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Abstract

This research presents a method to determine the castgsarhil types of stormwater
control practices including the costs of conventionahdige system. Several published
literature sources were reviewed that contained costsrifol practices. Standard unit cost data
used in developing the conventional conveyance drainagersycosts were obtained from RS
Means. The cost data were transformed into equatiahatdized to develop the cost module
for the Source Loading and Management Model (WinSLAMM).Eeel spreadsheet model
was also developed to estimate the costs of convehstimanwater drainage systems based on
the published unit cost data. In an example, the costsagstl by the spreadsheet model were
compared to the costs associated with the stormwamérot practices as estimated by
WInSLAMM for a 250-acre industrial site in Huntsville, ALhe costs of site biofiltration,
large-scale grass swales, and a wet detention pond ampaced to the costs for the
conventional drainage system.

The cost information available from published literatunerses and other references
were in the form of tables and equations. The costnmdtion gathered provided regional cost
estimates for the control practices for a specifiary€ost indices published by tBagineering
News Recoravere used to estimate the present costs from histoosainformation and at
locations where cost information is unavailable. Theest indices, from 1978 to 2005, were
incorporated into WinSLAMM and the spreadsheet model.

Based on the cost data obtained form Southeastern Wisd®agional Planning
Commission (1991), the component(s) that affected thealqractice cost the most were also
analyzed.

The authors would like to acknowledge the support of thee€Cémt Economic
Development and Resource Stewardship (CEDARS) of Nashillefor their funding which
has allowed us to develop additional extensions to WinSLANIM Stormwater Management
Authority of Jefferson County, AL, is also acknowledgedtheir support.
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Chapter |

Introduction

1.1 Background

Cost estimation plays a major role in all projechagement activities. Forecasting the
total life-cycle project cost for different alternagvis a vital step in any decision-making
activity. The life-cycle project costs include the iditanstruction costs, in addition to long-
term maintenance costs, and eventual replacement ¥dsts considering replacements and
alternatives for historical infrastructure componeatsts of the historically “standard” approach
and the new alternatives need to calculated in simiass and include similar cost components.
In urban stormwater management, there are costsdatonmwater control practices, plus costs
for stormwater conveyance components, and the assgo@aeration and maintenance costs.
Developers, city planners, engineers, funding agenciesygment and private agencies are
interested in determining these costs for a project edtf®start. Cost also plays a major role in
decision analysis when choosing the most cost-effegiiogram when multiple objectives need
to be considered and when more than one program canrdbkvdesired benefits.

1.2 Project Objectives

This research provides a consolidated and summary of iatamobtained from the a
number of sources that reported on costs of stormwat#rols, plus additional specialized
references. The costs of the following stormwatetrobpractices have been examined during
this research: outfall stormwater controls (wet deenponds, dry detention ponds, wet lands,
infiltration ponds, and chemical treatment), critisalirce area controls (hydrodynamic
separators, oil-water separators, storm drain inlettgysgormwater filters, and the multi-
chambered treatment train), conservation design derfgrass filter strips, grass swales,
permeable pavement, infiltration trenches, rain gardeasltéis, bioretention devices, green
roofs, and cisterns for water storage), public work prast{street cleaning and catchbasin
cleaning), combined sewage overflow controls that can bleedp stormwater (surface
storage, deep tunnels, swirl concentrators, screenmesgation basins, and disinfection), gross
solids controls, and the costs associated with edunedfiwograms. The costs of these control
practices reported in various sources were compiled, suizes, and evaluated as a part of this
thesis. This information is presented in the form givetine reports (tables, equations, and
figures), and describes the information sources (locatindslates) of the information (if
available), for each reference. Section 4.7 also lcasnparison of the different costs for a
typical application. This research also includes a vewkEngineering News Reco(&NR) cost
indices that can be used to adjust the costs for ditfgesrs and locations to current conditions
for many US locations.

The cost data for the following control practices wesed to develop the cost module for
WIinSLAMM (the Source Loading and Management Model for Wimslo wet detention ponds,
permeable pavement, street cleaning, catchbasin cleaningdjydioin devices, and grass swales.
WInSLAMM estimates the runoff volume and associatedupantits in urban runoff from
specified land uses. WInSLAMM also enables the designingatiol practices for the area



under consideration and estimates their corresponding efietinoff and pollutant loadings.
The new cost module enables the user to estimat®#h®timplementing and maintaining the
selected control practices for the land use.

An Excel spreadsheet model was also developed to supplémerdst estimates made
by WinSLAMM. This spreadsheet calculates the capital,quresent value of all costs, and
annualized value of all initial construction and mainte@acosts for a conventional stormwater
conveyance system usi2g06 RS Means Building Construction Cost D@+4th Annual
Edition). This spreadsheet model was used during this resdmacompare the costs of grass
swales (computed using WinSLAMM) with the costs of a emtiwnal stormwater conveyance
system comprised of curbs and gutters with underground pipeseat 250-acre industrial park
in Huntsville, Alabama.

1.3 Cost Analysis Elements
1.3.1 Total Costs

The total cost includes capital (construction and land)aamtial operation and
maintenance costs. Capital costs occur when the sftien control component is installed,
unless retrofits or up-sizing occurs at a later time.it@gosts also include added financing
costs that are amortized over the life of the projébe operation and maintenance costs occur
periodically throughout the life of the stormwater e¢ohtlevice or practice.

1.3.2 Capital Costs

Capital cost consists primarily of land cost, congtaunccost, and related site work.
Capital costs include all land, labor, equipment and nadderosts, excavation and grading,
control structure, erosion control, landscaping, and appances. It also includes expenditures
for professional/technical services that are neceseasypport the construction of the
stormwater control device. Capital costs depend ortsitditions, size of drainage area and land
costs that vary greatly from site to site.

Land costs are site specific and also depend on the sdinguand use. The land
requirements vary depending on type of stormwater cortsadhown in Table 1. These values
are the approximate areas needed for each of the Istéals, in relation to the impervious
area in the watershed. As an example, wet detentintisp@etention ponds) should be sized to
be about 2 to 3% of the total impervious area in the wadrsthile grass filter strips need to be
about the same size as the total impervious areasrdyaowards them.

Table 1. Relative Land Consumption of Stormwater
Controls (US EPA, 1999)

Stormwater Control oLand Consgmptlon
Type (% of Impervious Area
of the Watershed)
Retention Basin 2 to 3%
Constructed Wetland 3to 5%
Infiltration Trench 21to 3%
Infiltration Basin 210 3%
Permeable Pavement 0%
Sand Filters 0to 3%




Bioretention 5%
Swales 10 to 20%
Filter Strips 100%

1.3.3 Design, Permitting and Contingency Costs

Design and permitting costs include costs for site inyasbns, surveys, design, and
planning for the stormwater controls. Contingency castshe unexpected costs incurred during
the development and construction of a stormwater cloptastice. They are expressed as a
fraction of the base capital cost and have beenidenes uniform for all stormwater controls.
During the calculation of capital costs, 25% of thewlated base capital cost should be added
that includes design, permitting, and contingency feesd@4fid, et al. 1986; CWP 1998; and
U.S. EPA 1999) and 5% to 7% of the calculated base captathat includes cost of erosion
and sediment control (Brown and Schueler 1997; U.S.EPA 188CWP 1998).

1.3.4 Operation and Maintenance (O&M) Costs

Operation and maintenance are post construction aesh\and ensure the effectiveness
of an installed stormwater control practice. Theyudel labor; materials; labor, energy and
equipment for landscape maintenance; structural mainten sediment removal from sediment
control devices and associated disposal; and litter rer®wmailar to the design, permitting and
contingency costs, the operations and maintenanceamestsually expressed as an annual
percentage of capital costs, or the actual costs cdetbemined. Total annual O&M costs for
both routine activities (periodic site inspections, gnaewing, litter and debris removal, bank
stabilization, and maintenance of site vegetatiorefosion control) and sediment removal was
estimated to range from 3 to 5% of base constructiais émspond stormwater controls
(Wiegand, et al, 1986).

1.3.5 Life Cycle Costs

Life cycle costs are all the costs that occur durieglite time of the stormwater control
device. It includes design, construction, O&M, and closeativities. Life cycle costs can be
used to help select the most cost-effective stormwatgra option. Life cycle costs include the
initial capital cost and the present worth of annu&MOcosts that are incurred over time, less
the present worth of the salvage value at the end aetitvice life (Sampleet al 2003).

1.4 Research Outline

A stormwater conveyance system is a facility thateiserally owned and maintained by
the municipality to collect stormwater in the formrahoff and convey them to the nearest
storage location for treatment or discharge into aestavaterbody. During the conveyance of
the stormwater through the facility, the stormwatayrar may not undergo treatment depending
on the type of the conveyance system. Grass swakess fijlter strips, porous pavement,
infiltration trenches, rain gardens, biofilters, and gremofs are common stormwater
conveyance systems that may treat the stormwatergdooimveyance. Stormwater can also be
conveyed above ground through unlined ditches not created sakciiic the purpose of
conveying the stormwater. However, the traditional stort@meonveyance system in which the
stormwater is collected or the stormwater is chanrbledigh a grated opening that goes to a



pipe and connects to the underground stormwater sewer sydfera few treatment
opportunities.

The stormwater can also be treated through controlsasialet detention ponds and
wetlands, chemical treatment by using alum or fetnlorade or infiltration ponds. The
stormwater conveyance system network inlets caittied fvith catchbasin inserts, or replaced
with hydrodynamic devices at critical source areas. § hedude hydrodynamic separators such
as the Downstream Defender, Stormceptor, Vortechsj Mbambered Treatment Trains,
stormwater filters such as Upflow Filters, and otmserts with specific functions such as oil-
water separators, and gross solid removal devices. Publicpsactices such as street cleaning
and catchbasin cleaning also aim at reducing the pollutatite stormwater runoff before it
enters the conveyance system. The costs involvdeindnstruction, operation and maintenance
of all the listed stormwater quality and quantity conpalctices have been discussed in Chapter
Il

The cost data available in published literature was us@dn8LAMM and the
spreadsheet model by transforming the data into equaGibvagter Il discusses these regression
equations that were developed and their implementatiorthiet models.

The calculations and the processing of entered data liyxtted spreadsheet model is
discussed in Chapter 1V. The spreadsheet model wasppéadato a 250 acre industrial site in
Huntsville, Alabama. The site consists of 50 plots diviaed four subareas based on the
direction of natural drainage flows. The runoff from thod the subareas are drained through the
stormwater pipe network into two different detentiongmlocated within the site and the forth
subarea drains outside the site. The cost of this staenwanveyance system being constructed
at this site was estimated using the spreadsheet mdaesit€ description, the hydrology
calculations and the cost estimates for construchagtormwater drainage conveyance system
is discussed in Chapter V. Chapter VI presents thdtsesmud conclusions. Appendix A shows
the cost adjustment factors for different locations daseENR cost indices that have been
incorporated into the spreadsheet model, the constructgtrnciex values vs. time for different
years for each city are given by ENR. Thiessen polygomsirawn for the US showing the areas
that are best represented by each of the 20 citiesevidi¢R cost indices are available.



Chapter Il
Literature Review

2.1 Introduction
This chapter gives a brief introduction to the differepgt estimation methodologies that
can be used to calculate the costs of stormwater cqmaciices. These methodologies are
employed to estimate the costs of the stormwateralgmactices from available design
information or unit cost information. Several equatidaseloped using one or more of the
methodologies are presented in this chapter. Also pexs@nthe form of tables are the
component and total costs of the following stormwaterityuabntrol practices:
» Conventional stormwater conveyance system components:
- Pipelines
- Trench excavation
- Bedding
- Backfill
- Manhole
- Inlets
- Paving
- Pump stations
» Combined sewage overflow controls that can be applistbtonwater systems:
- Surface storage
- Earthen and concrete basins
- Deep tunnels
- Swirl concentrators, screens, sedimentation baamsdisinfection
- Gross solid controls
e Qutfall stormwater controls:
- Wet detention ponds and wetlands
- Chemical treatment (alum and ferric chloride use)
- Infiltration ponds
* Public work practices:
- Street cleaning
- Catchbasin cleaning
» Critical source area controls:
- Hydrodynamic separators
- Oil-water separator
- Storm drain inlet inserts
- Stormwater filters
- Multi-chambered treatment train (MCTT)
» Conservation design controls:
- Grass filter strips
- Grass swales
- Permeable pavement
- Infiltration trenches, rain gardens, biofilters, and éiention devices
- Green roofs



- Cisterns and rain barrels for water storage for reuse
* Educational programs

2.2 Cost Estimation Methodologies
The five common methodologies of cost estimatioraar®llows (DOD, 1995):
* Bottom-Up Method
* Top-Down Method
* Analogy Method
* Expert Judgment
* Algorithm/Parametric Method

2.2.1 Bottom-Up Method
This method involves identifying and estimating the cosiadi¥idual components of a
project and then combining these costs to estimate thefcihe entire project.

2.2.2 Top-Down Method
Costs of the entire project are estimated by partitiotiegoroject into lower-level
components and life cycle phases beginning at the hitghedt

2.2.3 Analogy Method
In this technique, the cost data available from a previaimsiypleted project is
extrapolated to estimate the cost of a proposed project.

2.2.4 Expert Judgment Method
This method involves consulting experts in the fieldstingate the cost of a proposed
project using their experience and their understandinigegbtoposed project.

2.2.4 Algorithmic or Parametric Method

In this method, equations to estimate costs are dergedresearch or historical cost
data. Cost equations can use a single or multiple eaqoignvariables. The equation forms an
efficient way to represent a database in the formsufigle equation. Equations 2.1 and 2.2
represent single and multiple explanatory variable egpustiespectively.
(2.1) C=aX
where

C = Cost, $,

x = independent variable such as measure of comporentaad

a,b = constants, depends on overall physical chaistctenof component.
(2.2) C=1(X, Xg 00X 1o X)
where

C =Cost, $, and

X = independent variable such as component size

Combinations of one or more of these methods were usssiitoate the costs in this
research. To estimate the costs of the conventgioahwater conveyance network, the bottom-



up method was followed by breaking down the system intaragepeomponents such as trench
excavation, bedding, pipe installation, backfill, maelsoinlets and curbs and gutters and then
combining these costs to estimate the cost of theegmtmject. For estimating the cost of the
control practices, the algorithmic method was followeditbyng equations to available regional
cost data. These equations were representative ofwitistsne or more of the design
components. These costs were then adjusted to peesstatat a desired location using ENR
building construction cost indices (analogy method).

2.3 Cost Estimates for Stormwater/Wastewater Conveyance Systems
2.3.1 Pipeline costs

Wastewater collection network costs developed by Dagamil, (1971) were used by
fitting regression models to data from actual constradiids by the following multiple
regression equation:

(2.3) C=a+bD? +cX?
where

C = construction cost, $,

D = pipe diameter, ft, and

X = average depth of excavation, ft

Rawlset al (1972) presented a nonlinear relationship for predicting @jsirban
drainage systems using land-use parameters by examiningatatdZ6 small urban drainage
systems received from agencies in Florida, Virginiashfegton D.C., Maryland, Tennessee,
lllinois, Wisconsin, Ohio, New York, Texas, Colorado clkigan, Nebraska, California,
Arkansas, Oregon, and Missouri. The 1963 national averagdorceach project was chosen
because the reported costs from these agencies weéhatfyear.
(2.4) C = 58273+ 8.73(T 0.043—089CR0.64D8023Q 073 A 0.71)
where

T = design return period, years,

S = ground slope, ft/1,000 ft.,

Cr = runoff coefficient,

Dg = smallest pipe size, in.,

Q = total capacity, cfs, and

Ap = total developed area, ac.

Pipe construction costs as a function of diameterrarett depth was developed by
Merritt and Bogan (1973) using graphical relationships.

Grigg and O’Hearn (1976) presented storm drainage pipe costsiastion of pipe
diameter, return period and urbanization factor:
(2.5) C=@Q+E)C,(D)U
where

C = total drainage cost, $,

E = other costs such as design, construction, and inald=rsts that approximate the

direct installation cost, %,

Ci(D)= cost of pipe ($) as a function of diameter, @)(using published unit cost data,

and

U = utilization factor, a function of return period gmefcentage imperviousness



Based on the rainfall data for Englewood, Coloradoai Wustrated that cost increased rapidly
between 1-year and 10-year designs with considerableng\adter that.

Tyteca (1976) presented the costs of wastewater conveygsteens as a function of
diameter and length of pipe of the following form
(2.6) C= % +aD”
where

C = total capital cost, $,

L = length of pipe, m,

K = fixed cost, $,

D = diameter, m, and

a, p = parameters

K anda range are difficult to specify and relate to ground damas and obstacles. It is
possible to estimate these three parameters by regresstysis. For the Belgium case study
where extreme conditions were encountered Tyteca (19véJoged different cost functions for
three different terrains:
For meadows,

C

(27) I =20+ 93D1.681
For river banks,

(28) % — 4O+l44D1.197
For rivers and in urban areas,

(2.9) % =126+180D

However, these regression equations had little trafsheyan space and time.

For small urban drainage systems Knapp (1967) presented predicidels (2.10 and
2.11) that can be used to calculate investment costsifiweantional storm drainage facilities
based on several sets of information on typical urbanatya systems collected from municipal
agencies around the country and using 1963 national average costs.

(2.10) C = 420 053 0565014} 0275053
where

C =cost, $,

Q = capacity, cfs,

S = slope, %,

| = number of inlets, and
R = runoff factor

(2.11) % =743+ 6.1[%] " 21{%] " 685{'—Aj " 0-03{8—51-,]

where
= cost per acre, $/ac,

= drainage density, ft/ac,

>0



= runoff intensity, cfs/ac,

= number of inlets per acre, and

>|— >0

L
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Storm sewer pipe cost was estimated by teaa). (1980) as a part of an optimization
model. They used the following equations:
For H< 20 feet, D< 36 inches

= length-slope factor, with S in percentage

(2.12) C=193+1688H -126

For H > 20 feet, X 36 inches,

(2.13) C=0.692D + 214H + 0.559DH -1356
For D > 36 inches,

(2.14) C =3.638D +517H -11172
where

C = installation cost of the pipe, $/t,

D = diameter, in. and

H = invert depth, ft.
The total cost of the drainage network was then ettuinas the sum of pipe material cost, laying
cost and the manhole cost expressed in the form:
(2.15) C=(L*Cp)+(L*C)+C,

where

C: = total cost of drainage network, $,

L = length of pipe, ft,

C, = unit cost of pipe material, $/LF,

C = installation cost of pipe, $/ft given by equations 22123 and 2.14, and

Cn = manhole cost, $

Meredith (1972) presented installed sewer pipe costadérlifoot of pipe) as a function
of pipe diameter and mean invert depth below the groundcauH:
For d < 36 inches and H < 10 feet,

(2.16) C=130+08(H -10 +0915d -12

For d < 36 inches and H > 10 feet,

(2.17) C =130+ [167+0.042d -12](H -10 + 0.915d -12)
For d > 36 inches,

(2.18) C =1280+49(H -11) + 25(d -72)

where

C = cost of installed sewer pipe, $

H = mean invert depth, ft, and

d = pipe diameter, in.

To estimate the costs of water resources infrastrudtied).S. Army Corps of Engineers
(1979) developed MAPS software. The software used a prengsgeering oriented approach
for estimating costs. For calculating the costs fawigy pipes, the following data were required:

*  Flow (maximum and minimum), MGD
* Length, ft
» Initial elevation, ft



* Final elevation, ft
* Terrain multipliers
* Design life (default = 50 years)
e Manning’s n (default = 0.015)
* Number and depth of drop manholes
* Rock excavation, % of total excavation
* Depth of cover, ft (default =5 ft)
* Dry or wet soil conditions
» Cost overrides
The average annual cost is calculated as:
(2.19) AAC = AMR + TOTOM
where
AAC = average annual cost, $/yr
AMR = amortized capital cost, $/yr
TOTOM = annual O&M cost, $/yr
The amortized capital cost is:
(2.20) AMR = CRF * PW
where
CRF = capital recovery cost, and
PW = capital cost, $
The capital costs are estimated as:
(2.21) PW = CC + OVH + PLAND

where
CC = construction cost, $,
OVH = overhead costs, $, and
PLAND = land costs, $
Overhead costs are estimated as:

(2.22) OVH = 0.25*CC

(2.23) CC= AVC*WETFAC* DEPFAC* XLEN* SECI* CITY* cuLT+ L+ Rocke2)

2556
where
AVC = unit cost of pipe for average conditions, $/ft,
WETFAC = wetness factor
= 1.2 for wet soll
= 1.0 for average soil
= 0.8 for dry soil
DEPFAC = depth of cover factor
=0.725 + (0.048 * DEPTH)
DEPTH = depth of cover, ft,
XLEN = length of pipe, ft,
SECI = ENR Construction Cost Index,
CITY = city multiplier,
CULT = terrain multiplier, and
Rock = rock excavation percent of total excavation, inndaicform
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The terrain multiplier was calculated as:
* 3 + * . * A * . * . * )
(2.24) CULTz(Cl 0.8131+C2*0.6033+C3 0698?(-)824 0.7169+C5* 0.7911+C6 13127)

where

C1 = % open country,

C2 = % new residential,

C3 = % sparse residential,

C4 = % dense residential,

C5 = % commercial, and

C6 = % central city
The MAPS formulation is a blend of regression equatantsother cost factors. However, the
database did not consider all possible costs.

Moss and Jankiewicz (1982) presented the use of life cgsking for different pipe
materials based on bids from contractors. They censitithree types of sewer materials in their
case study in Winchester, Virginia: reinforced conc(s¢evice life = 75 years), aluminum
coated steel (service life = 25 years), and asphalt-cgatednized steel (service life = 20
years). The service life depends on various factorsasichaterial durability, in-place structural
durability, abrasive characteristics of the pipe ant] and corrosive characteristics of both
groundwater and drainage. The service life was estimatsdi lwan discussions with
manufacturers, literature searches, and experiencdedstecommon multiple of service life,
300 years in this case, is used for comparison. The pneseitt is calculated by comparing the
cost of the original installation and three replacensgales for reinforced concrete, eleven
replacement cycles for aluminum coated steel, anddenreplacement cycles for asphalt-
coated galvanized steel. The salvage cost for each eepdant was also included.

RS Means, Building Construction Cost Data, 2088' Annual Edition provides unit
cost data for building components including drainage and icoméat (stormwater conveyance
pipes, catchbasins, manholes), curb and gutter, earthexs&vation, backfill, bedding, and
compaction). Cost information provided by RS Means includeemals costs, labor costs, and
equipment costs. Labor costs provided by RS Means intlmeéespent during the normal work
day for tasks other than actual installation, such asnmbteceiving and handling, mobilization
at site, site movement, breaks and cleanup. For miateoists, RS Means provides the national
average materials costs across U.S.

