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construction. Different degrees of accu-
racy are needed for each phase.

During the planning phase, prelimi-
nary cost estimates are developed for
major project components and often for
alternative process trains. These cost

Prefiminary cost estimates can be used to compare the economics of various
treatment processes or the costs of major project components. Such estimates
do not, however, represent the actual construction and operation and main-
tenance costs of the project. Actual project costs are site-specific, cannot be
generalized, and must be developed for individual c:rcumstances.

Estimating costs for any project is a
broad and complex task. It requires ex-
perience, engineering judgment, hard
work, and to some extent, guesses
based on familiarity with the project
and the area.

Reliable construction and operation
and maintenance (O&M) cost data on
any water treatment project are essential
for planning, design, and construction.
Estimating costs is required during proj-
ect planning as well as during design and

estimates are used to compare and eval-
itate process alternatives. Therefore,
they must be accurate enough so that
sound decisions concerning alternative
selections can be made.! These esti-
mates are also used for arranging project

TABLE 1
Generalized construction and O&M cost equations and cost components
Construction Cost
Component Cost—percent
Process Equation Af B C D E F G H
Chlorine storage and feed | CC¥ = 680,75 £"7% + 11,010
Cylinder storage . . 47 6 4 5 38
On-site storage tank CC = 0.329 515 178,310 80 2 8 3 5 2
with raii delivery
Direct feed from CC = 374,564 £ 0142 00017 32 6 4 6 2
rail car x = chlerine feed ca ac1t¥—kg/d :
Ozone generation CC=18,631. 2 81 16 3
: % = 0zohe generatlon capacity—ke/d
Ozone contact chamber CC=1,771.4 5% _ 1700 6 19 31 44
. x =chamber volume—m3
Liquid alum feed CC = 13,223.3 o045 000037 64 12 2 7 15
’ x = Yiquid feed capacity—kg/R
(each kg liquid solution ~ V& kg
comimercial drar E
Dry alum feed CC = 12,333.4 M08 0005150 41 3 4 5 47
: %= dry alam feed~kg/h
Polymer feed CC = 11,760.71 2955, g a0 70 4 1 6 19
% = polymer feed—kg/d
Litme feed CC=15,720+ 1,444.5¢ - 2,74 63 2 5 9 21
x = lime feed—hg/d
Potassmm permanganate | CC =9,6817 FHO80 0022 34 5 10 32 19
feed x = dry potassium permanganate '
feed—rkg/d
Suifuric acid feed CC = 6,010.6 2™ 1 5,180 60 16 7 10 7
x= su]furxc ac;d (93%) feed—m®/d .
Sedium hydroxide feed CC = 54.54 5% 1 13780 32 5 3 11 49
' x=dry sodmm h%(lromde feed—kg/d
Ferric sulfate feed CC = 10,6131 41 3 4 5 47
: x=dry ferz’;c sulfate feed—kg/d
Anhydrous ammonia feed | CC = 3,849.2 L0448 00 56 15 16 10 9
X = ammonia feed capacily—#kg/d

*Applicable ranges ofboth construction: and Q&M costs

tA = excavation and sife work, B = manufactured equipment, C = conerete, I} = steel, E = labor, F = piping and valves, G

instrumendation, H = housing, I = energy, ] = maintenance material, K = labor
$CC = construction cost {mcluémg 15 percent allowance for contingency and ml%elianeous)——do!lars
§O&MC = operation and maintenance cost—$/year
**Appiicable range of construction cost only
ttApplicable range of O&M cost only
F+Construction cost is based on weightéd compesite unit cost of ;485/ m” of tota[ building area. The current buitding cost may be obtained by multiplying the total

area with the ratio.of ynit building costs (current unit cost—8,/m

Y/ ($485/m’)

=electrical equipment and
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ding and for securing engineering de-
sign services.

.:Secondary cost est1mates developed
dur;ng the design phase of the project,
ire detdiled construction costs. These
ost estimates are used to compare and
valuate bids received for construction of
the project. Many factors influence the
onstruction costs—plant capacity, de-
ign criteria, treatment processes, site
‘conditions and land cost, climate, permit
-costs, competition among bidders and

suppliers, and general local and nation-
wide ecbnomic conditions. Thus, such
construction and operation costs cannot
be generalized and must be developed
for specific projects.

