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SUMMARY OF ABSTRACTS

Using Lives from Life Cycle Analysis in Remaining Life Rate Development
Gail E. Low, Staff Specialist-Capital Recovery, Cincinnati Bell Telephone Company

This article will discuss the type of remaining life produced when life cycle analysis is used. What is the fink
between life cycle analysis and vintage group and/or equal life group methods? How should the
remaining life produced by life cycle analysis be used in developing depreciation rates?

Tables of Approximate Lives
Clarence Mougin, Wisconsin Public Service Commission

In line with previous submissions of mine to this publication, the following articie deals with recommended
ranges of service lives to be applied to railroad and utility plant. Although the article was originaliy
published in 1922, many of the lives still seem reasonable today.

Forecasting Salvage and Cost of Removal :
Bob White, Azim Houshyar, Shelly Brown, Western Michigan University

This paper describes the development of a forecasting modet that can be used to assist in the forecasting
of salvage or cost of removal, and in calculating the future average salvage to use in a depreciation
calculation. The model uses a computer spreadsheet to analyze the effect of variables such as increases
in the cost of new property, increases in the cost of removing property, and life and dispersion variability.

Changing Regulatory Requirements and Other Considerations Cause a Water Utility to
Reexamine its Calculation of Depreciation Expense

F. Mark Schubent, P.E., American Water Works Service

Company, Inc,

This paper will describe the effect that present and pending federal and state regulations peraining to
water treatment and water quality presently have on the calculation of depreciation expense. The
importance of recognizing older treatment facilities with a potential short remaining life span and the impact
on depreciation expense is discussed in significant detail through a recent example. The effect of other
considerations which are causing water treatment facilities to be renovated (exclusive from regulation) and
how they might increase depreciation expense is also reviewed. Finally, a discussion on cost of removal
and salvage as related to structures and equipment is provided in order to properly recognize this
significant contribution to increasing or decreasing depreciation expense.

Product Life Cycles: A New Approach
Raiph Bjerke and Ed Tel, Edmonton, Alberta

A new depreciation technigue is developed called the mass-integrated method which is consistent with
product life cycle analysis.

Certification Committee Report
Jerome C Weinert, P.E., AUS Consultants

This paper cutlines a proposed certification program for the Society of Depreciation Professionals.
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Summary of Abstracts - continued

Power Plant Removal Costs
John S. Ferguscn, Deloite & Touche

The financial, regulatory, and political significance of the estimated high removal costs of nuclear power
piants has generated considerable interest in recent years, and the political significance has resulted in
the Nuclear regulatory Commission (NRC) eliminating the use of conventional depreciation accounting for
the decontamination portion of the removal (decommissioning). While nuclear plant licensees are not
precluded form utilizing conventional depreciation accounting for the demolition of non-radioactive
structures and site restoration, state and federat utility regulators have not been favorably inclined to
requests for this distinction.

The realization that steam generating units will be expensive to remove, relative to their original cost,
predates the realization that nuclear units will be expensive. However, the nuclear issues have
overshadowed this realization, but are unlikely to continue to do so. Numerous utilities have prepared
cost estimates for steam generating units, and this presentation discusses the implications of a number of
such estimates that are a matter of public record. These estimates cover nearly 400 gas, oil, coal, and
lignite steam generating units, and over 100 internat combusticn units. The earliest estimate was made in
1978, and for analysis purposes | have segregated the steam units between gas and oil units, and coal

1 and lignite units, and the internal combustion units between diesel units and combustion turbine units.

A Direct Approach To Value Based Depreciation
Thomas A. Nousaine, Ronald B. Kalich, Constance Brady, Ameritech

Most sources define asset depreciation as the loss in service value or the ability of an assel to produce
goods or services that fill needs in the marketplace. Loss in setvice value is caused by many factors
including wear and tear, inadequacy or obsolescence none of which necessatily occurs at a fixed rate.
Therefore, a reasonably precise depiction of loss in service value requires periodic appraisal which

. increases complexity and cost of administration. -Analysis of market prices for used equipment shows that
a simple rate schedule provides an easy to use and accurate measure of real loss in service value for
assets used in the American economy today.

4 Volume 5, Number 1, 1993
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USING LIVES FROM LIFE CYCLE ANALYSIS

IN REMAINING LIFE RATE DEVELOPMENT
Gail E. Low '

Staff Spectallst

Capital Recovery

Ctnclnnatl Bell Telephone Company

ABSTHACT
This article will discuss the type of remaining life pro-
duced when life cycle analysis is used. What is the link
belween life cycle analysts and vintage group and/or equal
life group methods? How should the remaining life pro-
duced by life cycle analysts be used in developing depreci-
ation rates?

INTRODUCTION

Life cycle analysis is a method currently used to esti-
mate the remaining life of a company’s investments. This
analysis produces a remaining life for the product category
under study. After obtaining this reraining life, how should
it be used in the development of a depreciation rate?
Should the method vary depending upon whether the appli-
cant is using vintage group (VG) or equal life group (GLD)
methods?

This article will show that life cycle analysis produces a
remaining life which is compatible with vintage group
methodology. The remaining life resulting from life cycle
analysis can-be used directly in a VG remaining life formu-
la. The life cycie remaining life is not compatibie with equal
life group methodology, and additional steps must be taken
to develop an ELG remaining life.

WEIGHTING '

The link {or-absence of a linkage) between life cycle
analysis and VG and/or ELG methods is dependent upon
the weighting method used to develop the average of the
component lives. We will need to Jook at two methods of
deveioping an average remaining life: direct weighting? and
accrual weighting2. To illustrate, let’s develop the average
lives associated with a purchase of 6 dollars of investment.

Graphically the direct weighted average life is the area
under a plot of horizontal bars representing the various
component lives, divided by the totai investment.

Figure 1 - Direct Weighting

At age O, the area is ($172 yrs + $2"3 yrs + $2*4 yrs + $1*5
yrs) = 21, the investment is 6, and the service life is 21/ 6
= 3.5. Atage 2 the area is {$2*1 yr + $2"2 yrs + $1*3 yrs) =
9, the investment is 5, and the remaining life is 9/5 = 1.8.

Table 1 - DeﬁeIOpment of Average Lives

Number of Expected Expected Rem
Dollars Service Life Life
(at age 2)
1 2 0
2 3 1
2 4 2
1 5 3
6 (5 at 2 yrs)

Direct Weighted Average Service Life........cocveeiciiiniicneeesenens
Accrual Weighted Average Service Life: .....coovueereviiresseneneens

Dollar times Dollars times: Dollars divided
Serv Life Rem Life by Serv Life
(at age 0) (at age 2) {(accruals
2 — 0.500
6 2 0.667
8 4 0.500
5 3 0.200
21 9 1.867 (1.367 at 2 yrs)
.................................................................... 21/6=23.5years
................................................................ 6/187 = 3.21 years

After two years, the group with a two year life is gone. Calculation of remaining life is as follows:

Direct Weighted Average Remaining Life: (at age 2) ............

...................................................................... 9/5=1.8years

Accrual Weighted Average Remaining Life: {5/ 1.367) - age (2) = 1.658 years

Volume 5, Number 1, 1983
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The vintage group method? uses the same area divided :

by the original investment, although the process may lock
different. in the projection life table, the VG remaining life
and VG service life (remaining life at age Q) is calculated
by developing the area using vertical bars which represent
the dollars surviving at each age. ’

Figure 2 -~ Vintage Group Process

Notice that the area is stili 21 ($6*1 yr + $6%1 yr + $5*1
yr + $3*1 yr + $1*1 yr). The average service lifeis 21 /6 =
3.5. Also, the remaining life at age 2 is ($5*1 yr + $3*(1 yr +
$1*1 yr) 5 = 1.8. As the definition for direct weighting
requires, the area of each vertical bar is the product of mui-
tiplying the surviving dollars by 1 year, the width of the bar.
Therefore, vintage group method is a direct weighting
methodology. .

EQUAL LIFE GROUP |

The equal life group method is a method designed to
match accruais with the consumption of “equal life” groups
of investment. Remaining life is developed in a special
manner that will assure proper accrual rates. in “accrual
weighting,” the emphasis is on accruals. To calculate the
average life* the amount surviving is divided by the sum of

‘the accruals for each of the equal life groups. The resuit of

this calculation is the average service life. The remaining
iife is the service life less the portion of average life already
consumed (the age). This accrual weighted method will
produce a remaining life which, when used in the standard
remaining life formula, will result in accruals that match the
sum of the consumption rates of the individual “equal life”
investment groups. . ‘

 As shown earlier, the average service life (remaining life
at age 0) for our example is 3.21 years. The remaining life

at age 2 becomes 1.658 years. {The ELG average service

life of the remaining $5 of investment is 3.658 years).

LIFE CYCLE ANALYSIS
Life cycle analysis is a well known alternative method of
analysis used to guide and give insight to the selection of

reasonable projection lives.5 In this method, the anticipated

surviving investment is developed for each future year, a
sum is developed, and the sum is divided by the original
investment. (Although this sum appears to be a sum of
investments, the mathematical basis is that each of these
investments represent the product of the investment muiti-
plied times a year iife. Therefore, the method matches the
definition of direct weighting methodology). Using our same
set of data, the remaining life at age zerois{(6 +6 + 5+ 3 +
1)/6=21/6=35 Theremaining lfe atage 2is (5 + 3 +
1)/ 5 =9/5 = 1.8. Graphically, the remaining life is the
area under the survivor curve divided by the surviving
investment at the beginning of the study period.

8

Figure 3 - Life Cycle Process

Area from age O is (6™ + 61 + 5*1 + 31 + 1"1) =21
Average lifeis21/6=3.5

Areafromage2is (5*1 +3"1 +1*1) =9

Average rem life atage 1is9/5-1.8

CONCLUSION

It can be seen that life cycle analysis and vintage group
life calculations both use direct weighting and are compati-
ble. The remaining life developed from life cycle analysis
can be used to develop a vintage group depreciation rate.

it can aiso be seen that life cycle analysis and equal life
group methods are not directly compatible. An additional
step is required to conven the direct weighted life from life
cycle analysis to the accrual weighted life used in ELG
methods. The process used by many local exchange carri-
ers is as foliows:

1} Using a trial and eryer process in a VG generation
arrangement, find a projection life that produces the
remaining life obtained from life cycle analysis.

2} Using an ELG generation arrangement, and the pro-
jection life found in step 1, develop an ELG remaining
lite.

Step 1 determines a projection life that is compatibie
with the life cycle direct weighted life. Step 2 pesforms the
special accrual weighting which is designed to match
deprecialion accruals 10 consumption of the investment,
Omitting this two step process effectively eliminates the
benefits of ELG methods.
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TABLES OF APPROXIMATE LIVES

ABSTRACT
In line with previous submissions of mine to this publica-
tion, the following article deals with recommended ranges
of service lives to be applied to raifroad and utility ptant.
Although the article was originally published in 1922, many
of the lives still seem reasonable today.
Clarence Mougin

WISCONSIN STATE DEPARTMENT OF
ENGINEERING RAILROAD AND UTILITIES DIVISION

Tables of Approximately Lives
To Be Assigned to Various Types of
Structures and Equipment
Revised June 1922

The following tables represent the experience of some
years of study and investigation of the average lives of utili-
ty structures and equipment.

It should be borne in mind that these tables refer to
averages. ‘

To doubt many individual units will fall far outside the
range of the figures used herein, the actual life being
either less or more, but averages are of great assistance
as a starting point from which the probable life of any unit
under consideration may be estimated with more or {ess
accuracy.

The depreciation of the various items depends so much
upon the methods employed in their operation and upon
the character of maintenance provided that it becomes
extremely difficult to assign a definite life to them. It is nec-
essary, therefore, when making use of these tables, to use
the figures contained therein only as a basis from which to
work. The final determination of life should be made only
after giving careful consideration to the effect of local. cli-
mactic conditions, character of maintenance provided,
~ methods of operation employed, the use to which the unit
has been and will be put, electrolysis, obsolescence, ade-
quacy for the purpose for which it is intended, and any
other conditions or fact which may influence the life of the
unit.

When making investigations of the average age of
groups of property, such, for instance, as poles, it will be
found that certain units remain in service beyond the aver-
age age finally assigned. There must be found a method of
rating such units and this can be done either by assigning
a condition from actual inspection or by appiying an arbi-
trary percentage. In general it has been found satisfactory
to use the latter method except when great accuracy is
necessary, and unless there is something to indicate that
such a figure is not applicable, an arbitrary percentage of
20% will be applied to ajl units that have exceeded the
average assigned and are yet rendering service. This is
usually termed the "minimum service” condition and is
independent of scrap or salvage value.

A careful distinction should be made between the “con-
dition” of a unit for rendering service and its “condition” fro
the point of view of value. For example, a meter or an air
brake must be in a “service condition” of practically 100%
or it is of little use, but its physical condition or some other
factor may enforce its replacement within a short time.

Voluma 5, Number 1, 1993

Buildings & Structures

Average Life

in Years

Dams _

CONCIELE oo e 75-100

Timber Crib. ..o, 40 - 60
Power Stations 7

FrAME cccieeeeieeeceeevrecrcrssnia e ensens e sannnans 20-40

Fireproof ... neerssveeeasens 60 - 100
Substation

FrAME oo ree s e eser s nans - 20-40

5 Lo O N 40-70

FIreproof ... e 60-100
Factories

FrAME oot 20-40

[T 1o), USRRS rereraenees 35-50

(1= 0T S 60 - 100
Office Buildings

= 11 ORI 30-50

BlICK et 50-75

Fireproof . 75-100
Dwellings

Frame, ordinary type ....cccveereevrvveieerreene, 30-50

BrCK et 40-75

Fireproof ...t e 100 - up
Sheds .