Tables 2 and 3 show the 2006 unit length cost data for corrugetetipipe (CMP),
galvanized and bituminous coated pipe with paved invert, 16 ghicgadss, and 20 foot
lengths and reinforced concrete pipe (RCP) of class 3@gaskets. The cost includes material,
labor, equipment and a 10% overhead and profit. The exoawatd backfill costs are not
included in this cost.
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Table 2. Lookup Table for Corrugated
Metal Pipe (RS Means, 2006)

Diameter (in.) Cost ($/LF)

8 17.55
10 21.5
12 26
15 30
18 35.5
24 43
30 64.5
36 82
48 116
60 155
72 241

Table 3. Lookup Table for Reinforced
Concrete Pipe (RS Means, 2006)

Diameter (in.) Cost ($/LF)
12 29.5
15 33
18 36
21 43.5
24 50.5
27 69.5
30 74
36 97.5
42 121
48 144
60 216
72 289
84 450
96 550

In case of multipurpose facilities, the cost is atéeldby the other objectives that the
stormwater system serves. For example, a combined sgstem transports both wastewater
and stormwater. Stormwater detention systems can asrveth quantity and quality controls.
Streets serve as traffic conduits and transport statemvalong their edges. One method used to
divide the costs of multipurpose facilities for individpalposes is to design systems for each
purpose independently, and then design the multipurposersyBbe individual costs and the
costs for the combined multipurpose facility are pror&bedketermine the costs for each purpose
(USEPA, 2002).

The average non-pipe cost associated with sanitary sesngepercent of total in-place
pipe costs is shown in Table 4.
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Table 4. Average Non-pipe Costs Associated with Sanitewess
(Dames and Moore, 1978)

Category Pipe Cost (%)
Sanitary sewer miscellaneous appurtenances 7
Manholes 32
Drop manholes 2
Throughfare crossings 13
Stream crossings 1
Rock excavation 2
Pavement removal and replacement 13
Special bedding 1
Miscellaneous costs not categorized 28
Utility reconnection and removal 1
Total 100

2.3.2 Trench Excavation Costs
Trench excavation cost depends on fixed costs like ki equipment and materials
costs, but vary with depth and backhoe bucket size (cabisy The excavation costs not

including blasting and backfilling are shown in Table 5. Tbh&t ancludes 10% overhead and
profit.

Table 5. Trench Excavation Costs (RS Means, 2006

Depth (ft.) Backhoe Size (CY) Cost ($/CY)

1-4 3/8 CY tractor loader/backhoe 6.30
1/2 CY tractor loader/backhoe 4.85

1/2 CY tractor loader/backhoe 4.85

4-6 5/8 CY hydraulic backhoe 4.94
3/4 CY hydraulic backhoe 4.27

3/4 CY hydraulic backhoe 5.70

6 - 10 1 CY hydraulic backhoe 3.32
1 1/2 CY hydraulic backhoe 2.59

3/4 CY hydraulic backhoe 6.40

10-14 | 1 CY hydraulic backhoe 3.69
1 1/2 CY hydraulic backhoe 2.87

1 CY hydraulic backhoe 4.15

14 -20 |1 1/2 CY hydraulic backhoe 3.23
2 1/2 CY hydraulic backhoe 2.67

2.3.3 Bedding Costs

Bedding provides sufficient compacted material necedsgoyotect the pipe from
external loading forces. Pipe bedding costs vary with gigeneter, side slope of trench, and the
type of bedding used. Table 6 gives the cost of bedding lardgler linear cubic yard (not
including compaction) for three different bedding matsrial
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Table 6. Bedding Costs, (RS Means, 2006)

Bedding Material Cost ($/LCY)
Crushed or screened bank run gravel 31.5
Crushed stone %4 in. to %2 in. 39.5
Sand, dead or bank 13.7

2.3.4 Backfill Costs

Backfill costs depend on backhoe size, hauling distahbackfill material (ft.) and
backfill depth (in.). Table 7 shows the cost in $/LCY ackfilling a trench using a FE Loader.
The cost includes labor, equipment and a 10% overhead diitd pro

Table 7. Backfill Costs w.r.t Backhoe Size (RS Means, 006

Backfill trench, F.E.Loader| Haul distance (ff) C¢BtLCY)
1 CY bucket minimum haul 1.47
1 CY bucket 100’ haul 2.93
2-1/4 CY bucket minimum haul 1.18
2-1/4 CY bucket 100' haul 2.36

2.3.5 Manhole Costs

For individual manhole costs, the following single vamadduation developed by Han,
et al (1980) can be used:
(2.25) C,, = 2596 +56.4h

where

Cm = manhole cost, $, and

h = depth of manhole, ft

Meredith (1972) in his work gives the cost of manholgstims of manhole depths:
(2.26) C., = 250+ h?
where

Cn = installed manhole cost, $, and

h = manhole depth, ft

Dames and Moore (1978) estimate manhole costs indirec8g & 38% of the total in-
place pipe cost.

Manhole costs are related to the diameter of the mardral its depth (i.e. the maximum
difference between the ground elevation and the inl@ragons of the storm sewers entering
the manhole, plus the extra depth for a sump). The obptecast concrete manholes, (not
including excavation, footing, backfill, and covers) dreven in Table 8. The costs include fixed
operations cost and profit, labor, equipment and masex@t for installation of precast concrete
manholes.
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Table 8. Manhole Costs (RS Means, 2006

Type Depth, ft. | Cost, $/unit
4 1175
6 1675
Brick, 4 ft. I.D. 8 2275
10 3065
12 3855
4 850
Concrete Blocks, 6 1225
41t 1.D. 8 1675
10 2073
12 2471
C ¢ 4 1825
oncrete, 6 pEoE
Cast-in-place
: 8 3725
4 ft. x 4 ft., 8 in.
Thick 10 4635
12 5545

Table 9 presents the cost for manhole grates. Thetemosided by RS Means include
material, labor, equipment, and a 10% overhead and postit ¢

Table 9. Manhole Grate Costs (RS Means, 2006)

Manhole Type Cost ($/Eal)
18 in. diameter, 100 Ib. 300
Light Traffic 24 in. diameter, 300 Ib. 410
36 in. diameter, 900 Ib. 745
Heavy Traffic 24_ in. qliameter, 400 Ib. 420
36 in. diameter, 1,150 Ib 1,275
26 in. diameter, 475 Ib. 810
Mass. State Standard—345 "diameter, 620 Ib. 585
24 in. diameter, 350 Ib. 595
Watertight 26 in. diameter, 500 Ib. 590
32 in. diameter, 575 Ib. 1,100
24 in. square, 500 Ib. 470
26 in. D shape, 600 Ib. 700
3 piece cover & frame, 10 in. deep, 1200 Ib. 1,700

15

Similar data on pumping station (fabricated steel, arcior fiberglass) costs and
pavement costs (along with subbase costs) were obtiaoradr.S.Means and are shown in
Tables 10 and 11 respectively. The costs include fixed opesat@st and profit, and labor,
equipment and materials costs.



Table 10. Capital Costs of Sewage Pump Stations (RS M2006)

Description Flow Rate (gpm Cost (3$)
Sewage Pump Statign 200 73,000
Sewage Pump Statign 1000 135,000

Tyteca (1976) presented cost of pumping stations for staenwgelines as a function
of power installations:
(2.27) C=K'+pmw°
where

C = total capital cost, $,

K’ = fixed cost, $,

W = power, hp, and

y,0 = parameters reflecting local conditions such as eo@®of scale.
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An example use of this data to calculate paving cost86ffaet wide subdivision street,
with 12 inch bank run gravel base material, a primer, aing course of 2 inch of asphaltic
concrete pavement, and curb and gutter (both sides):

Base course: 5.1 $/34 30 ft * yd¥9 ft® = 17 $/ft

Primer: 1.82 $/ydl* 30 ft * yd%/9 ft* = 6.07 $/ ft

Pavement: 4.52 $/ §d 30 ft * yd%/9 ft®= 15.07 $/ft

Curb and gutter: 6.95 $/ft * 2 = 13.90 $/ft

Total cost per linear ft: $17 + $6.07 + $15.07 + $13.09 = $52.04

The cost per linear foot would increase with an incr@apeojected traffic that requires an
increase in pavement thickness.

2.3.6 Inlet Costs

Stormwater enters the subsurface drainage system thrdatghin roadway gutters,
parking lots, depressions, ditches and other locatioresc@sts for unit precast catch basin inlets
for different inside diameters and depths are provided iMB&ns Building Construction Cost
Data. Table 12 gives this data; the cost does not incledeo$t of footing, excavation, backfill,
frame and cover.

Table 12. Cost of Inlets for Different Depths (RS Me&@@4)6)
Inside Diameter (ft.) Depth (ft.) Cost ($/unit)
4 1200
6 1575
4 8 2050
10 2600
12 3150
14 3700
4 1275
6 1800
5 8 2300
10 2894
12 3488
14 4082
4 2025
6 2675
6 8 3525
10 4435
12 5345
14 6255

2.3.7 Curb and Gutter Costs

Curb and gutter costs are provided in RS Means for wood fetee, forms, machine
formed and precast 6 inches x 18 inches gutters for twaettfevidths and straight and radial
patterns for 6 inch high curbs and 6 inch thick gutters (THk)e
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Table 13. Curb and Gutter Costs (RS Means, 2006)

Type Dimension Cost ($/LF
Wood Forms 24 in. wide 225
30 in. wide 24.5
24 in. wide
straight 10.45
Steel Forms radus | 153
30 in. wide
straight 11.85
radius 16.7
24 in. wide
straight 8.25
Machine Formed radius 1 10
30 in. wide
straight 9.65
radius 11.4
Precast 6 in. * 18 in Stra'_ght 13.75
radius 21

2.4 Combined Sewage Overflow Controls that can be Applied ta@mwater

There is substantial information concerning the costargé-scale applications of
combined sewer controls due to massive installations begrdst few decades. Some of these
controls may be suitable for the control of sepastdemwater. A selection of these is discussed
in the following subsections.

2.4.1 Surface Storage

Surface storage units are offline storage units at or heasurface and are generally
made of concrete. The cost of construction of a serdémrage, such as a large culvert, is given
by the following equation (USEPA, 2002):

(2.28) C = 4,546/ °82°
where

C = construction cost in millions, January 199%s08$, and

V = volume of storage system, Mgal

Storage costs depend heavily on land costs. Lastd cange from zero if the land is
assumed part of an easement or donated by theogeveto full costs, based on highly
alternative use of land. Storage is used to detaiatain stormwater flows for later release at a
slower rate. Storage can improve or degrade doearstivater quality depending on how it is
operated. Empirical cost on surface storage rgjatast as a function of area or volume of the
facility can be found in US EPA.
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2.4.2 Earthen and Concrete Ponds

Costs of the following stormwater storage: earthen paiais;rete basin covered, and
concrete ponds uncovered, are presented in Tables 14, 15 aesbectively. Table 17 presents
the capital costs as a function of volume for othermswater storage devices. The costs are
primarily associated with earthwork (moving and compagtaond liner if used. The costs
depend on shape of the pond, borrow requirements, soildgdegroundwater problems. These
costs presented by USEPA 1976 assume that the embankmengagailable on-site, there is no
rock excavation and minimal groundwater problems.

The costs (1975 dollars) presented for these reservoiE®Bywere of the dimensions:
18 feet deep, length of twice its breadth, 2.5:1 interogkes|3:1 external slope, 20 percent
compaction loss, 16 foot top width of levee and a 2 petuathdom slope for to facilitate
cleaning.
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From the costs associated with earthen basin presentedble 14 (USEPA, 1978), the
total estimated capital cost was plotted against volointiee basin and regression equations
were fitted to this data. Figures 1, 2 and 3 represent thesg¢i@ns for earthen reservoirs for
different volume ranges. Figure 1 represents this dataaidhen reservoirs for volumes between
0.57 Mgal to 14.8 Mgal. In Figure 2, the x-axis representsittiee volume range, the regression
equation obtained is a best fit only for the volumeyeabetween 14.8 Mgal and 50.85 Mgal.
Figure 3 presents the construction costs of eartheageoeservoirs for volumes ranging from
50.85 Mgal to 187.8 Mgal. Although a single polynomial equationbeansed to represent the

entire volume range for these reservoirs, residudyses show a considerable error in costs for
smaller storage volumes.
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Figure 1. Construction Cost of Earthen Storage Resen8% Mgak V < 14.8 Mgal
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Figure 2. Construction Cost of Earthen Storage Reserdair8 Mgal < V < 50.85 Mgal
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Figure 3. Construction Cost of Earthen Storage Reser&fir85 Mgak V < 187.8 Mgal
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A power function fitted to the data presented in Tabl¢UEPA, 1978) gives the
equations 2.29, 2.30 and 2.31 for construction costs of edrtisams for three different volume
ranges.

For 0.57<V < 14.8 Mgal

(2.29) C = 3295106336
For 14.8 < V < 50.85 Mgal

(2.30) C =30378/0.7168
For 50.85< V < 187.8 Mgal

(2.31) C =19914/ %8187
where

C = construction cost, $, 1975 costs, and

V = volume, Mgal

Table 15 (USEPA, 1978) presents the total estimated coshamdmponent costs of
concrete basins without cover. Figures 4, 5 and 6 représerblume of this basin plotted
against the estimated capital cost.
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Figure 4. Construction Cost for Concrete Reservoiruit cover), 1 Mgak V < 30 Mgal
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Figure 5. Construction Cost for Concrete Reservoirhut cover), 30 Mgat V < 600 Mgal
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Figure 6. Construction Cost for Concrete Reservoirhut cover), 60 Mgat V < 240 Mgal
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A power function fitted to the data presented in Tabl@USEPA, 1978) gives the
equations as shown by equations 2.32, 2.33 and 2.34 for constremsis of concrete reservoirs
without cover of different volume ranges.

For 1<V <30 Mgal

(2.32) C = 37462y 9°°
For 30 <V <60 Mgal

(2.33) C =35497F/ %98
For 60< V < 240 Mgal

(2.34) C = 243375/ 06821
where

C = construction cost, $, 1975 costs, and V = volungalM

Table 16 (USEPA, 1978) presents the costs of concrete batinsover. Figures 7, 8
and 9 represent the volume of this basin plotted agastistated capital cost.
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Figure 7. Construction Cost for Concrete Reservoirghl¥ V < 30 Mgal
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Figure 8. Construction Cost for Concrete Reservoir, §aldV < 600 Mgal
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Figure 9. Construction Cost for Concrete Reservoir, §alMV < 240 Mgal
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A power function using the data presented in Table 16 (USEP®728) data gives the
equations 2.35, 2.36 and 2.37 for construction costs of cenastrvoirs without cover of
different volume ranges.

For 1<V < 30 Mgal

(2.35) C = 41225% %782
For 30 <V <60 Mgal

(2.36) C = 387780y %8027
For 60<V < 240 Mgal

(2.37) C = 258448 089%
where

C = construction cost, $, 1975 costs, and
V = volume, Mgal

2.4.3 Deep Tunnels

Because of space limitations for near-surface geomaurban areas, deep tunnels can be
bored into bedrock to store combined sewage whtdge transport to a treatment plant.
Although they function similarly to surface storagsts, little additional treatment is suitable in
these devices, beyond a component of a storageagaasystem in conjunction with a
conventional wastewater treatment system, or fdrdgraph modifications. Sedimentation is
not desirable due to the difficulty and high cdistleaning these units. They are therefore
usually constructed with self-cleaning flushing ides, or other methods to remove any settled
debris. Since these are associated with combineersystems, the flushed material is usually
treated at the wastewater treatment plant afteruheff event has ended, and not discharged
untreated. If used in a separate stormwater syshenflushed material would also have to be
flushed to a treatment facility, and not discharggethe receiving water.

US EPA (2002) relates the construction cost to melwf storage as:

(2.38) C = 622/0%7%
where

C = construction cost, millions, January 1999 ¢dktand

V = volume of storage system, Mgal

Figure 10 shows a comparison of the constructicsonf deep tunnel storage with
surface storage.
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Figure 10. Comparison of Construction Costs of Deep TumueSarface Storage

2.4.4 Swirl Concentrators, Screens, Sedimentation Basind Bisinfection

Swirl concentrators use centrifugal force and gravitatisettling to remove heavier
sediments and floatable material from combined sewetflows. Similar devices have been
used for the treatment of separate stormwater, althdwegettling and size characteristics of the
pollutants of these two wastewaters can be vastigrdiit. They are usually used in conjunction
with storage facilities to treat relatively uniformits. The best source of cost data for swirl
concentrators, screens, sedimentation basins, amdedison facilities is the US EPA (1976)
which relates cost as a function of size or desigw.fl
For 3< Q<300 MGD,

(2.39) C = 022Q%¢1!

Coarse screens can also be used to remove large salifleaables from wastewater
discharges:
For 0.8< Q< 200 MGD,

(2.40) C = 009Q%843

Sedimentation basins allow physical settling prior to disgé. They can also have
baffles to eliminate short circuiting of flows:
For 1< Q<500 MGD,

(2.41) C=0.218Q0008

Disinfection is used to kill pathogenic bacteria prio€®0 discharges:
For 1< Q< 200 MGD,

(2.42) C =0.161Q%4%
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where
C = construction cost, millions, January 1999 cost, $, and
Q = design flow rate, MGD

These equations are plotted on Figure 11.
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Figure 11. Construction Costs of Swirl Concentratorse@&ts, Sedimentation
Basins and Disinfection

2.5 Gross Solids Controls

The term “gross solids” include litter, vegetation, anceotarticles of relatively large
size such as, manufactured items made from paper, ptastithoard, metal, glass, etc., that can
be retained by a 5 mm mesh screen (Caltrans, 2003). Towifull costs are for initial purchase
and installation only (operation and maintenance costmaloided) of three types of gross
solids removal devices (GSRD) designed for a pilot stlohe by CALTRANS (Phase | and
Phase Il), to evaluate their performance and implethenh on highway drainage systems.
Phase Ill — V consists of monitoring several variamthe existing GSRD designs, but the
associated costs are unavailable.

The three design concepts developed in the Phase bgalte study were: Linear Radial,
Inclined Screen and Baffle Box. There were two variaftbe Linear Radial designs and three
variants of the Inclined Screen. The Linear Radiabrf@@uration #1 uses a modular well casing
with louvers to serve as a screen. The Linear Radianfiguration #2 utilizes rigid mesh
screen housing with nylon mesh bags that capture grads.sbie inclined screen —
configuration #1 utilizes parabolic wedge-wire screens toragpgross solids. The Inclined
Screen — Configuration #2 utilizes parabolic bars to savaegross solids. The Baffle Box
applies a two-chamber concept: the first chamber utiipegnderflow weir to trap floatable
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gross solids, while the second chamber uses a bar raagtire solids that get past the
underflow weir. The Phase Il pilot project developed d@iff@ation of the Linear Radial —
Configuration #1 by using a parabolic wedge wire screen tersanat gross solids. The device
was designed so that it could be cleaned using front-endrlegdgment.

Installation costs for these GSRDs are shown inmdide 18. They vary from site to site
and also between GSRD types.

Table 18. GSRD Installation Costs (CALTRANS, 2003)

Design Al?r La;na%?) TOta(l;;?()ST CosP ($)
Linear Radial #1 3.7 66,200 48,300
Linear Radial #2 (Site 1) 6.2 172,009 155,935
Linear Radial #2 (Site 2) 0.9 110,462 94,388
Inclined Screen #1 2.5 100,800 82,800
Inclined Screen #2 (Site 1 3.4 150,42% 134,351
Inclined Screen #2 (Site 2 2.1 151,337 135,263
Baffle Box (Site 1) 3.0 129,422 113,348
Baffle Box (Site 2) 2.3 135,629 119,585
Inclined Screen #3 3.3 370,059 345,000
Note a - Cost includes monitoring equipment, b - Cost ndudicg monitoring

equipment

Tables 19 and 20 give a brief description of some floataideoil removal and solid
removal stormwater controls, targeted pollutants dotaval, and associated unit costs. This
information was collected by the Water Resources Com@eaiAmerican Public Works
Association (APWA), Southern California Chapter, tioe regional USEPA stormwater National
Pollutant Discharge Elimination System permit prograne 3irvey identified 50 stormwater
controls that could be implemented for existing developedsa To evaluate the costs, agencies
throughout the nation were contacted to identify stortewveontrols that have been implemented
and to provide information concerning the evaluation prodeg®aontrols, implementation
processes, siting issues, available pollutant removaita#mess data, and construction and
operation costs and issues.
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2.6 Outfall Stormwater Controls

Outfall stormwater controls are located at outfaits1f developed areas and treat all
flows coming from the area before discharge to theivery water. They may have bypasses or
overflows so excessive flows can be routed around thieetewithout damage, but with
resulting reduced removal rates.

2.6.1 Wet Detention Ponds and Wetlands
Wet detention ponds are one of the most effective malstbf removing pollutant
loadings from stormwater. If designed properly and in canjan with a hydrologic basin
analysis, they are also suitable for attenuating peadff flows. When properly sized and
maintained, they can achieve high rates of removaddifieent and particulate-bound pollutants.
Cost information on wet detention ponds is availablenfsung et al (1996) who
presents cost as a function of storage volume:

(2.43) C = 61,000/ %7

The cost of dry detention ponds is also a functiovodfme, according to Youngt al
(1996), and is represented as:

(2.44) C =55000v **°
where
C = construction cost, $, and
V = volume of pond, Mgal
The land cost is not included in these equations.
Wiegand et al (1985) also presented equations for the constructios obstet ponds as,

(2.45) C =339%vs*®* Vs > 100,000 cf
Wiegand et al (1985) presents construction costs for dry ponds as,
(2.46) C=107Vs>%% Vs > 10,000 cf

where

C = construction cost, $, and

V¢ = storage volume, cf

The storage volume for wet ponds is defined here asoihene of the pond to the top of
the emergency spillway, plus the permanent pool volurogeder, for flow analyses, the
storage volume would not include the permanent pool vol&medry ponds, the storage
volume is the total volume below the emergency spyiwl he components for these
construction costs are earth-work (cut and fill, ckad grub), inlet/outlet works, riprap,
aggregate, plus sediment and erosion control.