In this article, the generalizéd con-
struction as well as O&M cost equations
for water treatment units are presented.
These equations provide a convenient
way to develop the preliminary cost esti-
mates of water treatment processes for
economic comparisons of project alterna-

tives during the planning phase of the
project,
Preliminary cost estimates developed
fromi data

Preliminary cost estimates for a water
treatiment plant are developed from his-
torical data from similar water treatment
plants. The engineer separates the over-
all existing project costs info appropriate
categories and components that may be
applicable to the plant being considered.

TABLE 1, Coniinued

Generalized construction and O&M cost equations and cost componenis

Operation and Maintetiance Cost

Componént Cost—percent Applicable Range of x*
Pmcegs Equati(m I J K Miniﬁm‘m Maximiim

Chlorine storage and feed :

Cylinder storage O&MCS = 47.6 > + 6,000 18 18 64 4 4,500

On-gite storage tank O&MC = 13,358 % o« 3 35 62 s00 4,500

with rail delivery ) )
Direcl feed from O&MC = 11,670 &% 0™ 3 42 55 500 4,500
rail car .

Czone generation 0&MC = 392.4 279 4 6,800 77 11 12 4 1,600
Jzone contact chamber 0&MC are included with O&M of ozone

. generation system
Licuid alum feed O&MC = -6,880,7 ¢ 2650 007 N 8,700 59 4 37 2 2,500

- — .
Dry alim feed O&MC = 1,205,203 £™193 002 1 502 070 17 3 86 4 2,300
Polymer feed Q&MC = 3,000.8 £"00207 24 10 66 05 100
Lime feed O&MC = 1,230 + 305.22x — 0.5662¢° 0 7 a4 4 4,500
Polassium permanganate feed O&MC = —2,125.98401)1689* + 5,600 5 3 92 0.5 230
Sulfuric acid feed O&MC = —42,397.4 &5 1T 43 670 5 4 91 0.04 20
. o 2 .
Sodium hydroxide feed O&MC = 1,500 + 0.6233x + 0.618%° ) 35 5 60 4 4,560
—4
Ferric sulfite feed O&MC = 1,260,026 190 9 _ 1 957 7119 17 2. a1 6 3,000
-3

Anhydrous ammonia feed Q&MC =-28,063 2241 40 2 35 160 6 40 54 110 2,300

S0&MUC = operation and maintenance cost—3/year
**Applicable range of construction cost only
FtApplicable range of O&M cost only

*Applicable ranges of both construction and O&M costs

TA = excavation and site work, B = manufaclured equipment, C = concrete, D = steel, E =
H = housing, T = energy, ] = maintenance material, K = fabor

$CC = construction cost (including 15 percent allowance for contingency and mlecellaneous)——do!lars

} (§485/m”).

labor, F= piping and valves, G = electrical equipment and mstrumentat;on,

#iConstruction cost is based on weighted composite unit cost of 9485/ 'm® of 10121] building area. The current building cost may be obtained by multiplying the total
area with the ratio of unit building costs {current unit cost—3S,/m
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TABLE 1, Continued
Generalized construction and O&M cost equations and cost components

Construction Cost
Component Cost—percent
Process Equation At B C D E F G H
Aqua ammeonia feed CC = 2,193,3 50368 00007 74 6 5 15
% = ammonia feed capacity—kg/d

Powdered activated CC = 2,506 2°7°% 4+ 63,780 1 54 3 5 6 12 7 2
carkon % = catbon feed—kg/k

Rapid mix
G =300s"! CC - 239.7 %5 4+ 13,640 3 36 7 12 18 24
G=600s" CC =362 1 13,840 2 45 6 10 16 21
G-900s" CC-673.84 113920 1 68 4 6 14 7

= total basin volume—m®

Flocenlator
G-208" CC = 5,610.0 0434 000zl 5 i 15 21 24 18
G=30s"t CC = 4,922.0 5528 00247 4 25 13 18 24 16
G-80s" CC = 4,216.1 525010 (06002860 3 35 10 14 25 13