= 11 U - 10-15
Stables :

Frame ..o e e e sseseeseanas 16-20

Electric & Telephone Distribution
Years
Range Average

Cable

Aegrial, lead covered, and messenger 15- 20 20

Underground, lead covered 20-35 25

Submarine 20-40 35

Central Station Equipment (Telephone)
Including distributing frame, power plant and wire

Automatic type 16-25 20

Central energy type 15-25 20

Magnetic type 156-25 20
Conduits and Manholes

Clay conduits enclosed in concrete 50 - 100 75

Brick or concrete manholes 50-100 75
Cross Arms

Pine {Telephone) 10-15 12

Pine (Efectric) 12-18 15

Fir {Telephone) 15-20 18

Fir or oak (Electric) 165-22 18
Guys and Pole Anchors

Same as poles to which attached
Lamps

Arc lamps and mast arms 12-20 15

Arc lamps span equipment 12-20 15
Lightning Arresters and Fuse Boxes B-15 12
Poles

Cedar in earth, smaller than 12" butt 10-20 15

Cedar in earth, 12” or larger butt 165-28 20

Cedar in concrete 20-40 30

Cedar treated 20-35 25

g



HUTE I W21 I GG, WUIEd oU - DU 4 warer LHstiputon system
iron in concrete, lattice 30-40 - 35 S Life ,
Steel towers, galvanized, fabricated Mini- Maxi- Aver-
(incl. foundation}) ' 30-50 40 mum mum age
Private Branch Exchanges (Telephone) 15-25 20 Filters
Subscribers Sets (Telephone) 16-25 20 Slow sand or gravity ......cceevnee. 100
Service Transformers 156-25 20 Mechanical pressure ........ccocuu... 30 50 40
Service Wattmeters 15-25 20 Mechanical gravity..........ccceceenune 20 30 25
Wire Wooden ... 20 30 25
Bare copper (#6 and targer) 40 - 60- 50 Conecrete. ..o ' 100
Bare copper (smaller than #6) 30-50 40 Hydrants ....oceceeve e s 50 100 75
Aluminum, steel coil 40 - 60 50 Mains
Copper clad steel 40 - 60 50 Cast iron mains - including specials 100 up
W.P. copper insulated 15-20 15 Large riveted and lock bar
Iron in cities (Telephone) i0-15 12 steel MainNs ....ccoveevevirececrenen 30 50 40
tron rural & toll (Telephone) 12-20 15 Smalt wrought iron or steel mains -
fron W.P. {Telephone) 15-20 15 o] =T SO 20 40 30
Smali wrought iron or steel mains -
Gas Utilities galvanized ......cceoeeeirccinnnnn30 50 40
‘ Life  Average Manholes - distribution system, same life
Ammonia concentrators....................... 15-20 35 as pipe on which located '
Ammonia storage tanks wrought iron Meters. .o 20 30 25
OF SteeL e 25-50 35 Meter boxes - wooden...................10 20 15
Benches....c.vcrmeceriinrcnes e 15-35 25 vitrified or iron......... 25 45 35
Centrifugal blowers (Waste gases)...... 5-10 8 Reservoirs
(1] SOS 25-50 40 Earth embankment............c.ocoece. 100 up
EXhausters.......ccevmvemeriiceveneniieceneeane 25-50 40 Stone masonry ..vvceereenernnenne, 50 100 75
Gas holders.....uecreececrcrenreerrnrcececce e, 35-75 50 Reinforced concrete ................... 100 up
Governors Services
District v, 40 - 50 45 Lead....coiiecr e 100 up
SEIVICE «ovvveeiiernere e vercreeeariets s snaans 40-50 45 Galvanized .......ccoocveceemene. 30 50 40
Mains ' . Wrought iron or steel .................. 20 40 30
Cast iron mains, including specials . 100 Standpipes and steel tanks on
Black wrought iron & steel, steel toWers ..., 35 75 50
including fittings......c.corvrerceccnnene 20-40 30 Tanks :
Meters - CONSUMErS .icceevvveveerererirnenen. 25-35 30 Wooden, on wooden towers.......15 25 20
‘Purifiers ' Wooden, on steel towers............ 30 50 40
L[0T =14 1 SO 40 - 60 50 Pressure tanks buried ................ 25 5Q 40
Oid style, according to size ValVeS ..ot nrs e eenena 50 100 75
and condition ........ceecveeeeereecene. 20-40 30 Wells
Retort house fioors, depending on Driven or drilled .....ccccoevrrevrneenne. 50 100 75
CONSIIUCHON ..o vt 20-30 25 Large open, stone or brick walled .50 100 75
Services
Wrought iron and steel - black......... 15-35 25 Power Plant Equipment
Wrought.iron and stee! - galvanized20 - 40 30 Electric
Scrubbers and condensers................. 30 Life
Station meter cases Mini- Maxi- Aver-
Castiron ..o ernaae 50-100 757 mum mum age
Steel .. 40 - 80 50 Generators and Motors (inciuding motor
Station meter drums.......coeceee SURU 25-50 40 generators, rotary converters and frequency changers)
Tar and ammonia wells.....ccceeeeeevreeen. 35-75 50 Alternating current ...........ccceeeereenes 20 30 25
Tar extractors - P and A......oeeveeerennee 30-50 40 Direct current ......coocvcvcvevrverereerinnaes 20 30 25
Washers, Cast ifon .....eeecrrvnvessrenenns 30-50 40 Lightning arresters (Station type)
Water gas machines, complete............ 30-40 35 [V (V1] To - o O 10 15 12
Electrolytic ......ocvnieverreeecerenenee e 15 25 20
Machinery foundations are given the same life as the  Oxide film......cccovvrcrrnccccccrerrann 15 25 20
machines they support. Storage batteries
(Lite determined wholly by inspection)
Switchboard and Equipment (including cable, conduit and
wirg)
(Same as generators to which attached)
Transformers (Station)
Constant current arc transformers..15 25 20
Feeder regulators and compensators...15 25 20
Transformers without moving parts 20 30 25
10 Volume 5, Number 1, 1993




Boilers o . o
Fire tUbe et areberreerens 15 30 20 .
Water tube ..o 20 30 25
Coal conveyors ... eemaresr e, 10 15 12
Condensers : '
i LS T0] = - ST 20 30 25
JEE o 25 35 30
Engines - reciprocating steam
High SPeed .eoecereeeereeecec e 15 25 20
Low Spead ...ccccecieeniecscseern i, 20 30 25
Gasoroil.eeeeeeennenn, teemnneieestiraaenn 15 20 18
Diesel MotOr ... ceeerereeeens 15 25 20
| ProduCer 985 c.veeeeerrrineeracrssisanmnases 15 20 18
| Feed water heatars.........cccccrecvivecnenn, 20 25 22
t

Leather belting - The condition per cent of
leather balting is arrived at almost entirely

_ by inspection. Twenty years is taken as the

i life of belting for the purpose of figuring the

' average life of the ptant.

Piping - steam - The condition per cent of piping

A is arrived at by getting the dollar per cents of all
the principal units in the plant that are piped and
then finding the average condition per cent of the
units, which per cent is taken as the condition per
cent of the piping. Twenty years is taken as the
life of steam piping for the purpose of figuring the
average life of the plant.

Pipe Covering - steam |

Life same as steam piping.............
Pumps
Centrifugal and rotary........cc.ccc..c.. 15 25 20
Geared POWET........ccoverernrerecnsesacens 20 30 25
Steam - direct acting....c..c..ccorevennen. 20 30 25
crank and flywheel.......... 25 40 30
Shafting, pulley, eic. .....coiviicrnvnienns 20 25 22
Turbines
LS3 (=72 11 1 OO 20 30 25
Water (built before 1900)............... 20 30 25
Water (built after 1900).........c........ 30 50 40
|
i
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FORECASTI.NG SALVAGE AND COST OF REMOVAL

Bob White
Azim Houshyar
Shelly Brown _
Western Michigan University

ABSTRACT

Salvage and cost of removal are important components
in the calcuiation of book depreciation tules for both regu-
lated and non-regulated companies. Historically, the
approach used to recognize salvage and cost of removal in
the capital recovery process has been lo adjust the depre-
ciation rate to include the estimated nel salvage in the
annual accrual. This is typically accomplished by using
some form of the equation (1-Net Salvage)/Life. As long as
salvage ratios are near zero, the effect on the annual
accrual is minimal. The assumption of zero or near zero
net salvage is commonly made, and as a result, little atten-
tion has been given to the estimation of salvage values,
and even less attention is given to the problem of including
cost of removal in the calculation of depreciation accruals.

" Many regulaled utifities are now experiencing salvage
ratlos materially different from those obtained in the past. A
growing concem for many companies Is the increase in the
cost of removing plant from service. This increase is being
driven by many causes including technological obsoles-
cence, societal pressures for property restoration, and
increases in labor costs. Increases in the cost of removal
require increases in depreciation accrual rates, which
result in increases in the cost of service to the customer.

Developing an overall average salvage rate to use in the
depreciation calculation requires an historical analysis of
past salvage, and a forecast of future salvage. In regulated
utility accounts, the future salvage is lypically the most
- important component in the salvage calculation because
most accounts will retire more properly in the future than
has been relired to date. The dollar weighting of the sal-
vage with retirements will then place more emphasis on
the future retirements than past retirements. This makes it
imporiant to develop the best possible estimate of future
salvage or cost of removal.

This paper describes the development of a forecasting
model that can be used to assist in the forecasting of sal-
vage or cost of removal, and in calculating the future aver-
age salvage lo use in a depreciation calculation. The
model uses a computer spreadsheet to analyze the effect
of variables such as increases in the cost of new property,
increases in the cost of removing property, and life and dis-
- persion variability.

LITERATURE REVIEW

Determination of net salvage to use for depreciation pur-
poses has been discussed as early as 1943 in the NARUC
pubiication{!). Gonzalez(2), Epperiein®), and Faust(4) later
presented papers on how to determine salvage and cost of
removal for depreciation purposes. Knight(5) presented an
approach for accounting for salvage. Hempstead(®) pre-
sented a paper at a Negative Net Salvage Seminar that
discussed ways to appropriately handle negative net sal-
vage in the depreciation system. White(7) published a
paper outlining the effect of salvage on depreciation. Chan
and Cheng(®) addressed the issue of negative salvage and
nuclear power plant decommissioning. Koester and
Anderson(®) discussed accounting options for plant
removal costs. White and Welke{10) published a paper that
discussed how various accounting options for negative sal-
vage can affect revenue requirements.
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This previous work has focused on analyzing salvage
for depreciation purposes, and the correct methodology to
use to calculate depreciation accruals. Littie has been pub-
lished to date on specifically how to develop future saivage
and cost of removal values that consider various infiation
rates, and life and dispersion characteristics. This paper
will present a conceptual model that can be used to assist
in the forecasting of gross salvage and cost of removal.
The model will be presented for various assumptions
regarding growth rates, and property life and dispersion
pattemns. '

FORECASTING SALVAGE :

Calculation of the depreciation accrual requires inclusion
of net salvage in the accrual equation. The salvage esli-
mate required depends on the depreciation system used.
The so called whole life. system, requires a salvage esti-
mate that weights past and future salvage by retirements.
The remaining life system requires only an estimate of
future salvage. The equal life group (ELG) grouping
method requires salvage for each age interval for future
retirements. Salvage estimates for the past and future must
be dollar weighted by the retirements for each period to
give the correct salvage value to use in the accrual equa-
tion. As an illustration, consider the example shown in
Tabie 1.

Table 1. Salvage estimates.....
Year | Retirements Met Salvage Salvage
1 $ 200 10% $20
2 300 15 45
3 100 25 25
4 400 5 20
Total $1000 $110

i this is a new accouni, the salvage estimates represent
the expected future salvage when the property will be
retired. The future average salvage is then $110/$1000 =
11%. After one year, the future average salvage will be the
sum of the future salvage dollars divided by the sum of the
future retirements. This is $90/$800 = 11.25%. This illus-
trates that at any point in this account's iife, the future and
past average salvage percents are changing depending on
the age of the account. This also illustrates that calculation
of past average salvage is simple if past retirements and
past salvage dollars are known. The past average salvage
is simply the quotient of the two. However, calculation of
future average salvage requires the calculation of future
retirements and future saivage. The salvage percents are
then weighted with the appropriate retirement dollars to
give the future average salvage in percent.

Future retirements can be estimated if the life and dis-
persion characteristics of the account are available. A
known dispersion pattern such as an lowa type survivor
curve can be used to forecast future retirements. Future
salvage values can be obtained by applying an assumed
growth rate in gross salvage and or cost of removal. This
growth rate can be applied to future retirements to deter-
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mine the future saivage dollars by age, which can then be
weighted by retirement dollars to give the future average
salvage percent. This same approach can be used when
multi-vintage accounts are under study. A simple four vin-
tage numerical example will illustrate the concept. Assume
that Table 2 represents a plant instailed in 1989-1992.

Installation " Units Dollars
Year Instailed Installed
1989 1000 $1000
1990 1000 1030
1991 1000 1061
1992 1000 1093

Table 2. Cost of installation....
These data assume that the account has no physical
growth, but the cost of replacement units is increasing by
3% per year. Assume that the retirement ratios ($ retired / $
exposed) are .10, .278, .692, and 1.0 at ages 1-4 respec-
tively. This resulits in the retirement matrix shown in Table 3.

Retirement Matrix - :
Installation Doilar Retirements During Calendar Year

Year $ Installed] 1989 1990 1991 1992 1503 1994 1995
1989  $1000 100 250 450 - 200 :
1990 1030 103 258 464 206
1991 1061 106 265 477 212
1992 1093 : 109 273 492 219
Totals $4184 100 353 814 1038 956 704 219

Tabie 3. An example of the retirement matrix.

Assume that cost of remioval (COR) in 1989 is 20% of
current retirements, and is expected to grow by 5% per
year. The resulting COR matrix is shown in Table 4.

‘COR Matrix
) COR % During Calendar Year
Calendar 20% 21% 221% 23.2% 24.3% 255% 26.8%

Year Retired [f989 1990 1991 1992 1993 1994 1995

1989 $100 {$20 $53 $99 $46

1990 353 21 55 104 49

1991 814 22 58 109 51

1992 1038 23 61 115 54
Annuai Totals |$20 74 176 231 219 166 54
Totals 940

Table 4. The COR Matrix.

It is important to note that the dollar COR for any vintage
in-any calendar year is obtained by multiplying the unit cost
of removal times the number of units remaved. As a result,
in this example the COR percentage in any calendar year
is not constant across the vintages retired in that year. For
example, in 1992, the COR expressed as percentages for

“the four vintages are: 1989 is $46/$200 = 23.0%; 1990 is

$104/$464 = 22.4%; 1991 is $58/$265 = 21.9% and 1992
is $23/$109 = 22.1%.

When the property is installed in 1989, all salvage
(COR) is future salvage. The dollar weighted future sai-
vage rate is the total future COR ($940) divided by the total
future retirements ($4184), which is 22.47%. At any point in
the account’s life, the past and future salvage ratios will
change, but the overall average salvage ratio will remain
constant. As an example, assume it is now the end of
1990. Past retirements are $100 + $353 = $453, and past
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CORis $94. The past average salvage ratio is $94/$453 =
20.75%. Future retirements are $3731. and future COR is
$846. The future average COR ratio is $846/$3731 =
22.67%.The overall average salvage ratio remains con-
stant at ($94+$846) / ($453+$3731) = 22.47%. The overall
average salvage ratio will not change as long as past and
future COR occur as predicted. o

MODEL DEVELOPMENT

A mathematicai model has been developed that can be
used to calculate the future salvage or cost of removai for
property. The model assumes that once specified, the cost
per unit growth rate, the rate of physical growth or decline
of the properly, and the rate of growth in cost of removal
are constant over time (the future). :

The model consists of two pars, a retirements matrix
and a cost of removal matrix (both in dollars). Part of each
of these matrices is used to compute future salvage ratios
(FSR). The future average salvage ratio is calcuiated by
using: .

