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This document provides guidance on the use of a suite of best management practice 

(BMP) and low impact development (LID) whole life cost models. This suite of cost spreadsheet 
models includes the following practices:   

1. Extended Detention Basin 
2. Retention Pond 
3. Swale 
4. Permeable Pavement  
5. Green Roof 
6. Large Commercial Cistern 
7. Residential Rain Garden 
8. Curb-Contained Bioretention 
9. In-Curb Planter Vault 

 
The first four models listed above were developed as part of a WERF project on 

Performance and Whole Life Costs of Best Management Practices and Sustainable Urban 
Drainage Systems (01-CTS-21Ta). The final report was published in 2005. Models five through 
nine in the above list were developed in 2009 as part of a project (SW2R08) to expand the 
original suite of cost models to include additional LID techniques. Both projects were funded in 
part or whole by the U.S. Environmental Protection Agency. 
 
Considerations on the Appropriate Use and Limitations of the Whole Life Cost Tools  

These tools were developed to facilitate a whole life costing approach for stormwater 
BMPs and LID practices, including estimation of capital costs as well as operation and 
maintenance costs. The accuracy of the cost data is limited to those sources identified in the 
reference section of the spreadsheet (for bioretention, curb-contained bioretention, rain gardens, 
green roofs, and cisterns) or the references and data found in the report Performance and Whole 
Life Costs of Best Management Practices and Sustainable Urban Drainage Systems, 01-CTS-
21Ta (for other BMP types). In order to determine if the cost estimates generated by the tool are 
appropriate for an application, the user should refer to the references and review the original 
source information. The amount of data available, the specificity of the elements included in a 
cited cost, the geographic region of the country where a cited project is located, and the scale of 
the cited projects may make the estimates in the cost tool inappropriate for some user's specific 
needs. Users are encouraged to download and modify the tool to meet their own project needs.  
 
           In generating estimates of the costs of low-impact development, the results of the cost tool 
should be viewed in light of the cost of conventional development, and not be interpreted as a 
separate, additional cost in a development. For example, the cost of curb-contained bioretention 
includes high costs of curb construction. However, if the developer is required to construct 
landscape islands, the costs of bioretention in lieu of conventional landscape islands may be 
significantly less if piping and ponds can be eliminated. Further, these tools do not attempt to 
quantify the different benefits provided by various BMP or LID techniques which decision-
makers should consider in evaluating various stormwater control alternatives. 
  

PREFACE 
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1.0 Introduction 
The whole life cost (WLC) models are a set of spreadsheet tools that have been 

developed to facilitate automation of a whole life costing approach. The models allow users to 
systematically identify and combine capital costs and ongoing maintenance expenditures in order 
to estimate whole life costs. These spreadsheets were developed under two efforts. Under the 
first effort, extended detention basin, retention pond, swale and permeable pavement 
spreadsheets were developed in a joint project between the Water Environment Research 
Foundation (WERF) and United Kingdom Water Industry Research (UKWIR). The second effort 
included collaboration between the WERF and the U.S. Environmental Protection Agency to 
expand the original suite of tools to include bioretention, green roofs, and cisterns. 

The extended detention basin, retention pond, swale and permeable pavement 
spreadsheets were first included in a WERF report authored by Lampe et al. (2005) titled 
Performance and Whole-Life Costs of Best Management Practices and Sustainable Urban 
Drainage Systems. The extended detention basin, retention pond, swale and permeable pavement 
models associated with this user’s guide present the original U.S. models released with the 2005 
report, which were based upon a more detailed UK model. The U.S. version is more general than 
its British counterpart given the much larger and more diverse set of BMP designs and costs 
reflected in the U.S. Users are encouraged to enter in their own site-specific information to best 
estimate costs. Some advanced users may want to consult the British WLC models in order to 
use features not included in the U.S. versions, however, the British models do not include the 
recently developed bioretention, cistern, and green roof modules. The U.S. versions of these 
models are available to the public free of charge through WERF while the UK models are 
available for purchase through WERF. 