% = total basin volume—m’

Clarifier ) }
Circular CC = 64,720 + 353.1x - 0.02285¢% 2 31 7 39 13 5 3
Rectangular CC =30,290 + 537.2x 4 27 10 27 20 10 2

% = basin surface area—m
Gravity filter structure CC = 35,483 4 551 0016k i 20 6 5 21 23 6 18
) x = filter area—m®
Filtration miedia .
Stratified sand CC=92.6 "2+ 4300 100
Dital media CC = 845.0 2742 Homo1sas 100
Mixed media CC = 1,241,1 507450 00018 100
x = filter bed area—m® .
Filter baclowash pumping | CC = 36,000 + 1,254.28x — §.1212:% 47 7 24 22
« = filter surface area—mi’

Surface wash sysiem
Hydraulic CC = 9,704.1 5039 00046 £0 10 10 20
Air water CC = 32,419,902 (90025 33 9 48 10

. « = total filter area—m
Wash water surge basin CC = 19,460 + 784.0x — 0.2839:7 1 k) 18 43 5 2
1 = hasin capacity— “
Wash water storage tank | CC=2574 (P812 00000073 1 1 45 53
1 = storage volume—m®

Clear water storage CC = 583.2 5™ + 22,900 2 40 25 31 2
below ground x = capacity—m" )

Finished-water pumping | CC = 8.76. 472 + 17,390 52 9 17 22
TDH-—30.48 m {100 £t} % = pumping capacity—mnt"/d

Raw water pumping CC = 2.008 7% 1 18,700 43 14 26 17

¥ = pumping capaci s
Gravity studge thickener | CC = 15,530.12"%% ¢ s 4 41 12 16 26 1
% = thickeper diameter—m
Sludge dewatering lagoons | CC = 29.5 "% + 2,200 53 4 1 26 16
% = effective storage volume—mn®
Sanid drying beds CC = 4,540 + 35.25x - 0.0003464% 5 10 3 57 25
x = total bed area—m
Filter press CC = 250,489.8 2™ + 135,900 64 18 1 17
5 = total filter press volume-—
Belt filter press CC = 170,640 + 15,196.21 x 68 20 2 1 9
) x = total installed machine capacity—wm’/k

Administration, laboratory, .
and maintenance CC=235.66 Paa 1,220
buildingkd x = plant capacityw—ma/d

*Applicable ranges of both construction and O&M cosls .

+A =~ excavation and site work, B = manufactured equipment, C = concrete, D= steel, E = labor, F = piping and valves, G = elecirical equipment and
instrumentation, H = housing, I = energy, ] = maintenance material, K = labor

$CC = construction cost {including 15 percent allowance for contingency and miscellaneous)—dollars

§O&MC = operation and maintenance cost—§/véar

**pApplicable range of construction cost only

+tApplicable range of O&M cost only , .
$$Constraction cost is based on weighted composite unit cost of 5485/m? of total building area. The current building cost may be obtained by multiplying the total
area with the ratio of unit building costs (current unit cost—$/m")/ ($485/m%).
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% TABLE 1, Continued