‘FSR = (Future Cost of Removal) / (Future Retirements)

‘The modet was developed to include up to seven vari-
abtes. They are: cost of removal ratio, cost of removal

- growth rate, cost per unit growth rate, starting number of

units, growth or decline in number of units installed each

year, type of survivor curve, and -maximum life of the

account which is a function of the average service life and

the dispersion pattern. These variables are defined as:

- initial cost of removal ratio

annual cost of removal growth rate

= annual cost per unit growth rate

initial number of units in the account

annual growth/decline in number of units

= annual retirements obtained from a suwvivor curve
ML = maximum life of the property currently in service
The cost of property installed is calculated using a start-

ing price and then increasing the cost per unit by a fixed

cost per unit growth rate Y. For instance, for the first

through third years, the purchase price would be calculated

using the foliowing equations: (in this model, the price in

year one is $1)

ON<<xm
oo

Year 1 Price * (1+Y)®  First Year
Year 1 Price * (1+Y)! Second Year
Year 1.Price * (1+Y}2  Third Year

The model allows cost of removal to increase year by
year. The increase in cost of removal is a function of
increases in wages, equipment, and supplies required for
removal of property. The starting COR is given by F, which
is a percentage of the purchase price of a unit of property
installed today. The COR percent is aliowed to grow the
rate X, and the COR percent in any subsequent year is
given by:

Fy=F*({1+X)0 First Year
Fo=F*(14+X}! Second Year
Fa=F* (1+X)2 Third Year

The model has been constructed fo allow the number of
units installed to vary from year to year. In some accounts,
the number of units instalied may be growing as in the
case of towers for cellular telephones. In other accounts, a
reduction in demand may iead to a reduction in the number
of units installed in future years. When the need for any
type of property is relatively stable, the number of units
installed may be constant for a period of time. The growth
or decline in units is calculated in a manner similar to the
growth or decline in the cost per unit. Defining V as the
number of units installed in the first year of the account,
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and Z as the annual rate of growth or decline, the number
of units installed in any subsequent year is given by:.

Vi=V*(1+Z)0 First Year
Vo=V*{1+2)1 Second Year
Va=V*(1+2)2 Third Year

Retirement characteristics can be represented by-an

lowa or other type of survivor curve. The percent retired
year by year is represented by the variable C. The sub-
scripts for C go from 1 for the first year to ML for the maxi-
mum life of the vintage. The sum of ali the retirements is
100%. The actual value of C is determined by the type of
survivor curve used and the average service life of the
property. :

C, =First Year Retirements

C, = Second Year Retirements

Cu = Final Year Retirements
The future salvage ratio is calculated by adding the
future COR values for the property in service as of 1992

~and dividing by the future retirements matrix. Figure One

shows the retirement matrix and Figure Two shows the
matrix for cost of removal.

Cost of Removal Ratio

Number of .
Units Year O 1 2 3 . ’ . N-1 N
o .
Voo (ep® 0 vyl GVELL GRVRILL, e = Cavel,
Lt A LT s SR § EAVEL GPVRL, & VI . . cavit,
Ve be eyt 2 oV, GrVEL GV, . GIVILL
. - . . . o GEVIL

. »

A general equatlon giving the sum of cost of removal
doIIars is: glven by .

Total c.‘ogc of Rempva.! -
Substituting:

Eguatlion {2) _
Fioga=F(1ex) 32
Yields: Total Cost of Removal = EE C,¥{1+2) I p{14x) 4072

N M -
; E CeVifiogm
vymv{Llez)i

N HNL

The cost of removal ratio for the account is then
obtained by the ratio of cost of removal dollars divided by
relirement dollars. Equation three gives the result.

N N
Ft ?; CyV{1+2) I F(1vx) 44172

o Equation (3)

5 .
?; c,vuoz)ﬂum 1

These equations allow any portion of the matrices to be
analyzed. If we are interested in only a portion of the
matrix, say at time 1, then izt and j<l are the only parts in
the summation. A general equatton for retirements whlch
allows a flexible time scate is given by:

£ .
Futura Cost of Retirements = ?_“! Z; CVyIy Equation (4)
vl Iw

Subscitucing: v,-v(nz)i’ i Iy=(1+1) 3
vields: Puture Cast of Retirements = ’\:‘1 , I; Cvi{1+Z) {1+ 3
& ;

™ e Nz G Viaas G Vil G V3l A general equation for cost of removal which allows a

e e her e s W

versm™ ™ No . ' vl covarel flexible time scale is given by:
i aent N ) : Coervel,
) . [ ML . 0
E iﬁ Figure 1: Retirements Malrix - Future Cost of Removal = CrVyFyagy Bguation (5)
El =l drced-)
|§% Substituting: v_,,=-v(§.+z) 1= Fiog"F(14X) dej-2
ks t M
Ll Yields: Future Cost of Removal = ?_'1‘ {; , Cv(1+Z) V(1 4X) 0002
wl {wg+i-.
Number of P P ' P PO’ . . . P B | The future cost of removal ratio for the account is then
Units Yoo 0 1 S - . M T _{ obtained by the ratio of future cost of removal dollars divid-
Vet @ CovcE GOV CV'E . LI AN 1 ed by future retirement dollars. Equation six gives the
VeL+z) 1 CrV'R CrWtR CrveR . . L4 AL
m result.
Ve (1Dt 2 ARSI . RVE,
’ . . . . . QYL
1d ML
» 3 . . . * ;; E s V[:I_.#Z)""F(lﬁx)""‘
> : J - : | cost of Ramoval Ratio = iThiEi Equation {6)
vesziMt N2 Ci¥il CiVAR. . vii+2) I {1+y) 12
veeLayW Nt CrVialk, CP Vil p.l t¥d=] €
ve(1+n¥ N ol
Figure 2: Cost of Removal Matrix

, NUMERICAL EXAMPLES
A general equation giving the sum of retirement dollars A numerical example of the model is as follows: Assume
is given by: (assuming i represents the horizontal index the values of the variables 1o be:
and j the vertical index) F=020 Initial Cost of Removal Fraction
X =0.05 Annual Cost of Removal Growth Rate
: R Y =0.03 Annual Cost per Unit Growth Rate
Total Cost of Retirements = ?_'1‘ E A Equation (1} Z=0.00 Annual Growth/Decline in Number of Units
Substituting: Vavilez)dt Ie{len i ML=4 Maximum Life
41 : . - - T +Z) 4L {1+ 1) T2 ' .
i Yields: '."éf.'_al Cost of Retirements E?__;C,V(I 2)3L{1+1) C,=10% First Year Relirements
Co=25 Second Year Retirements
Cy=45 Third Year Retirements
Cys=20 Fourth Year Retirements
I 14 Volume 5, Number 1, 19593




_The retirements and COR matrices that result from
these data are shown in Figures three and four. For this

example, property installed from 1989-1992 will be used.
These figures are in the triangle in figure 3 and 4 below.

$ Property ' . . . . o
Installed  Year 1989 1990 1991 1992 - 1993 1994 1985 1996 = 1967 1998 1989 2000 2001 2002
1000 1989 10000 25000 450.00|
1030 1990 10300 25750 | —
1061 1991 _ 10609 | 26523 " 47741 21218 T~
1093 1992 |L108.27 273.48 49973 21855
1126 1993 112.55 261.38 50648 255.10 - ‘
1159 1994 ..11593 289.82 52167 23185 - .- - - -
1194 1995 119.41 29851 537.32 238.81
1230 1996 122.99 307.47 55344 245,97
1267 1997 126.68  316.69 * 570.05 253.35
1305 1998 13048 32620 587.15 260.95
1344 1999 ¢ - o _ L 13439 33598 60476 260.76
Annual Totals ~ 100.00° 353.00 813.59 1038.00 1069.14 1101.22 113426 1168.27 1203.32 1239.42 1276.60 1176.48 86571 268.76
TOTAL * o o T ' 12,807.79
Figure 3. Retirement Matrix
. COR -0.200 0.210 - 4.221 -0.232 0.243 0.255 -0.268 " .0.281 ° -0.295 -0,310 -0.326 0342 . -0.359 <0377
Number of . o ' ’ Lo '
Units Year 1989 1990 .1991 1992 1993 1894 1995 1986 1997 1998  1999° 2000 2001 2002
1000 1989 -20.00 -52.50 -99.23 [ -46.31 .
1000 1980 -21.00 5513 | -104.19 - -48.62 T
1000 1999 -22.05 |i-57.88 - -109.40 51.05 —___ .
1000 1992 -23.15 6078 -114.87 -53.60. .
1000 1993 -24.31 -6381 -12061 -56.28
1000 1584 2553  67.00 -126.84 -50.10
1000 1995 -26.80 -70.36 -132.97 -62.05
1000 1996 2814 -7387 -139.62 -65.16
1000 1997 -77.57  -14660 -14660 -68.41
1000 1998 -31.03 8144 -15395 .71.83
1000 1999 T . - -32.58  -8552  -161.63 -75.43
Annual Totais -20.00 -73.50 -176.40 -231.53 -243.10 25526 -268.02 -281.42 -20549 -31027 -325.78 -807.86 -233.46 -75.43
TOTAL. - S e B : - -3097.51

Figure 4. Cost of Removal Matrix -

Using the above values in the model gives a future aver-
age salvage (COR) ratio of negative 22.9%. This means
that the future cost of removal of property currently in ser-
vice is equal to 22.9% of the original cost of that property.
This value will change as the account ages, even if all the
variables remain constant. If a study was done in 1994,
based upon plant balances at 12/31/93, the future average
salvage ratio for property in service as of that date would
be 738.49/ 3094.69 = 23.9%. - : :

It the cost per unit growth rate, the rate of growth or
decline in units, and the cost of removal growth rate are all
zero, the FSR will always be equal to its original value.
When the cost per unit growth rate is greater than zero and
the cost of removal growth rate is zero, the COR ratio will
be less than its starting point for all values of unit growth
rates. This is shown for some sample values for this exam-
ple in Table 5.
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Cost per Unit | - Rate of Growth in Units (%)

Growth Rate 0.0 1.0 2.0 3.0 4.0 5.0 10.0

: 0.0 % 20.00 20.00 20.00 20.00 20.00 20.00 20.00
1.0 19.61 19.61 19.61 19.60 19.60 19.60 19.59}

2.0 19.23 19.22 1922 19.22 19.21 19.21 19.20

3.0 18.85 18.85 18.85 18.84 18.84 18.83 18.81

4.0 18.49 1843 18.48 18.47 18.47 18.46 18.43

s B0 18,14 -18.13 1812 ‘1811 18.11 18.10 18.07

- 100 - | 16.49 16.48 - 1646 1645 16.44 16.43 16.37

Table 5. COR Ratios when COR Growth Rate = 0.0%
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Cost per Unit Rate of Growth in Units (%)

Growth Rate 00 10 2.0 3.0 4.0 5.0 10.0
0.0 24,36 24.36 24.37 24.38 2438 24.39 24.42
1.0 23.88 23.89 23.89 23.89 23.90 23.90 23.93
2.0 23.42 2342 23.42 23.42 2343 23.43 23.44
3.0 22,96 22,06 22,96 2296 2297 2297 2297
4.0 2252 2252 2252 2252 2252 2252 2251
5.0 22.09 22,09 22.08 22.08 2208 22.07 22.06
10.0 20.09 20.07 20.06 20.05 20.04 20.03 19.98

Table 6. COR Ratios when COR
Growth Rate - 5.0%

This model has three variables that are changing by
rates; the cost per unit growth rate, the growth in units rate,
and the growth in cost of removal rate. Tables 5 and 6
have presented sample values of the COR ratio when one
of these variables is held constant, namely the COR
growth rate. Allowing all three variables to change simulta-
neously results in a muiti dimensional surface. Plotting
COR ratio as a function of two variabies resuits in a three
dimensional surface and is presented in Figure 5.

Table 2 and Figure 5 show that the calculated COR
ratios are sensitive to the increase in the cost per unit and
the COR growth rate, and somewhat insensitive to the unit
growth rate. If the unit growth rate has little impact, the
mcdel becomes a function of two variables, and results can
be plotted in two dimensions. Figure 6 shows the sensitivity
of the COR ratios for this example as a function of the
COR growth rate. Each line on the graph represents COR
ratios for a different assumed increase in the cost per unit
(mﬂatlon)

EXTENSIONS TO LARGE EXAMPLES

The small numerical example analyzed above showed
that the COR ratios are relatively insensitive to changes in
the unit growth rate. To determine if this insensitivity would
carry over to larger accounts following different survivor
patterns, the model was used to study COR ratios for sev-
eral lowa Curve type dispersion patterns with average ser-
vice lives ranging from 10 to 20 years. Since the actual
value of the future COR ratio is a function of where in time
the account is analyzed, each curve type was analyzed at
the point where the account had reached stabiiity (i.e.
where additions equal retirements if there is no growth).

In general it was found that the increase in the cost per
unit (inflation rate) and the increase in the COR growth rate
were the two variables with the greatest impact, and the
rate of growth in units of the account has a small impact.
As an example, consider an R5 lowa curve with an aver-
age service life of 20 years and an initial COR ratio of -
20%. For an inflation rate of 0%, a unit growth of 0%, and a
COR growth rate of 5%, the resulting future COR ratio is
-129%. Changing the unit growth rate from 0% to 5%
increases the future COR ratio to -140%, or an 8.5%
increase. However, making the same change in the infla-
tion rate, from 0% to 5% (keeping the unit growth rate at
0%) decreases the future COR ratio to -54%, or a 59%
decline. Similar results were cbtained for other lowa curve
types and average service lives, Partial results of this
research are presented in the appendix.