The WLC models presented here are based upon literature-derived costs and cost 
estimating techniques from stormwater agencies in the U.S. The original suite of models also 
includes information obtained from extensive interviews with stormwater agencies around the 
United States. Each offers the user the two following operational modes: 

(a) Generic (Default) Application The user can generate costs with minimal inputs to make 
planning-level cost estimates. The user need only enter basic information, such as system size, 
drainage area, and system type. When available, costs are calculated using parametric cost 
equations derived from literature review; where these data were not available, costs are 
calculated using default system design assumptions and unit costs that reflect average values of 
costs from manufacturers, RS Means 100, or as reported by stormwater agencies from around the 
country. Tab 7 (Design and Cost Information) in the bioretention, green roof, and cistern 
spreadsheet models contains details of how costs were calculated. The report by Lampe et al. 
(2005) provides details on how costs were calculated for the extended detention basin, retention 
pond, swale and permeable pavement models. The option is a “first cut” for cost analysis and 
should be used cautiously and as a starting point. Basic cost dynamics are made apparent by this 
application, such as the relative importance of capital cost versus maintenance costs for different 
BMPs.  

(b) Site-Specific Application, or User-entered Engineer’s Estimate The user can custom enter 
values for virtually every component tracked by the model: system design and sizing, capital 
costs, and maintenance costs. This option best reflects costs for a given geographical area and 
site conditions. The user can employ a combination of default and user entered values as desired. 
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The model user will likely want to start with a basic, default scenario and then build in user-
entered, site-specific information as available. Again, given the significant differences in system 
design requirements and regional cost variables (e.g., labor costs, frequency of maintenance due 
to variation in climate, etc.), it is difficult to generalize for the entire U.S. using default values. 
When parametric equations are used to drive capital cost estimates, the regions of the original 
cost data are listed in each tool’s respective “design and cost information” sheets. Note that 
regional cost data were not normalized to national cost data. When cost data were available for 
multiple locations, they were averaged. 

Site-specific costs and characteristics should be entered into the model wherever possible. As an 
example, all references to RS Means costs assume the RS Means 100 cost. RS Means 100 is a 
representation of cost based on the historical national average of construction costs that can be 
adjusted to a specific location and time by multiplying the RS Means 100 cost by location and 
time factors. A first step in improving the accuracy of a user-created cost estimate would be for 
the user to multiply these unit costs by the appropriate location factor, adjust to the current year 
using a similar factor, then enter the product in the “user entered” column. As a minimum, the 
assumptions and costs components should be reviewed for appropriateness prior to model 
application in a generic mode. The cells that are required data in order to achieve a model result 
are highlighted as described in Section 3. 

The green roof, commercial cistern, residential rain garden, curb-contained bioretention and in-
curb planter vault models contain an information page and references to describe the basic design 
guidelines the model assumes. Many of the references provide design criteria and LID 
approaches used to define cost assumptions. In these spreadsheets, cells with a small red flag in 
the upper right hand corner have scroll-over notes with short explanations of how the item is 
calculated. 

2.0 Model Structure 
Spreadsheet models are available for each of the following BMP types: 

♦ Retention Pond 

♦ Extended Detention Basin 

♦ Swale 

♦ Permeable Pavement  

♦ Green Roof 

♦ Large Commercial Cistern 

♦ Residential Rain Garden 

♦ Curb-Contained Bioretention 

♦ In-Curb Planter Vault 

Each model consists of a series of spreadsheets covering the components of cost that need 
to be addressed in a whole life cost assessment. Table 1 provides a description of each of the 
sheets and data entry requirements and outputs.  
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Table 1. Data Entry Requirements of Each Spreadsheet Section. 
 

Sheet 
No. Sheet Title Spreadsheet Description 

User 
Manual 

Reference 
Section 

1 Design & 
Maintenance 
Options 

Requires inputs needed for the parametric cost estimations 
and WLC calculations. For example the Retention Pond 
Model required input on the following: 

♦ Watershed Characteristics 

♦ Facility Storage Volume 

♦ Design & Maintenance Options 

♦ Whole Life Cost Options (discount rate) 
A few of these inputs are essential user-entry. Model 
default values are available for all cells, but should be over-
ridden with site-specific data wherever possible. 