Generalized construction and O&M cost equations and cost components

Operation and Maintenance Cost

Component Cost—percent Applicable Range of x*
Process Equation 1 J K Minimom Maximum
0461 (07
Aqua ammonia feed O&MC = -861.9 ¢ L W80 500 1 17 82 110 2,300
~ Powdered activated carbon O&MC = 1,153.44 £*5% 1 9 650 30 26 44 15 3,000
. Rapid mix
=300 O&MC = 384 xM1%%8 4 4 750 53 1 46 3 550
G=600g" O&MC = 88,6 2% ;. 4 760 89 1 30 3 550
G=90057" 0&MC = 337.3 £9 4 4 760 - 88 0 12 3 550
Flocculator
G=20s" O&MC - 15.2 5572 4 1 160 12 60 28 50 28,000
G=50s" O&MC =~ 12.5 57 4 1 180 44 18 18 50 28,000
G=80s" O&MC - 13.5 %75+ 1 180 76 16 8 50 28,000
Clarifier ) :
Circular D&MC = 24.94 £"™ 4 1 330 4 36 60 60 3,000
Rectangular 0&MC = 8.4 2V%% 4 1 900 4 16 80 20 450
Gravity filter structure O&MC = 359.5 2588, 5 100 36 12 52 13 2,600
Filtration media
Stratified sand O&MC are included with O&M of filter 13 2,600
Dual media structure costs. 13 2,600
Mixed media 13 2,600
Filter backwash pumping 0&MC = 73.3 27 + 2,200 52 24 24 g 140%*
134 2,600+
Surface wash system
Hydraulic O&MC = 72.3 574 4 380 51 5 - 44 13 2,500
Alr water O&MC = 73.5 27 4 2,180 53 24 23 13 2,500
‘Wash water surge basin 0&MC are included with O&M costs 35 1,800
of baclkwash pumping and surface
wash system.
‘Wash water storage fank O&MC are included with Q&M costs 75 3,500
of backwash pumping and surface
wash system.
Clear water storage O&MC are included with finished-water 40 30,000
below ground pumping costs,
Finished-water pumping O&MC = 0.502 2% 4 5 200 88 4 8 5,500 1,135,500
TDH—30.48 m (100 ft)
Raw water ptimping O&MC = 5,530 + 0.68879x 81 ] 13 3,500 756,000
Gravity sludge thickener O&MC = 21.3 #1478 4 1 200 8 29 63 6 45
Sludge dewatering lagoons O&MC = 6473 225124 _ a5 6 1 93 300 149,600
Sand drying beds O&MC = 2.176 219 4 5,810 6 6 88 450 37,200
Filter press O&MC = 797,615.7 1385 _ 725720 13 3 84 012 25
Belt filter press O&MC = 584,735.8¢% 901522 _ 568 030 35 13 52 3 260
Administration, laboratory, and | O&MC - 4,568.66 2% — 32,060 13 9 78 3,500 750,000
maintenance building$s
't

*Applicable ranges of both construction and O&M costs
1A = excavation and site work, B = manufactured equipment, C = conerete, D = steel, E « labor, F = piping ard valves, G = electrical equipment and instrumentation,
H =housing, I = energy, ] = maintenance material, K = labor
$CC = construction cost (inckuding 15 percent allowance for contingency and miscellaneous)—dollars
§O&MC = operation and mainfenance cost—-8/year
**Applicable range of coastruction cost only

ttApplicable range of O&M cost only :
$¥Construction cost is based on weighted composite unii cost of ?485 /mZ of total building area. The current building cost may be obtained by multiplying the total

area with the ratio of unit building costs (current unit cost—3/m

)/ (§485/m%).
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TABLE 2

BLS and ENR indexes used as basis for the construction cost curves

Modified Updated
Qctober 1978 October 1978 April 1952
Value of Value of Value of
Cost Component Index Index Index Index
Excavation and ENR Skilied Labor Wage Index - 247.0 2470 455.0
siteworlt {1967 = 100} (1967 = 100) (1967 = 100}
Manufactured BLS General Purpose Machinery 2211 72.9 130.0
equipment and Equipment-Commodity Code 114 {1967 = 100} (1982 = 100) (1982 = 160}
Concrete BLS Concrete Ingredients 2211 716 1194
Comrmnodity Code 132 {1967 = 100) (1982 = 100) (1982 = 100}
Steel BLS Steel Mill Products 262.1 75.0 107.4
Commodity Code 1017 (1967 = HX) (1982 = 160} (1982 = 100)
Labor ENR Skilled Labor Wage Index 247.0 2470 455.0
(1967 = 100) (1967 = 160} (1967 = 100)
Pipes and valves BLS Valves and Fittings 236.4 70.2 139.6
Commodity Code 114501 (1967 = 100) (1982 = 100) (1982 = 100)
Electrical equipment BLS Electrical Machinery and 167.5 72.3 121.3
and instrumentation Equipment-Commedity Code 117 (1967 = 100) 1982 = 100) {1982 = 100)
Housing ENR Building Cost Index 264.8 254.8 £15.9
(1967 = 100) (1967 = 100) {1967 = 100)
TABLE 3
Construction and operation and maintenance cost components and updaied values in current dollars
QOctober 1978 Updated April 1992 Cost
Maodified
Component Cost Tedex Value Index Updated
Cost Components percent b Basis Value Cost—§/year
Construction cost
A. Excavation and site work 4 9,807 247.0 455.0 18,070
B. Manufactured equipment 27 66,196 72.9 130.0 118,050
C. Concrete 10 24,517 716 1194 40,900
D. Steel 27 66,196 75.0 107.4 94,800
E. Labor 20 44,034 - 2470 455.0 81,120
F. Piping and valves 10 24,517 70,2 139.6 48,800
G. Electrical eguipment and instramentation 2 4,903 723 121.3 8,230
H. Housing 254.8 4159
245,170 410,000
Operation and maintenance costs
1. Energy requirements 4 246 $0.03/kW.-h $0,05/kW-h 410
T. Maintenance material requirements i6 981 716 122.2 1,670
K. Labor requirements B0 4,907 $10.00/hour $15.00/hour 9,220
L. Chemical use and related cost ¢ 0
6,134 11,400