The Metropolitan Washington Council of Governments (1996¢ld@ed an equation for
determining the cost of a pond based on volume, in 1985 slollae land costs are also not
included in this formula:

Vv 075
c=6
(2.47) ]( 0.02832J

where
C = construction cost in 1985 $, and
V = volume of storage of the pond up to the crest okthergency spillway, including
the permanent pool,
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Wet detention ponds also provide waterfowl and wildlifbitad, provisions for non-
contact recreational opportunities, landscape and aestime¢nities. They also provide
streambank erosion control benefits, if properly desigheFigure 12, “retention” ponds are
wet-detention ponds, while “detention” ponds are dry-dedargonds. Dry ponds, which empty
between most rains, are not as effective in removitigtpats as wet ponds due to lack of scour
protection. Basic wetland costs would be similar to wégrtt@n pond costs, but with
substantial additional costs associated with acquiridgptéanting the wetland plants.

1.00E+08

C=4546000V"%%
1.00E+07

1.00E+06 -

Cc=61000V°"

1.00E+05 -

C=55000V/°°°

Construction cost (1/99 $)

1.00E+04 -

1.00E+03 -

1.00E+02 T T T T
0.001 0.01 0.1 1 10 100 1000

Volume (Mgal)

‘ —&—detention pond —&— retention pond —=— CSO storage ‘

Figure 12. Comparison of Construction Costs of DetenkB@tention and CSO Storage

Table 21 presents a summary of the reported costs afetettion ponds. The estimated
capital cost of a 0.25 acre wet detention pond is showalie 22, excluding land costs. This
includes mobilization and demobilization costs of heavymgant, site preparation, site
development and contingencies. Tables 23, 24, 25 showstiheated capital costs of 1, 3 and 5
acre wet detention ponds, respectively.
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The total capital costs (1989 dollars) and the total aropedation and maintenance
costs are summarized in Table 26.

Table 26. Summary of Capital Costs for Wet DetentiondR@EWRPC, 1991)

Surface | Volume | CoPtaICost®) | o R
Area (ac.) | (cf) Low | Moderate| High |Maintenance ()
0.25 23,290.2 13,261 28,069 42,883 1,313
1.0 148,026.2 37,599 71,883 106,160 2,417
3.0 545,319.0112,611| 206,594 300,575 5,542
5.0 949,383.5187,926| 341,848 495,803 8,671

Figure 13 is a graphical representation of this data showetptal capital and total annual
operation and maintenance cost (1989 dollars) for diffepond water storage volumes in cubic

feet.

1,000,000

100,000 -

Cost, $

10,000 -

1,000

High Cost

Medium Cost

Low Cost

Operation and Maintenance Cost

10,000.0

100,000.0
Pond Water Storage Volume, CF

1,000,000.0

Figure 13. Cost of Wet Detention Pond for Different W&®rage Volumes

Linear-regression equations fitted to the data in TablSEGMRPC, 1991) results in the

total capital cost and the total annual operation andter@nce cost of wet detention ponds for
different water storage volumes:

For low cost:

(2.48)

For moderate cost:

(2.49)

C =0.1884/ +93761

C =0.338«/ +2113¢
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For high cost:
(2.50)

(2.51)
where

C =Cost, $ and
V = Pond water storage volume, cf.

These equations were then included in the WInSLAMM model to enable it to automatically
estimate the cost of wet detention ponds. This was achieved by adjusting the 1989 Wisconsin
costs for wet detention ponds to 2005 costs using ENR construction cost indices. The average
cost index of Chicago and Detroit was considered to adjust the Wisconsin (Milwaukee region)
costs to the national average and also to adjust it for other cities listed by the ENR. Figure 14
shows the control practice cost selection screen for detention ponds in WinSLAMM.

Control Practice Cost Data

C = 03384/ +32897
For total operation and maintenance cost:
C = 0007% +11922

[ 8- Upflow Fiter

I

9- Grazs Swales ]

|/ #4 - Hydrodynamic Device T

5 - Street Cleaning

T E - Biofiltration Device T ¥ - Catchbasin Cleaning

T ¥ Mew Device T 3 - Porous Pavemnent

" g User Defined Costs

Capital Costs
Ikem | Unit | $/0nit | Quan. | Costig) [«
CutsFil CY 0.00 I aoo| |
- 0.00 I 0.00
- 0.00 I 0.00
- 0.00 I 0.00
- 0.00 I 0.00
- 0.00 I 0.00
- 0.00 I 0.00f -
LF : Linear Feet [ Total Unit Cost, $0 /1000 of
5 : Square ards
Cv' : Cubic Yards
Ef - Each Sediment Removal Frequency [yrs):

Sediment Remowval Cost ($/C7 of sediment]:
Annual Boutine Maintenance Cost (31000 cf);

Summary Data T 1
f# Usze Pre-Determined Costz

Ciostz in Thousands of Dallars
Total Pond | Low | Med | High |Annual

Yolume || Capital | Capital | Capital | Ok

(1000 cf] || Cost | Cost | Cost | Cost
ano 131 273 414 132
0.0 142 293 435 132
50.0 152 3.3 485 139
GO0 167 M4 56 146
0.0 182 374 BRE 154
an.o 197 4#1.4  BO7 1E2
0.0 212 M5 B3IT 172
100.0 233 475 Fo0g 1e2
200.0 414 839 1264 263
300.0 B27 1213 1769 364
400.0 243 1618 2325 445
5000 10371 2022 2881 BZ6
BO0.0 1203 2325 3336 BV
F00.0 1375 2629 2892 6494
a00.0 16837 2982 4347 7h&E
3000 1719 32356 4863 2149
1000.0 1870 3437 5287 410

2005 Cosztg - Birmingham, AL

Applicable Cost Range
~ .
Low Capital Cost Land Cast Site =
* tedium Capital Cost Area Multiplier: :

" High Capital Cost

Exit

Figure 14. Detention Pond Cost Selection and Input Screen in WinSLAMM

CALTRANS retrofitted extended detention ponds at five locations (different watershed
areas and pond design parameters) into existing highway locations and related infrastructure. All
sites were located on the highway right-of-way and collected runoff from the highway. The
summary of the contributing watersheds and the design characteristics of the detention ponds are

given in Tables 27 and 28 and their construction costs in Table 29.
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Table 27. Summary of Contributing Watershed CharacteristicSALTRANS
Detention Ponds Retrofitted Locations (CALTRANS, 2001)

Site Location Land Use V(Vr?é gtr;rhee’daﬁrrs)a Imperv(l(c)jou)s Cover
I-5/1-605 Highway 2.75 (6.8) 54
I-605/SR-91 Highway 0.40 (0.8) 100
I-5/SR-56 Highway 2.14 (5.3) 69
I-15/SR-78 Highway 5.42 (13.4) 21
I-5/Manchester Highway 1.94 (4.8) 56
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Table 29. Construction Costs of Wet Detention Ponds (FRANS, 2001)

Site Location Actual Cost ($ W oAr(ritourﬁ'l[ OCiic;]sgt $) CO(SSE;\C/}/)QV
I-5/1-605 169,732 127,202 9.88
[-605/SR-91 111,871 77,389 31.48
I-5/SR-56 161,853 143,555 10.41
[-15/SR-78 847,712 819,852 20.68
[-5/Manchester 370,408 329,833 36.95

Note Water Quality Volume (WQV) = Water Quality Storm Diefjt
Tributary Area * Ryye
When the Water Quality Storm Depth already accoumtthid Weighted Runoff Coefficient
(Rv), the equation becomes WQV = (factored Water Quatibrm Depth) * Tributary Area.
where
Rvavg = weighted runoff coefficient calculated using the failog equation

(2.52) Rv= %

where

A = fraction of drainage area with runoff coefficient,Rand

Rv; = runoff vulume coefficient (runoff depth/rainfall depih area A
(http://www.dot.ca.gov/hg/oppd/stormwtr/treatment/Handoot3.d

The distribution of the component capital costsnigddy a function of the pond area. The
operation and maintenance costs of wet detention pands from $1300 for a 0.25 acre pond
to nearly $8700 for a 5 acre pond. Routine and periodic era@nte of wet detention ponds
include lawn and other landscape care, pond inspection, dglorister removal, erosion control
and nuisance control, inlet and outlet repairs and sadinemoval. Table 30 presents the
average annual operation and maintenance costs of wetidatponds and Table 31 presents
the costs involved for chemical treatment using alurfiewic chloride injection.
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2.6.2 Infiltration Ponds

Infiltration ponds are similar to wet detention ponds.yTperform similar to infiltration
trenches in removing waterborne pollutants by capturingsenfunoff and filtering it through
the soil. An infiltration pond usually does not have atiet other than an emergency spillway to
pass excess runoff. Table 32 presents a summary of cdimstroasts of infiltration ponds.
Tables 33 and 34 present selected unit costs, the calcutatgabgent costs, and total capital
costs for a 0.25 and 1.0 acre infiltration ponds, both 3deeep. The cost of underground
drainage systems is not included because such systenegjaired only when the soil has
marginal permeability. In such cases, it is preferablese a wet pond.

Periodic maintenance includes annual inspections and meimgg@ections after large
storms, mowing pond side slopes and bottom areas, deldrlgex removal, erosion control,
odor control, and management of mosquitoes (Table 3®p Biéng may be needed every 5
years to break up clogged layers. Tilling is then followedagling, leveling and revegetating
the surface.
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2.7 Public Works Practices
2.7.1 Street Cleaning

Most street cleaning programs are intended to improveeatgstland prevent clogging of
inlets and storm drainage systems. Street cleaning iatavedy labor-intensive operation that
uses expensive equipment that has high maintenanceacdstdso requires a large investment
for disposal facilities, and maintenance faciliti€se reported costs of street cleaners are
presented in Table 36. The unit costs for street cleaninggmsgiincluding capital, operation,

and maintenance costs) are summarized in Table 37.

Table 36. Reported Costs of Street Cleaners (SEWRPC, 1991)

Street Cleaner Manufacturer Capital Cost Reference
Type and Model %)
Elgin Pelican 65,000-75,0000) Municipal Equipment, Ing
. enomonee Falls, Wisconsin
Mechanical
S?vt(rez(:)ter EMC Vangaurd 4000 Bark River Culvert & Equipment
Slngle broom 89,225 Company, Milwaukee,
Double broom 93,550 | Wisconsin
Elgin Whirlwind 120,000 Bruce Municipal Equment,_ Ing
Menomonee Falls, Wisconsin
Vacuum
Street Cleanet YAC/ALL Model E-10 Bark River Culvert & Equipment
Single broom 61,467 | Company, Milwaukee,
Double broom 73,467 | Wisconsin
Elgin Crosswind 110,000 Bruce Municipal Equipment, Ing

Regenerative
AIr Street
Cleaner

Menomonee Falls, Wisconsin

FMC Vangaurd 3000SP

Bark River Culvert & Equipment
Single broom 73,165 | Company, Milwaukee,
Double broom 77,700 | Wisconsin
TYMCO Model 87 000 lllinois Truck Equipment
600 ' Appleton, Wisconsin
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2.7.2 Catchbasin Cleaning

A catchbasin is a stormwater runoff inlet equipped witlnall sedimentation basin or
grit chamber with a capacity ranging from 0.5 to 1.5 cubrdy. Stormwater enters the
catchbasin through the surface inlet and drops to therbhathere the largest and heaviest of the
sediment and other pollutants carried by runoff are digguband accumulated. The water then
enters the subsurface conveyance system.

Catchbasins must be periodically cleaned to remove setdandrdebris accumulated in
the grit chamber. The catchbasins are cleaned manuaily sfsovels, a clamshell bucket,
vacuum educators, or vacuum attachments to street de&@ieaning frequency is based on
available manpower and equipment, and by the level neegdwtent clogging of stormwater
sewers. Cleaning frequencies typically range from twigeaa to every several years. Materials
removed from catchbasins are normally deposited in lgsdfiatchbasins can be difficult to
clean in areas having traffic and parking congestion arohiclg is difficult if snow or ice is
present.

Capital costs for material and labor to instalcbaisins generally range from $200 to
$4000 per catchbasin. In Castro Valley Creek, Califorsisghbasins were cleaned once a year
and approximately 60 pounds were removed each time. Thél@82 dollars) of cleaning
catchbasins at three different locations is showraiole 38.

Table 38. CALTRANS Catchbasin Cleaning Costs
(USEPA, 1999)

: Cost of cleaning
Location (% per catchbasin)
Castro Valley, California 7.7
Salt Lake County, Utah 10.3
Weston-Salem, North Carolina 6.3

The resulting cleaning cost at Castro Valley, Califowds about $0.13 per pound of
solids removed. In the city of Wisconsin, Milwaukediene the catchbasins were cleaned using
attachments to a vacuum street cleaner, catchmenirgdeeosts were about $0.09 per pound of
solids removed. Generally, about $8 was estimated @r egtchbasin cleaning in communities
that use a vacuum attachment to a vacuum street cleangpared to $15 for manual cleaning.

2.8 Critical Source Area Controls

Critical source area controls are used at locatioregevhinusually high concentrations of
stormwater pollutants originate. It is usually moreefffve to reduce the concentrations and
resultant pollutant discharges at these locations thatiaw the water to mix with other
stormwaters, possibly requiring the treatment of muadelaflows. These areas are usually
located in commercial and industrial areas and includdirigadocks, storage areas, vehicle
maintenance areas, public works yards, scrap yards, etc.
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2.8.1 Hydrodynamic Separators

Hydrodynamic separators are flow-through structures avghbttling or separation unit to
remove gross pollutants, grit, and bed load sedimerdsp@ssibly other pollutants. No
additional outside energy is required for operation. Sjparusually depends on gravitational
settling, possibly assisted by lamella plates or switbacand may also include coarse screens.
These devices are available in a wide range of sizesaante used in conjunction with other
controls in the watershed to produce treatment traois. €ommonly used commercial
hydrodynamic separators are the Continuous Deflector &epar (CDS), the Downstream
Defendef™, the Stormceptd!, and thevortechs™ units, described in the following
paragraphs. Table 39 shows the costs per unit and the O&Blafdbese hydrodynamic
separators.

2.8.1.1 Continuous Deflective Separatb(CDS)

The CDS hydrodynamic separator is suitable for floatedotelsgross pollutant removal.
The system utilizes a rotational action of the wadegnhance gravitational separation of solids,
plus a screen. Separated debris is captured by a littgr Isgated in the center of the unit. Flow
rate capacities of CDS units vary from 3 to 300 cfs dependirtheapplication and size of the
unit. Precast modules are available for flows up to 62 digewigher flows require cast-in-
place construction. Polypropylene or copolymer sorbearidbe added to the CDS unit
separation chamber to assist in the capture of fraéritp oils.

2.8.1.2 Downstream Defend&r

The Downstream Defendét (Hydro International, Ltd.) is also used to capture
floatables and gross settleable solids. The hydrodynamde & the swirl action increases the
gravitational separation of floatables, gross pollutantsgrit from the stormwater. It uses a
sloping base, a dip plate and internal components tst asgollutant removal. The Downstream
Defendef™ comes in standard manhole sizes ranging from 4 to 1@hfdetmeter for flows
from 0.75 to 13 cfs. For larger flows, units can be custongudes up to 40 feet in diameter.

2.8.1.3 StormceptdY

The Stormceptd! uses a deep settling chamber with a high flow by-pass tareap
floatable materials, gross pollutants and settleabldsscolihey are available in prefabricated
sizes up to 12 feet in diameter by 6 to 8 feet deep. dteot the Stormcept8Y is based on
costs of the two system elements, the treatment lobiaand by-pass insert, and the access way
and fittings.

2.8.1.4 Vortechd”

Vortechs™ (Vortechnics) removes floatable materials and sétgesolids with a swirl-
concentrator and flow-control system. It is conddadn precast concrete and consists of the
following main components: baffle wall and oil chamhe#rgular grid chamber, and flow control
chamber. Vortechnics manufactures nine standard-sized hatitsahge from 9 feet by 3 feet to
18 feet by 12 feet.
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2.8.2 Oil-Water Separator

One example oil-water separator (OWS) for treatingrsiater is the Aero-Pow@500
gallon STI-P3 unit which separates oil and water by afigwhe oil droplets to collide and
coalesce to become large globules that are then cdptutiee unit. This OWS unit consists of
three compartments: forebay, oil separator, and afyeithe forebay captures gross sediments,
the oil separator contains a parallel corrugated coalemd a removable oleophallic fiber
coalescer to promote separation of oil, and thelstedischarges treated stormwater with less
than 10 mg/L of grease and oil concentration. Table 40 shioevsummary of construction and
annual operation and maintenance cost for one CALTRANSater separator.

Table 40. CALTRANS Oil-water Separator Costs
CALTRANS, 2001)

Construction Cost Annual

Cost (1999 | ($/nT) of water| O&M Cost
dollars) volume (1999 $)
128,305 1,970 790

The OWS needs to be inspected for accumulated sedimehtsforebay and oil in the
oil separator. Operation and maintenance efforts aedoan: administration, inspection,
maintenance, vector control, equipment use, and dicsts (Table 41).

Table 41. Expected Annual Maintenance Costs for Oil-Water
Separator (CALTRANS, 2001)

. Labor Equipment and

Activity Hours I\(jlat%rials ($) Cost (3)
Inspections 1 0 44
Maintenance 10 0 440
Vector Control 12 0 744
Administration 3 0 132
Direct Costs - 180 180
Total 26 $180 $1,540

2.8.3 Storm Drain Inlet Inserts

Storm drain inlet inserts are typically bags or trafy/Blter media, filter fabrics, or
screens, designed to trap contaminants and debris pd@ctwarge into storm drain systems.
They are manufactured stormwater treatment contrmlshave low capital costs compared to
other controls. They can usually be placed into tr@kti storm inlets without alteration of the
inlets. However, they may have very high maintenaasts to prevent clogging if placed in
areas of large debris loadings.

FossilFilter™ drain inlet inserts have a trough structag is installed under the inlet of
a storm drain inlet. The trough is made of fiberglasscamgists of a large center opening for
bypass of water when flow-through capacity of the fisegxceeded. The trough contains
stainless steel filter cartridges filled with amorpholusréna silicate for removal of petroleum
hydrocarbons and other contaminants.

StreamGaurd™ drain inlet inserts are a conical shaped porgumsdate of
polypropylene fabric and contains an oil absorbent palyA® stormwater flows through the
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insert, the fabric absorbs oil and retains sedimém.overflow cutouts near the top of the cone
allow bypass when the fabric’s flow through capacitgxseeded.

Although the size of the inlets vary, the variationas enough to significantly affect the
cost of an inlet insert. In most cases, they araliest on a unit (per drain inlet) basis and not
according to runoff volume or flow basis, although maestiatended to treat up to about 20 gpm
before bypassing excess flows. Table 42 shows the comstracid annual maintenance cost for
one CALTRANS storm drain inlet for a single test loca.

Table 42. CALTRANS Storm Drain Inlet Costs (CALTRNS, 2001)

Construction Annual
Cost (1999 3) | COSYWQV /M) | 001 ot (1090 3)

370 10 1,100

Maintenance involves frequent inspections for debris ashtrluring rainy seasons and
monthly inspections during dry seasons. Also, the inlke¢sino be inspected for oil and grease at
the end of each target storm. The operation and mainterefforts are based on: administration,
inspection, maintenance, vector control, equipmentarse direct costs (Table 43).

Table 43. Average Annual Maintenance Costs of Storm Dnda Inserts
(CALTRANS, 2001)

Activity Labor Hours | Equipment and Materials (1999, $)
Inspections 11 -
Maintenance 9 0
Vector Control 17 -
Administration 84 -
Direct Costs - 563
Total 121 563

2.9 Stormwater Filters

A typical sand filter consists of two or three chansbdihe first chamber acts as a
sedimentation chamber, where floatable and heavy setfirmenremoved. The second chamber
has the sand bed which removes additional pollutantdttatitin. The third is the discharge
chamber, where treated filtrate is discharged thronglmderdrain system either into the storm
drainage system or directly into surface waters. Thawiing paragraphs present the costs
associated with the Austin sand filter, the Delawareldilter, the Washington, D.C., sand filter
and the Storm-Filter™.

2.9.1 Austin and Delaware Sand-Filters

The Austin sand filter has a sedimentation chambéaropen air filter separated by a
concrete wall. Runoff from the sedimentation chanfloevs into the filter chamber through a
perforated riser. The orifice riser is placed in sugosition that the full sedimentation chamber
would drain in 24 hours. The filter chamber has a levedaer to distribute runoff evenly over
the 450 mm deep bed. Construction cost estimates by thERASEPA 832-F-99-007, Sept
1999) is $18,500 (1997 dollars) for a 1 acre drainage area. Ttheer@xre decreases with
larger drainage areas.
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The Delaware Sand-Filter consists of a separate sedition chamber and filter
chamber. A permanent pool of runoff is maintained insg@dimentation chamber. As runoff
enters the sedimentation chamber, standing waterded into the filter chamber through a weir.
The sand filter is 300 mm deep and the storage in the couthranodates 5 mm runoff. The
construction costs estimated by the U.S.EPA (EPA 832-F-999#j%,1999) for a Delaware
sand filter is similar to a precast Washington, D.C. $éted system, with the exception of
lower excavation costs because of the Delawaredilshallower depth.

CALTRANS installed and monitored sand filters at six taoss (Table 44). The sites
selected were relatively small, highly impervious watedshsuch as park-and-ride (P&R) lots
and maintenance stations (MS). The Austin filter vaasailled at five locations: Eastern
Regional MS, Foothill MS, Termination P&R, La Costa P&Rd SR-78/I-5 P&R. The
Delaware sand filter was installed at one locatistdadido MS. Excessive amounts of
sediments caused premature clogging of the filter mé&tim.design characteristics of the
installed sand filter are shown in Table 45.

Table 44. Summary of Contributing Watershed CharacteriticSand Filters
(CALTRANS, 2001)

Site Location Filter Type Wa(tﬁ;scrlztrje,)bxrea Impervious Cover (%)
Eastern Regional MS Austin 0.6 90
Foothill MS Austin 0.7 100
Termination P&R Austin 1.1 90
La Costa P&R Austin 1.1 56
SR-78/1-5 P&R Austin 0.3 80
Escondido MS Delaware 0.3 85

Table 45. Design Characteristics of the CALTRANS SaittdrB (CALTRANS, 2001)

. Sedimentation Filter
Site Location Des(lgnnmitorm V(Vn%;/ Chamber Chamber
Area (nf) Area (nf)
I\E/Iagstern Regional o5 115 54 27
Foothill MS 25 217 102 40
Termination P&R 25 222 114 57
La Costa P&R 36 286 180 72
SR-78/1-5 P&R 38 106 56 32
. 12.2
Escondido MS 48 (120} 27 27

Note ? The volume of water treated at Escondido MS is 12@uming the design storm. The
Delaware design specifications require the filter des@nme to be 38 f¥ha of
tributary area. Therefore, the sedimentation basksabndido is designed to capture
12.2 n? of water; but during the design storm, 12bafiwater flows through the device.