SUMMARY _

Salvage plays an important part in the calculation of the
depreciation accrual rate for public utilities. Traditionally,
calculation of the salvage ratio to include in the accrual
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equation has not-received as much attention as the life
analysis portion. Increasing values of the salvage ratio,
particularly negative values, has focused greater attention
on the calculation of salvage and cost of removal ratios.
This paper has presented a conceptual framework that can
be used to calcuiate future average salvage ratios. The
methodology presented works equally well for positive and
negative salvage ratios. The modet developed in this paper
allows for several variables, and presents general eqgua-
tions that can be used to calculate the overall average
future salvage ratio as a function of those variables.
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Cost of Removal Ratio Tables

RS Iowa Curve - 20 Year Average Service Life - Cost of Removal Growth Rate of 5% Per Year

Cost Per Unit
Growth Rate Rate of Growth in Units (%)
() - 0 1 2 3 ) 4 5 6 7 B 9 10
1] -128.7 -131.0 -133.2 -135.5 ~1376 -139.8  -141.8 -143.9 -1458 - -1477 -149.5
1 -108.6 -110.1 . -111.6 -113.0 -1144 -115.8  -117.1 -1184  -119.7 <1209  -122.0]"
p 915 -92.4 -93.3 -94.2 -95.0 -95.8 -96.6 -974 981 -98.8 -99.5
3 769 -77.4 -77.8 -78.3 -78.7 9.1 - -79.5 -79.9 ~80.3 -80.7 -81.0
4 -64.5 -54.7 -64.8 -65.0 -65.1 -65.3 -65.4 -65.6 =657 - -65.8 -66.0
5 -54,0 -54.0 -539 . -539 -53.8 -53.8 -538 . -83.7 <837 L8397 537
6 -45.2 -45.0 -44.8 -44.6 -44.5 -44.3 -44.2 -44.0 -439 ~ " -438 -43.7
7 -37.7 -37.4 -37.2 -36.9 -36.7 -36.4 -36.2 360 - 359 --35.7 .=35.5|
8 =315 <311 -30.8 -30.5 = -30.2 -30.0 -29.7 -29.5 -29.3 -29.1 -28.9
9 -26.2 -25.8 -25.5 -25.2 -24.9 -24.6 -24.4 -24.1 =239 -23.7 -23.5
10 -21.8 -21.4 -21.1 -20.8 _-20.5 -20.2 -20.0 -19.7 -19.5 -19.3 -19.1

R5 lowa Curve - 20 Year Average Service Life - Cost of Removal Grow”th Rate of 0% Per Year

Cost Per Unit ' ‘

Growth Rate Rate of Growth in Units (%) :

(%) 0 1 2 3 4 5 6 7 8 9 ~_ 10
0] -20.00 -20.00  -20.00 -20.00 -2000 -20.00 -20.00  -20.00 -20.00 -20.00 -20.00
1 -16.88 -16.82  -16.75 -16.69  -16.63  -16.57 -1652  -16.46  -16.41 -16.36 -16.321
2 <1422 -1411 -14.00 -13.90 -13.80 <1371 -13.62  -1353  -13.45 -13.38 -13.30
3 -11.95 -11.82 -11.69 -11.56 -11.44 ~11.33 -11.22 -11.11 -11.02 -10.92 -10.84
4 -10.03 ~9.88 -9.73 -9.60 -9.47 -9.34 923 -9.12 -9.01 -8.91 -8.82
5 -8.40 -8.24 -8.10 796 782 -7.70 -7.58 -7.47 -7.37 -7.27  -118
6 -7.02 «6.87 -6.72 -6.59 -6.46 -6.34 -6.23 -6.12 -6.02 -5.93 -5.84
7 -5.86 -5.72 --5.58 -5.45 -5.33 522 - 511 -5.01 -4.92 -4.83 -4.75
8 «4.89 -4.75 -4.62 -4.50 -4,39 -4,29 -4,19 -4.10 -4.02 -3.94 -3.87
9 -4.07 -3,95 -3.83 -3.72 -3.62 -1.52 -3.44 -3.35 -3.28 -3.21 -3.14

10 2339 327 317 -3.07 -2.98 289 282 2.74 -2.68 -2.62 -2.56 |
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Cost of Removal Ratio Tables

R1 Iowa Curve - 20 Year Averagé Service Life - Cost of Removal Growth Rate of 5% Per Year

Cost Per Unit ;

Growth Rate - Rate of Growth in Units (%)

(%) __0 1 2 L3 - 4 -5 [ 7 .. 8 9 10
6| . -2783 2843 - -290.1 -295.6 -300.8 -305.8  -310.5 -315.0 -319.2 -323.1 -326.8
1 -210.0 -213.1 -216.0 -218.8 -221.4 .223.9 -226.3 -228.5 -2305 -232.5 -234.3
2 -1579 -159.1  -160.3 -161.5 -162.6 -163.6 -1646  -1655 -166.4  -167.2 -168.0

{ 3] -1183 -1185 -1187  -1189 -1192  -1194  -119.6 -119.8 - -120.0 -120.2 -120.4
4 -883 . -88.0 -87.7 -87.4 -87.2 -87.0 -86.8 -86.7 -86.6 -86.4 -86.3
5|  -658 . -652 ) -64.6 -64,2 _,-63.7 -63.4 -63.0 627 - -62.4 -62.2 =619
6 -48.9 -48.2 476 470 . -46.6 -46.1 457 - 454 -45.0 44,7 -44.5
7] =363 -35.6  -350 -34.5 -34.0 -33.6 -33.2 -32.8 -32.5 -32.2 -32.0
8| -269 - -263 . .257 .28.2 -248 =244 -24.1 -238 =235 -23.2 =230
9] -199 -194 -18.9 -18.5 -18.1 -17.8 -17.5 -17.2 -17.0 -16.8 -=16.6

10] 147 143 139 135 132 © -13.0  -127 - <125 -123 <121 - =119

R1 Jowa Curve - 20 Year Average Service Life - Cost of Removal Growth Rate of 0% Per Year

Cost-Per Unit o . :
| Growth Rate Rate of Growth in Uhnits (%) ' : :

(%) 0 1 ' 2 3 4 5 6 7 8 9 10
0 <200 - -20.0 -20.0 -20.0 -20.0 -20.0 .. -20.0 <200 . -200 @ -200  -200
1 -15.1 -15.0 -14.9 -14.8 -14.7 -14.6 -14.6 -14.5 - -14.4 -14.4 -14.3
2 -11.3 -11.2 -11.1 -10.9 -10.8 -10.7 -10.6 -10.5 -10.4 -10.3 .~10.3
k3 85 - 83 -8.2 -8.0 -79 -7.8 1.7 -7.6 -71.5 7.4 -7.4
4 -6.3 62  -60 =59 58 -5.7 -5.6 -5.5 5.4 5.4 -5.3
5 -4.7 - 46  -45 -4.3 -4.2 -4.1 -4.1 -4.0 -39 -3.8 . -3.8
6| =35 34 .33 -3.2 -3.1 -3.0 2.9 -29 -2.8 -2.8 -2.7
7 -2.6 -2.5 -2.4 -2.3 2.3 2.2 21 -2.1 -2.0 -2.0 2.0,
8 -19 . -18 -18 - -1.7 -1.6 -1.6 -1.6 -1.5 -1.5 -1.4 -1.41
9 14 <14 @ 13 -1.3 -1.2 <12 -1.1 -1.1 -1.1 -1,0 -1.0
10 11 1.0 -1.0 ~ -09 -0.9 -0.8 -0.8 -0.8 -0.8 0.7 -0.7

A-2
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Cost of Removal Ratio Tables

_LSV,Iqwa Curve - 20 Year Average Service Life - Cost of Removal Growth Rate of 5% Per Year

. Cost Per Unit o _

g Growth Rate Rate of Growth in Units (%) ' Y
i {% 1] 1 2 3 4 -5 6 7 8 9 10
I o] -221.7 -2256  -2295  -233.3  -237.0 -240.7 -2442  -247.7 - -251.0 . -2543 . -2574
L 1| -1679 -1701 -1724 -1746 -1767 -1788 -180.8  -1828  -1846  -1864 - -1882
i 2 -1269  -1281  -1293  -130.5  -131..6  -132.7 -1338  -1348 -1358 -1367 @ -137.6
L 3] 959 -96.4 -97.0 -97.5 -98.0 -98.5 -98.9 994  .999  -100.3 -100.7
i 4 724 - -T25 -72.6 -72.8 -729 -73.0 | 732 -73.3 =734 -73.6 737
T 5 -54.5 -54.5 -54.4 -54.3 -54.2 -54,2 -54.1 -54.1 -540 -540 -54.0

| \i 6 -41.1 -40.9 -40.7 -40.5 -403 °  -40.2 -40.0 -39.9 -39.8 -39.7 <396 |
7 -30.9 -30.7 -30.4 -30.2 -30.0 ~29.8 -29.6 295 -29.3 229.2 -29.0 |
4 8 -233 -23.0 -22.8 -22.5 -22.3 -221 -21.9 -21.8 216 215 -21.3
P 49 -175 . -173 -17.0 -16.8 -16.6 -16.4 -16.2 -16.1 -159 . -15.8 -15.7].
E 10 -13.2  ~ -13.0 . -127 -12.6 -12.4 -12.2 -12.0 -11.9 -11.8  ~ -11.6 -11.51.
| . i e . .- ] . .

- L5 Iowa Curve - 20 Year Average Service Life - Cost of Removal Growth Rate of 0% Per Year

Cost Per Unit - _
Growth Rate Rate of Growth in Units (%) _ L ‘ o
(%) 0 1 2 3 4 5 6 i 8 9 10
0 - -20.0 =200 - -20.0 -20.0 -20.0 -20.0 -200 -20.0 =200 --.-200 .. -2001
1] -151 -15.1 - -150 - -15.0 -149  -149 -14.8 <148 <147 -147 O -146
2 118 -11.4 113 -11.2 -11.1 -11.0 -11.0 -10.9 -10.8 -10.8 -10.7
3 -8.6 -8.5 -8.4 -84 = -83 -8.2 -8.1 -8.0 -8.0 -7.9 -7.8
4 -6.5 -6.4 -6.3 -6.2 -6.2 -6.1 -6.0 -5.9 -59 -5.8 ST7|
51 -4.9 -4.8 -4.7 -4.7 -4.6 -4.5 -4.4 -4.4 -4,3 -4.2 -4,2
6 -39 -3.6 -3.5 -3.5 -34 -33 -33 3.2 -3.2 -31 -3.1
7 -2.8 -2.7 2.7 -2.6 T .25 25 -24 24 -2.3 -2.3 23|
81 -21 -2.0 -20 -1.9 - -1.9 -1.8 _-1.8 -1.8 -1.7 -1.7 1.7
9 -1.6 -1.5 -1.5 -1.4 .14 -1.4 -1.3 -1.3 -1.3 -1.2 12|
10 -1.2 -1.1 -1.1 -1.1 -1.0 -1.0 -1.0 -1.0 -0.9 -0.9 091
A-3
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) | Cqéf—of_ _RerﬁﬁVaiiRaf_id Tﬁbleé. |

L1 Towa Curve - 20 Year Average Service Life - Coét.of_ Ren_ioﬁli-Grthh Rate of 5% Per Year

Cost Per Unit : _
Growth Rate Rate of Growth in Units (%) '
%y -0 1 2 3 -4 5 6 7 8 -9 10
; 0 -907.6  -926.3 -9440 -960.6 -976.2 ~ -990.8 -10045 -10173 -1029.2 -1040.4 -1050.9
1| -5471  -5537 -5599  -565.8 -571.4  -576.6 -581.5  -5862 -590.5  -5946  -5985
1 2f -3287 -3301  -3315 -3329 -3342 3356 23369 3381 - 43393 23404 -3416
! 3 -1970 = -196.5  -1960 . -1957 -1955  -1954  -1953 -1953  -195.3 - -1953  -195.4
‘ I 4| -1178  -1168  -1159  -1151  -1144  -1139 -1134 -113.0 - -1126  -1123  -1120}
5 -70.4 -69.4. 685  .-67.7 -67.0 -66.4 -65.9 -65.5 -65.1 . -64.7.  -644
i 6 -42.0 -41,2 -40.5 -39.9 -39.3 -38.8 -384 . -380 -37.7 =374 . -372
i 1 251  -245 -24.0 -23.5 <231 227 -4 222 -219 217 <215
i 81  -150 . -146 -14.2 -13.9 -13.6 -13.3 -13.1 -129 . -128.  -126  -125
9t 90 -8.7 -84  -8.2 . -8.0 -7.9 =7.9 1.6 7.5 -74 13
10 54 - 52 - 50 -4.9 - -4.7 -4.6 -4.5 -4.4 44 - 43 -4.2

‘L1 Iowa Curve - 20 Year Average Service Life - Cost of Removal Growt.h Ratefof.O% Per Year

Cost Per Unit

Growth Rate Rate of Growth in Units (%) : o . 1
% -0 1 2 -3 4 5 6 7 8 -9 - 10f
0 -20.0 . -20.0 =200  -200 -20.0 -20.0 -20.0 -20.0 =200 =200 -20.0
1{ ~-121 =120 -119 -11.8 -117 116 -116 -11.5 -115 -11.4 -11.4
2 -7.2 -7.1 © 70 -6.9 -6.8 -6.8 6.7 -6.6 66 -65 6.5
3 -4.3 42 @ 42 @ 441 -4.0 -3.9 -3.9 -3.8 -38 -3.8 -3
41 -2.6 -2.5 25 0 -24 -2.3 23 -23 -2.2 -2.2 =22 21
5 -1.6 -1.5 -15 -1.4 -1.4 -1.3 -1.3 -1.3 - -1.3 -1.2 -1.2
6 -0.9 -0.9 -0.9 -0.8 -0.8 0.8 -0.8 -0.7 0.7 07 0 A7
7 -0.6 -0.5 -0.5 -0.5 -0.5 -0.5 -0.4 -0.4 -0.4 -04 ~ -04
8 C 03 0.3 -0.3 -0.3. -0.3 -0.3 -0.3 -0.3 -0.2 02 02
9. -0.2 -0.2 -0.2 -0.2 - -0.2 -0.2 -0.2 -0.1 -0.1 01 | <04
10 0.1 01 01 - -01 -0.1 -0.1 -0.1 -0.1 -0.1 0.1 -0.1
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CHANGING REGULATORY REQUIREMENTS
AND OTHER CONSIDERATIONS
CAUSE A WATER UTILITY
TO REEXAMINE ITS CALCULATION
OF DEPRECIATION EXPENSE

. F.Mark Schubert P.E.
-Assistant Director, Rate Studies
- American Water Works Serwce Company, Inc.

: ABSTRACT

This paper will describe the effect that present and
pending federal and state. regulations pertaining to water
treatment and waler quality presently have on the caicula-
tion of depreciation expense. The importance of recogmz-
mg older treatment facilities with a potential short remain-
ing life span and the impact of depreciation expense is dis-
cussed in significant detail through a recent example The
-effect of other considerations which are causing: water
treatment facilities to be renovated (exclusive from regula-
tion) and how they might increase depreciation expense is
also reviewed. Finally, a discussion on cost of removal and
salvage as related to structures and equipment is provided
in order to properly recognize this significant contribution-to

increasing or decreasing depreciation expense.