Cost data for different years are normal-
ized to a common base using appropriate
cost indexes, Thus, cost information for
specific projects may be developed from
the completed projects. In many cases,
developing specific project costs from
historical data may not be possible be-
cause of the unreliability of the data and
the possibility of gross errors occurring
when overall project costs are separated
into individual components. In such
cases, cost information published by fed-
eral agencies, professional journals, and
private organizations is used. Familiarity
and special care are needed in using
these cost curves so that large project
components are not overlooked or in-
cluded more than once. In August 1979,
the US Envirenmental Protection Agency
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(USEPA) published a four-volume report
presenting construction and O&M cost
curves for 99 unit processes useful for
removing contaminants included in the
National Interim Primary Drinking
Water Regulations.? The USEPAreportis
the basis for developing the generalized
cost equations presented here for esti-
mating construction and O&M costs of a
conventional water treatment plant.

Generalized construction costs
determined from aggregate data

The generalized construction costs
presented in the USEPA report used
equipment cost data supplied by manu-
facturers, conceptual designs, and pub-
lished data. The construction cost of each
process was developed hy determining

and then aggregating the cost of eight
principal components: excavation and
sitework (A), manufactured equipment
(B), concrete (C), steel (D), labor (E),
piping and valves (F), electrical equip-
ment and instrumentation (G), and hous-
ing (H). The subtotal of the costs of these
eight categories includes the cost of ma-
terials and equipment purchase and in-
stallation as well as subcontractors’ over-
head and profit. A 15 percent allowance
has been added to this subtotal to cover
miscellaneous and contingency items.
Construction costs, however, do not in-
clude costs for special sitework, general
contractors’ overhead and profit, engi-
neering, land or legal costs, fiscal, or ad-
ministrative and interest costs during
consiruction. These cost items are all
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ore directly related to the total cost of
roject than to the cost of the individual
it processes. Therefore, these cost
\ins are most appropriately added fol-
wing summation of the cost of the indi-
jual unit processes.

"Cost equations developed via computers.
eneralized equations for construction
sts were generated by using a com-
puter program called PLOTIT®, an mter—
active graphics and statistics program.’®
Pata used to generate these equations
were obtained from the USEPA report.?
The procedure is relatively smlple First,
2 two-dimensional input file is created in
the format the program needs. Then, the
type of equation for fitting the data point
iz selected. For example, the equation
delected could be linear, quadratic, or
exponential. The program then com-
putes the coefficients for the equation
based on best line or curve generated.
This process is repeated for several types
of equations, and the one that best repre-
sents the data is chosen,