Table 46 shows the actual construction costs for the: figars. At the District 7 site,
pumps were used to return treated runoff to the storm gyatem. At the District 11 site,
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gravity flow was used. In addition, excavation was &gbe District 11 site, further reducing
the costs (1999 dollars).

Table 46. Actual Construction Costs for Sand Filters (CRANS, 2001)

Cost w/o
District Site (':A‘ ctual Actue}I C.OSt w/o monitoring/WQV
ost ($) | Monitoring ($) ($/n7)
Eastern Regional MS 353,70p 342,660 2,979
7 (Los Angeles) Foothill MS 485,946 476,106 2,194
Termination P&R 471,637 463,461 2,088
La Costa P&R 239,678 225,285 787
11 (San Diego)| SR-78/I-5 P&R 222,529 211,631 1,997
Escondido MS 453,012 416,714 3,472

An adjusted cost for the Austin Sand Filter was obthlmeexcluding the cost of pumps
and shoring costs from the District 7 costs and usingtbeage clearing and grubbing costs for
similar stormwater controls instead of using the origah@dring and grubbing cost (Table 47).
Also, the adjusted cost used an average facility réaam®n cost for similar stormwater
controls, excluding a 3 percent add-on for miscellaneosts ¢or site-specific factors. In the
case of the Delaware Sand Filter, the actual cosawmsted because of the contractor’s
inexperience with extensive cast-in-place construcaod,due to the device being subject to
heavy traffic loads.

Table 47. Adjusted Construction Costs for Sand Filters
(CALTRANS, 2001)

: Adjusted Cost/WQV
Sand filter Construction Cost ($) ($/n?)
Austin Sand filter
Mean (5) 242,799 1,447
High 314,346 2,118
Low 203,484 746
Delaware Sand Filter
One Location | 230,145 | 1,912

Maintenance involves removal of sediments from tlknsentation chamber when the
accumulation exceeds 300 mm, and removal of the upperayest(60 mm) of the sand bed
when the drain time exceeds 48 hours. Also, the remarmti raust be immediately replaced by
new sand to restore the original depth. The filters ne®e inspected weekly for trash
accumulation and monthly for damage to the inside ondmustructure, emergence of woody
vegetation and evidence of graffiti or vandalism. TaBlesHows the associated annual
maintenance costs.
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Table 48. Actual Average Annual Maintenance Effort fordS@itters
(CALTRANS, 2001)

Activity Labor Hours Equipmenz$a;nd Materials
Inspections 12 0
Maintenance 40 40
Vector Control 41 0
Administration 65 0
Direct Cost - 832
Total 158 872

The expected annual maintenance cost for the sandigitbown in Table 49.

Table 49. Expected Annual Maintenance Costs for Finalidversf Sand Filter
(CALTRANS, 2001)

. Labor Equipment and
Activity Hours Ma?erigls (1999 $) Cost (1999 §)

Inspections 4 0 176
Maintenance 36 125 1,709
Vector Control 0 0 0
Administration 3 0 132
Direct Costs - 888 888
Total 43 $1,013 2,905

2.9.2 Washington, D.C. Sand Filter

The Washington, D.C sand filter consists of three undargtehambers. The sand filter
is designed to accept the first 0.5 inches of runoff. Setkmentation chamber removes
floatables and coarse sediments from runoff. Runalffssharged from the sedimentation
chamber through a submerged weir into a filtration chanhtagérconsists of sand and gravel
layers totaling 1 meter in depth with underdrain piping wrappditter fabric. The underdrain
system collects the filtered water and drains themarthird chamber where the water is
collected and discharged.

The sand filters should be inspected after every stoemte¥Vhe Washington D.C. sand
filters experienced clogging about every 3 to 5 years. iatated trash, debris and paper
should be removed from the sand filters every 6 mo@bgs.ective maintenance of the filtration
system involves removal and replacement of the topdayfehe sand and gravel or filter fabric
that has become clogged. Sand filter systems requi@dgeremoval of vegetative growth. The
cost for precast Washington, D.C. sand filters, withndige areas less than 0.4 hectares (1 acre),
ranges between $6,600 and $11,000 in 1997 dollars (USEPA, Sept. 188%.cbnsiderably
less than the cost for the same size cast-in-ggstem. Also, the cost to replace the gravel
layer, filter fabric and top portion of the sand for 3hmgton, D.C. sand filter is approximately
$1,700 in 1997 dollars (USEPA, Sept. 1999).
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2.9.3 Storm-Filter™
The Contech Stormwater Solutions, Inc. Storm-Filtes™ water quality treatment
device that uses cartridges filled with different filbeedia. In this cost analysis, the filter media
was perlite/zeolite and the following siting conditionsrevused:
* No construction activity up-gradient or no bare soil
» Tributary area of less than 8 ha.
* Hydraulic head of 1 m to operate by gravity flow
The Storm-Filter™ is designed based on the runoff floMre maintenance site chosen
for the cost analysis used by CALTRANS was Kearny M8sa, Diego (0.6 ha.) for a design
storm of 36 mm, design storm discharge of 76 L/s, watditgvalume (WQV) of 194 m
containing 86 canisters and 3 chambers (Tables 50,51 and 52). Tite¢zpetite combination
was chosen for this site as perlite is recommendethéoremoval of TSS and oil and grease,
while zeolite is recommended for the removal of soludégals, ammonium and some organics.

Table 50. Summary of Contributing Watershed Characteristics
for CALTRANS Storm-Filter (CALTRANS, 2001)

. Watershed Area| Impervious Cover
Site Land Use (ha.) (%)
Kearny Mesa Maintenance Station 0.6 100

Table 51. Design Characteristics of the CALTRANS Stéiltrer (CALTRANS, 2001)

. Design Storm Des_lgn Storm WQV | Number of | Number of
Site Discharge 3 )
(mm.) (Ls) (m3) canisters | Chambers
Kearny Mesa 36 76 194 86 3

Table 52. Actual Construction Cost for Storm-Filter
(CALTRANS, 2001)

Site Actual Cost Actual Cost w/o | Cost/WQV
(1999 $) monitoring (1999 $)  ($/nT)
Kearny Mesa 325,517 305,355 1,575

The adjustment of construction costs was associatedeatures associated with
monitoring. Excluding this cost reduces the cost by 6 pe(datte 53).

Table 53. Adjusted Construction Costs for Storm-Filter,
(CALTRANS, 2001)

Adjusted ConstructionCost/WQV| Annual O&M Cost
Cost (1999 $) ($/m) $)
305,356 1,572 7,620

Maintenance of the Storm-Filter™ includes inspectibsegliment accumulation, and
removal from the pretreatment chamber when accumalatioeeds 300 mm, weekly inspection
during wet weather season, monthly inspection accordin@twfacturer’s guidelines, including
flushing of underdrains.
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Table 54 presents the expected maintenance costs that beinicurred for a Storm-
Filter™ serving about 2 ha of 100% paved area, and following thesgenance activities
(CALTRANS, 2003):

» Perform inspections and maintenance as recommended, wtlicties checking for
media clogging, replacement of filter media, and ingpedbr standing water.

» Schedule semiannual inspection for beginning and end @fd¢hseason to identify
potential problems.

* Remove accumulated trash and debris in the pretreathantber, stilling basin, and the
filter chamber during routine inspections.

* Remove accumulated sediment in the pretreatment chaawblr 5 years or when the
sediment occupies 10 percent of the volume of the ihamber, whichever occurs first.

Table 54. Expected Annual Maintenance Costs for Finalidvfes Storm-Filter
(CALTRANS, 2001)

Activity Labor Hours EqumenESnd Materials Cost ($)
Inspections 1 0 44
Maintenance 39 131 1,847
Vector Control 12 0 744
Administration 3 0 132
Direct Costs - 2,800 2,800
Total 55 2,931 5,567

2.9.4 Multi-Chambered Treatment Train

The multi-chambered treatment train (MCTT) is a dethed can be installed
underground in areas having little space for more convehBonice treatment. It was
developed by Pitiet al. (1997) to provide high levels of treatment of a varidtyetallic and
organic pollutants, along with conventional pollutantgidtudes a combination of unit
processes, including a grit chamber to capture large gatésya main settling tank to capture
particulates down to very small sizes, and a finaltgmflon-exchange chamber to capture
filterable forms of pollutants. Several MCTTs have beemstructed as part of demonstration
projects, and some cost information was developed asfdese projects.

A Milwaukee, WI, MCTT installation is at a public works gge and yard and serves
about 0.1 ha (0.25 acre) of pavement. This MCTT was degigmwithstand very heavy vehicles
driving over the unit. The estimated cost was $54,000 (includ#ig$a#00 engineering cost), but
the actual total capital cost was $72,000. The high coslikely due to uncertainties associated
with construction of an unknown device by the contracémd because it was a retro-fit
installation. It therefore had to fit within very tigéite layout constraints. As an example,
installation problems occurred due to sanitary sewerageeinug accurately located as mapped.

The Minocqua, WI, MCTT is located at a 1 ha (2.5 anesyly paved parking area
serving a state park and downtown commercial arealoitaged in a grassed area and is also a
retro-fit installation, designed to fit within an exsg storm drainage system. The installed
capital cost of this MCTT was about $95,000. Box culv@riism X 4.6 m (10 ft X 15 ft) were
used for the main settling chamber (13 m, or 42 ft long) laadiltering chamber (7.3 m, or 24 ft
long). The grit chamber (a 7.6’n2,000 gal. baffled septic tank) was also used to preiater
entering the MCTT.

69



It is anticipated that MCTT costs could be substagtigtiuced if designed to better
integrate with a new drainage system and not installedreso-fitted stormwater control
practice. Plastic tank manufactures have also expressatkeest in preparing pre-fabricated
MCTT units that could be sized in a few standard sizesrf@ll critical source areas. It is
expected that these pre-fabricated units would be muclkexessisive and easier to install for
small sites than the above custom built units.

CALTRANS, during its BMP retrofit pilot program, instadl MCTTs at two locations:
Via Verde Park and Rides and Lakewood Park and Rides. Auhirdhas since been installed at
a maintenance yard. Table 55 shows the summary obtitabuting watershed characteristics
for the MCTT retrofit program conducted by CALTRANS.

Table 55. Summary of Contributing Watersheds Charadteristr CALTRANS MCTT Retrofit
Program (CALTRANS, 2001)

. Watershed | Impervious Design

Site Land Use Area (ha.) Cover (%) | Storm (mm.)
Via Verde P&R | Park & Ride lot 0.44 100 25
Lakewood P&R| Park & Ride lot 0.76 100 25

MCTTs need a vertical distance from the pavement sutéattee stormwater drainage
pipe of at least 1.5 m for gravity flow. In most casbs is provided by having the inlet at the
surface of the paved area, dropping directly into thealreatchbasin/grit chamber. These two
test sites lacked sufficient head and two pumps wereftinenmstalled at each site, one to
transfer runoff from the sedimentation chamber tdfitte¥ chamber and one to return treated
discharge water to the pre-existing drainage system. Thegespuere triggered manually on
the day following a storm event to ensure runoff remaing¢darsedimentation chamber for 24
hours.

Standard three-chambered MCTTs were used at theseT$igeBrst chamber consisted
of a catchbasin with a sump and packed column aeratossisTfollowed by a main settling
chamber with tube settlers to improve particulate reirmvad sorbent pillows to capture floating
hydrocarbons. The sedimentation chamber was designédtsté¢ water quality volume was
held above the tube settlers, which are 0.6 m deep wittm @f3plenum space underneath. The
dimension of the MCTT used in these sites is showiraisle 56. The final chamber consisted of
600 mm thick sorbent/ion-exchange (“filter”) media of 50Mi@ture of sand and peat moss (the
Milwaukee MCTT also contained activated carbon in tsedhamber, along with the peat and
sand).

Table 56. Design Characteristics for CALTRANS MCTT ri@ét Program
(CALTRANS, 2001)

. Sedimentation Filter Chamber
Site WQV () Chamber Area ()|  Area (nf)
Via Verde P&R 123 35.5 17.4
Lakewood P&R 173 61.2 32.9

The following construction costs of the CALTRANS MCTihsluded engineering
design for the retrofit sites, excavation costsdig material, filter media, unknown field
conditions (such as encountering boulders and unmapped litiis), and labor (Table 57).
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Table 57. Actual Construction Costs for MCTTs
(CALTRANS, 2001)

Actual Actual Cost w/o Cost w/o
Site Construction monitoring (1999 $) monitoring/WQV
Cost (1999 $) ($/nT)
Via Verde P&R 383,793 375,617 3,054
Lakewood P&R 464,743 456,567 2,639

Table 58 shows the adjusted costs for the MCTTs excludagdst of pumps (site did
not allow gravity drainage) and extensive shoring (due to spatsraints at the site). The costs
were reduced by 41 percent and 52 percent for both locatitsts. rAiscellaneous site factors
that adjusted the cost by 1 percent were also excludedCAhTRANS costs also reflect the
mandated LA County design storm of 25 mm. The recommeaelgdn, based on continuous
long-term simulations for the area, was much leas this volume (closer to 8 mm or runoff).

Table 58. Adjusted Construction Costs for MCTTs
(CALTRANS, 2001)

MCTT Adjusted(iiggngstg;ctlon Cost CostWQV ($/m)
Mean 275,616 1,875
High 320,531 1,895
Low 230,701 1,856

Maintenance of the MCTTs included removal of sedimé&ots the sedimentation
chambers when accumulation exceeds 150 mm and removingpdencimg the media every 3
years, and replacement of sorbent pillows if darkdredily stains. Neither of these
maintenance activities were needed during the CALTRANG8ysisince even after two wet
seasons, the total accumulated sediments was les83ham. Inspections for structural repairs
and leaks, and repair or replacement of pumps, plus vemhtrol are included in the following
maintenance costs (Table 59).

Table 59. Expected Annual Maintenance Costs for Final
Version of MCTTs (CALTRANS, 2001)

Activity Labor Hours Eqwpmzelngtge;ng)Materlals,
Inspections 24 -
Maintenance 84 308
Vector Control 70 -
Administration 131 -

Direct Cost - 2,504
Total 309 2,812

2.10 Conservation Design Controls
Conservation design stormwater controls include a wadge of practices, including
better site layout and decreased use of directly corthpeteed and roof areas. These practices
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are almost exclusively part of initial developmentg are difficult to retrofit. The following
discussions are for some of the more common consenvaéisign elements.

2.10.1 Grass Filter Strips

Grass filter strips differ from grassed swales in thatstrips are designed to
accommodate overland sheetflow, rather than chamdefiaw. The advantages of grass filter
strips are low cost and ease of maintenance. Thewvaistayes of filter strips include the land
requirements and the tendency for stormwater runoffhoeaatrate and form a channel, which
essentially “short circuits” the filter strip causingsion and reduced pollutant reductions.

The costs for vegetated filter strips can be divided mbbilization and demobilization
of equipment, site preparation, site development, antingencies. Site construction activities
include the placement of salvaged top solil, seeding anchingl or sodding. Contingencies
include planning, engineering, administration, and legal fessle$ 60, 61 and 62 present the
estimated capital cost (1987 dollars) of 25 feet, 50 fle@tl@0 feet wide grass swales
respectively.

Maintenance of grassed filter strips include managemeatehse vegetative cover;
prevention of channel or gully formation, frequent spotirepgertilization (very minimal), and
irrigation. Also, exposed areas should be quickly reskemtesodded. The strips should be
examined annually for damage by foot or vehicular traffidygriosion, damage to vegetation
and evidence of concentrated flows. Table 63 shows thiager@annual operation and
maintenance cost for grassed filter strips.
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2.10.2 Grass Swales

Grass swales are natural or man-made grass-lined chammatglly of parabolic or
trapezoidal cross sections, used to carry stormwatdadce pf curb and gutters and underground
pipes. Pollutants are removed by settling and infiltratim soil and by biological uptake of
nutrients. Swales may reduce runoff from roadway andccedidributary land areas by allowing
water to infiltrate. They also increase the timeaiaentration within the watershed, further
reducing peak flow rates. Grassed swales therefore pranadeenefits of reducing peak flows
and increasing pollutant removal, at low capital costal8svare not practicable in areas with flat
grades, steep grades, or in wet or poorly drained soils.

The cost data on grassed swales found in Yoeingl, (1996) is as follows:
(2.53) C =KL

where
C = construction cost, January 1999 costs, $,
L = length of swale, ft, and
K = constant, 5 to 14 ($/ft)

The costs of grassed swales can be divided into a mwhbemponents: mobilization
and demobilization of equipment, site preparation, steldpment, and contingencies. Tables
64 and 65 present unit costs, calculated component cost®tahchpital costs (1987 dollars)
for a 1.5 foot deep swale with a bottom foot of 1 foot piwidth of 10 feet; and for a 3 foot
deep swale that is 3 feet deep having a top width of 21 feey. fdwve a length of 1,000 feet,
gradient of 2 percent, and side slopes of three horilzmtae vertical.
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Table 66 shows the summary of the capital cost (19893 greales for different swale depths
and bottom width.

Table 66. Summary of Capital Costs in Thousands of Bolla
for Grass Swales (SEWRPC, 1991)

Swale Depth Bottom Width (ft.)
(ft.) 1 3 5 8 10
1 8.5 9.6 11 13 15
3 21 23 25 27.5 29
5 39 42 43.5 46 49.5

The capital cost of grass swales as a function afesdepths for different bottom widths is
presented in Figure 15.

60

50 10 ft. bottom width
8 ft. bottom width

5 ft. bottom width
3 ft. bottom width
1 ft. bottom width

40 -

30

Capital Cost, 1989 $

\

20 1

10 4

o
[
o 4

2 3 4
Swale Depth, ft.

Figure 15. Capital Cost of Grass Swale for Different [8vizeepths
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A polynomial equation fitted to the data presented in T@6leslates the capital cost of grass
swales to different bottom widths.
For 1<x <5 ft.
(2.54) Cc = A% +Bx+C
where
Cc = capital cost, in thousands of dollars, and
x = swale depth, ft.
A, B, C = constants, depends on swale bottom width
Table 67 gives the values of the constants A, B and @ifferent swale widths.
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Table 67. Constants A, B, C Values in Capital Cost Eouat
for Different Swale Bottom Widths

Bottom Width (ft.)
Constant 1 3 5 3 10
A 0.69 0.70 0.56 0.50 0.81
B 3.50 3.90 4.75 5.25 3.75
C 4.31 5.00 5.69 7.25 10.44

Table 68 summarizes the operation and maintenance costd@B&%) in thousands of dollars
for grass swales for different swale depths and bottathe:

Table 68. Summary of O&M Costs for Grass Swales (SEWRB@1

Swale Depth, Bottom Width (ft.)
(ft) 1 3 5 8 10
1 0.525 0.56 0.59 0.645 0.6§
3 0.7175 0.75 0.785 0.8325 0.87
5 0.91 0.94 0.98 1.02 1.06

administration.

81

Swale maintenance costs (Table 69) include selected it fow debris removal, grass
mowing, spot reseeding and sodding, weed control, swale timpeand program
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The operation and maintenance (O&M) cost (1989 dolldrgjass swales as a function of swale
depths for different bottom widths is presented in Figure 16.

1.25

10 ft. bottom width
8 ft. bottom width
5 ft. bottom width
3 ft. bottom width
1 ft. bottom width

0.75 A

O&M cost, 1989 $
-

0.5

o 4

0 1 2 3 4
Swale depth, ft.

Figure 16. Operation and Maintenance Cost of Grass Swalfferent Swale Depths
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A straight line (first order polynomial) is observex the data presented in Table 66 as shown in
Equation 2.60.
(2.55) Cogm =Mx+B
where

Coem = Operation and maintenance cost, in thousands of slollar

x = swale depth, ft., and

m, B = constants, depends on swale bottom width
The values of these constants determined form the signesguation fitted to the data has been
presented in Table 70.

Table 70. Constants m, B Values in O&M Cost Equation for
Different Swale Bottom Widths

Bottom Width (ft.)
1 3 5 8 10
m 0.096 | 0.095| 0.098 0.094 0.095
B 0.429 | 0.465| 0.493 0551 0.585

Constan

These equations were added to WinSLAMM to allow costnasé for grass swales. The
constants m, B values are adjusted according to thealigtion based on cost index values in
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WInSLAMM. Figure 17 shows the cost data input screen for grass swales in WinSLAMM
adjusted to 2005 in Birmingham, AL, conditions.

Control Practice Cost Data

[ 4 - Hydrodyramic Device T 5 - Street Cleaning T B - Biofiltration Device T ¥ - Catchbasin Cleaning
Summary Data T 1 - Detention Pond T # Hew Device T 3 - Porouz Pavement
#a-UpflowFiter | - Grass Swales |
* Usze Pre-Determined Costs " Use User Defined Costs
Capital Costz in Dollars per LF Capital Costs
Bt Item [ Unit | $/0rit [ Quan [ Cost[g) [«
ottom
‘wicth [t A B C Grazs Swale LF 0o I .00 |
0.00 I 0.00
1.0 070 354 436 0o I 0.00
30 071 3594 505 0o I 0.00
5.0 057 480 575 0.00 1] 0.00
a0 oA B3 733 0o I 0.00
10.0 082 37 1055 0.00 1] 000 -
Mgintenance Cogts 1L - Uiz Fiach | Total Unit Cogt: § 0.00 At
inDollars per LF 37 S ek
Eottam o 5 Cv': Cubic ards
Wdicth [ft] Ef: Each
1.0 010 043
1D 010l 047 Annual Boutine Maintenance Cost [($/LF]:
20 0o 00 Capital Cost Equation Form; y = 472 +B*x + C
?‘DDD S‘IDS ggg where:  y == Cost [$/ft) Lo st &
: : g % == Swale Depth [ft) and Lozt Site 0
Maintenance Equation Form: y = ms + B Auea Multiplier: |
2005 Cogts - Birmingham, AL where: == Cast [$/1]
W == Swale Depth (i) I

Figure 17. Cost Data Input Screen for Grass Swales in WinSLAMM

2.10.3 Permeable Pavement

Permeable pavement removes waterborne pollutants from stormwater runoff and allows it
to filter through the underlying soil. Permeable pavements functions similar to other infiltration
measures. The pavement traps some particulate bound pollutants, but most of the runoff and
pollutants are discharged to the groundwater, as there is usually little organic-rich soil beneath
permeable pavements that trap the pollutants as in most other infiltration devices.