INTRODUCTION

The water supply industry has always required a very
high ievel of reliability. Water systems must consistently
produce and deliver a high quality product on demand, 24
hours a day, seven days a week, 365 days a year. The
American Water System, which:is made up of 21 sub-
sidiary operating water companies, prowdes service to 1.7
million customers in 640 communities.in 21, states.. .

The lowa-American Water Company is-one such sub-
sidiary and comprised of service areas located in the
Davenport (Quad-Cities) area and the Clinton area in the
state of lowa. The piant facility being discussed in this
paper is located in the Davenport service area and is iden-
titied as the East River Treatment Plant. This plant obtains
its supply fro the Mississippi River and is nominally rated at
a production capacity of 30 million galions per day (MGD).
This plant was originally constructed in the 1890s. _

The Water Company underwent an extensive review of
its facilities and operations in a Comprehensive Planning
Study conducted in 1986. This study recommended
improvements, where appropriate, in production facilities
and the distribution network. This paper will describe the
constructed improvements to the existing East River
Treatment Plant and the corresponding relationship with
and effect on depreciation accrual rates.

EAST RIVER TREATMENT PLANT

EXISTING FACILITIES

The existing plant is located on the west shore of the
Mississippi River in .Davenport, lowa. The facilities include
an intake structure; raw water pumping station;
flocculation! and sedimentation basins; settled water
pumping station; gravity filters; finished water pumping sta-
tion; and associated chemical storage and feed systems.
The piant is nominally rated at 30 MGD based on a filtra-
tion rate of 3 gallons per minute per square foot of filter
area.
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The orlglnal intake structure consists of two mtakes
located in the flood wall adjacent to the plant. A third intake
extends..approximately 400 feet-into the. river. -During cer-
tain months of the year,. icing was fairly-common with the
two intakes located in the flood wall. Four raw water pumps
transferred the.raw water to the pretreatment facilities. The
pumps located in the basement of the plant were instalied
either in 1961 or were of earlier vmtage and suscepttble to
flooding. -

iThe pretreatment facuhtles cons:st of two conventlonal
flocculation and sedtmentatlon2 basins. Chemicals are
applied at two separate locations prior to the entrance of
the basins. No mixing facilities were available, The sedi-
mentation basins are equipped-with circular sludge collec-
tors. Icing on the surface of the uncovered basins was also
fairly common during winter menths.

After sedimentation, the water passes to a common
forebay from which it is pumped to the filters: by means of
four transfer- pumps.-There are 20 gravity filters and each
contains a media of granular activated carbon (GAC). All
filters were equipped with mechanical. rate of flow con-

troflers and- pneumatic loss of head gauges.

Finished water is stored in.a 600,000 galion clearwell
which, at nominal plant capacity, provides about 30 min-
utes detention time for chemical disinfection prior to -deliv-
ery into the distribution system by the.distributive pumps.
Water from.backwashing and solids removed from the sed-
imentation basins are currently being discharged to an
Army Corps of Engineers interceptor sewer which in tum
discharges downstream of the plant into the Mussnss;ppl
River. ‘

PROPOSED IMPROVEMENTS J

The proposed improvements to the East Fllver
Treatment Piant included intake modifications; a new raw
water pump station with mechanical screens; new solids
contact clarifiers (called Superpulsators3); modifications to
the existing filters; modifications and additiocns to the chem-
ical systems; modifications to existing distributive pumping
equipment; a new distributed control system (DCS); modifi-
cation 1o the elecliical feed and distribution systemn at the
plant; and the installation of new generators for stand-by
power.. The brief description.above describes a complete
rehabilitation and renovation at this facility. The various
improvements and related components are described in
further detail for each major portion of the piant to be
replaced, renovated or rebuilt in the appendix at the end of
this paper.

The following dlscussmn elaborates on the numerous
factors and forces which the industry is subject to an on-
going basis. No doubt the reader wiil. agree these factors
have a direct impact on depreccatlon accruai rates and
expense
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RELIABILITY CONSIDERATIONS -
The major construction program for the East River

Treatment Flant was driven by the need to improve the reli-

ability and quality of water service and to.assure compli-
ance with governmental water quality regulations, A
Comprehensive Planning Study conducted in 1986 evalu-
ated the water supply system and identified the improve-

ments necessary to ensure a rellable water supply system.

throughout a specified future planning period. The study
anaiyzed the existing treatment plant to ensure an appro-
priate level of reliability. Consideration was also given to
the new drinking water regulations being proposed by the
U.S. Environmental Protection Agency (USEPA) and the
1986 Safe Drinking Water Act amendments.

These evaluations documented the investigation into
constructing a separate plant and the significantly greater
cost of that approach as compared to the approach of
improving the existing plant to make it reiiable.

Consequently, the selection approach was to construct

some new facilities at the East River Treatment Plant,
replace existing equipment, modify existing facilities, as
required, to ensure adequate water treatment processes
are .available for any water quality congitlon .in the
Mississippi River and construct pumping and electrical
facilities to.meet maximum day demands of the Davenport
service area. it should also be stated that all of the East
River Treatment Plant improvements were implemented to
improve reliability and efficiency of operations.

The reliability of the raw water supply has been
improved by the construction of the new raw water pump
station which repiaced the existing raw water pumps. The
raw water pumps were old, relatively inaccessible and
below the flood elevation. ,

The new raw water pump station, which was completed
and -placed in operation in January 1991, now has four
pumps located above both the 100-year fiood level* and
the 1993 flood level. As a result, an adequate supply of
water can be pumped with one pump out of service. The
new raw water pump station was designed with mechanical
screens to remove fish, debris and the icing events which
historically have plagued the treatment plant during certain
times of the year.

Although -the East River Treatment Plant met all water
quality standards, the existing flocculation-sedimentation
basins were not capable of adequately treating all water
quality conditions in the Mississippi River at certain times.
The plant improvements program provided adequate pre-
treatment chemical mixing, improved the hydraulic charac-
teristics of the existing basins by replacing part of the sedi-
mentation basin capacity with Superpuisators (which elimi-
nated the need to pump settied water to the filters for 50
percent of the plant flow), guaranteed adequate plant
capacity with one basin out of service and removed the
freezing potential in the settled water forebay. The
Superpulsators and properly rated sedimentation basins
with improved chemical mixing now are able to treat any
water quality condition in the Mississippi River at any time.

The filtration process was improved by modifying the fil-
ter boxes, installing a sand media beneath the granular
activated carbon media (for improved particle removal),
installing an air wash system for backwashing, and replac-
ing the associated filter control valves, rate controllers,
loss-of-head gauges and control consoles.

Distributive pumping was improved by adding one pump
to ensure reliable pumping capacity to meet maximum day
demands with one pumping unit out of service for each
pressure gradient. Electrical facilities were made more reli-
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able by replacing certain switchgear and relocating the’
switchgear to an area above the 100-year flood. levei.
Medium voltage motors were rewound for 4160 volts, a
standard voltage, to replace the outdated 2300 volt wind-
ings and improve overall safety. Transformers were
replaced to eliminate overloading conditions and potential
PCB5 contamination problems. Standby power facilities
were installed at the raw water pump station and the main
pump building to ensure a reliable water supply during any
power disruption of the electnc utility’s -supply to the East
River Treatment Plant, :

_ A discussion on reliability conSIderatlons other than
those associated with plant equipment should include
water quality and the on-going evolution of drinking water
regutations. Changes in USEPA’s drinking water regula-
tions were anticipated, and provisions were included in the
design of the improvements to the East River Treatment
Plant to ensure adequate finished water quality and the
ability to meet the new drinking water regulations. The pri-
mary concern was the capability to meet the new turbidity
standard of 0.5 NTUS in 95 percent of filter water samples.
The chemical mixers, Superpulsators, filter modifications
and much of the plant instrumentation were designed to
achieve the appropriate filter effiuent turbidity levels. Filter-
to-waste valves and piping were instailed to controf the fil-
tered water turbidity after backwashing as required by the
new drinking water reguiations. The Superpulsators
process can be used to remove synthetic organic chemi-
cals from the Mississippi River by adding powdered activat-
ed carbon which is retain in the Superpulsator's sludge
budget, a capability not avaiiable with the existing fioccula-
tion-sedimentation basins. Water quality monitors and
chemical feed pacing systems were installed to fine-tune
the chemical treatment process on a continuous basis. For
example, a potassium permanganate’ residual analyzer
will ensure adequate oxidation of the raw water atlowing
intermediate chlorination which in tum helps: control the for-
mation of THMs8. The layout of the new facilities allows
future construction of a iarger clearwell,

The improvements to the instrumentation and controls
included detailed design investigations which revealed
numerous requirements for replacement and addition of
instrumentation and control associated with the new and
existing facilities and regulation requiting increased moni-
toring requirements. For exampie, the majority of the con-
trol equipment is associated with the filters. This inciuded
replacing rate-of-flow controllers, loss-of-head equipment
and filter operating and backwash controls. Al of this
equipment is essential to properly operate a filter. The
instrumentation and control equipment also includes on-
line water quality monitors for turbidity, pH, potassium per-
manganate and coagulation control. These components
assist in optimizing the water quality produced by the treat-
ment process and resuit in more efficient use of chemicals.

All of the components provided in this project were nec-
essary to maintain a safe, reliable and quality water service
for the Davenport service area of lowa-American. As
described earlier, alternate approaches to the project were
investigated duting the project development, and the
design effort and project scope were carefully managed
and scrutinized throughout the project. The technical quali-
ty of the project is excellent. State-of-the-art treatment
processes and control equipment were used to provide a
cost-effective project which meets regulatory requirements,
improves the plant operation and provides flexibility for
future expansion and reguiations.
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DEPRECIATION STUDY -
As part of the general rate case filed in October;. 1990

with the lowa Utilities Board, the Water Company commis- -

sioned a new depreciation study of the property and plant
of the Water Company. The study considered the impact of

the maior construction program at the East River:

Treatment Plant in the development of new: proposed
depreciation rates. k was determined the regulatory review
of the rate case would be completed-subsequent to com-
pletion of construction activities at-the plant. Therefore, the
study focused on key components of the treatment plant
and associated facilities, including the fact these facilities

‘were approaching the limits of their useful lives; and that

water quality standards were becoming more stringent
because of improved technical ability to detect contami-
nants and bacause of increased health effects awareness.
The study included the total recognition of the $19 m|II|on
cost of this project.

The depreciation study, prepared for the Water
Company by John Russelt Associates, Inc., recommended
a change in the method of caiculating depreciation rates.
Historically, depreciation rates for the Water Company
have been calculated by the average service fife or whole
life method. The study, however, recommended the use of
the rematning life method of -calculating depreciation
expense. The major reason-prasented to the lowa Utilities
Board was that it is a more effective and timely method of
capital recovery than the average service life method. The
use of the remaining life method usually eliminates the
need for any special amortization of costs to supplement
annual depreciation expense. The lowa Utilities Board con-
curred in its decision account of those additions and retire-

ments retated to the construction pro;ect is provnded in:

Table 1.

Table 1
lowa-American Water Company - Davenport
Summary of East River Treatment Plant
Construction Costs -

Account Additions Retirements*
321 - Pumnping Structures $ 2,246,000 $ 26,000
325 - Electric Pumping Equipment $ 2,072,000 $ 508,000
331 - Treatment Structures $ 4,828,000 $ 45,000
332 - Water Treatment Equipment  $ 9,815,000 $ 508,000
Total $1,088,000

$18,961,000

*Represent the original installed cost of those items being retired.

Source: lowa-American Water Company,
Repori on Depreciation Rates, Table 54, Page 1 of 1.

DEPRECIATION RESERVE _

The depreciation reserve balances for Accounts 321,
325, 331 and 332 at December 31, 1989, were approxi-
mately $376,000, $5632,000, $116,000 and $673,000

respectively. The continued used of the whole iife method-

ology for calculating depreciation expense has resulted in

these values being below expected levels. The deprecia--

tion reserve deficiencies vary by account. A comparison of
Account 321 is fairly close to the estimated theoretical
reserve value; however, Accounts 325, 331 and 332 were
estimated to be from 20 to 30 percent deficient prior to the
depreciation study. The use of the remaining life methodol-
ogy will correct this reserve deficiency over the period of
years the proposed depreciation accrual rates are in effect..

A comparison of these values to approximate utility pant
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balances for these accounts {prior to the new construction)
are as follows:O Account 321 - $481,000; Account 325 -
$1,723,000; Account 331 - $342,000; and Account 332 -
$1,727, 000 ,

AVERAGE SERVICE LWES

Table 1 clearly shows the major difference in the original’
installation costs of the majority of the facilities replaced or
renovated at the East River Treatment Plant. Based on the
earlier discussion related to reliability and water quality
standards, it was appropriate to adjust average service
lives for all plant accounts, especially the accounts shown
in Table 1 {321, 325, 331 and 332). These accounts were
segregated to reflect the existing structures remaining in
service and the new facilities recently placed in service. A
composite rate for these aceounts was developed to refiect
this separation.

For Account 321, the bu:ldlngs housed the pumps in
both service areas consnst of older structures that once -
contained steam pumping equipment. The simulated plant
study indicated an average service life of 75 years could be
assigned to this account based on past retirements.
However, because of the additional experience of retire-
ments .associated with the project, a 40 year average ser-
vice life was recommended to reflect this situation.

For Account 325, the present depreciation accrual rates
reflect a 40 year average service life. However, due to the
high number of pumping equipment motors which will be
rewound to a higher voltage versus outright replacement,
an average service life of 30 years was recommended for
this ‘account. it was anticipated that a certain level of
investment will continue into the future to reflect this on-
going work.

For-Account 331, an average service life of 40 years
was recommended to reflect the experience of retirements
occurring as a result-of the construction program at the
East River Treatment Plant.