4 

2 Capital Costs Calculates the facility base costs and associated capital 
costs (e.g., engineering, land, etc.). Two methods are 
presented:  

♦ Parametric estimate(s) 

♦ User-entered engineering estimate.  

For cost items in both methods, the user can enter specific 
unit costs and quantities. 

5 

3 Maintenance 
Costs 

Calculates the ongoing costs associated with the operation 
of the system. The following costs are included: 

♦ Routine, scheduled maintenance. 

♦ Corrective maintenance (e.g., periodic repair). 

♦ Infrequent maintenance (e.g., sediment removal). 
Users can adjust existing and create new categories. 

6 

4 Cost Summary Summarizes the costs entered into the model. The user can 
choose to include and exclude costs from the WLC 
calculation for sensitivity analyses or scenario testing. 

7 

5 Whole Life 
Costs 

Presents a time series of the costs for the system and 
computes the present value of these costs.  

8 

6 Present Value 
Graph 

The Present Value of Cost over time is graphed, along with 
Cumulative Discounted Cost and Discounted Cost Over 
Time. 

9 

 



User’s Guide to the BMP and LID Whole Life Cost Models                      7 
 

3.0 Model Philosophy 
The models provide a framework for the calculation of capital and long-term 

maintenance costs associated with individual BMPs. Multi-system and regional solutions will 
generally be built up from a number of different components, from source control to site and 
regional control facilities. Several models may then be required, and costs built up by adding 
together model outputs. Care should be taken to include all – but not duplicate any – relevant 
costs between models. 

Many of the model inputs should be entered by the user – most notably facility drainage 
area, water quality volume (where applicable), and system type, for example. Model default 
values are available for all inputs, but are generic and should be over-ridden with site-specific 
data wherever possible. Assumptions have been made in developing these simple, generic 
models and these assumptions are set out in this document and detailed in Tab 7 (Design and 
Cost Information) for the bioretention, green roof, and cistern tools. They should be reviewed for 
appropriateness. The model is sufficiently flexible that assumptions can be changed wherever 
improved knowledge is available. 

Figure 1 indicates the status allocated to each of the model cells. 

 

50.00  Essential User Entry (model default value given but user should 
enter own data)   

50.00  User Entry (data in these cells will over-ride model default values) 
  

50.00  Selected Option (data in these cells highlight the value to be taken 
forward in the calculations i.e. user or model default value)   

 
Figure 1. Legend for the Status Designation of Cells. 

 

4.0 Design and Maintenance Options (Sheet 1) 
This sheet establishes the design and maintenance criteria that influence both capital and 

maintenance costs. The sheets are self-explanatory for most part; therefore this section presents 
selected examples for general discussion. 

4.1 Watershed Characteristics 
Figure 2 presents the watershed characteristic data required for the retention pond model. 

 

 
 

Figure 2. Data Entry Cells for the Retention Pond Model for Watershed Characteristics. 
 

WATERSHED CHARACTERISTICS Unit Model 
Default User Chosen 

option
Drainage Area (DA) ac 50.00 50.00 50.00
Drainage Area Impervious Cover (IC)* pct 40% 40%
Watershed Land Use Type ("R"-Residential; "C"-Commercial;
   "Ro"-Roads; "I"-Industrial) R R
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The terms used in the model are those generally adopted in stormwater management 
practices. For example, the terms used in the Retention Pond model and their definitions are 
provided as follows: 

Drainage Area influences the water quality volume and (where applicable) flood control and 
other storage volumes required or provided. This is an essential user entry cell. 

Drainage Area Impervious Cover is included as it frequently is used to calculate water quality 
volume. The model only uses this figure to calculate a default value for the water quality volume 
(see below). 

Watershed Land Use Type is used by the model to set a default maintenance level. Commercial 
and residential land uses are assumed to have a “medium” level of maintenance. Roadway and 
industrial land uses are given default maintenance levels of “low.” 