A permeable pavement is constructed of a permeable asphalt or bituminous concrete
surface with a 2.5 to 4 inch thickness that is placed over a highly permeable layer of crushed
stone or gravel, 24 inches thick. A filter fabric can be placed beneath the gravel or stone layer to
prevent movement of fines into the deeper layers, although many installations show clogging of
the filter fabric, and most recent designs use rock filters and not filter fabrics. Runoff from the
stone and gravel layers then infiltrates into the soil. If the infiltration rate is slow, perforated
underdrain pipes can be placed in the stone layer to convey the water back to a surface waterway.

The primary advantage of permeable pavement is that it can be put to dual use reducing
land use requirements. But, permeable pavements are not as durable as conventional pavements.
Also, they are costlier than conventional pavements.



Construction costs involve site excavation, developraadtcontingencies. Site
development components can include construction of thregadile surface layer, placement of
stone fill, filter layer, and supplemental underdrairtesys Contingencies include planning,
engineering, administration and legal fees. Estimateémnental costs (over conventional
pavement) of a 1.0-acre permeable pavement parking lot (1988sjlalre shown in Table 71.
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Maintenance involves the need for frequent cleaning gsatfgeprone to easy clogging.
Vacuum cleaning of the pavement may be required as muohirasmes a year, followed by jet
hosing to open up asphalt pores. The pavement surfacetodslannually inspected, and after
large storm events, for cracks and potholes. An obsenvatell may be installed at the
downslope end of the pavement to monitor water levelsarstorage layers and to collect water
samples. Incremental maintenance costs in 1989 dollatdg72) are estimated to be $200 per
acre per year regardless of the depth of the stonevodse

Table 72. Incremental Average Annual Maintenance Costsr(Oonventional Pavement) of a
Permeable Pavement Parking Lot (SEWRPC, 1991)

Permeable
Component Unit Cost Pavement Comment
Parking Lot
Vacuum Cleaning $17/acre vacuum Vacuum and hose
and High-Pressure| cleaning, plus $100/acrelyear | area four times
Jet Hosing $8.00/acre jet hosing per year
. . : 1 Inspect four times
Inspection $25/inspection $100/acre/yec1rper year
Total -- $200/acrelyear --

The cost of individual components and the estimate@imental capital cost, above
conventional pavement, for a 1 acre permeable pavemikimgp#ot is presented in Table 65
(SEWRPC, 1991). Table 73 summarizes the capital costhar@&M cost (1989 $) for
permeable pavement for different stone reservoir thesemw

Table 73. Summary of Incremental Capital and O&M Cast$ermeable
Pavement of Different Reservoir Thicknesses (SEWRPG])

Incremental Stone Capital Cost (1000 $) Oo&M
Reservoir Thickness (ft{) Low Cost| Med. Cost High Cost| Cost ($)

0.5 26 41 55 0.2

1 40 60 80 0.2

1.5 60 85 115 0.2

2 81 110 150 0.2

Figure 18 shows the capital and O&M cost, 1989 $ of permgablement for different reservoir
depths.
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High Cost
Medium Cost

Low Cost
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Stone reservoir depth, ft.

Figure 18. Cost of Permeable Pavement for DifferenteSReservoir Depths

Regression-equations fitted to the data presented in Tablesults in first-order polynomials as
shown in Equations 2.56, 2.57 and 2.58.
For low cost:
(2.56) C=37D+55
For medium cost:
(2.57) C =46.4D +16
For high cost:
(2.58) C=64D +20
where
C = capital cost, 1989 $ and
D = stone reservoir thickness, ft.
These equations were included in WinSLAMM to enable tpgaaand annual operation and
maintenance costs for permeable pavements to beatalduFigure 19 shows the cost
input/section screen for permeable pavement in WinSLAMM.
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Control Practice Cost Data

|/ #8 - Upflow Filter T 9 - Grass Swales ]
[ w4 - Hedrodynamic Device T - Street Cleaning T E - Biofiltration Device T ¥ - Catchbaszin Cleaning
Summary Data T 1 - Detention Fond T # Mew Device T 3 - Porous Pavement:
f*" Uze Pre-Determined Costs ™ Use Uszer Defined Costs
Costs in Thouzands of Dollarsbcre Capital Casts
Stone Low | Med. | High [Annual — - - "
Reservior |[ Capital [ Capital | Capital | O&M ltem Description | Unit | $/Unt [ GQuan | Cost(y) |
Depth [ft] || Cost | Cost | Cost | Cost Porous Pavement . SF Q.00 0 0oa |
05 2623 4145 5560 020 hd ggg g ggg
1.0 40,44 BOBE 8088 020 hd EIlEIEI 0 IZI.DD
15 BOEE| 8593 11626 020 b EIlEIEI 0 D.DD
20 21,89/ 111.21 151,65 0.20 A : :
- oo 1] 0.00
- 0.an 1] 000 -
| Taotal Unit Cost: %0 /=f
LF : Linear Feet
5% Square Yards
L' : Cubic 'ards
Applicable Cost Bange Ed - Each
i Low Capital Cost Annual Routing M aintenance Cost [$7/ac):
f* Medium Capital Cost
" High Capital Cost
Land Cost Site
Area Multiplier: g | ]
2005 Coszts - Birmingharn, AL

Exit

Figure 19. Cost Data Input Screen for Permeable Pavement in WinSLAMM

2.10.4 Infiltration Trenches

Infiltration devices remove stormwater pollutants by filtering the runoff through the
underlying organic-rich soil. There are a number of different, but closely related devices that
operate in a similar manner; rain gardens, biofilters, and bioretention devices. Infiltration
trenches are used in places where space is a problem. They consist of excavating a void volume,
lining it with a filter fabric (which may clog, so rock filters may be a better choice), and then
installing underdrains (optional) and back-fill material. The media can range from crushed stone
(infiltration trenches providing more storage, but with less treatment) to soils amended with
compost (enhanced evapotranspiration and better treatment of infiltrating water).

Infiltration trenches are used to serve areas less than 10 acres. The surface of the trench
consists of vegetation and with special inlets to distribute the water evenly. Infiltration trenches
help recharge groundwater, reduce runoff and augment low stream flows. Rain gardens generally
serve a much smaller area, generally just a portion of runoff from an adjacent roof.

Maintenance of infiltration trenches involve annual inspections and inspections after
every storm event, mowing, vegetative buffer strip maintenance, and rehabilitation of trench
when clogging begins to occur. Infiltration trenches have a history of failure due to clogging,
while the smaller rain gardens have a better operational history.

The available cost data for construction of infiltration trenches by Yairai, (1996)
gives total cost as a function of the total volume of the trench:
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(2.59) C =15%n %3
where

C = construction cost, January 1999 costs, $, and

V = volume of trench, #

Wiegand,et al (1985) provides construction costs of infiltration tiegg as a function of
storage volume as:

(2.60) C = 2655/5%** Vs < 10,000 cu ft
where
C = construction cost, 1985 $, and
Vs = storage volume defined as stormwater volume of voidesfma the maximum
design event frequency
The SEWRPC data presented in Tables 74 and 75 gives tHd@83tdollars) of
mobilization and demobilization of equipment, site prefi@amnasite development, and
contingencies for infiltrations trenches of varying size

90



16

/9g'L |620'S  169'C -- -- -- - -- el
e/¥V'T |1900'T 8¢G juadiad Gz Juadiad gz juadiad GZT youail salouabunuo)
£68'G |€20'v gST'C -- -- -- -- -- [elogns
9T0'T |0¥9 ¥9Z  |00°'¥S¢ 00°09T 00°99 v 100} [2IIBA (IS UOITeAIBSqO MO|leyS
€IS |2ve T.T |00°€ 00°¢ 00T T.T  |pieh arenbs Jliged 9]11x81099
6€0'T |0V8 79  |00't¢ 0’67 08'tT ey pJek aignd |Il} SUOIS paysnId
86S'T |990T €S |09°€ or'e 02T vy |pieA arenbg pos
8/T TTT 4% 09'T 00'T ov'0 TTT  |pieh arenbs YoINN pue pass
‘losdo] pabeaes
EwEQo_®>wD 9IS
v6e  |2ve 16 0T'6 09°S 0T'¢ cey pJek aignd uoleAeIX3 youal L
99 Zs 8¢ 009'9 002'S 008'E 100 aloy Buiggnio
8v9  |9SY ¥9Z  |00v'S 008'E 002'¢ ZT0 aloy Bures|D
Co_Hm._maw._n_ 9IS
vy |vlC /0T |TIvv V.2 /0T T youai L ybI7-uoireziigowaq
-uolezijiqoiN
ybiH a1etspoN | Mo ybiH 91eI3pPoN MO - wn Jusuodwon

($) s1s00 e101

($) s1s0D nun

(T66T 'DddMIS) youalL uoirenjyu] Buo 193)-00T ‘#PYIAY ‘doaq 198)-¢ e Jo 1s0D |ende)d payewnsy v/ s|gel




6

v¥/'9T |9T6'TT  880°L -- - -- -- -- el
6vE's ege'z 8T¥'T Juadlad Gz juadiad gz juadiad GZT youail salouabunuo)
GAE'ST |€€G'6  €ST'C -- -- -- -- -- [elogns
8//'T |02T'T 92 00'¥5¢ 00°09T 00°99 v 100} [B2IBA [I9/W\ UOIRAISSHO MO|eyS
vOT'T  |92L T.1 00'E 00'¢ 00T 88¢  |pJek arenbs dliged 9]11x21099
8Z€'S  |L0E'V 89z'c |00't¢ ov'6T 08'¥T zze pJek aign) |Il} SUOIS paysnId
86G'T |990'T €eg 09°¢ (0] 4 02T vy |pieA arenbg pos
8/T TTT 4% 09'T 00'T ov'0 TTT  |pJek arenbs U2\l pue pass
‘losdo] pabeaes
chEQo_w>wD 9IS
020'C  |ev2'T 99% 0T'6 09°S 0T'¢ zee pJek aignd uoleAeIX3 youal L
ZeT 70T 9/ 0099 002'S 008'€ 200 aloy Buiggnio
95/ Z€s 80¢ 00%'S 008'€ 002'¢ vT°0 aloy Buires|o
Co_Hm.:me._n_ 9lS
IR4% V.2 /0T IR 4% V.2 /0T T youaiL ybI7-uoireziiqowaq
-uonezijiqoN
ybiH 9JeIBPOIN | MO ybiH 9JeIapoN mol |
($) s1s00 e101 ($) s1500 NUN o Hn Juauodwiod

(T66T ‘OdYMAS) youal] uoiresyyul buo 1984-00T ‘#@BOT ‘doaq 199)-9 e Jo 10D |eud

eD parewsy "G/ s|qeL




Maintenance costs include buffer strip maintenanceramgh inspection and
rehabilitation. The average annual operation and maimteneosts (1989 dollars) for infiltration
trenches of two different sizes are listed in Table 76.
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Infiltration trench costs are used to calculate biafittests in the Source Loading and
Management Model (WinSLAMM). Table 77 presents capitaiscmsthousands of dollars for
biofilters of different trench depths and trench botieiaiths.

Table 77. Summary of Capital Cost of Biofilters forf®rent Trench Widths and
Depths, in Thousands of Dollars (SEWRPC, 1991)

Trench Trench Depth (it.)
Width (it.) ™3 4 5 6 8 10 12
2 40.5 46 52 57 64 74 86
5 54 63 70.5 80.5 95 110 135
10 75 90 103 120 145 170 204
15 98 120 140 155 198 230 27C
20 120 145 160 200 240 300 345%
25 140 175 205 230 300 365 415
30 170 205 235 280 340 410 500

The capital cost of biofiltration device plotted againehch widths for different trench depths is
shown in Figure 20.

600

500 A 12 ft. trench depth

10 ft. trench depth
400 A

8 ft. trench depth

300 A
6 ft. trench depth

Capital cost, 1989 $

5 ft. trench depth

200 - 4 ft. trench depth

3 ft. trench depth

100 +

0 5 10 15 20 25 30 35 40
Trench Width, ft.
Figure 20. Capital Cost of Biofiltration Device for Difésmt Bottom Widths

First-order polynomial curves best represent the dafalae 77. The equation obtained is of the

form:
(2.61) C.=mx+B
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where

C. = capital cost, 1989 $,

X = trench width, ft., and

m, B = constants, depends on trench depth
m, B values for different trench depths determined froenlihear regression equation are
presented in Table 78.

Table 78. m, B Values for Different Depths for Biofitican Device
Trench depth, ft

Constan
3 4 5 6 8 10 12
m 452 5.63 6.53 7.82 9.94 12.30 14)50
B 30.53 34.31 38.08 40.78 45483 4899 57.67

Table 79 presents the operation and maintenance (O&NH faybiofiltration device.

Table 79. Summary of O&M Costs for Biofiltration Device,
in Thousands of Dollars (SEWRPC, 1991)

. Trench Depth, ft.
Trench Width, ft. 3 7] 5 5 3 10 12
10 4.50 5.00 5.50 6.00 7.00 8.10 9.20
25 9.20 | 1040 11.40 12.80 15.20 17.50 2005

The O&M costs plotted against trench widths for differdgpths is shown in Figure 21.

25.0

>

20.0 12 ft. trench dep

10 ft. trench depth

8 ft. trench depth

6 ft. trench depth
5 ft. trench depth
4 ft. trench depth
3 ft. trench depth

O&M cost, 1989 $
= =
o [62]
o o

5.0

0.0

N A

T T
0 15 20 2 30
Trench width, ft.

Figure 21. O&M Costs of Biofiltration Devices for Diffamt Trench Widths

=

T
0 5
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This data was plotted and a first-order polynomial regression equation was fitted:
(2.62) Coem =Mmx+B
where
Cosam = Operation and maintenance cost, 1989 $,
X = trench width, ft., and
m, B = constants, depends on trench depth, ft.
Table 80 presents the values of the constants m and B in operation and maintenance cost
equation for different trench depths.

Table 80. m,B Values for O&M Cost Equation for Biofiltration Device

Trench depth, ft
Constant =3 4 5 6 8 | 10] 12
m 0.31 0.36 0.39 0.45 0.55 0.63 0.y2
B 1.37 1.40 1.57 1.47 1.53 1.83 1.97

Figure 22 shows the cost data input screen for biofiltration device in WinSLAMM. WinSLAMM
adjusts the cost data presented in the tables for the selected city for 2005 by adjusting the m, B
values. In this Figure 22, the m, B values are adjusted to 2005 conditions for Birmingham, AL.

Control Practice Cost Data

T 1 - Detention Pond T

9- Grass Swales |

[ Summary Data 3 - Porous Pavement

= Mew Device T
[ #8-UpflowFiter |

B - Street Cleaning

#4 - Hydrodyrnamic Device T

T ‘6 - Biohltration Devyice T ¥ - Catchbazin Cleaning

o Usze Pre-Determined Costs

Capital Costs in Maintenance Costs

Dallars per LF i Dollars per LF
Depth
if] m B W B
3.0 457 3086 032 1.8
4.0 570 3463 03s 142
5.0 E.ED 3249 040  1.58
B0 791 4123 046  1.48
2.0 1005 4592 055  1.55
0.0 1243 4353 063 1.85
120 14660 583 073 1.99
Crushed Stane Fill ($/C): EET

Equation Form: v =m"s +B

™ Uze Uzer Defined Costs

Capital Costs
[tem [ Unit [ $/nit [ GQuan [ Cost[f] =
Cut/Fill Walume Cv 0.00 a 0.00
= .00 0 000 |
- oo a 0.00
- Q.00 i Q.00
- oo a 0.00
- Q.00 i Q.00
- oo a 000 -

| Total Unit Cost; $ 0,00 Ay
LF : Linear Feet

S : Square vards
Cv': Cubic *rards
EA: Each

annual Routineg Maintenance Cost [$457)

where: 1 == Cost
« == Biafilter ‘Width [ft]

2005 Costs - Birmingham, AL

Land Cost Site
Area Multiplier:

T

E «it

Figure 22. Cost Data Input Screen for Biofiltration Device in WinSLAMM
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2.10.5 Green Roofs

A green roof consists of a growing material placed avematerproofing membrane on a
relatively flat roof. A green roof not only provides amrattive roofing option but also uses
evapotranspiration to reduce runoff volume, and provideestetention storage. Although
green roofs may reduce some pollutants from the rainptatgy usually are significant sources
of phosphorus due to leaching from the growing media.

Currently, the initial cost of an extensive green rodhmU.S. starts at about $8 per
square foot, which includes materials, preparation woid jrestallation
(http://www.epa.gov/heatisland/strategies/greenroofs)hivtdintenance involves watering,
trimming, inspection for drainage and leaks and replacemmf roof. An extensive green roof has
low lying plants designed to provide maximum groundcover, watention, erosion resistance,
and transpiration of moisture. Extensive green roofs lysus¢ plants with foliage from 2 to 6
inches in height and from 2 to 4 inches of soil. Annstee green roof is intended to be more of
a natural landscape, installed on a rooftop. Intensivengi@ofs may use plants with foliage
from 1 to 15 feet tall and may require several feetodfdepth and are therefore not common.
The costs for three types of roofs after 31 years oausshown in Table 81.:

Roof #1: A three-ply, asphalt built-up-roofing system vatprice of $9.00 per sq. ft. Average
life expectancy is 10 years.

Roof #2: A modified hot applied roofing system with a pric&b®.00 per sq. ft.

Average life expectancy is 20 years.

Roof #3: Two-ply modified bitumen, green roofing system witbrice of $12.00 per sq. ft.
Average life expectancy is 40 years.

Table 81. Capital, Maintenance and Life Cycle CostsrekE@ Roofs
(W.P.Hickman Systems Inc., 2005)

Cost, $ Roof #1 Roof #2 Roof #3
Initial Capital Expense 225,000 250,000 300,000
Capital Expense/Inflation 1,154,595| 591,764 30,000
in year 31 replaced 2x replaced 1x original roof
Malntenance Costs/Inflation 26.607 26.607 26.607
in year 31
Life Cycle Costs 350,682 | 283,939| 270,447
in year 31

2.10.6 Bioretention/Rain gardens

Bioretention/rain gardens are landscaped and vegetdtsd for stormwater runoff that
are incorporated into the landscaping surrounding a buil@tggmwater is directed into a
shallow, landscaped depression. The bedding material neradiigh percentage of sand and
smaller amounts of clay, silt and organic materiaé Tdcommended organic matter content of
the amended soil should be about 5 to 10% to protect groued@abrmwater is allowed to
pool over this soil and infiltrate through the mulch arebpred soil mix. Excess filtered runoff
can be collected in an underdrain or overflow and retlita the storm drain system.

An evaluation of costs and benefits of structuralmteater controls in North Carolina
(2003) presented the cost of construction of rain gardeadunction of area of drainage area as
shown in Equations 2.43 and 2.44,
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(2.63) C =10162X*°®®  in clay soil
(2.64) C = 2861X***® in sandy soil
where

C = cost, $, and

X = size of watershed, acres

These cost estimates include labor, installatiis;@nd a 30% overhead rate. The
construction cost does not include the cost offapiyg or stormwater conveyance external to
the device. Also not included are land costs.

The North Carolina evaluation also showed thanthetenance and inspection of rain
gardens involve pruning the shrubs and trees tavigear, mowing seasonally, weeding monthly,
remulching 1-2 times over the life time of the aeyiremoving accumulated sediment every 10
to 20 years, and underdrain inspection once a yémse factors were taken into account for
estimating the total 20-year maintenance cost pteden Equation 2.45. This cost estimate is
the same for clayey and sandy soils.

(2.65) C = 3,437x%1%2

where
C = cost, $, and
X = size of watershed, acres

2.10.7 Cisterns and Water Storage for Reuse

Water conservation has many urban water benefitkjding reducing wastewater flows
and reduced delivery of highly treated and possbgrce water. A sizeable fraction of the water
needs in many areas can be satisfied by using whkesser quality, such as stormwater.
However, the stormwater must be stored for later Tigpical beneficial uses of stormwater
include landscape irrigation and toilet flushindpeTollowing is an excerpt of an urban water
reuse analysis using WinSLAMM, with some basic aafsrmation. The site being investigated
was a new cluster of fraternity housing at BirmiaghSouthern University.

The runoff from the rooftops is estimated to cdmite about 30% of the annual runoff
volume for this drainage area. Each building hasia#,000 f of roof area. One approach was
to capture as much of the rainwater as possibieg usderground storage tanks. Any overflow
from the storage tanks would then flow into raindgas to encourage infiltration, with any
excess entering the conventional stormwater draisggtem. The storage tanks can be easily
pumped into currently available irrigation tractosich have 500 gal tanks. The total roof
runoff from the six buildings is expected to bglslly more than 100,000%*#750,000 gal) of
water per year. With a cost of about $1.50 perfiQehis would be valued at about $1,500 per
year. It is expected that the storage tanks woane la useful life of at least 20 years, with a
resultant savings of at least $30,000 over the litetkme, excluding future rising costs of water.
One source for plastic underground water storagestéChem-Tainer, New York) lists their tank
cost at about $1,500 for 308 finits.

Table 82 lists the assumed average irrigation wegey in gal per day, for the roof runoff
for each building. This was calculated assuminggedrirrigation near the buildings, with each
building irrigating about %2 acre of surroundingftifrthe tanker tractors were used so water
could be delivered to other locations on campuesythter use would be greater, and the
efficiency of the system would increase, althouddittzonal labor and equipment costs would
result.
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Table 82. Average Water Used from Roof Runoff for EachdBg

Irrigation Needs (inches Average use for ¥
per month on turf) acre (gal/day)
January 1 230
February 1 230
March 1. 340
April 2 460
May 3 680
June 4 910
July 4 910
August 4 910
September 3 680
October 2 460
November 1.5 340
December 1 230
Total 28

Table 83 shows the estimated fraction of the annualrcowiff that would be used for

this irrigation for different storage tank volumes peitdig (again assuming pumped irrigation
to %2 acre per building):

Table 83. Annual Roof Runoff Used for Irrigation for
Different Storage Tank Volumes

Tankage Volume per Fraction of Annual Roof
Building (ft%) Runoff used for Irrigation
1,000 56%
2,000 56
4,000 74
8,000 90
16,000 98

With this irrigation schedule, there is no significantediénce between the utilization
rates for 1,000 and 2,000 @f storage tankage per building, and the water usage topsatibut
8,000 ft of storage. Again, with the tractor rigs, the utiliaatcould be close to 100% for all
tanks sizes, depending on the schedule for irrigationtfeer campus areas: larger tanks would
only make the use of the water more convenient and woaldder greater reserves during
periods of dry weather. Also, small tanks would overfloarenfrequently during larger rains.
For this reason, at least 1,000df tankage (3 or 4 of the 306 fanks) per building is
recommended for this installation.