For Account 332, an average service tife of 35 years
was recommended to reflect the retirement of certain exist-
ing equipment and to recognize the new equipment which
was installed. Tabie 2 illustrates the average service lives,
the remaining lives, net salvage factors and the overalil
composite rate for these accounis just described.
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Table 2
lowa-American Water Company
Summary of Average Service Lifes, Remaining Lives,
Net Salvage Factors and Accrual Rates

Average
Service Remaining Net  Depreciation
Life Life Salvage Accrual
Account {Years) {Years} Factor Rates
321-Existing 40 209 -15% 1.81%
321-New 40 39.5 -15% 2.88%
Total Composite -15% 2.65%
325-Existing 30 16.0 -10% 5.30%
325-New 30 29.5 ~10% 3.66%
Total Composite -10% 4.43%
331-Existing 40 23.8 5% 3.02%
331 -New 40 39.5 -5% 2.63%
Total Composite -5% 2.65%
332-Existing 35 16.5 -10% 5.12%
332-New 35 345 -10% 3.15%
Total Composite -10% 3.41%

Source: lowa-American Water Company,
Repon on Depreciation Rates, Table 5-1, Page 1 of 2,

in its Final Decision and Order, the lowa Utilities Board
approved the use of these average service lives, net sal-
vage factors and the utilization of the remaining life
methodology of calculating depreciation expenses. There
was opposition to this change in methodology versus the
whole life method from the Consumer Advocate in lowa;
however, the lowa Utilities Board recognized "the remain-
ing life method is more fiexible than the average service life
{whole life) method.” Estimates are necessary when devel-
oping initial accrual rates. The Utilities Board believes
these estimates are subject to change over time as condi-
tions change or more knowledge is gained regarding the
retirement characteristics of the various plant accounts.

NET SALVAGE FACTORS

In the remaining life method, past net salvage is incor-
porated into the calculation of depreciation accruals
through the use of the book reserve into which past sal-
vage has been credited and against which past cost of
removal has been debited. Ideally, future salvage should
be estimated by trending past saivage data through the
period representing the remaining life of the plant presently
in service. During the course of the salvage analysis con-
ducted for the Water Company, it became apparent the
cost of removal for certain items of plant being retired was
mugch higher than any likely salvage value. As a result, the
subtraction of the cost of removal from any salvage amount
was a negative value and the subsequent calculation
resulted in a negative net salvage factor. The negative net
salverage factor percentage appeared in all the accounts
related to the construction project at the East River
Treatment Plant.

There are a number of reasons why cost of removal has
been so high in recent history. These reasons include, and
are not limited to: increasing labor costs, inflation, low mar-
ket prices for certain salvageable items and the cost of
materials and equipment used in the retirement process.
Examples of significant cost of removal expenditures
include health/safety concerns to the public (i.e., the
removal, handling and disposal of asbestos cement pipe),
or environmental regulations (i.e., modifying water treat-

Volume 5, Number 1, 1993

ment plant structures and equipment to ensure a better
overall water quality).

The review of the historical salvage data indicates that -
with the very low original ¢ost of the various plant items
being retired, a negative net salvage factor wili continue to
result in the future when further studies are conducted.
Therefore, the salvage factors utilized in the calculation of
depreciation accruais for the different accounts were
judged as the best estimate of the future trend in net sal-
vage. Table 2 shows the net salvage factors selected and
approved by the lowa Utilities Board for Accounts 321,
325, 331, and 332.

SUMMARY

The total annual increase in depreciation for Accounts
321, 325, 331 and 332 in the Davenport service area of the
Water Company over present rates was approximately
$283,000. Table 3 provides a summary of the present and
proposed depreciation rates and expense for the
Davenport portion of lowa-American Water Company.

Table 3
lowa-American Water Company - Davenport
Summary of Present and Proposed
Depreciation Rates and Expense

Uhility
Ptant Present Rates Proposed Rates
Batance’ Accrual Expense Accrual Expense
Account (@6/30/90 Rate Rate Amount Difference
321 $2,701,668 1.92% $51,872 2.65% $71,667 $19,795
325 3,284,864 2.50% 82,122 4.43% 145559 63,437
33 5,124,571t 1.33% 68,157 " 2.65% 135,992 67,835
332 11,034,349 2.22% 244,963 3.41% 376,505 131,643

Source: lowa-American Water Company,
Report on Depreciation Rates, Table 5-2, Page 1 of 2.

In summary, all components provided in the project
were necessary to provide reliable and quality water ser-
vice to current rate payers. Although the project is prudent-
ly designed to accommodate future expansion, none of the
facilittes which were constructed provide solely for future
use or were constructed to provide additional capacity
above the current level of demands. Furthermore, all rate
pavyers, both current and future, benefit from the design of
a plant which will permit future expansion at the lowest
possible cost. The cost for total replacement of the plant
was estimated to be 70 percent greater than the rehabilita-
tion project at the East River Treatment Plant.

Finally, with today’s changing environment, the need to
conduct periodic depreciation studies is extremely impor-
tant. Conditions are constantly changing. Water utility man-
agers are under continuous pressure o optimize opera-
tions, bath in providing service to customers and in main-
taining the financial integrity of the enterprise. Depreciation
rate adequacy is one important factor in maintaining eco-
nomic viability and financial integrity. Periodic updating is
necessary to maintain a continuous surveilance on actual
service life and salvage experience, especially when signif-
icant changes are occurring to various utility plant
accounts. The results of new studies must be compared
with the exisiing capital recovery rates to delermine
whether further adjustments are necessary. The final result
of this ongeing process is that the customer receives the
ultimate benefit, due to the improved service and reliability
of the water system.
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APPENDIX
DETAIL DESCRIPTION OF IMPROVEMENTS -
TO EAST RIVER TREATMENT PLANT
IOWA-AMERICAN WATER COMPANY

A. Raw Water and Intake Arrangement

Raw Water Mississippi River

Existing Intake ~ Concrete intake structure built into
sea waill containing one upper and
two lower intakes.

Proposed Modification to the intake arrange-
ment was performed under separate
contract included:
1.Add two new motorized sluice

- gates?! to intake wall openings.
2.Construct new chamber with third
sluice gate to permit routing of flow
from the 30-inch main and upper
intake to the proposed Raw Water
Pump Station.
3. Modify “Emergency” Chamber to
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B.

—_

permit routing of flow from the
lower intake wall opening to the
proposed Raw Water Pump
Station.

Permanent power and control for
Intake Structure equipment was

installed.
Raw Water Pump Station
Existing The low service pump station directs

the raw water to the existing floccula-
tion/sedimentation basins. Existing
equipment includes:

Pump No. 13 Capacity of 12.1 MGD.

Pump No. 15 Capacity of 18.0 MGD.

Pump No. 21 Capacity of 15.0 MGD.

Pump No. 26 Capacity of 6.1 MGD.

The existing Raw Water pumping
facilities will be removed and the flow
redirected to the proposed Raw
Water Pump Station.

Proposed Two 36-inch raw water mains from
the new and modified intake cham-
bers will direct flow through the new
mechanical screens to the dual
welwells in the new Raw Water
Pump Station.

.Raw Water Pumping

Raw Water Pumps Three variable speed, vertical turbine
pumps rated at 5-15 MGD.

Pump No. 1

{Wet Well No. 1} Distributes flow to the proposed
Superpulsator clarifiers.

Pump No. 2

(Wet Well No. 1) Distributes flow to either the pro-

posed Superpulsator clarifier or the

existing flocculation/sedimentation

basins. Serves as standby unit for

raw water pumps Nos. 1 and 3.

Pump No. 3 . :

(Wet Well No. 3) Distributes flow to the existing floccu-
lation/sedimentation basins.

Pump No. 4

(Wet Well No. 2) Space is provided for future addition.

Firm Pump

Capacity 30 MGD.

. Emergency Power Engine generator will provide stand-

by service for a 15 MGD production
rate.

. Flocculation/Sedimentation Basins

Existing Two existing flocculation and sedi-
mentation basins are presently in
service rated at 30 MGD total.

Proposed No change in basins. Reduce the
normal production for maximum day
conditions to 15 MGD to improve
process performance. Add static
mixer for the introduction of chemical
coagulant.

Mixer Located in 36 inch raw water line for
the flocculation/sedimentation basins.

Number of Elements 4

Fiocculation Basin

Ftow Control Modify existing 24-inch flow at
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Flocculation Basin No. 2. Add 24-inch
motor operated butterfly valve to con-
trol flow to Flocculation Basin No. 2.

D. Solids Contact Clarifiers

Proposed

1. Pretreatment  Space provided along side the Raw
Water Pump Station for the future
addition of lamella plate settling
basinsA2 for grit removal, if required.

2. Mixing/Detention

Chambers Two chambers in series are provided
for chemical application and mixing.
3. Clarifiers
Number and Size Two solid contact (Superpulsator)
clarifiers.
Description A high rate upflow solids contact clari-

fier that continually pulses the sus-
pended solids blanket. Raw water is
chemically treated and then mixed
with previously flocculated solids in
the sludge blanket. The pulsing action
optimizes unit performance.

Design Capacity 7.5 MGD/unit, 15 MGD total, ultimate
high rated design capacity of 20
MGD.

E. Settled Water Pump Station

Existing The Settled Water Pump Station
pumps settled water from
Sedimentation Basins 1 & 2 to the
existing filters.

Settled Water Pumps

Pump No. 8 Vertical turbine pump rated at 6 MGD.

Pump No. 14 Vertical turbine pump rated at 12 MGD.

Pump No. 22  Vertical turbine pump rated at 15 MGD.

Pump No. 23 Vertical turbine pump rated at 15 MGD.

Firm Capacity 33 MGD.

Proposed No change in pump station opera-
tion. New engine generator to pro-
vide standby service for the largest
pumping unit. The Settled Water
Forebay will be covered to minimize
freezing in the Forebay. It should be
noted the outflow from the
Superpulsators bypasses this pump
station.

F. Filters

Existing The filters are located within two filter
buildings.

Number and Type (20) single media, gravity filters; 10
filters per building.

Media Gravel and granular activated carbon
{GAC).

Gravel 12 inch depth.

Proposed Modify existing filters.

1. Media Replace existing gravel and GAC
media.

Gravel 8 inch depth.

Sand 6 inch depth.

Granular Activated
Carbon (GAC)
2. Filter Effluent

33 inch depth.

Controllers Replace existing mechanical con-
trollers with electric motor operated
rate controlers.

3. Troughs Replace and raise existing steel

troughs.
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4. Filter-to-Waste

Capabilities Install appropriate piping to meet
appropriate regulations.
5. Valves Furnish or replace valves.
6. Miscellaneous :
Equipment Add or replace as necessary with the

appropriate equipment,

. Main and High Service Pumps

Existing
1. High Service Gradient
Pump No. 11 Pump rated at 4 MGD.
Pumps No. 19820 Pumps each rated at 5 MGD.
Pump No. 25 Pump rated at 7 MGD.
2. Main Service Gradient
Pump No. 12 Pump rated 4 MGD.
Pump No. 16  Pump rated 5 MGD.
Pump No. 17  Pump rated 5.8 MGD.
Pump No. 18  Pump rated 7.2 MGD.
Proposed
1. High Service Gradient
Pump No. 11 To be replaced by water company.
Existing 480 V motor to be reused.
New constant speed centrifugal
pump rated 3 MGD installed.
Pumps No. 19,
20, and 25 To be rehabilitated with existing
motors rewound for 4160V service.
Pump No.27 New constant speed centrifugal
pump rated at 4 MGD installed.
2. Main Service Gradient
Pump No. 12 No change.
Pump No. 16  Replace motor.
Pumps No. 17&18 To be rehabilitated with existing
motors rewound for 4160V service.
3. Emergency Power Engine generator to provide standby
power for (2), 480V High Service
Gradient pumps and {2), 480V Main
Service Gradient pumps for a stand-
by capacity of approximately 17
MGD.

- Chemical Treatment The foliowing chemical systems

will be available:
Chemical Use
{3) Potassium :
Permanganate Taste & odor control, oxiding agent
{1){2) Alum/Ferric\
Chioride  Coagulant
(2) Caustic (Post) pH adjustment
(2) Lime {Pre) pH & alkalinity adjustment
{3) Chlorine (Pre &
Intermediate) Control biological growth, oxiding
agent .
Chiorine {Post) Disinfection

Ammonia Control THM formation

Fiuoride Dental health

Zinc Orthophosphate Corrosion inhibitor

(3} PAC Taste and odor control

{2) Polymer Coagulant aid

{3) Polymer Filter aid

(2) Polymer Solids Blanket

(1) Presently being used for the existing treatment

process. Alternate coagulant ferric chloride use was
also considered.

{2) New System.

(8) Modifying existing controls or application point.
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A new pretreatment chemical area will be provided at
the Supsrpulsator for feeding coagulant {alum or ferric
chioride), coagulant aid polymer, solids blanket poly-
mer, filter aid polymer and acid (future if required). A
pre lime area wili be furnished adjacent to the
Superpulsators. A new caustic area wili be furnished
adjacent to the Pump House. The balance of the chemi-
cal systems wili remain at their present location.

Electrical Inprovements

. Existing Electrical

Distribution Main incoming service from 2 13.8 KV
lines are fed via transformers located
north of the pump room divided into
uninterconnected systems.

Proposed Electrical

" Distribution The electrical distribution system for

the modified plant will be replaced by
two (2) systems.

Control, Metering and Instrumentation

In general, the plant process and production wiil be
controlled automatically by a Distributed Control
System {DCS) with backup manual controls. Field
instruments-wili monitor the process and production
and send signals to the DCS. The DCS wili consist of
several remote terminal units at three control stations
and at ten filter control stations. The three control sta-
ticns are located in the electrical room, the Raw Water
Pump Station and in the Superpulsator Building. The
operator will be able to communicate with the DCS and
change operating parameters by means of a network
-monitor focated in the control room. The network moni-
tor will consist of two personal computers, two CRTs
and two printers. The monitor will indicate alarm condi-
tions, provide process control displays, graph selected
parameters and print operating reports.

Al Vertically silding valve which is used to open or close an opening in the

wall.

A2Ciarity water by directing flocculated water through stacks of inclined
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plates in a much smaller basin which provides the surface area for
sedimentation.
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PRODUCT LIFE CYCLES: A NEW APPROACH

Ralph Bjerke
Ed Tel
Edmonton, Alberta

ABSTRACT
A new depreciation technique is developed caﬂed the
mass-integrated method which is consistent with producr
life cycle analysrs

‘INTRODUCTION

The two basic methods currently being used to depreci-
ate plant and equipment are the mass and the integrated
properties. Neither method is compatible with life cycie
analysis. Mass properties are used for age dependent
items that retire in a specific time interval after they are
placed into service, Figure 1 illustrates the retirements
associated with additions that took-place in 1980 and 1990
and have an average service life of 20 years. Integrated (or
life span) properties assume that all investments at a loca-
tion will retire at one time irrespective of when the compo-
nent parts were originally capitalized. As shown in Figure
2, additions that occurred in 1980 and again in 1990 will all
retire in the year 2000. Integrated properties could be used
to represent a technology whose finali demise occurs in a
specific year, but the replacement of one technology by
another usually takes place over the course of a number of
years. What is required is a dispersed average year of final
retirement and this is the feature provided by mass-inte-
grated properties. Like integrated properties, this method
establishes an average year of final retirement and like
mass properties, retirements occur in a dispersed fashion
as illustrated in Figure 3. A key element in lmPlementnng
this technique is the utilization of the NX curves.