4.2 Design and Maintenance Options 
Each model has specific Design and Maintenance approaches, which are discussed 

separately below.  

Swale The swale model simply requires the user to “Choose a Level of Maintenance”, which 
includes the option for “high”, “medium” and “low” maintenance effort.  

Retention Pond and Extended Detention Figure 3 displays the data related to facility storage 
volume that is included in the retention and extended detention models. 

 
Figure 3. Data Entry Cells for the Retention Pond Model for Watershed Characteristics. 

 
Definitions of terms used in the Facility Storage Volume cells are as follows: 

Water Quality Volume is the main measure of system size for pond and basin systems. The user 
should enter in a value here if possible. The default value is calculated as 1/2-inch of capture 
depth over the watershed area, though this is simply a placeholder given the considerable 
variation in requirements across U.S. jurisdictions. This volume is used to later calculate 
sediment volumes anticipated for removal by periodic maintenance. The user would also use this 
value in calculations for an engineering estimate of capital costs. 

Permanent Pool Volume as Ratio of Water Quality Volume is a ratio to facilitate configuring 
systems where the permanent pool is required to be larger than the water quality volume. The 
default value is 1.0 (no difference in water quality volume and permanent pool volume). 

Permanent Pool Volume is the product of the water quality volume and the permanent pool 
volume ratio. 

Flood Detention/Attenuation Volume serves to facilitate user entry of a flood control volume, 
where applicable. The default setting is to provide no additional storage.  

FACILITY STORAGE VOLUME Unit Model 
Default User Chosen 

Option
Water Quality Volume (WQV)* ft3 90,750 90,750
Permanent Pool Volume as Ratio of Water Quality Volume** ratio 1.00 1.00
Permanent Pool Volume ft3 90,750 90,750 90,750
Flood Detention/Attenuation Volume ft3 0
Channel Protection/Erosion Control Volume*** ft3 0
Other Volume (e.g., Recharge Volume) ft3 0
TOTAL FACILITY STORAGE VOLUME ft3 90,750 90,750
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Channel Protection/Erosion Control Volume serves to facilitate user entry of an erosion control 
volume, where applicable (e.g., in Maryland). The default setting is to provide no additional 
storage. 
Other Volume (e.g., Recharge Volume) enables additional storage to be entered. The default 
setting is to provide no additional storage. 

Total Facility Storage Volume adds the above storage volumes together. The model does not use 
this information for default settings. However, the user can use this volume to help calculate key 
design parameters (e.g., excavation), which are used in the Engineers Estimate for capital cost. 

Figure 4 provides the data entry cells for additional design and maintenance options for 
the retention pond and extended detention basin model (except for forebay options).  
 

 
Figure 4. Data Entry Cells for the Retention Pond and Extended Detention Models for Design and Maintenance Options. 
 
Descriptions of these cells are as follows: 

Choose Level of Maintenance asks for an entry of high ("H"), medium ("M"), or low/minimum 
("L"). The default level of maintenance is assumed to be “medium” for commercial and 
residential land uses and “low” for roadway and industrial land uses.  

Forebay Size queries the percentage of the total pool area occupied by the forebay. This allows a 
later calculation of a sediment volume to be captured and removed from the forebay. Where 
systems have no forebay or no separate maintenance of the forebay is anticipated (both the 
forebay and main pool will be maintained as one), the user can enter “0%.” 

Forebay Volume is used to calculate sediment accumulated in the forebay. It might also be used 
by the user in the Engineering Estimate for capital costs. 

Main Pool Volume is similar to the Forebay Volume for the purpose of sediment calculation, 
except it is for the main pool. 

Pct. Full When Sediment Removed from Forebay/Main Pool reflects that various jurisdictions 
have different requirements for when this occurs. The user should study the expected frequency 
of sediment removal and the contributing watershed characteristics (e.g., soil erosivity, active 
construction continuing over time, on-line vs. off-line system, etc.) when choosing both the 
percentage full of basin and the frequency of sediment removal. The default value is 25%. 