. Forty-two generalized construction
cost equations are given in Table 1. Each
equation represents a unit process and a
chemical feed system most commonly
used in a conventional water treatment
. plant. The applicable range of each curve
(minimum and maximum limif) and the
- percent cost components are also pro-
. vided. For example, construction and
- Q&M cost equations for chlorine storage
+ and a feed system using a chlorine cylin-
- der {Item 1a, Table 1) have an applicable
range of 4 kg/d (10 1b/4d) to 4,500 kg/d
- (10,000 1b/d). The major construction
- costcomponents are 47 percent manufac-
© fured equipment (B}, 6 percent labor (E},
© 4 percent piping and valves (F), b percent
‘electrical equipment and instrumenta-
- tion (G}, and 38 percent housing (H).
¢ The equation representing the October
1978 construction cost is

CC = 680.75 457 411,010

" in which CC = construction cost (dollars)
and x = chlorine feed capacity (kg/d).
Cost index used to adjust estimates. The
most common method used to adjust cost
estimates from one geographic location
and time period to another is the cost
index. An index is simply a calculated
numerical value that is a function of an
established quantity of material and
labor. The key advantage of a single
index is the simplicity with which it can
he applied. Although use of a single index
is an uncomplicated approach, there is
much evidence to indicate that these
time-honored indexes are often inade-
quate for application to water utility con-
struction. Thus, a procedure to update
several cost components is desirable.
The most frequently utilized single in-
dexes in the construction industry are
the Engineering News Record (ENR) con-
struction cost index (CCI), and the ENR
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building cost index (BCI).* The key ad-
vantages of ENR indexes are their avail-
ability, simplicity, and geographic speci-
ficity. Unfortunately, these indexes do
not include mechanical equipment, in-
strumentation, or piping and valves; also,
a proportionate mix of labor and material
is not specific to the construction of water
treatment plants. To overcome these
shortcomings of ENR indexes, the total

Although use of a
single index is an
uncomplicated
approach, there is
much evidence to
indicate that these
time-honored
indexes are often
inadequate for
application to water
utility construction.

construction costs are divided into eight
major cost components. The Bureau of
Labor Statistics (BLS) and ENR in-
dexes for these cost components for
1967 and 1978 dollars are given in
Table 2, Thus, total cost is updated
based on eight principal cost compo-
nents by using appropriate indexes
rather than a single index,

Updating costs for ENR CCIs is
straightforward. The current ENR value
for each desired category is obtained
from the most recent issue of ENR. This
value is divided by the index value for
October 1978 and multiplied by 1978 con-
struction cost to obtain the current con-
struction cost.%

Current construction cost =

(ctober 1978 construction cost x (current ENR CCI
index/Octeber 1978 CCI index)

Updating costs using the BLS pro-
ducer price index (PPI) is more compli-
cated than using ENR indexes. In 1978,
BLS indexed costs using 1967 as a basis
(1967 = 100).7 In 1992, BLS indexes costs
using 1982 as a basis (1982 = 100).% So
that costs may be updated for categories
in which the basis for indexing has
been changed, BLS provides docu-
ments called historicals. A historical ta-
bulates the entire history of index fig-
ures for a single category in the PPI,
using the current basis (1982 = 100).*
The BLS provides historicals free of
charge. They may be obtained by con-
tacting the most convenient BLS re-
gional office and requesting a historical
for each category under study.

Using these historicals, BLS PPI fig-
ures for 1978 are replaced in the calcula-
tion of current construction cost by a his-
torical index figure that uses the same
basis as current PPIs. These modified
indexes also appear in Table 2.

For the BLS category, “valves and fit-
tings,” for which figures are no longer
being indexed, an allernate category has
heen selected to replace it, “miscella-
neous general purpose equipment” (PPI
commedity code 1149). This category
was chosen over several others, such as
“metal valves except fluid power,”
“plumbing and heating valves,” and
“metal pipe flanges, fittings and unions.”
The “miscellanecus general purpose
equipment” category yields a median fig-
ure, compared with figures yielded by
other categories. In addition, index fig-
ures for it are available from BLS and
need no extrapelation or averaging.

The current construction cost compo-
nents are then calculated in the same way
as when the ENR indexes are used. The
updated April 1992 BLS and ENR indexes
are also provided in Table 2.% The proce-
dure for using BLS indexes for cost up-
dating is given here.