These curves are derived from the normal distribution
curve and are described by two parameters; an average
service life and a unitized variance (also called the coeffi-
cient of variance). The shape of an NX curve closely
approximates that of a normal distribution curve between a
unitized variance ranging from 0 to approximately 0.1,
Beyond this value, the curve becomes non-symmetrical
until it reaches a vaiue of one (1.0) at which point it is a
negative exponential curve as shown in Figure 4.

In order for the absolute variance to remain approxi-
mately the same, the unitized variance has to change as
one approaches the average year of final retirement. In ref-
erence to Figure 3, the parameters that were used to
depreciate the 1980 gross additions was an average ser-
vice life of 20 years and a unitized variance of 0.01. The
1981 additions would be depreciated using an average ser-
vice life of 19 years and a unitized variance of 0.0105263
(20/19 x 0.01), This process of shortening the average ser-
vice life by one year while proportionally increasing the uni-
tized variance continues until the year of final retirement is
reached. Essentially, each vintage is treated as a mass
property with the overlay of each retirement profile appear-
ing at the same |ocation.

To illustrate how the mass-integrated property technique
is applied, let us consider Account X in Table 1.

To obtain the survivor curve, the retirement rate method
is used whereby the plant-in-service figures are treated as
exposures.2) For example, the $160 of retirements that
occurred in 1992 (from whatever vintage) were derived
from the 1991 exposures of $1,600. The conventional pro-
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cedure for calculatlng an observed survivor curve usmg the
retirement rate method is shown.in Table 2. ‘

An actuarial curve fitting program chose an. NX curve
with an average service life of 3 years and a dispersion of
0.24. These are the parameters that were ysed to calculate
the depreciation expense in Figure 5.

One technique that is often used to study the substitu-
tion of one technology by ancther is the Fisher-Pry model
but it has a couple of limiting features.

a) The Fisher-Pry equation describes the substitution of
one technology by ancther along an “S” shaped curve
which transforms into a straight line on log paper. In
the opinion of the author, a betler representation of
the replacement process can be obtained by using
the normal distribution curve.

b) The Fisher-Pry model. establishes the time and the
rate of transition for one technology to replace anoth-
er but does not prescribe how the depreciation
expense is to be calculated.

Alternatively, the features provided by the mass-inte-

grated method are:

a) It is consistent with Equal Life Group {ELG) concepts
of depreciating fixed assets.

b) The substitution curve is described by an NX Curve
which is derived from the normal distribution curve.

c) Conventional curve fitting tech‘niques can be used.

CONCLUSION '

Due to the advancmg rate of technologlcal obsoles-
cence, there is a trend away from age dependent deprecia-
tion methods towards methods that relate more to the sub-
stitution of one technology by another. The popularity of

the Fisher-Pry method has demonstrated this transition

and the trend will continue utilizing more sophisticated
techniques such as the mass-integrated property method.

REFERENCES
(1} Kelker, D.. and Bjerke, R. “A New Failure Law, The NX Distribution,”
currently an unpublished paper.
) Bjerke, R. “The Turnover Method Uninvited” Society of Depreciation
Professional Newsletter Volume 4, Number 1, January, 1981,
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TABLE 1

1990 630 30 600

|| 1991 1110 110 1600

“ 1902 180 160 1600 «
1993 0 800 800 ||

(l 1994 0 520 280 "
1995 0 280

TABLE 2

: *600.._..__.._ —
1990 30 600 0.9500 1.0000
1991 110 - - 1800 0.8167 0.9500
1992 160 1600 0.9000 0.7758
1993 800 800 0.5000 0.6983
1994 520 280 0.3500 0.3491
1995 280 0 0 0.1222

* Inserted to establish a starting point.
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'SOCIETY OF DEPRECIATION PROFESSIONALS
CERTIFICATION COMMITTEE REPORT

Jerome C. Weinert, P.E. -

AUS Consultants
Chairman

As chairman of the Society of Depreciation
Professionals’ (SDP) cerification commitiee, | have spent
time since the 1992 annual meeting outlining the proce-
dures which the SDP might employ in a certification
process, wherein individuals who desire to do so, could
demonstrate their abilities in the field of depreciation and
be recognized by the Society as having met the require-
ments established by the Society. The attached document
represents a preliminary draft of the cerification process,
which was presented to the SDP membership at the 1993
SDP business meeting. In preparing this document, |
extracted major sections of it from similar certification
processes established by the American Society of
Appraisers and the National Society of Rate of Return
Analysts, thus there is ne pride of authorship in this draft,
s0 the SDP membership’s recommendations will be gladly
accepted.

A certification process may have a number of benefits to
our Scciety, First, it elevated the practice of depreciation by
establishing minimum standards. Secondly, the formal test-
ing process, most likely at the Society's annual meetings,
will encourage attendance at those meetings and the irain-
ing sessions associated with our annual meetings. Finally,
the recertification process will keep our members current
and participating in the field, which should help in our
attendance at the Society's annual meetings, in obtaining
articles for the Society’s Journal, and obtaining the mem-
bership’s participation at the Society's functions as speak-
ers, officers, and committee members and chairpersons.

Please feel free to address any comments or sugges-
tions to Jerome C. Weinert at AUS Consultants, 606 East
Wisconsin Avenue, Suite 210, Milwaukee, Wisconsin
.53202. Telephone 414-271-8580, fax 414-271-8623.

it is the Certification Committee’s intention to incorpo-
rate members’ comments into a final draft proposal to be
made to the Society's membershnp at the 1994 annual
meeting.

- CERTIFIED DEPRECIATION PROFESSIONALS (CDP)
REQUIREMENTS

CANDIDATES

Any member of the Society of Depreciation
Professionals, who is a practicing depreciation professional
or engaged in the depreciation profession, who wishes to
become designated by the Society of Depreciation
Professionals (SDP) as a Certified Depreciation
Professional, designated as CDF, may apply for such certi-
fication with the Society’s Certification Commitiee.

CERTIFICATION REQUIREMENTS |
Each candidate for Certification must fulfiii the foliowing

requirements to qualify for certification as a Certified

Depreciation Professional in the Society: :

Membership: The candidate must be an actlve member
of the Society of Depreciation Professionals.

Experience: To qualify for Certified Depreciation
Professional, an individual must have a minimum of five
years of full time depreciation experience; of that five
[
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years, at least two years of experience must be in the area
of depreciation administration. Three years full time experi-
ence may be in related fields such as engineering, finance,
planning, regulation, regulatory consulling, etc.
Depreciation administration comprises any or all of the fol-
towing activities: involvement or responsibility for the
preparation of depreciation studies, the review of deprecia-
tion studies, development of depreciation analysis software
systems, and/or the conduct of training and/or instruction in
depreciation analysis and procedures.

Education: A colliege degree or its equivalent. Each
year of practical depreciation or related experience equals
one year of college equivalency. The Certification
Commitiee recognizes career development and non-acad-
emic equivalency, e.g., courses, seminars, teaching,
administrative/supervisory positions, membership in pro-'
fessional organizations; ete. Documentation of all academ-
ic and non-academic experience is mandatory and must be
on file at the Society's headquarters. (Copy of diploma, .
current letter from coliege_or transc_ript). .

Examlnataon : w
.- The evaluation of a candldates technlcal depreCiatlon
proficiency and acquaintance with the Society’s require-
ments for certification, principles and basic precepts of
the profession is accompllshed by means of a written
examination. x
2. A minimum passing score of 75% is mandatory to quali-
-ty for Certification. The examination will be constructed
to reveal a candidate’s knowledge, ability and expertise
- in depreciation matters. The technical tests will be in
two parts: General Theory/Practice, and Problems or
Case Examples. Study Guidelines and materials will be
developed and made available from the Society. The
following general areas will be covered in every exami-
nation:
Life Analysis
Service Life Concepts
Unit Property
Group Property
Average Service Life Concepts
Service Life Analysis
Statistical
Actuarial Analysis
Simulated Analysis
Non-Statistical -
Life Cycle/Life Span
Units of Production
Grouping of Property
Broad Group
Vintage Group
Equal Life Group
Service Life Calculation
- Average Service Life
Average Remaining Life
Net Salvage Anaiysis
Net Salvage Concepts
Gross Salvage
Cost of Removal
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Average Net Salvage Calculation
Historical Net Salvage
Future Net Salvage
Historical Experience vs. Future Expectation
Elements of Historical Experience
Future Expectations
Forecasting Methods for:
Service Life
Net Salvage
Theoretical Reserve
Depreciation Methods
Average (Whole) Life Depreciation Methods
Remaining Life Depreciation Methods
Amortization of Reserve Variances
Miscellaneous Related Areas
Piant Accounting Procedures
Reserve Accounting Procedures
Continuing Property Records Procedures

EXAMINATION PROCEDURES

SDP will adopt a procedure of Open Group
Examinations for members wishing certification. All exami-
nations will be held under the supervision of the SDP
selected examiners and scheduled in conjunction with the
Society's annual meeting.

REQUEST FOR SPECIAL EXAMINATIONS

Special examination requests must be approved and will
be monitored by the SDP selected examiners. A minimum
of 10 individuals must be available at a preselected and
mutually agreeable site for Special Examinations to be
conducted.

PREREQUISITES PRIOR TO EXAMINATION

The following items are essential for request for exami-
nation and must be received at the Society's headquarters
20 days prior to the examination date: Application, applica-
tion fee of $150, Recommendation Form, verification of
education. The application must be completely document-
ed in order to demonstrate the candidate’s qualifications to
the Certification Commitiee. /f a candidate is unable to
attend the scheduled exam, he or she must notify the
Sociely headquarters five (5) days prior to the examination
date or the candidate will be assessed a cancellation fee
of $50.00.

RETAKING EXAMS

If a candidate has taken an examination twice unsuc-
cessfully, the individual must wait a minimum of one year
before retaking the exam.

MANDATORY RECERTIFICATION

To assure that competent, relevant, current depreciation
counsel will be available to the Public, the Society requires
Centified Depreciation Professionals to recerify every five
years. This mandatory program emphasizes professional
participation in the Scciety, publishing scholarly papers and
continuing education.

The Maintenance Criteria for Recerlification is as fol-

lows:

1. Recertification credits will be granted on an accumulat-
ed hour system over a five-year period, with a total of
100 hours required to maintain certification.

2. A minimum of 40% of the 100 hours required to main-
tain certification shall be in the field of continuing edu-
cation, speeches, instruction and other programs, par-
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. Program or Activity

ticipation in the depreciation profession ¢r published

articles and other literary contributions to the deprecia-

tion profession.

Hours
Continuing Education:

Successful completion of courses

related to the depreciation profession;

per seminar hour 1

Participation at SDP sponsored _
Seminars; per seminar hour 1

Participation in educational programs

of compeer societies will be granted

the same recertification hours as are

granted SDP sponsored programs;

per seminar hour 1

Additional education accomplishments
will be subject to review and

judgment of the Recertification Board Open

. Speeches, Instruction and other Program

Participation in the Depreciation Profession

Teaching depreciation related courses

sponsored by recognized depreciation
organizations or by an accredited

university or college; each course 10

Each appearance as an instructor, or
workshop leader, at an SDP Educationat
Program; per appearance _ 10

Each presentation include: panel
leader, workshop leader or featured
speaker at the SDP program; per appearance 8

Each presentation including instructor,
panel and/or workshop leader at
depreciation courses; per appearance 8

Featured guest speaker representing
SDP at non-SDP function; per appearance 8

Additional accomplishments will be
subject to review and judgment of the

Recertification Board Open

. Published Articles and Other Literary

Contributions to the Depreciation
Profession

Contributing author to an SDP Journal; _
per article 25

Contributing author to SDP newsletter;
per article 8

Article published on depreciation ina
trade journal, book or magazine cther
than above; per article 25

Editorials, published letters to the
editor and critiques of past articles
oh depreciation subjects, book
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reviews and other similar literary

contributions to discipline journals S8

Additional published material relating to

the depreciation profession will be

subject to review and judgment of the
Recertification Review Board Open

. Organizational Contributions

Attendance at - SDP annual meetings;

per meeting : 5
SDP office held; per year 15
SDP committee chairperson; per year/

per committee 8
Exérﬁination

_in lieu of the above, a member can elect
to successfully pass a current technical

examination 100
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POWER PLANT REMOVAL COSTS

John S. Ferguson
Deloitte & Touche
Dallas, Texas

_ ABSTRACT

Site-specific estimales suggest that steam generating
stations will incur high removal costs and that diesel and
combustion turbine slations will incur a smaif amount of
removal cost. Estimates for nearly 400 steam generating
units show removal costs of $29 per kW at the current
price level and $84 per kW at retirement for gas and oil
units, and $39 per kW and $57 per kW for coal units.
Estimates for over 100 diesel and combustion turbine units
show diesel removal. cosis of $3 per kW at the current
price level and $26 per kW at retirement, and combustion
turbine removal cosis of $3 per kW at the current price
level and $5 per kW at retirement,

These eslimates suggest a much larger demaolition
obligation for steam generating stations than typically
reflected in book depreciation rates, and that the net sal-
vage factor for diesel and combustion turbine units should
be slightly negative rather than the typical zero commonly
used.

The financial, regulatory, and political significance of the
estimated high removal costs of nuclear power plants has
generated considerable interest in recent years, and the
poiitical significance has resulted in the Nuclear Regulatory
Commission (NRC} eliminating the use of conventional

depreciation accounting for the decontamination portion of

the removal {decommissioning). While nuclear plant
licensees are not precluded from utilizing conventional
depreciation actounting for the demolition of non-radioac-
tive structures and site restoration, state and federal utility
regulators have not been favorably inclined to requests for
this distinction. :

The realization that steam generating units will be
expensive to remove, relative to their original cost, pre-
dates the realization that nuclear units will be expensive.
However, the nuclear issues have overshadowed this real-
ization, but are unlikely to continue to do so. Numerous util-
ities have prepared cost estimates for steam generating
units, and this presentation discusses the implications of a
number of such estimates that are a matter of public
record. These estimates cover nearly 400 gas, oil, coal,
and lignite steam generating units, and over 100 internal
combustion units. The earliest estimate was made in 1978,
and for analysis purposes | have segregated the steam
units between gas and il units, and coal and lignite units,
and the internal combustion units between diesel and com-
bustion turbine units.

ACCOUNTING IMPLICATIONS

From an accounting standpoint, removal costs are a lia-
bility that is recorded as a contra-asset through deprecia-
tion accrual. The responsibility for removal is incurred at
the time the facilities are constructed. While certain piants
may have legal requirements for removal, power plant
removal is normally dictated by safety considerations or by
the need to remove existing facilities so that new generat-
ing units or other types of facilities can be focated at the
site.