2.11 Education Programs

Public education programs are needed for raising public avesrane therefore creating
support for stormwater management and water conseryaognams. It is difficult to quantify
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actual pollutant reductions associated with educationaiteffHowever, public attitude can be
gauged to predict how these programs perform. Public educatigrapns include activities like
fertilizer and pesticide management, public involvementremast restoration and monitoring
projects, storm drain stenciling and overall awarenesguata resources. All education
programs aim at reducing pollutant loadings by changing peoipdgiavior and also to make
people aware and gain support for programs in place to pweétet resources. Some unit costs
(1999 dollars) for educational program components (basedamditferent programs) are
included in the Table 84.

Table 84. Unit Program Costs for Public Education
Programs (US EPA, 1999)

ltem Cost
Public Attitude Survey | >1+220-$1,750 per 1000
households
Flyers 10-25 ¢/flyer
Soil Test Kit* $10
Paint 25-30 ¢/SD Stencil

Safety Vests for Volunteers $2
Note * Includes cost of testing, but not sampling

Table 85 provides information on some educational expendéypertion of the entire
annual budget) in Seattle with a population of 535,000. The@thgattle has a relatively
aggressive public education program for wet weather flow sssneluding classroom and field
involvement programs.
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Table 85. 1997 Budget for Some Aspects of the Public Educatists @ Seattle, Washington,
(US EPA, 1999)

Item Description Budget ($
Supplies for Covers supplies for the Stewardship through 17 500
Volunteers environmental partnership program '

Communications strategy highlighting a newly

Communications formed program within the city 18,000

Environmental Transportation costs from schools to field visits 46 500

Education (105 schools with four trips each) '

Education Services . . .

Field Trips Fees for student visits to various sites 55,000
- Covers the cost of training classroom teachers

Teacher Training for the environmental education program 3,400

Equipment Equipment for classroom education, including 38.800

displays, handouts, etc.

Water Interpretive
Specialist: Staff
Water Interpretive

Staff to provide public information at two creeks 79,300

Materials and equipment to support interpretive

Specialist: o 12,100
Equipment specialist program
\C(:gtl;taz Conservation Supports clean-up activities in creeks 210,900

Table 86 shows the various institutional source controls the survey conducted by the Water
Resources Committee, American Public Works AssociaBomnthern California Chapter in
1992.
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2.13 Chapter Summary

This chapter presented the capital, operation, and emainte costs for various
stormwater control practices in the form of tabled aquations. The costs for educational
programs were presented in Section 2.11. Sections 2.12.3,2112.4 and 2.12.5 presented the
capital, operation, and maintenance costs for weintien ponds, permeable pavement, grass
swales and biofiltration devices, respectively of vargizgs. The cost data presented in the
form of tables were transformed into equations andyrated into WinSLAMM. However, the
costs presented in this chapter from various sourcessesypiesl the regional costs for these
controls for a particular year. Cost indices publishe&KiR for 20 cities within the US were
integrated into WinSLAMM to convert the regional cdsta to a particular location and year.

Tables 2 and 3 of Section 2.3.1 show the capital cdsE)Y$dr corrugated metal pipes
and reinforced concrete pipes for different diametersti@es 2.3.2, 2.3.3, 2.3.4, 2.3.5, 2.3.6 and
2.3.7 presented the capital costs of trench excavdtgniding, backfill, manhole, inlets, and
curbs and gutters, respectively. The costs for thesestier conveyance system components
obtained from RS Means Building Construction Costs (20@8g\wransformed into equations.
These equations were then used to develop an Excel Speead®odel to estimate the cost of
conventional stormwater drainage system. The tram&fdrequations along with example
calculations are presented in the following Chapter.
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Chapter Il
Cost Estimation Spreadsheet Model - Conventional Stormwater Careyance System

3.1 Introduction

The costs of the conventional stormwater drainageesy need to be known for
comparison to the costs associated with replacemetst gfathe system with alternatives that
also provide water quality benefits. As noted in Chapterot equations have been integrated
into WinSLAMM to enable direct calculations of thdfdient water quality controls. This
chapter describes a spreadsheet model that was developed @fthis research that calculates
the costs associated with the conventional drainagemy3 hese data can then be used in a
decision analysis framework to guide in the selectiath@best stormwater management system
for an area, considering pollutant discharges and flowlitons, along with capital and O&M
costs.

Typical stormwater conveyance systems consisteo€tinb and gutter, drain inlets, and
the pipe network system, along with ancillary compamenth as manholes. Storm sewer
systems follow the alignment of the roadway, increggn size as necessary to accept the flow
from a series of inlets. The stormwater conveyagstem functions primarily by collecting and
conveying the surface runoff to a predetermined outleteweemt flooding during storms. This
chapter presents the working of the Excel spreadsheet ahedsbped to estimate the costs
involved in the construction of a conventional stornewabnveyance system. Also presented
are equations incorporated into the spreadsheet model pegtdfom unit cost data for
stormwater conveyance system component costs sympess excavation trenches, bedding,
backfill, inlets, manholes and curb and gutter availabRSrnMeans Building Construction Cost
Data, 2006. Examples calculations to illustrate the calsulations by the spreadsheet model to
estimate the costs of individual components of therst@ter conveyance system are shown at
the end of each section.

3.2 Cost Estimation Model

An Excel spreadsheet model was developed to estimatetéheost of a conventional
stormwater conveyance system. The spreadsheet maotielés estimates for the cost of pipe,
trench excavation, bedding, backfill, compaction, dadsim inlets, curbs and gutters, and
manholes. Figure 23 shows a conceptual representatioa obthponents of the conveyance
system, the variables for these components, and tkeaiafie components estimated using the
variables. The sum of the individual component costssgive total capital cost of the
conventional stormwater conveyance system.
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Stormwater Convevance Syvstem Com

ponents

«
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Pipe data \ Bedding / Backfill
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* Invert Depth * Gutter width

* Number of inlets * Total Length

« Grate diameter

Inlet/Catchbasin Manhole/Junction Box Curb and Gutter

Figure 23. Stormwater Conveyance System Components

The component variables are entered into the Exceldgiteat model either through drop-down
menus or through direct cell entry. The following inpatiables are selected form the drop-
down menu:

Pipe diameter in inches,

Selection of pipe material (reinforced concrete oruggated metal),
Trench slope,

Type of backhoe size for excavation,

Bedding material,

Backhoe size for backfill,

Haul distance for backfill material,

Internal riser diameter of manhole in feet,

Type of manhole,

Width of curb and gutter in inches and

City and year selection for ENR cost index

In addition, the following variables are entered direttty selected non shaded cells on

the spreadsheet (the yellow cells are locked to prevemtging the embedded equations which
would affect the internal calculations):

Bedding depth in inches,

Backfill depth above pipe crown in inches,
Length of selected pipe in feet,

Invert depth of inlet in feet,
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* Number of inlets,

* Depth of manhole in feet,

* Number of manholes,

* Length of curb in feet,

* Land cost in US dollars,

* Maintenance cost in US dollars,

» Interest rate of debt capital in %,

» Financial period in years of project,

» Expected life of project in years,

« Annual maintenance cost fot gear in US dollars and
* Anticipated inflation during life of project in %

Figure 24 shows a cross-sectional view of the stormmeate/eyance system. Seen in the
figure are the following variables: trench top and bottadthy trench depth, bedding depth,
backfill depth and pipe diameter.

| Trench Top Width (ft0 |

Backfill Depth <ino

<

Fine Diameter U

H

Treenzte Depioly (P40

%&%&%@%&%& Bedding Dlep‘th (nd

Trench Bottom Width (Ft.)
Figure 24. Cross Section View of Stormwater Conveyanysee$i Components

Figure 25 shows the input screen of the spreadsheet mateheivarious input
parameters for each component.
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The spreadsheet can calculate the total costs for LpQtdifferent segments of pipe. The
data used in the spreadsheet model were obtainedRB®Means Building Construction Cost
Data (2006). These values are available in the form of lookabje$. However, to incorporate
the data into the spreadsheet model, equations werkthtthis data to calculate the cost with
one or more of the parameters as the variable. Thseftraned equations and the graphs are
presented for each section. These values and tablespaaed in this section from Chapter Il to
show how data was used in the model. Figure 26 shows ehéotwepresenting the steps
involved in the spreadsheet model to estimate the costlv@wvin the construction of a
stormwater conveyance system.
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Input \r‘iariables
[ |

above conditions

User Input Muodel Estimates
Pipe Data: Cost
Pipe Material
I = TTnit Pipe
Pipe Diameter ——— Cost
I i
Bedding Data: | |
I 5
EBedding Depth Bedding Volume L
f *I_. Thit Bedding __
Bedding Material - Cost
1 :
Backfill Data: [ :
| E
Backfill Depth Backfill Volume I
+ ‘| *
Backhoe Type Tnit Backfill o
; Cost
Haul distance of :
backfill material :
Excavation :
Trench: ! 1
1
Trench Side Slope Trench Top Width  |eee.- i 1
I |
"™ Trench Bottom Width '-!n !
: i TInit Trench i
; i = E t1 L
I Trench Depth S xch;esitmn
| 1
) Trench Volume :
Backhoe Type |
1 .
| I '
I i
Length of pipe With  Jeeeiiiesisnnssssssssissssssssssssssssssssssssssssssssssssssses O (]
|
|
|

Figure 26. Flowsheet Representation of Spreadsheet Model
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Inlet Data:

Inside Diameter

Manhole Data:

f

&

Cost of inlets

Tnwvert Depth

1

Mo of inlets

Dnameter and type

1

Mumber of manholes

1

1

Cost of manholes

Grate Diameter

Curb and Gutter:

Type and form

Crutter width

7

Cost of curl

Total length of

and gutter

Curk and Gutter

Fmancing Data:

Land Cost

Anmual Maintenance
Cost

Interest Fate  |m

1

T S -

-

- —

Present value
multiplier

Financing Period ™

Cost Indexing:

Select city and year

Anmal ralue
multiplier

City cost mdex
multiplier

Total Capital Cost

Present walue of all

costs

Anmal value of all

Ccosts

Figure 26 — Continued.
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3.2.1 Pipe Costs

The available choice of pipe diameters (inches) irsgiieadsheet faCorrugated Metal
Pipe (CMP) are 8, 10, 12, 15, 18, 24, 30, 36, 48, 60, and 72 incdef®icReinforced Concrete
Pipe (RCP) are 12, 15, 18, 21, 24, 27, 30, 36, 42, 48, 60, 72n84aGinches. The pipe costs
were calculated as a function of pipe diameter, piptenal and total length of pipe used.
Figures 27 and 28 show the pipe parameter input cells.

3 |Pipe Material |ReinF-:nrn:ed Cancrete Pipe E]
Fipe Diameter {in.) Corrugated Metal Pipe
- Reinforced Concrete Pipe

Figure 27. Pipe Material Input Cells

4 |Fipe Diameter (in.) 2 -]

£ |Trench bottom width (in.) }g =

g |Bedding depth (in.) 12
EN

7 |Trench zlope 4

& | Trench top width (in.) 27 : -

Figure 28. Pipe Diameter Input Cells

Tables 2 and 3 in Chapter Il show the cost of RCP and @ib¥per linear foot. Figure
29 shows the cost of stormwater conveyance pipelioesidering pipe diameter and type (not
depth). The magnitudes of the possible errors are alsansinahe figure when these equations
are fitted to published R.S. Means cost estimating valleslabor costs are the average rates
for 30 major U.S. cities. Excavation, backfill and beddcosts are discussed in the next
subsections and are in addition to these costs.
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600

Crep= 0.0634D” - 0.6342D + 30.896
500 -

400 ~

300 4 ¢ CMP RS Means
B RCP RS Means
= Poly. (RCP RS Means)

= Poly. (CMP RS Means)

Cost, $/LF

200 -

Cemp = 0.0372D? + 0.3267D + 15.926
100

0 20 40 60 80 100 120
Diameter, in.

Figure 29. Stormwater Conveyance Pipe Costs for Diffddearneter

A second-order polynomial equation was fitted to the.dBlhe equation below is for
corrugated metal pipe (CMP) and reinforced concrete pig@JRusing RS Means data:

(3.1) Cemp = 0.0372D% +0.326D +15.926, for CMP
(3.2) Crep = 0.0634D% - 0.634D +30.896, for RCP
where

C = construction cost, $/ft, and

D = pipe diameter, in.
These equations were incorporated into the spreadsheel Moeleiameter and the pipe
material are chosen from the drop-down menu in theadgreeet model to calculate the cost of
the pipe in dollars per linear foot. When the total lerftthe desired pipe is entered, the
spreadsheet calculates the cost in U.S. dollarhi&rsegment of the chosen pipe material and
diameter.
Example Calculation:
Pipe material = Reinforced concrete pipe (RCP)
Pipe diameter = 24 in.
Length of chosen pipe = 200 ft.
Model estimate:

Cost of RCP per linear foot 80634D2 - 0.634D + 30.896
= (0.0634 * 24) - (0.634 * 24) + 30.896
= $ 52.11 per linear foot
Total cost of pipe = Length of pipe * $/LF
=200 *52.11
=$ 15,632
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3.2.2 Excavation Trench Cost

The bottom width of the trench is calculated basegdipa diameter. ThiMeans
Estimating Handboogives trench bottom widths for various outside diansedéburied pipes
(Table 87).

Table 87. Trench Bottom Width for Outside Diameters
of Buried Pipes (RS Means Company, 1990)

Outside Diameter, | Trench Bottom Width,

(in.) (ft.)

24 4.1
30 4.9
36 5.6
42 6.3
48 7.0
60 8.5
72 10.0
84 11.4

When this data is plotted on a graph (Figure 30) a strhnghis fitted to this data and relates
trench bottom width and pipe diameter, as shown in &@ua.3.

160

140 A

W =1.4585D + 14.505

120 A

100 A

80 A

trench bottom width, in

60

40 A

20

0 10 20 30 40 50 60 70 80 90
diameter, in

Figure 30. Trench Bottom Widths for Different Pipe Diamete

The pipe outside diameter (inches) and trench bottaithvaire related by the following
equation:
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(3.3) W =14589D +14.505
where

W = trench bottom width, in., and

D = pipe outside diameter, in.,

This equation was then used in the cost spreadsheet maagtirhate the trench bottom
width from the pipe diameter selected for the segniém.equation was also used to estimate
the trench bottom widths for other pipe diameters hot in the Table 86.

Trench excavation costs for different trench deptlsbatkhoe sizes are shown in Table
5. Trench side slope options available in the spreatiahegel are 0, 0.5, 1, 1.5, and 2. Based on
the user’s choice of trench slope and the total treiepith, the top width of the trench is
calculated by the spreadsheet. The total depth of thentrewalculated as the summation of
pipe diameter selected from the drop down menu, the ihgdigipth in inches, and backfill depth
in inches (height from crown of the pipe to the topheftrench), as shown in Figure 31. These
values are entered manually depending on conditiong d¢htion of the trench.

Trench Top Width fFt) '

(T S S

- JBockfill Depth dno

Pipe Diameter (in2

Trench depth (ft.) = [bedding
depth (in.) + pipe diameter (in.)
+ backfill depth (in.)] * 0.083

%@% BE’)C*%QQD Bedding jepth (i)
500000 |

- - -—=— Trench Bottom Width (ft.) !

Figure 31. Transverse View of Excavation Trench ShoWogponents

The volume of the trench is calculated as the prooluitte area of the cross-section
trapezoid and the total length of the trench. Alsocti@ce of different backhoe sizes for
different trench depths are available from the drop-downurand, depending on the total
volume of trench, the trench excavation cost isudated. Figure 32 shows the rows in the
spreadsheet model where the trench data is entered.
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? Trench bottom width in.) 451

T Bedding depth (in.) 120

T Trench =lope H=1, w=1 E]
? Trench top width (in.) 18313

T Backfill depth (in.) 360

10 | Trench depth (ft.) 575

E Select type of backhoe for trench excavation | 12 T tractor loaderfbackhoe E]

Figure 32. Trench Parameter Input Values

RS Means gives the cost of trench excavation iradofer cubic yard based on depth of trench
in feet and backhoes size in cubic yard.
Example calculation:
Diameter of pipe = 24 in.
Pipe material = Corrugated Metal Pipe
Selected trench slope (H/V) =1
Bedding depth =12 in.
Backfill depth = 36 in.
Model estimates:
Total trench depth = pipe diameter + bedding depth + Hbdkpth
=24+12+ 36
=6 ft.
Bottom width of trenchW =1.4585D +14.505
= (1.4585 * 24) + 14.505
=4.1 ft.

The trench top width for a slope of 1:1, trench depth2oinches and bottom width of 49.5
inches =49.5 + 72 + 72 = 193.5 inches
The volume of the trench was calculated using the zagdormula,
(3.4) V=%*H*(31+Bz)*L
where

V = volume of trench, cu.in.,

H = depth of trench, in.,

B: = bottom width of trench, in.,

B, = top width of trench, in., and

L = length of trench for considered pipe segmint,
Volume of the trench using trapezoid formula = [0& * (49.5 + 193.5)] * (200*12)

= 20,995,200 cu.in.
=441 CY

The model gives different choices of backhoe die=®d on total depth of trench. From the RS
Means cost data, for a trench depth of 6 feetatladlable choice of backhoe sizes in the
spreadsheet model are 2 CY tractor/backhoe, 5/8y@yaulic backhoe and % CY hydraulic
backhoe. For a 5/8 CY hydraulic backhoe, the trenaavation cost is 4.94 $/CY.

Total cost of digging this trench = 441 CY * 4.9€C% =$ 2,178
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3.2.3 Bedding Cost

Crushed or screened bank run gravel, crushed stone %" emtksand, gravel or bank
are the materials available for the bedding optioneemtodel. Bedding costs in $/LCY are
shown in Table 6 (RS Means, 2006) in Chapter Il. The ugersethe desired bedding depth,
which is used to calculate the bedding volume. The cdbsiedfedding is then calculated based
on the bedding material chosen. Row 6 of the spreadabeepts the bedding depth in inches
and row 12 has the dropdown to enter bedding matersdi@sn in Figure 33.

g [Bedding depth (in.) | 120 |
7 |Trench slope | H=1, w=1 E]
g | Trench top width (in.) 18313

q |Backfill depth (in.) 380

1 |Trench depth (1) 575

11 |=elect type of backhoe far trench excavation | 112 T tractor loaderfback hoe E]
12 [Bedding materisl | Crushed stone 34" to 112" E]|

Figure 33. Bedding Parameter Input Cells

Example Calculation:
Depth of bedding = 12 in.
Slope of trench = 1:1
Trench bottom width = 49.5 in.
Bedding material = crushed stone % in. to %2 in.
Model Estimates:
The top width of the bedding is calculated using side slbpgedrench and bottom width.
Top width of bedding =49.5 + 12 + 12 = 73.5 in.
The volume of bedding is calculated as the volumetridpezoid.
Volume of bedding =[0.5* 12 * (49.5 + 73.5)] * 200 * 12
= 535,610.88 cu.in.
=37.2CY
Cost of bedding using crushed stone % in. to ¥2 in. = 39.5 $/CY
Cost of bedding = 37.2 * 39.5 = $ 1,469

3.2.4 Backfill Cost

RS Means (2006) presents the backfill cost in dollareyeic yard as a function of
backhoe size and haul distance for the backfill netél'he volume of the backfill required is
calculated in the spreadsheet model by subtracting theneaccupied by the pipe and the
bedding volume from the trench volume. The volumeutatons for the bedding and trench are
shown in the previous sections. The data shown in Taf8&WRPC, 2006) in Chapter 1l, along
with the backfill depth (inches) is used in the spreaddbesdiculate the total cost of backfill.
Figure 34 shows the input screen to enter these parameters.
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q |Backfill depth (in.) 36.0
1o |Trench depth (ft.) 575
11 |3elect type of backhoe far trench excavation | 12 C tractor loaderfbackhoe E]
12 |Bedding material [ Crushed stone 34" o w2 | =]
13 |=ize of backhos for hackfil 10 bucket E]
14 |Haul distance of backfill material (1.0 minimurm kaul E]

Figure 34. Backfill Datallnput Cells

Example Calculation:
Volume of trench = 441 CY
Volume of bedding = 37.2 CY
Backhoe size for trench backfill = 2-1/4 CY bucket
Haul distance = 100 feet haul
Model Estimate:
D2
Volume of pipe :TL
=3.14 *2* 0.25 * 200
=23.24 CY
Volume of backfill = Trench volume — (Bedding Voluméipe Volume)
=441 — (37.2 + 23.24)
=380 CY
Cost of backfill per linear cubic yard = 2.36 $/LCY
Cost of backfill = 2.36 * 380 = $ 898

3.2.5 Inlet and Catchbasin Costs

Stormwater inlets intercept stormwater on the grounfseiror in a roadway gutter and
convey it to the storm sewer piping system. An intetsists of a grating at the surface and a
subsurface box that supports the inlet grating and conneitte smbsurface piping system.
Figure 35 shows a diagrammatic representation of a staenulet with a small sump, making
it a catchbasin (the sump depth should be about 3 ft ddepdn effective sediment trap).
Without this sump, this would be termed a standard box inlet.

120



e e s s e s )
LﬁMﬁMﬁMﬁ%ﬁ%ﬁ@ﬁﬂ;Ll;
A 0 74 4 0 7 A 7

Inlet Inside Diameter (ft.)

(1) dacT peau]

4 <
& 4

Figure 35. Stormwater Catchbasin Inlet

The costs for unit precast inlets for different insiderditers and depths are provided in
RS Means Building Construction Cost Défable 12 in Chapter Il); the cost does not include
the cost of footing, excavation, backfill, frame, amudting cover. This data is plotted on Figures
36, 37 and 38 and fitted equations for 4, 5 and 6 feet intelarakters, as shown by Equations
3.5, 3.6 and 3.7, respectively.
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Cost, $/unit

Cost, $/unit

4000

3500

3000 -

C =5.2455H% + 159.51H + 457.5

2500 -

2000 -

1500 +

1000 +

500 A

Depth, ft.

Figure 36. Capital Cost for Catchbasin Inlet of 4 ft. ID

4500

16

4000 -

C = 3.2188H% + 223.39H + 331.04

3500 -

3000 -

2500

2000 -

1500 +

1000 +

500 A

Depth, ft.

Figure 37. Capital Cost for Catchbasin Inlet of 5 ft. ID
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7000

6000 1 C = 6.875H2 + 305.82H + 653.86
5000 A
2 4000 -
2
§ 3000 A
2000 -
1000 -
0 T T T T T T T
0 2 4 6 8 10 12 14
Depth, ft.
Figure 38. Capital Cost for Catchbasin Inlet of 6 ft. ID
(3.5) G 4 = 524552 +15951H +4575, for 4 ft inside diameter
(3.6) C,5 =32188H % +22339H + 33104, for 5 ft. inside diameter
(3.7) C,¢ =6.875H% +30582H + 65386, for 6 ft. inside diameter

where
Cmn = cost of manhole, $, and
H = depth of manhole, ft

Figure 39 shows the data input cells in the model.