Suppose the total construction cost of
a rectangular clarifier is $3 million and
the percent cost of manufactured equip-
ment is 27 percent or $810,000. The Oc-
tober 1978 modified value of BLS “gen-
eral purpose machinery and equipment”
{commodity code 114) is 72.9. The April
1992 value of index is 130.0. This cost
component can be updated using current
and modified cost indexes. The updated
cost for the “manufactured equipment”
component is 1.44 million dollars. Other
cost components can also he updated to
provide total updated construction cost.

O&M costs defined

Total operation and maintenance costs
are based on energy requirements, main-
tenance material requirements, and
labor requirements. The energy cate-
gory includes process energy and build-
ing energy. All energy components (such
as diesel fuel, electricity, and natural gas)
are expressed in terms of kilowatt-hours
(kW-h) per year. The annual energy cost
is based on unit costs of $0.03/kW-h of
electricity.

O&M cost equations also developed via
computer. The generalized O&M cost
equations were also generated using the.
computer program PLOTIT? The
USEPA report served as the data source
for these equations.? Thirty-five general-
ized O&M cost equations for many unit
processes are given, along with the con-
struction cost equations in Table 1. The
applicable range of these equations and
the percentages for three cost compo-
nents {energy, maintenance, and lahor)
are also provided in this {able,

Costs updated through three compo-
nents. Updating of O&M costs may be
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accomplished by updating the three indi-
vidual components: energy, labor, and
maintenance material, The energy and
1abor costs are updated in proportion to
the current unit costs of electrical power
($/kW-h) and labor rate (§/hour). Main-
tenance material costs are updated using
the PPI for finished goods. The mainte-

Actual costs depend
heavily on the site
. conditions, climate,
competition among
bidders and suppliers,
and general local and
nationwide economic
conditions.

nance material costs used in cost devel-
opment are based on October 1978 BLS
PPI for finished goods of 199.7.>" Be-
cause this number comes from reports
that used 1968 = 100 as a basis, it must be
modified.

Using BLS PPI historicals, 199.7 is re-
placed with a modified index value (1982
= 100) of 71.6.2 The current April 1992
PPI for finished goods is 122.2.° The cost
of chemicals required for process opera-
tion must also be added to obtain total
O&M costs. Expected chemical costs
can be readily obtained from prospective
suppliers.

Equivalent cost and present worth
must be determined to compare
alternatives

The procedure for cost comparison of
alternatives includes determination of
the present worth and equivalent annual
costs for each project alterpative. The
present woith may be thought of as the
sum that, if invested now at a given rate,
would provide exactly the funds required
to make all necessary expenditures dur-
ing the planning period. Equivalent an-
nual cost is the expression of a nonuni-
form series of expenditures used as a
uniform annual amount to simplify calcu-
lations of present worth. Detailed proce-
dures for making these calculations are
explained in many textbooks. 12

The present worth of annual O&M
cost, capital recovery factor, and equiva-
lent annual costs is obtained from Eqgs 1,
2, and 3.

Present worth of annual O&M cost, § =

-

{total annual O&M cost] 1 ”{}1,“ 1 D

Capital recovery factor = BRIV %)
i+ -1

Tquivalent annual costs, §/y = project present  {3)
worth {capital recovery factor)
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in which 4 = interest rate; # = design period,
y; and ¥ = years.

The procedure for developing the
costs for unit comparison is shown in the
following example. Calculate the con-
struction, O&M costs, total present
worth, total capital recovery factor, and
equivalent annual cost for a rectangular
clarifier that has a total surface area of
400 m?. The interest rate is 6 14 percent,
and the design period is 15 years.

¢ (Calculate total construction cost, in-
clhuding 15 percent miscellaneous and
contingency items {October 1978 dol-
lars). The construction cost equation
(taken from Table 1) is: CC = 30,290 +
537.2 z, in which x = basin surface area,
m? Thus, CC = 30,290 + 537.2 (400) =
$245,170.