The Securities and Exchange Commission requires cer-
tain financial statement discltosures relative to the liabiiity
for decommissioning nuclear plants, but has no similar
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requirement for other types of generating units or for other
removali Habilities. As a result, Utilities do not usually dis-
close the extent of their liability for steam and internal com-
bustion units or whether the liability is currently being fund-
ed. The removal cost estimates discussed here suggest
that the steam unit fability is material, but | am unaware
that any of these cost estimates, expressed at the price
level expected at the time removal will occur, have been
allowed by regulators to be incorporated into depreciation
rates. However, many of the estimates have been allowed
to be refiected on a discounted basis or on the basis of the:
current price level.

EFFECT AND SIGNIFICANCE OF INFLATION

Power plant removal is labor intensive, and labor costs
are sensitive to infiation. Inflation has significance to depre-
ciation accounting, because the accounting rules of the
Uniform System of Accounts promulgated by state and
Federal regulators define salvage value and: cost of
removal. The following definitions are from the Uniform
System of Accounts of the Federal Energy Regulatory
Commission for electric utilities,

“Salvage value” means the amount received for
property retired, less any expenses incurred in con- -
nection with the sale or in preparing the property for
sale; or, if retained, the amount of which the material
recoverable is chargeable to materials and supplies,
or other appropriate accounting.

“Cost of removal” means the cost of demolishing,
dismantling, tearing down.or otherwise removing
electric plant, including the cost of transportation in
handiing incidental thereto. ' )
Both of the above definitions imply measurement at the

price level at the time the salvage is received and the cost
of removal is incurred. The effect of inflation is automatical-
ly incorporated in actuai experience, but, when actual
experience does not exist or is not appropriate, estimates
expressed in terms of the expected price level at the time
salvage would be received and cost of removal would be
incurred are required. _ '

For near-term removals, the effect of future inflation
would be minimal. However, for steam generating units
expected to be removed well into the future, future inflation
is likely to have a material effect. For example, an inflation
rate of five percent will double cost estimates every four-
teen years,

VALUE OF PLANT SITE

Generating sites are valuable, and claims are some-
times made that site value should be offset against expect-
ed removal costs. There is no question that such sites are
valuable, but this value has no significance to depreciation
accounting. This is because depreciation accounting is a
process of ailocation, not a process of valuation, and
because Uniform Systems of Accounts do not allow gains
or losses from non-depreciable assets to be recorded in
the depreciation reserve. .

A utility has the following choices relative to disposal of
a power plant:

* Perpetually guard and maintain the site.

* Remove the existing facility and replace it with another.

-39



* Remove the facility and restore the site.

¢ Sell the site.

it is uncormmon for a utility to defer action until the Iast
generating unit at a site has been retired, provided removal
is not dictated by the need for space for a new generating
unit. Removal of the facilities may be by the utility, or may
be by the purchaser of the site. It sold without prior removal
of the tacilities, the purchaser must remove them and will
refiect the removal cost in the purchase price. For exam-
ple, it the site with the tacilities removed has a value of
$100, and the removal cost estimated by the utility is $20,
an offer for the site will be $80 if the purchaser also
expects the removal cost to be $20. In this situation, the
utility would either spend $20 for removal and obtain $100
for the site, or would not remove the facility and obtain $80
for the site. Either way, the utility would record $100 for the
sale of the land in Account 421.1(gain) or Account
421.2(loss) and $20 for cost of removal in Account 108.

REASONS FOR HIGH STEAM UNIT REMOVAL COSTS

Existence of insulation containing asbestos, the boiler
design, and the existence ot ash ponds and flue gas desul-
phurization facilities are responsible for the high steam
generating unit removal costs.

INSULATION CONTAINING ASBESTOS .

The hazards of asbestos .and the requirement for very
careful handling are well khown, and make removal and
disposal of insuiation containing asbestos very expensive.
As a general rule, generating units constructed prior to the
early 1970's can be expected to have insulation containing
asbestos. Asbestos removal is done by specialized con-
tractors, and demolition contractors will remove structures
only after all asbestos has been removed. | am aware of
two old power plants currently in the process of being
removed for which the asbestos removal amounts to about
-one-third of the criginal cost of the plants.

BOILER DESIGN

Modern boilers are hung by their top from a muiti-story
steel superstructure. Older boilers are self supporting, rest-
ing on foundations. Power plans having the older style boil-
ers lend themselves to removal using a wrecking ball, once
the asbéstos has been removed.

The large superstructures of modern generating units do

not allow use of a wrecking bali for boiler demolition, and
the explosive techniques commonly utilized for large build-
ings may not be safe. While blasting could be utilized to
drop the boiler and its superstructure in a heap, the pile of
materials would need to be cut up for removal. However,
the pile would contain residual stresses that may preclude
safety cutting the materials. Therefore, a piecemeal
removal procedure that resembles the original construction
process may be necessary for modern boilers. This
method of beiler removal significantly increases removal
costs, and the comhbination of the weight of the boiler itself
and the superstructure results in a massive foundation that
is expensive to remove. The cosis will be even further
increased if there is any asbestos insulation present.

Most existing generating units have bollers hung by their
top, so can be expected to incur high removal costs.

ASH PONDS AND FLUE GAS DESULPHURIZATION UNITS
Ash ponds require sealing. Flue gas desulphurization
units {scrubbers) provide additional facilities to be
removed, and may provide some scrap. However, such
units may also produce by-products that may require spe-
cial handling in the same manner as ash ponds. Some
removal cost estimators suggest that the existence of a
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- scrubber will add-one-quarter to one-third to the removal,

cost estimate.
COST ESTIMATES

The cost estimates discussed herein were made in
terms of the price level at the time of the estimate, and
most of the studies included estimates at the price levels
expected at the time of removal. In some instances, | made
the estimates at time of removal, utilizing either inflation
rates provided by the utility or the inflation rates being uti-
lized at that time by cther estimators.

The table below summarizes the results of the analysis
of these studies for steam units, segregated by fuel type,
and for internal combustion units, segregated between
diesal units and combustion turbine units. As is evident, the
removal liability for internal combustion units is not nearly
as significant as for steam units. The net salvage factors
are calculated suing the intlated removal cost estimates
and the depreciable investments at the time of the study.

Steam Units Internal Combustion Units
Gas & © - Combustion
Qil Coal Diesel Turbine -
Net Salvage : o - BRI
Factor (50.6)% (46.9)% {22.0)% (5.4%)
Demolition Cost per kW .
1892 price
level $29 $39 $3 $3 -
Removal price
level $84 $157 $22 $5

Figures 1a and 1b show the removal cost per kW for oif
and gas units plotted at the average unit capacity for each
steam plant. Figure 1a is for the 1992 price level, and
Figure 2b is for the price level expected at the time of the
retirement of the last generating unit at the plant. Figures
2a and 2b show the same information for coal units. ,

Figure 1a demonstrates the expected sensitivity to the
average unit capacity. Figure 1b illustrates a similar sensi-
tivity, but the trend is not as clear because of the wide
range of removal dates.

Figure 2a also illustrates a sensm\nty to unit capacity,
but the trend Is not as clear as for gas and oil units. Figure
2b also illustrates a sensitivity to capacity, ‘but again it is
not very clear. Units with scrubbers infiuence the pattems
for coal units, as such units are large and are more expen-
sive to remove than units without scrubbers.

CONCLUSION .
The magnitude of the net salvage factors suggest that
the owners of steam generating units should evaluate their
removal cost liability. Making such estimates and ade-
quately supporting their validity in regulatory proceedings is
not an easy task, and, if the experience of the owners of
nuclear units is any indication, is not one to be taken light-
iy.
A number of state regulatory jurisdictions have aiready
proved to be reiuctant to allow adequate recognition of the
hegative net salvage expected to be applicable to steam
generating units, and some have gone as far as to deny
any recognition whatsoever. The industry experience in
supporting the validity of nuclear decommissioning cost
estimates and in obtaining reguiatory approval of deprecia-
tion provisions will undoubtedly prove valuable to owners
of steam generating units.

The magnitude of the net salvage factors suggest that
owners of internal combustion units should depart from the
assumption of zero net salvage commonly utilized for
depreciation purposes for such units.
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A DIRECI APPROACH TO VALUE BASED DEPRECIATION

Thomas A. Nousaine
Ronald B. Kalich
‘Constance Brady

_ ABSTRACT

Most sources define asset depreciation as the loss in
service value or the ability of an asset to produce goods or
services that fill needs in the markelpiace. Loss in service
value is caused by many faclors including wear and tear,
inadequacy or obsolescence none of which necessarily
occurs at a fixed rate. Therefore a reasonably precise
depiction of loss in service value requires periodic
appraisal which increases complexity and cost of adminis-
tration. Analysis of market prices for used equipment
shows that a simple rate schedule provides an easy to use
and accurate measure of real loss in service value for
assets used in the American economy today.

A DIRECT APPROACH TO VALUE BASED
DEPRECIATION

All definitions of depreciation suggest that vatue of capi-
tal assets declines over time. Some causes of depreciation
such as inadequacy or wear and tear are visually apparent
and can often be accurately modeled with mortality based
analysis or technical inspaction of a given firm's assets.
However, technological or market obsolescence is non-tin-
ear, visually opaque and based on technology advances in
the economy as a whole. Therefore it is extremely difficult
to measure loss in service vaiue by any examination con-
fined to the assets of a given firm.

Previous studies of industry wide trade-in blue book
prices by asset age have shown a remarkable similarity in
the loss of value curve shape between assets as dissimilar
as computers, digitally based audio products and automo-
biles independent of actual iife span.! The basic curve
shape of service value loss in the American economy
shows a relatively large loss in early years followed by a
moderating and declining level in later years independent
of product type, market use or technology.

We believe that the tremendous advances in electronics
and the applications of electronically based products to all
existing market needs is the underlying cause of this char-
acteristic. Electronics have transformed the marketplace
for all goods and services and created an environment in
which they are indispensable. Investments in this equip-
ment have exploded from 6% of all new plant equipment in
1950 to 20% in 1880 and 40% in 1991.2 The flexibility
which computers and digitally based equipment provide
has tremendous impact on every firm on every product or
service in every business.

Whereas most technology has simply been a repiace-
ment for prior technelogies, electronic equipment provides
the means for continuous increases in productivity and
eclipses previous preduct boundaries. For example,
improvements in computer processors and memory make
electronic products competitors for office equipment and
automotive engine management systems as well as
improving current lines of personal computers. Because of
the advancement in the underlying electronic equipment,
as evidenced by increases in speed and power of Intel and
Motorola microprocessors and the capacity of memory
chips, (Figure 1) the generic service value curve for most
productive assets is predicated on the electronics life-cycle
curve.
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The curve representing loss in asset value by age is the
most precise representation of depreciation reserve
requirement at that age. Therefore depreciation accruals
should be targeted to match this curve at every age.
Unfortunately Gompertz-Makeham and other techniques
would require complex curve-fitting solutions for every
accounting period. The mare simplistic approaches of tradi-
tional accounting methods such as straight line, double-
declining balance or sum-of-the-year digits, while easier to
use, significantly misrepresent the actual pattern of loss in
service value.

This conclusion is most easily drawn by comparing
straight-line depreciation technique to the service value
curve analysis provided in figure 2. While the double-
declining balance and sum-of-years digits methods repre-
sent slightly larger early accruals, they still significantly
understate loss in service value compared to the service
value curve. Table 1 represents the lag in accumulated
depreciation compared to service value at intervals-of one
year from age 0.5 through 8.5.

A basic rate-map by asset age (Table 2) based on an
8.5 year life will effectively model actual loss in service
value for all assets, regardless of type, with minimal adap-
tations for assets lives of 3 to 5 years. The map .provides
an easy to use schedule and is very similar to the proce-
dure used by the IRS for tax depreciation.3 Small firms with
low capital intensity will loss little accuracy by using
MACRS rates for five year property. Application of the loss
in value map assures accurate depreciation accounting
and can be easily applied with standard, low cost electronic
spreadsheets.

FOOTNOTES

Nousaine, Thomas A.; Gacke, Cynthia M.; Kalich, Ronald B_;
“Depreciation and Obsolescence: A Straight Line Approach,” Journal
of the Society of Depression Professionals, Volume 4, Number 1,
1992.

2Carnevale, Anthony Patrick: Amerlca and the New Economy, pp. 73-
74, Jossey-Bass Publishers, San Francisco 1991.

3Arthur Andersen, 1993 LS, Master Tax Gulde, p. 327 Section 1243,
Commerce Clearing House, Inc., Chicago, 1992,
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Reserve Requirement
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Age (yrs)

I Service Value

—H— Straight-line

—3— Double declining balance
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LAG IN ACCUMULATED RESERVE
- _ ve. - =
SERVICE VALUE

AGE

0.5 1.5 2.5 3.5 4.5 55 65 75 B85

Straight-line 33.0% 596 621 556 459 349 233 117 00

DoubIeIDecIining Balance 27.1% 446 430 362 289 226 17.4 8.7 0.0

Sum of Years Digits 19.1% 401 396 326 247 181 134 1.0 .0.0

~ Table 1 represents reserve requirement "lag" depicted by Figure 2 and is:

Service Value Curve Reserve Requirement at age (x) less Standard Depreciation Accounting
Method curve at age (x)

As shown by both Figure 2 and Table 1, each of the standard methodology curves undervalue or
“lag" the service value curve at every age before the end of the asset's life,

Table 1
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LOSS IN VALUE DEPRECIATION RATE MAP
Deprematlon Hates (%)

Actual Recommended Rates = -~ .";MACRS General Deprematlon System'

"Year |Loss In Value|Loss in Value 3 yr. S5yr. | 3yr. | 5yr.. | 7y 1oy
1 38.90 35.00 35.00  35.00 | 58.33 35.oo.~ 25.00  17.50
2 38.30 35,00 35.00 35.00 | 27.78 | 26.00 '2_1(43 ~ 16.50
3 14.30 15.00 30.00 15.00 | 12.35 | ‘15.60 | 15.31 13.20
4 5.30 10.00 10.00 1.54 11.01 | 10.93 10.56
5 2.00 2.00 5.00 11.01 8.75 8.45
6 0.80 1.00 1.38 8.74 6.76
7 0.20 1.00 - B75 . 655
8 0.10 1.00 . 109 655
9 0.10 - ; .. . 16586
10 S 6.55

5 Year MACRS methodology rates compare favorably to recommended rates |

Table 2 °

b
I
|
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