" |inlets/Catchbasin and

16 |Manholes/Junction hoxes

17 |Inlet inside dismeter (ft.) 4 [~]
E Inwert degpth of Inlet (t.) 7
E Mumber of inlets with abaove condtions 2

2 [Manhale type Erick, 4' 1.0 [L]
“aq |Depth of manhale () 7
; Humber of manholes with above condtions 1

Figure 39. Inlet and Manholes Input Cells

Example Calculation:
Internal diameter = 5 ft.
Depth of inlet = 7 ft.
Number of inlets = 3
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The model displays the following error message in aygwindow if a depth lesser than depth
of trench is entered.

“Error! Depth of inlet must be greater than trench depihscreenshot of the error display
screen is shown in Figure 40.
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Model Estimate:

Cost per inlet =3.2188H % + 22339H + 33104
=(3.2188 *% + (223.39 * 7) + 331.04
=$2,052

Cost of 3 inlets = 3 * 2,052

=$6,157

3.2.6 Manhole Cost

Like inlets, manholes provide access to the sewer syfsteroutine inspection and
maintenance. Manholes are usually installed at placelsamige in horizontal pipe direction or
pipe slope, where several pipes join, or when pipecsiaages. Manholes should be installed to
provide regular access intervals along straight sectibsswer. lllustration of a precast
manholes is shown in Figure 41.

el

A1
a : : : : Boni : i Y
y 1 Foa e 5 .4 5 Y A R 1

Figure 41. Cross Section View of Manhole

RS Means Building Construction Cost D&2806) provides manhole costs per unit as a
function of standard internal riser diameter and tierit depth (Table 8 in Chapter II). The cost
does not include the cost of footing, excavation, baclkfdine and cover. RS Means gives the
cost of three types of manholes: brick manholes oédifeernal diameter, concrete blocks
manhole of 4 feet internal diameter and concreteicgsace manhole of 4 ft. x 4 ft., and 8
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inches thick. Figures 42, 43 and 44 illustrate the constructists obthe manholes plotted
against their depths, and as shown in Equations 3.8, 3.9 and 3.10.

4500

4000 -

3500 - C =13.75D% + 117.5D + 479

3000 -

2500 +

Cost, $/unit

2000 +

1500 +

1000 +

500 A

Depth, ft.

Figure 42. Capital Cost of 4 ft. ID Brick Manhole
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Cost, $/unit

3000

2500 A
C =-0.1071D? + 206.21D + 16.8
2000 A
1500 A
1000 +
500 -
0 T T T T T T
0 2 4 6 8 10 12 14
Depth, ft.
Figure 43. Capital Cost of 4 ft. ID Concrete Manhole
6000
5000 -
C =2.3214D? + 440.36D - 39
4000 -
.‘é‘
3
%3000 A
%)
Q
O
2000 -
1000 +
0 T T T T T T
0 2 4 6 8 10 12 14

Depth, ft.

Figure 44. Capital Cost of 4 ft. * 4 ft., 8 in. Thick Coner€last-in-place Manhole
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For brick manhole 4 ft. inside diameter,
Cronprick =1375D% +1175D +479

For concrete blocks manhole (radial) for 4 ft. insigeter,
C =-0.107D?% +20621D +168

mhconcrete™
For concrete, cast in place manhole, 4 ft. x 4 fin, &ick
=2321D? +44036D - 39

th,cast—in—place
where
Cmh = cost of manhole, $, and
D = depth of manhole, ft
Figure 45 shows the manhole parameter input cells on teadgireet model.

Inlets/Catchbasin and
16 |Manholes/Junction boxes
17 |Inlet inside diameter (1) [4 (]|
18 |Invert depth of Inlet () 7
19 |Mumber of inlets with above conditions 2
2 [Manhale type | Erick, 4' 1O [L]
24 |Depth of manhole () 7
22 |Mumber of manholes with above conditionsz 1

Figure 45. Manhole/Junction Box Input Cells

Example Calculation:
Type of manhole = brick, 4’ I.D.
Depth of manhole = 7 ft.
Number of manholes with this condition = 5
The spreadsheet does not allow a manhole depth lessghéhtaench depth. In case a lesser
depth is inputted, the model gives an error message.
Model Estimate:
Cost per manhole = (13.75 %% (117.5* 7) + 479
=$1,975
Cost of 5 manholes =5 * 1,975
=$9,876

3.2.7 Manhole Grating Cover

Cast iron manhole frame and cover costs for diffedemeters are provided in RS
Means (Table 9 in Chapter II). The spreadsheet modellatdsithe total cost of the manhole
depending on the choice of type and diameter. Figure 46ssti@nnput screen of the
spreadsheet model to choose the manhole grating type aodrégsponding diameter.

23 |Manhole Frames and Covers, C.l.
24 |Type | Far light tratffic | Fat heswy traffic | Mazs. State standard | Wistertight | Othets |

25 |Diameter [ 16" diameter, 100 Ip (][ 24" diameter, 400 Ib [ ) 26" diameter, 4751 (][ 24" diameter, 350 Ib [ ][ 24" square, 50016 (]
26 |Total number of each unit | 10 | 3 | a | 25 | |

Figure 46. Manhole Grating Cover Selection Cells

From the above line 25 on the spreadsheet model; watem@nholes of 24 inch diameter. The
spreadsheet model estimates the capital cost as follow
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Cost of manhole grating cover = 25 units * 595 $/unit
=$ 14,875

3.2.8 Curbs and Gutters
Figure 47 is a section of curb and gutter placed alongsioadaproviding a side-street
channel to convey water to the storm drainage inlets.

s/ o

Figure 47. lllustration of Curb and Gutter

Curb and gutter costs are provided in RS Means for wood fete®, forms, machine
formed and precast 6 in. x 18 in. gutters for two differeidths and straight and radial patterns
for 6 inch high curbs and 6 inch thick gutters (Table 13 in @Gndpt The spreadsheet model
calculates the costs of curb and gutter for the seleégpe of form, width and geometry. Figure
48 shows the input screen for curbs and gutters in thedsprest model.

27 [Wiekth, in 24 (=2 (=2 [RES [=][z+

25 |Total length of chosen curb, it \ 12736 \ 2000 \ \ 000

Curb and Gutter

25 |Curb and gutter forms Waaden farm | Steel farm | Machine formex | Precast, 6 x &
Curb and gutter type Straight Straight Radius Straight Radius

it z ! z \ ! z \ 4

Figure 48. Curb and Gutter Input Cells

For a curb and gutter constructed with steel forms, 3@suehde, that is straight for 150 feet in
length, and having a 50 feet radius alignment, the costimated as follows:
Cost of curb and gutter = (150 * 11.85) + (50 * 16.7)

=$2,612

3.3 Total Drainage System Cost

The costs for up to 100 pipe segment categories, plus thieoheacosts, are summed in
the spreadsheet. This total cost is then converted to teosis based on the financing period
and interest rate selected. The ENR constructionindistes from 1976 through 2006 are also
incorporated into the spreadsheet for 20 different cititisarS. The RS Means cost indices are
also incorporated into the spreadsheet for these 20 dihesmodel estimates the total capital
cost, present value of all costs, and annualized vala# odsts during the financing period.

The land cost and the maintenance cost need to ltlyleatered into the spreadsheet in
their respective cells. The city and the year selaatan be made from the drop-down menus.
The model gives the city cost index multiplier andrtheétiplication factor using the RS Means
values that can be multiplied with the final costraates. Figure 49 shows the output screen of
the spreadsheet model displaying the individual componets and the total costs involved in
the construction of the conventional stormwater coaneg system.
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Example Calculation:

Interest rate on debt capital = 4%
Project life = 20 years

Capital cost of project = $ 645,600

Land cost=$0

Annual maintenance cost = $ 4,000/year

(1+i)V -1

Present value of annual amountW

(1+004)%° -1
004(1+ 004)%°
=12.46
Present value of all costs = [Capital cost of projeletnd cost of project + present value of the
annual maintenance and operation cost] * city cost imaelkiplier
= [$645,600 + $0 + (12.46 * $4,000)] * 0.70
= $ 486,800

Present value of annual amount (or) present value meitipl

Annual value of present amount ift+ ;,)
(@+i)N -1

Annual value of present amount (or) annual value multipllé()%
+
=0.0802

Annualized value of all costs during the finance period = [fatimed value of (capital cost of
project + land cost of project) + annual maintenance aedation cost] * city cost index
multiplier

=[0.0802 * ($645,600 + $0) + $4,000] * 0.70

= $ 39,000 per year
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Chapter IV
Example Application of Spreadsheet for Calculating Traditonal
Drainage System Costs

4.1 Introduction

This chapter is an example showing the use of the spreatdsiodel to calculate the
conventional storm drainage costs associated with a@8Qralustrial site in Huntsville,
Alabama. The design tasks for calculating the cosbo¥entional stormwater conveyance are
the following:

1. Determine the quantity of stormwater — the peak flowltgg from a storm of a certain
return period for the Huntsville Industrial Park (the leMeservice).

2. Establish a sewer capacity to convey the design pealofietormwater.

3. Enter the calculated pipe diameters, lengths, burial deplis inlet and manhole
characteristics into the spreadsheet model to cadcthatcosts involved with the entire
network.

The IDF curves were constructed for Huntsville fromftilewing Hydro-35 graphs
published by the National Weather Service: 2-year 5-minutgpitegion, 2-year 15-minute
precipitation, 2-year 50-minute precipitation, 100-year 5-mipu¢eipitation, 100-year 15-
minute precipitation, 100-year 60-minute precipitation. Tablsl&8vs the intensity (in/hr) of

rainfall for different durations (minutes). Figure 50 shalkes corresponding intensity duration
frequency curves for Huntsville, AL.

Table 88. IDF Curve Values for Huntsville, Alabama

Intensity, (in/hr)
Frequency—¢ 10 15 30 60
2 5.76 4.65 3.92 2.69 1.72
5 6.63 5.47 4.64 3.29 2.15
10 7.30 6.08 5.18 3.72 2.45
25 8.31 6.98 5.97 4.34 2.88
50 9.11 7.69 6.58 4.83 3.22
100 9.90 8.40 7.20 5.32 3.55
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Intensity, in/hr
(o]

0 10 20 30 40 50 60 70
Duration, min.

Figure 50. IDF Curves for Huntsville, Alabama

The Rational method was used to estimate the desigradigshQ in cubic feet per
second, obtained by the following equation,
(4.1) Q=CIA
where
C = coefficient of runoff,
| = average intensity of rainfall in inches per hour fritn& Huntsville IDF curve for a
given storm frequency and the duration equal to time éeatration, and
A = drainage area in acres.

4.2 Site Characteristics

The site consisted of 50 plots each with each having aseging between 1.86 to 3.97
acres, plus a large undeveloped area which did not dréne torm drainage system. Each of
these plots were 70% impervious and had a sandy-lo&nAranlet time of concentration of 5
minutes was determined for each of the plots. The sitedivided into four subareas depending
on the direction of the flow based on ground slope aniétdatations. Subareas A and B
drained into Pond 1, subarea C drains into Pond 2 and Subaimans into Outlet 1. Figure 51
is a map of the industrial site showing the individdatg subareas, the direction of flow of
stormwater in the pipes, inlet locations and the aitlet

134



SU0ITE207 18|U| pUB MOJH JO UoI2alIg 8yl BuiImoys eweqge]y ‘S[jIASIUNY Ul 81IS [elsNpu| 8yl Jo den

GET

"TG 8inbi4

1D vaaugng

(1 varequg

s

pued
| vamqng
et —4 = —
¥r
& 10 waleqny T0 Bamqng 10 mamirg b R L
N
Y
k 4
"’
i
= - ~a s (@ eamqng
 —
(] eareqny \dl

| eangquyg

H vaTeqg

I pieog.

|

/

¥ vamqug

-

| ey




4.3 Design Computations
The following steps were followed to design the stormwabnveyance system for the site.

1.

2.

3.

The design was started at the upper end of the storer sggtem and proceeded
downstream following the direction and pathway of thedro

Inlets were located at every 300 feet on one or eitbdercfithe road depending on the
direction towards which the plots drained.

Pipes were laid from roadside inlet to inlet and consideepdrate segments.

The total drainage area contributing to each inlet wasdalculated.

The inlet time of concentrationg 1of 5 minutes was determined for each of the plots
based on the flow path lengths, slopes, and surfacescoMaz actual Jvalues were less
than 5 minutes, but drainage design methods and the IDFscasgame a 5 minute
minimum T; value. The total time of concentration for each tgpt point including the
sewer flow time in the upstream pipes that had beeadrdesigned and was used to
calculate the intensity from the IDF curves.

The peak flow resulting from the design storm includimg flow in the upstream section
was calculated using the Rational method.

. The natural ground slope was assumed as the underlying pges sThe pipe sizes

necessary to carry the peak flows were then estimategl tle slope of surface vs. flow
graph.

For the estimated diameter and the slope, the flowfoatell pipe was used to calculate
the actual Q/@values. This was then used to estimate the Valtes.

The desired velocity in each pipe section was betwemmimum velocity of 3 fps to
minimize deposition of grit, and a maximum velocity off@8. The slopes were adjusted
to result in acceptable flow ranges.

10.With the lengths for the pipe downstream (from inlettet) and velocity calculated, the

time of concentration and peak flow at next pipe segmbewn slope was determined.

11.Manholes were then provided at locations of changé&meters of pipes and at

intersections, as needed.
For an industrial site with 70% imperviousness and sandy-smalthe following values

of runoff coefficients were used: C = 0.9 for impervioudace and C = 0.1 for pervious
surface. The cumulative runoff coefficient for each pas calculated using the formula,

(4.2)

2T

DA

Tables 89 to 93 present the estimated pipe diametersahgdhologic calculations for the four
different subareas.
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4.4 Cost Estimation Using Spreadsheet Model

A total of 25 pipe segment categories were obtainedisisite. The estimated pipe
diameters, the desired pipe material, bedding depth, Hatdbith, inlet, manhole dimensions
and other input variables were entered into the spreddsitieer manually or selected form
drop-down menus.

All pipes were assumed to be reinforced concrete pip€®)Rnd the calculated
diameters ranged from 21 inches to 60 inches. The yard wieesassumed to be reinforced
concrete pipes with a diameter of 21 inches and about #6®fe for each plot. Each of these
plots were fitted with two yard inlets to convey theatfiifrom the plot to the inlets. The total
length of the yard inlets for the 50 plots was calcul&dae 15,000 ft. A bedding depth of 1 feet
and a backfill depth of 3 feet over the crowns of hepipas assumed at all locations along the
length of the pipe. Based on the estimate of the tieath depth, the model determined a
selection of backhoe sizes for trench excavationdifarent depths. For trench depths between
4 feet and 6 feet, a %2 cubic yard tractor/backhoe wageeland for trench depths between 6
feet and 10 feet, a % cubic yard backhoe was selectechedras screened bank run gravel was
used as the bedding material, a 1 CY bucket was selectied backhoe size for bedding and a
minimum haul distance of bedding material was assumed.

Inlets were designed with invert depths 3 feet deeper tbaalt depths and with an
inside diameter of 4 feet. A total of 42 inlets were ledah the site. Manholes depths were also
designed at depths at least 1 foot greater than thentdapth. A total of 25 manholes were
located at the site in the middle of the road joining imets on either side, at places of change
in diameter and at intersections.

The total length of curb and gutter was calculated a®tthie length of the pipe length.
The total length was estimated as 14,736 feet. But, 2,000ffé@s curb run along curves of the
road and require radial forms. The curb and gutter wagrdsbwith steel forms with 6 in. x 6
in. curbs and 24 inch wide gutter.

Yard drains are used to drain runoff from areas near hgadilirectly to the main
pipeline, without surface flows to the gutters. As an gdanyard drains of 21 inches in
diameter made of reinforced concrete pipe, with eamhhalving two yard drains were used in
this example. Table 94 summarizes the input data used aptéadsheet model.
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Table 94. Summary of Input Data Used in the Spreadsheet Model

Pipe

Pipe material Reinforced Concrete Pipe
Total length of pipe 7,368 feet

Estimated pipe diameters 21 - 60 inches

Trench

Trench Slope H=1, V=1

Bedding

Bedding depth 1 feet

Bedding material

Crushed or screed bank run gravel

Backhoe size for bedding

1 CY bucket

Bedding material haul distang

e Minimum

Backfill

Backfill depth

3 feet

1/2 CY backhoe for 4-6 ft deep trench

Backhoe selection

3/4 CY backhoe for 6-10 ft deep trenc

Inlets

=)

Number of inlets

42

Depth of inlets

trench depth + 3 feet

Manholes

Number of manholes 25
Depth of manhole trench depth + 1 feet
Number of manhole grates 25

Type

Watertight, 24 inch diameter

Curb and gutter

Total length of curb and gutte

r

14736 feet

Curb and gutter dimensions

Steel forms, 6 in. X 6 in. curbs, 24 inch
wide gutter

I

Yard Inlets

Yard inlet material Reinforced Concrete Pipe
Typical yard inlet length 150 feet

Number of yard inlets per plot 2

Total length of yard inlet 15,000 feet

A maintenance cost of $ 4,000 per year, interest ratkebhcapital of 5 % and a
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financing period of 20 years was used to estimate the dvken these parameters were entered
into the model, the model calculated the present véla# costs as $ 1,811,700 and the
annualized value of all costs during the financial liféhef project as $ 145,400. Table 95
summarizes these costs as estimated by the spreadsithsdt



Table 95. Summary of Estimated Costs using the Spreadsheet Mo

Interest rate on debt capital, (%) 5
Financing period, (yrs) 20
Present value multiplier 13.59

Annual value of present amount 0.0736

Capital cost, ($) 1,766,500
Present value of all costs, ($) 1,811,700
Annualized value of all costs, ($) 145,400

4.5 Grass Swales as an Alternative Stormwater Conveyancergyste

Grass swales can be used as an alternate form ofigitenconveyance system for the
Huntsville industrial site. The site is divided into fourimdrainage subareas labeled as A, B, C,
and D. There are several additional minor drainage sabanat will remain undeveloped and do
not drain to one of the designated stormwater ponds.

4.5.1 Subarea A

There is one long regional drainage swale in this sulibaataollects the sheetflows from
the bioretention swales from each site and direetexicess water to the ponds on the southern
property edge. This swale is about 1,700 feet long, on alh6f@aslope, and will be 50 ft wide.
It will also have 3 to 1 (H to V) side slopes, or lessl have 1 inch per hour infiltration rates.
The bottom of the swale will be deep vibratory cultidatieiring proper moisture conditions to
increase the infiltration rate, if compacted. This swalealso have limestone check dams every
100 ft to add alkalinity to the water and to encourage iriitna The vegetation in the drainage
should be native grasses having deep roots and be mowed ¢ghtadfi@bout 6 inches, or
longer. Any cut grass should be left in place to actraslah which will help preserve
infiltration rates. The swale should have a natuudfido on each side at least 50 ft wide. Any
road or walkway crossings over the grassed watervemasahould be on confined to a narrow
width.

4.5.2 Subarea B

This subarea comprises about 60 acres, with about 35iadussrial and 25 acres open
space. This area is noteworthy due to the natural doublendrgsrthat currently drain the area.
These will be left in undeveloped land and used for siteagai

4.5.3 Subarea C
This subarea has about 24 acres (16 acres industriaggirasidential, and about 4 acres
open space). About 7 industrial sites are also locat#ud area, including some partial sites.

4.5.4 Subarea D

This site subarea is the most developed, having about 38adrelustrial land and
about 6 acres of undeveloped land. The natural drainagegsdine runoff from this area to
adjacent city-owned land and to a future wet detention pond.
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4.6 Costs for Grass Swales Estimated Using WinSLAMM

WinSLAMM was used to estimate the capital cost and annual operation and maintenance
costs of the grass swales for the Huntsville industrial site. Figure 52 shows the input screen in
WInSLAMM for entering the swale dimensions and properties. Figure 53 shows the cost data
input screen in WinSLAMM for grass swales.

1. Swale infiltration rate [in/hr]) | NI 2. Swale density [ftfac): 29 00
EMTER WETTED SWAILE WIDTH [constant for all events]
3. Wetted swale width [ft): 0.00

1]3]
ENTER TYPICAL SWALE GEOMETRY

[wetted swale width changes for each event based on expected Hlows]

Typical Swale Geometry

4_ Typical Bottom Width [Ft]): 50.0 6. Typical Longitudinal Slope [ft/ft): | 0.026
5. Typical Swale Side Slope

(_FtH:1RY) 3.0 7. Swale Manning'z n W
[ Select swale denszity by land use [ —Select infiltration rate by zoil type

T
- T
- T
- T
- T
- T
- T
- T
= T

~

~

Area served by swales [acres): 5719

For Cost Analysiz Only:

Typical Swale Depth [f): 1.0

Typical Bottom Wwidth [t | 500 L | Cancel ‘ Lt ‘

Figure 52. WinSLAMM Grass Swales Input Parameters Screen
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Control Practice Cost Data

[ w4 - Hedrodwnamic Device T 5 - Street Cleaning T E - Biofilration Device T ¥ - Catchbaszin Cleaning
f Summary Data T 1 - Detention Fond T # Mew Device T 3 - Porous Pavement
¥8-UpflowFiter | @ ]
+ Usze Pre-Determined Costs ™ Usze User Defined Costs
Capital Costz in Dollars per LF Capital Costs
Bot [tem | Init | F/Unit | Quan. | Coszt [§] | -
ottom
width (7] A B C Grazz Swale LF 0.00 1] 0.00 -
0.00 1] 0.00
1.0 070 354 436 0.00 1] 0.00
30 071 2394 505 0.00 1] 0.00
50 067 480 &Y5 0.00 1] 0.00
a0 081 531 733 0.00 1] 0.00
10.0 0az2 373 10588 0.00 I 000 -
Maintenance Costs LF : Lirear Feet [ Total Urit Cost: $ 0.00 At
it Dollars per LF S B
Battomm - o " : Cubic Yardz
Wwidth [ft] Ed : Each
1.0 010/ 043
an 010 047 Annual Fouting M aintenance Cost [$/LF):
5.0 010) 050 Capital Cost Equation Form: y=A%"2 +B*x + C
?ﬁDD 3103 ggg where: v == Cost [$11) L and st 51
- : - % == Swale Depth (ft] and Lost Site o
Maintenance Equation Farm: v = + B Area Multiplier. | |
2005 Costs - Birmingham, AL where: v == Cost [$11)
% == Swale Depth [ft]) B

Figure 53. Cost Data Selection Screen for Grass Swales in WInSLAMM

For site C, the example calculations done by WinSLAMM are presented below:
Swale depth (x) = 2 ft.
Bottom width = 20 ft.
Capital cost, y = A+ Bx + C
=(0.82*4) +(3.79* 2) + 10.55
=21.41 $/LF
Maintenance Cost, y=mx+B
= (0.1*2) + 0.59
=0.79 $/LF
Note: The constants A, B, C values in the capital cost equation and the m, B values in the
maintenance cost equations are adjusted to 2005 costs.
Total drainage area = 23.9 ac
Swale density = 406 ft/ac
Total length of swale = 9703.4 ft
Capital cost = 9703.4 * 21.41 = $207,750
Adjusting to cost index = $207,750 / 1.49 = $139,300
Maintenance cost = 9703.4 * 0.79 = $7,666
Adjusting to cost index = $5,100
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Figure 54 shows the WinSLAMM output screen showing the ¢otatrol practice costs for
construction of grass swales at subarea C.