¢ Calculate the Q&M cost. The Q&M
cost equation is O&MC = 8.4 x*9% 4+
1,900 = 6,134/,

e To update costs, the components
of capital and O&M costs in various
categories are calculated using the per-
cent component data given in Table 1.
These cost components, updated to
current dollars, are provided in Table 3.
The updated April 1992 construction
cost of the example clarifier is
$410,000. Add to this value the special
costs of general coniractor’s overhead
and profit, engineering, land, legal, fis-
cal, administrative, and interest costs
during construction. These costs may
vary considerably for different pro-
jects. Assume these costs represent 28
percent of the construction costs.
Thus, total consiruction cost of the
basin, including these special costs, is
§525,000.

The present worth of annual O&M
cost, capital recovery factor, total project
present worth and equivalent annual cost
are calautlated from Egs 1, 2 and 3. These
values are:

Present worth of annual O&M cest = $109,600

Capilal recovery factor = 0.10465

Total project present worth = $109,000 +
$525,000 =
$634,000

Equivalent annual cost = 266,400/ year

Generalized construction as well as
0&M cost equations for water treatment
processes provide a convenient way to
develop preliminary cost estimates of
such processes during the planning
phase. The capital cost updating proce-
dure uses ENR and BLS indexes for eight
cost component categories.

The total present worth and the equiv-
alent annual costs calculated from these
equations are used to compare the eco-
nomics of the alternative treatment pro-
cesses and major project components in
order to arrange for project funding and
{o secure engineering design services.

The cost estimates developed from
these generalized equations do not rep-
resent the actual construction and G&M
costs of a project. Actual costs depend
heavily on the site conditions, climate,
competition among bidders and suppli-
ers, and general local and nationwide
economic conditions, Therefore, actual
construction and operation costs cannot
be generalized and must be developed
for each specific project.

References

1. Water Treatment Principles and Design.
John Witey & Sons, New York (1985).

9. GuMERMAN, R.C.; Cure, RL,; & HANSEN,
S.P. Estimating Water Treatment Costs,
Vol. 1-4, EPA-600/2-79-162. Cincinnati,
Ohio (Aug. 1979). _

. PLOTIT Interactive Graphics and Statis-
tics Program. Scott P. Eisensmith (1987).

. Engineering News-Record, McGraw-Hill
Inc., New York,

. Engineering News-Record, 201:14:117
McGraw-Hill Inc., New York (Get. 5, 1978).
6. Engineering News-Record, 228:14:79

McGraw-Hili Inc., New York {Apr. 6, 1992).

7. Producer Prices and Price Indexes: Data
for 1978. US Dept. of Labor, Bureau of
Labor Statistics, Library of Congress Cata-
log No. 153-140, USGPO, Washington, D.C.

8. Producer Price Index Historical. US Dept.
of Labor, Bureau of Labor Statistics (Apr.
1992},

9. Producer Price and Price Indexes: Data for
April 1992, US Dept of Labor, Bureau of
Labor Statistics. ISSN 0882-5270, USGPO,
Washington, D.C.

10. Grant, E.L. and Jresm, W.G. Principles of
Engineering Economy. Ronald Press, New
York (5th ed., 1970).

11. SreveNs, G.T. The Analysis of Capital Ex-
penditure for Managers and Engineers.
Ginn Press, Needham Heights, Mass.
{1989).

12, Qasiv, SR Wastewater Treatment Plants:
Planning Design and Operation. Holt, Rine-
hart and Winston, New York (1985).

T o W

About the authors:
Sved R. Qasim is profes-
sor of Civil Engineering
at the University of |
Texas at Arlington,
416 Yates, Arlington,
TX 76019. He received
a PhD in Sanitary En-

T £ s gineering from West
Virginia University in 1965 and has more
than 25 vears of teaching, research, and
consulling experience in the theory and de-
sign of water and wastewater treatment pro-
cesses. He wrote the textbook Wastewater
Treatment Plants: Planning, Design and
Operation, published by Holt, Rinehart and
Winston in 1985. Siang W. (Daniel) Lim
is graduate-engineer with Albert H. Halff
and Associates, Inc., Consulting Engineers
of Dallas, Texas. Edward M. Motley is vice-
president, Chiang, Patel and Associates,
Consulting Engineers of Dallas, Texas. Kim
G. Heung is professor and chairman, De-
partment of Civil Engineering, mha Uni-
versity, Inch’'on, South Kovea.

JOURNAL AWWA




