach.

Miscellaneous Loop Issues

Are there other problems concerning SWBT’s loop modeling process that you would
like to discuss?

Y es. We fourd some pattems in the Broad GaLge wnit coststhat seemquegionable. For
instance, Aerial cable meterial costs are much higher than Undergrourd and Buried cable for
large sheath sizes, but not for small sheath sizes. Also, the Aerial material costs display
diseconomies of scale (4200 pair cable costs nore per pair than siraller sheath sizes). Neither
of these patterrs is intutively obvious, nor are they corsistert with analogous data | have
reviewed on other occasions. However, based upon SWBT’ s responses to our discovery

reguests, these pattems are apparertly due to quirks in the Broad Galge cdculations. For
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Instance, the Company assigns “miscellaneous’ meterids (e.g., splicing cases) in proportion to
labor costs, which has the effect of dightly distorting the pattern of material costs per pair foot.
Howewver, this distortion does not appear to be signficant, and thus | do not recommend

making any changes in these inpus.

Can you summarize y our recommendations regarding the loop studies submitted by
SWBT?

Yes. | recommend that the Comnission require SWBT to reduce its labor rates, correct the
gage weights in the GEOK S96forRFI .XIs spreadsheet as described inmy testimony, correct
the feeder stub double counting problem, use my recommerded class marks in conjunction with
SWBT's banding approach, adjust the pole and fill factors as described inmy testimony, and
reduce the maintenarce factor for buried copper cable to reflect the increased efficiencies

associated with wiquitous FDI deploymert.

Did you estimate the impact of your recommendations concerning the loop costs file d
by SWBT?

Yes. | estimated the impact of mekingall of these adjustments within our smuation of the
LPVST process. Schedule 8 pages 1- 3 compare the monthly 8db loop codts filed by SWBT
with the resuts of this smuationfor each geographic zore, before conmoncosts. The most
notable discreparcies occur in rural zore 1 where loop costs drop nearlly 50%, from Be gin
proprietary *** . **% End proprietary However, theredisa

subgtantia drop in the more densely populated zones, As shown in Schedule 8 pages 2-3, the
suburban zore 2 loop costs decreased from Begin proprietary *** ek

End proprietary The smellest decrease (absolutely and relatively) occurred in urban zore 3,
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where nonthly loop costs decreased from Begin proprietary *** Xk
End proprietary
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