B WinSLAMM Model Output

File  Wiew

B=1E3

Runoff Waolume

Particulate Solids

Pallutants

File Mame:

C:“Program Files'\WinSLAMMYHuntsville Files\Hunts indus A swale. dat

Print Dutput Summary to Test
File:

Prirt Output Summary to
Comma Separated Yalue File

Total Control Practice Costs

Capital Cost [ % 25149
Land Cost [ &0
Annual Maintenance Cost [ 31140
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Figure 54. WinSLAMM Output Screen Showing Costs for Gragal&for Subarea C

Table 96 shows the costs associated with the consimuzftigrass swales for each of the

subareas estimated by WinSLAMM.

Table 96. Costs of Grass Swales for Each Subarea

Subarea A Subarea B Subarea ¢ Subarea D
Capital Cost ($) 40,600 25,100 139,300 22,7(
Annual Maintenance Cost ($) 1,500 1,10( 5,100 1,3(
Present Value of All Costs ($) 59,200 39,400 202,700 50,1
Annualized Value of All Costs ($) 4,700 3,200 16,300 4000

00

4.7 Comparison of Costs for Swales and Conventional Pipes
The data obtained from the literature sources that vesiewed and the fitted equations
were incorporated into the WinSLAMM model to estimdite tapital costs and the annual
operation and maintenance costs for the stormwateratgractices (wet detention ponds, grass
swales, and biofiltration devices) for the example sieditions. The equations derived from the
published unit cost data for conventional drainage systems used in the spreadsheet model to
estimate the costs involved in the construction andabiperof a conventional stormwater
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conveyance system for comparison. WinSLAMM and the sistezet model are used together to
estimate the capital costs, annual maintenance g@ustent value of all costs and the annualized
value of all costs of the stormwater drainage andttrensvater management systems. The total
control practice cost output screen from WinSLAMM alnel $preadsheet are shown in Figures

55 and 56 respectively.
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Stormwater Runoff
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Figure 55. Total Control Practice Costs Output ScreddinELAMM
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A 250-acre industrial site located in Huntsville, Alabamas used in the comparison of
costs for construction of a conventional stormwatgveyance system (using the spreadsheet
model) and the costs for construction and operatiofterhative grass swales (using
WIinSLAMM). The costs estimated by WinSLAMM and by the spigheet model are shown in
Table 97. The conventional stormwater conveyance systswbserved to be more than three
times costlier than the grass swales for conveyamsidering capital and swale maintenance
costs. About $118,000 per year, or $3,350,000 over the 20 year figgrariod, would be saved

using the grass swale alternative.

Table 97. Summary of Costs from WinSLAMM and the Spreaddfiedel

Conventional Stormwaterr  Grass
Cost (%) Conveyance System Swale
Capital Cost 1,771,296 227,700
Annual Maintenance Cost 0 9,000
Present Value of All Costs 1,816,518 351,400
Annualized Value of All Costs| 145,762 28,200

Decision analysis techniques can be used to select theapysipriate program for an
area, based on many performance objectives and casiimestFurther analysis of the pollutant
loadings and runoff volumes from a site and the desiuatct®ns can be used to identify the set
of control practices that could be implemented at a8fiaSLAMM is capable of estimating
these loads for a broad range of pollutants, such assalitrients (phosphorous, nitrate, TKN),
metals (chromium, copper, lead, zinc), COD, ammoniagebac¢ and runoff volume for a variety
of stormwater control practices and development oplimctuding base conditions).

147



Chapter V
Conclusions

This research discussed the costs associated witlbnls&action and operation of
various stormwater control and conveyance practicescdsts for these stormwater control
practices were presented in Chapter Il in the fornaloless and figures available from published
literature sources. Also presented were equations ddrivedthese data and from RS Means
published unit cost data. The spreadsheet model developed aétha research includes ENR
construction cost index values available starting from 187Be present, for 20 cities in the US,
along with the national average index values. These inaleres were used to convert regional
cost data collected during specific past years to curremliteans. The ENR cost index values
for these years are presented in Appendix A. Also predere graphs showing the variation in
the construction cost index for each of the 20 citiesf1978 through 2005. Using an estimated
future inflation rate, the cost estimated from the madealalso be used to predict the costs for
future years. The spreadsheet model estimates the pestBcally associated with the
construction, operation, and financing of a conventist@imwater conveyance system. The
spreadsheet model is easier to use compared to other pragpbased cost estimating tools.

Cost summaries and equations for conventional stormwatgrol practices are
presented in Chapter Il from several sources. The cdmapseve cost data obtained by the
Southeastern Wisconsin Regional Planning Commission (198%) wsed to describe the
relative component costs of several major contrglsuenmarized in the following paragraphs.

Wet Detention Ponds

General excavation, contingencies, pond outlets, poatsjrdnd clearing are the major
cost components for wet detention ponds. However glaéve order of these components
depends on the size of the wet detention pond. For wentitaen ponds of 0.25 acres, the cost of
construction of the pond outlet is about 24% of the tdpltal costs. This is followed by the
cost of construction of the pond inlet (20%), and theingancy fee (20%). However, the
general excavation costs contribute about 12% ofoffa ¢apital cost associated with a 0.25-
acre pond. Figure 57 shows the data presented earlier i Zhlidr the percentage cost
contributions for each component of the wet detentiardpo
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0.25-acre Wet Detention Pond

Mobilization

Contingencies Demobilization, 4%

Engineering, Legal Fees
and Administration, 20%

Clearing, 7%

Grubbing, 2%

General Excavation,
Landscape, fence, etc, 12%

2%

Place and Compact Fill,
2%

Seed and Mulch, 4%

Sod, 1%

Riprap, 2%
Pond Outlet, 24%

Pont Inlet, 20%

Figure 57. Distribution of Total Capital Cost for a 0.25eadret Detention Pond

For a larger wet detention pond of 1 acre, the costadvation increases to around 28%
of the total capital cost. This is followed by the d¢ogéncy fee which is about 20% of the total
capital cost. Clearing costs are nearly 10-12% of ttaé ¢apital cost, followed by the pond
outlet costs and the pond inlet costs. Figure 58 showdatlhepresented earlier in Table 22 for a
1-acre wet detention pond.

149



1-acre Wet Detention Pond

Mobilization
Demobilization, 1%

Contingencies,
Engineering, Legal Fees

and Administration, 20% Clearing, 11%

Grubbing, 4%

Landscape, fence, etc,
3%

General Excavation,

0,
Pond Outlet, 9% 28%

Pont Inlet, 8%

Riprap, 2%
Sod, 2%
Seed and Mulch, 6%

Place and Compact Fill,
6%

Figure 58. Distribution of Total Capital Cost for a 1-adfet Detention Pond

For a wet detention pond area of 3 acres, the ordeeafdmponents contributing
towards the total capital cost is the same as theelemtention pond. However, the cost of
excavation increased by 10% compared to the 1-acre wetidaetpond to a total of 38% of the
total capital cost. Contingencies are 20% of the tatpital cost. However, the cost of clearing
increased to 11% for the 3-acre pond. With the increasadad the pond, the site preparation
and site development activities such as placing and caimgditl, seeding and mulching and
grubbing are all larger than the cost of construction@fpibnd inlet and outlet structures. Table
59 shows the distribution of the total median capitatsér the components for a 3-acre wet
detention pond.
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3-acre Wet Detention Pond

Mobilization
Demobilization, 0.48%

Clearing, 11%

Contingencies,
Engineering, Legal Fees
and Administration, 20%

Grubbing, 4%

Landscape, fence, etc,
3%

Pond Outlet, 3%

Sod, 2%
General Excavation,

38%
Seed and Mulch, 6%

Place and Compact Fill,
8%

Figure 59. Distribution of Total Capital Cost for a 3-adret Detention Pond

Similar distributions of costs were also seen féracre wet detention pond. Figure 61
shows the distribution of the total median capitadtdor a 5-acre wet detention pond.
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5-acre Wet Detention Basin

Mobilization
Demobilization, 0.29%

Clearing, 11%

Contingencies,
Engineering, Legal Fees
and Administration, 20%

Grubbing, 4%

Landscape, fence, etc,
3%

Pond Outlet, 2%
Pont Inlet, 2%

General Excavation,

Seed and Mulch, 6% 40%

Place and Compact Fill,
8%

Figure 60. Distribution of Total Capital Cost for a 5-adfet Detention Pond

The average annual operation and maintenance cost @5-@€re wet detention pond is
about 4.7% of the estimated capital cost, 3.4% for erdaet detention pond, 2.7% for a 3-acre

pond and 2.5% for a 5-acre wet detention pond.

Infiltration Pond

The infiltration pond inlet, general excavation, and segldontribute the most towards
the total capital cost of an infiltration pond, apasinirthe assumed 20% contingency cost. For a
0.25-acre infiltration pond, the cost of construction efplond inlet contributes 25% of the total
capital cost, while the general excavation contrib@8% towards the total capital costs. For an
infiltration pond of 1-acre, the cost of general ext@vaeincreases to 22% of the total capital
cost, while the cost for the pond inlet is reduced to 8gurés 69 and 70 show the distribution

of the total capital cost components for a 0.25-acrelaacte infiltration pond.
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0.25-acre Infiltration Pond

Mobilization
Demobilization, 4%

Contingencies, 20% Clearing, 8%

Grubbing, 3%

General Excavation,
13%

Landscape, fence, etc,
4%

Place and Compact Fill,
3%
Level and Till, 2%

Pont Inlet, 25% Seed and Mulch, 5%

Sod, 12%
Riprap, 1% o 0

Figure 61. Distribution of the Total Capital Cost for.a®acre Infiltration Pond

1-acre Infiltration Pond

Mobilization
Demobilization, 1%

Clearing, 10%

Contingencies, 20%

Grubbing, 4%

Landscape, fence, etc,
6%

General Excavation,
22%

Pont Inlet, 8%

Riprap, 0.41%
Place and Compact Fill,
4%

Level and Till, 2%
Seed and Mulch, 7%

Sod, 16%

Figure 62. Distribution of the Total Capital Cost for-acte Infiltration Pond
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For outfall stormwater control practices, such asdetention and infiltration ponds, site
preparation activities (general excavation) contritbbéemost towards the total capital costs.
This is followed by the cost for site development atiéigi(pond inlet and outlet structures and
sodding).

Grass Filter Strips

Sodding (25%), grubbing (23%), contingencies (20%), clearing (1a18d)seeding and
mulching (11%) contribute towards the total capital costsgrass filter strip in this same
relative order for all filter strip sizes. Figures 66, &ii¢ 68 show the cost distribution among the
components for a 25 feet, 50 feet and 100 feet wide gltasstrip.

25-foot wide Grass Filter Strip

Mobilization
Demobilization, 2%

Contingencies, 20% Clearing, 16%

Grubbing, 23%

Grading, 4%

Seed and Mulch, 10%

Figure 63. Distribution of the Total Capital Cost for af@ét Wide Grass Filter Strip
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50-foot wide Grass Filter Strip

Mobilization
Demobilization, 1%

Contingencies, 20% Clearing, 17%

Grubbing, 23%

Sod, 24%
Grading, 4%

Seed and Mulch, 11%

Figure 64. Distribution of the Total Capital Cost for af&ét Wide Grass Filter Strip

100-foot wide Grass Filter Strip

Mobilization
Demobilization, 0.48%

Contingencies, 20% Clearing, 17%

Grubbing, 23%

Sod, 25%

Grading, 4%
Seed and Mulch, 11%

Figure 65. Distribution of the Total Capital Cost for a-€& Wide Grass Filter Strip
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Grass Swales

In case of grass swales, sodding, clearing, and genegalation contribute the most
towards the total capital costs. However, the ordéhede components depends on the depth and
width of the grass swale. With the increase in swafgth from 1.5-foot deep to 3-foot deep, and
width from 10 feet to 21 feet, the relative cost of genexeavation increases from 12% to 25%
of the total capital costs. The percentage contribudfeach component of the grass swale
towards the capital cost is shown in Figures 62 and 68vimdifferent swale dimensions. The
relative cost of grubbing and contingencies remain the sathehg increase in size. However,
the relative cost of clearing, sodding, seeding and mulaleéogeases with the increase in grass
swale area.

1.5 foot deep, 10 feet wide, 1,000 feet long grass swale

Mobilization
Demobilization, 2%

Contingencies, 20% Clearing, 16%

Grubbing, 11%

Sod, 25%

General Excavation,
12%

Level and Till, 4%

Seed and Mulch, 10%

Figure 66. Distribution of Total Capital Cost for a 1.5-f@atep, 10-feet Wide Grass Swale
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3.0 feet deep, 21 feet wide, 1,000 feet long grass swale

Mobilization
Demobilization, 1%

Clearing, 12%
Contingencies, 20% 9: °

Grubbing, 11%

General Excavation,
25%

Seed and Mulch, 8%
Level and Till, 4%

Figure 67. Distribution of Total Capital Cost for a 3-fusep, 21-feet Wide Grass Swale

For conservation design controls such as grass dtitgps and grass swales, the costs for
sodding, clearing and grubbing influence the total capital bestbst. In the case of grass
swales which also involve excavation, the general eatt@avcosts become an important factor
that significantly influences the total capital cost.

Permeable Pavement

Crushed stone and the geotextile fabric contribute the towards the total capital cost
of permeable pavement installations. Crushes stonelmatets nearly 50% of the total capital
costs, while the geotextile fabric contributes 17% oftthal capital costs for a 1-acre permeable
pavement. Current designs for permeable pavement usuallyt dsengeotextile fabrics due to
their history of clogging. Figure 71 shows the distributimeomponents capital costs for a 1-
acre permeable pavement installation.
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1-acre permeable pavement

General Excavation, 9%

Contingencies, 20%

Geotextile Fabric, 17%

Permeable Pavement,
6%

Crushed Stone Fill, 48%

Figure 68. Distribution of Total Capital Cost for a 1-aeermeable Pavement Installation

Infiltration Trench

Sodding, crushed stone fill, and shallow observatiotsveeé the factors, apart from the
contingency costs. that affect the total capitalctst most for an infiltration trench. For a 3-
feet deep and 4-feet wide trench, sodding costs are r&&dyof the total capital costs and the
costs of crushed stone fill is about 17% of the totpltahcosts. For an infiltration trench 6-feet
deep and 10-feet wide, the relative costs of sodding redu@8d tif the total capital cost, while
the relative costs of crushed stone fill increased to 8i7fte total capital costs. However, the
costs of the geotextile fabric remained the same in indittration trench sizes. Figures 64 and
65 shows the component costs for an infiltration trehehis 3-feet deep and 4-feet wide trench
and for a trench that is 6-feet deep and 10-feet widerdlagve cost of the trench excavation
increased by about 5% when the trench size was increak#el the relative costs of the shallow
observation wells decreased from 13% to 9%.
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3-feet deep, 4-feet wide, 100 feet long Infiltration Trench

Grubbing, 1%

) Trench Excavation, 5%
Clearing, 9%
Mobilization Seed and Mulch, 2%

Demobilization, 5%

Sod, 21%

Contingencies, 20%

Crushed Stone Fill, 17%

Shallow Observation
Well, 13%

Geotextile Fabric, 7%

Figure 69. Distribution of Total Capital Cost for a 3-f®&tep, 4-feet Wide, 100-feet Long
Infiltration Trench

6 feet deep, 10 feet wide, 100 feet long Infiltration Trench

Mobilization
Demobilization, 2%

Clearing, 4%
Grubbing, 1%

Contingencies, 20%

Trench Excavation, 10%

Seed and Mulch, 1%

Shallow Observation Sod, 9%

Well, 9%

Geotextile Fabric, 7%

Crushed Stone Fill, 37%

Figure 70. Distribution of Total Capital Cost for a 6-f®&tep, 10-feet Wide, 100-feet Long
Infiltration Trench
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In case of stormwater control practices crushed dtihrne stone influences the capital
costs the most. In case of infiltration trenches thifollowed by the costs for sodding and the
costs for shallow observation wells.

Conventional Stormwater Conveyance

The spreadsheet model shows that for a given pipe digntiat capital cost of a
conveyance system is influenced most by the cost ofipgpallation. This is followed by the
cost of trench excavation, bedding and the backfile @tst for pipe installation is nearly three
to four times greater than the cost for trench excanati
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Appendix — A
ENR Cost Indices

Al. Cost Adjustments for Different Locations and Bate

This report presented the costs involved in the constryatjperation and maintenance
of several stormwater controls. These costs areseptative of costs incurred in a specific year
or in a specific period of time, and location. To deteethe cost of construction of these
stormwater controls in 2005, or in any other particular y& location, the corresponding cost
index values are used from the attached cost index chart.

These Cost Index values are prepared by McGraw Hilpaldéisher of theeEngineering
News RecordENR) and are available fromww.ENR.com ENR has price reporters covering
20 U.S. cities who check prices locally. The pricesgaited from the same suppliers each
month. ENR computes its latest indexes from these fsgand local union wage rates. The 20
cities are: Atlanta GA, Baltimore MD, Birmingham ABpston MA, Chicago IL, Cincinnati
OH, Cleveland OH, Dallas TX, Denver CO, Detroit Mamsas City MO, Los Angeles CA,
Minneapolis MN, New Orleans LA, New York NY, PhiladelpRa, Pittsburgh PA, San
Francisco CA, Seattle WA, St. Louis MO. The Constarcttost Index values for these 20 cities
in the US from 1978 to 2005 are shown in Table Al. Alsowshare the 20-city averaged
construction cost index, materials price index, comrabor index and building cost.

For determining the cost index for cities not listeth& chart, the index value can be
obtained by averaging the costs of the nearest diigsres Al- A20 show the variation in the
construction cost index from 1978 to 2006 for the 20 citgtedi above. Figure A21 is a US map
showing the 20 cities with Thiessen Polygons drawn arouttd@y. These polygons define the
closest areas of influence around each of the 20 citiess; Were constructed by joining
perpendicular bisectors between each pair of cities.
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Table A1 — Continued.

Construction
Cost Index, Materials Cost Common Labor Building Cost
20 City Index, 20 City Index, 20 City Index, 20 City

Year Average Average Average Average
1978 2776 NA NA 1654
1979 3003 NA NA 1919
1980 3237 NA NA 1941
1981 3535 NA NA 2097
1982 3825 NA NA 2234
1983 4066 1650.75 NA 2384
1984 4146 1620.83 NA 2417
1985 4195 1617.08 NA 2428
1986 4295 1634.17 NA 2483
1987 4406 1659.00 NA 2541
1988 4519 1694.00 NA 2598
1989 4615 1693.33 NA 2634
1990 4732 1720.17 9645.75 2702
1991 4835 1708.83 9935.17 2751
1992 4985 1760.92 10243.42 2834
1993 5210 1953.17 10524.75 2996
1994 5408 2068.17 10855.92 3111
1995 5471 1992.83 11146.25 3111
1996 5620 2045.83 11443.83 3203
1997 5826 2225.92 11697.33 3364
1998 5920 2179.25 12024.42 3391
1999 6059 2184.08 12382.58 3456
2000 6221 2195.08 12789.67 3539
2001 6343 2112.83 13242.25 3574
2002 6538 2043.67 13870.67 3623
2003 6694 1980.75 14385.67 3693
2004 7115 2295.83 14977.58 3984
2005 7444
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Figure Al. Variation in CCI from 1978 to 2005 for Atlanta, GA

time vs. CCI (Baltimore, MD)
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Figure A2. Variation in CCI from 1978 to 2005 for Baltimore, MD
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Figure A3. Variation in CCI from 1978 to 2005 for Birmingham, AL
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Figure A5. Variation in CCI from 1978 to 2005 for Chicago, IL

time vs. CCI (Cincinnati, OH)
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Figure A6. Variation in CCI from 1978 to 2005 for Cincinnati, OH
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Figure A7. Variation in CCI from 1978 to 2005 for Cleveland, OH

time vs. CCI (Dallas, TX)
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Figure A8. Variation in CCI from 1978 to 2005 for Dallas, TX
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time vs. CCI (Denver, CO)
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Figure A9. Variation in CCI from 1978 to 2005 for Denver, CO
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Figure A10. Variation in CCIl from 1978 to 2005 for Detroit, Ml

174



CcCl

CCl

time vs. CCI (Kansas City, MO)

9000

8000 -

7000 A

6000 -

5000 -

4000 A

3000 A

2000 A

1000 +

0 T T T T T T T T T T T T T T T T T T T T

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 %992) 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
time (yr.

Figure All. Variation in CCI from 1978 to 2005 for Kansas Citg M

time vs. CCl (Los Angeles, CA)
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Figure A12. Variation in CCIl from 1978 to 2005 for Los Angele&, C
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time vs. CCI (Minneapolis, MN)
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Figure A13. Variation in CCIl from 1978 to 2005 for Minneapolis, MN
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Figure Al4. Variation in CCI from 1978 to 2005 for New Orlears, L
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time vs. CCI (New York, NY)
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Figure A15. Variation in CCIl from 1978 to 2005 for New York, NY

time vs. CCI (Philadelphia, PA)
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Figure A16. Variation in CCI from 1978 to 2005 for Philadelphia, PA
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Figure Al7. Variation in CCI from 1978 to 2005 for Pittsburgh, PA

time vs. CCI (San Francisco, CA)
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Figure A18. Variation in CCIl from 1978 to 2005 for San Frangi§®
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Figure A19. Variation in CCI from 1978 to 2005 for Seattle, WA
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Figure A20. Variation in CCI from 1978 to 2005 for St.Louis, MO
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