Quantity of Sediment Removed from Forebay (retention ponds only) is the product of the size 
of the forebay and the percentage full at the time of sediment removal. The user can skip to this 
cell and avoid entries in the other two if desired. 

DESIGN & MAINTENANCE OPTIONS Unit Model 
Default User Chosen 

Option
Choose Level of Maintenance ("H"=high; "M"=medium; "L"=low) - M M
Forebay Size (Pct. of Total Pool) [Enter 0% if no forebay or if not 
maintained separately from main pool]* pct 0% 0%

Forebay Volume yd3 0 0
Main Pool Volume yd3 3,361 3,361
Pct. Full when sediment removed from Forebay/Main Pool** pct 25% 25%
Quantity of Sediment Removed from Forebay yd3 0 0
Quantity of Sediment Removed from Main Pool yd3 840 840
* Model default is no separate maintenance of the forebay.
** Can adjust to be higher if expect heavy soils/sediment deposition to basin.
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Quantity of Sediment Removed from (Main) Pool is similar to the preceding forebay option. 

Permeable Pavement Figure 5 provides the data entry cells for the permeable pavement model.  

 
Figure 5. Data Entry Cells for the Permeable Pavement Model for Design and Maintenance Options. 

 

Four pavement types are supported by the model as shown in Figure 5 (with a fifth, user 
specified option possible). The choice of pavement type and cost level (“Choose Capital Cost 
Level”) of “high” or “low” determines default capital cost functions (see Capital Cost section 
below). The user should choose a pavement type rather than rely on the default value. 

Residential Raingarden Figure 6 provides the data entry cells for the residential raingarden 
model.  

 
Figure 6. Data Entry Cells for the Residential Raingarden Model for Design and Maintenance Options. 

 

Residents may choose to install and perform maintenance themselves, at no monetary 
cost. If “S” (self or volunteer) is selected for installation, all labor costs associated with 
installation and labor are assumed to be zero. In this spreadsheet, if ‘Low” level of maintenance 
is chosen, all maintenance costs are zero. This is to allow for a scenario where the property 
owner wishes to perform their own maintenance or allow the rain garden to go natural.  

In-Curb Planter Vault Figure 7 provides the data entry cells for the in-curb planter vault.  

 
Figure 7. Data Entry Cells for the In-Curb Planter Vault Model for Design and Maintenance Options. 

 

Construction type options for in-curb planter vaults include a pre-fabricated vault or a 
vault that is cast in place. These construction methods have different capital costs and reference 
different cost curves. Tab 7 (Design and Cost Info.) of the model provides more information.  

DESIGN & MAINTENANCE OPTIONS Unit Model 
Default User Chosen 

Option
Choose among the following (affects default cost calcs): - 1 1

1. Asphalt
2. Porous Concrete User Selected Pavement Type =
3. Grass / Gravel Pavers Asphalt
4. Interlocking Concrete Paving Blocks
5. Other

Choose Capital Cost Level ("H"=high; "L"=low) - H H
Choose Level of Maintenance ("H"=high; "M"=medium; "L"=low) - M M
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Cistern Figure 8 provides the data entry cells for the cistern model.  

 
Figure 8. Data Entry Cells for the Cistern Model for Design and Maintenance Options. 

 

Primary cost factors for cisterns are the selection of tank materials and the plans for water 
use, to be decided by the user. The cistern storage volume is calculated based on roof size and a 
(default) two-inch storm event. Tank material is required for cost calculations. The “Tank Type 
Cost Chart” provides a typical tank material based on the storage size needed. Sources for the 
costs in this table are noted in Tab 7 of the spreadsheet model. Desired use (outdoor or indoor) 
for the water stored in the cistern must be specified. Costs for fixtures or plumbing beyond the 
pump are not included in the model, however, the model estimates pump cost, and the size of the 
pump depends on the use. In most cases, non-potable indoor use requires a larger pump.  
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Green Roof Figure 9 provides the data entry cells for the green roof model.  

 
Figure 9. Data Entry Cells for the Green Roof Model for Design and Maintenance Options. 

 

The available literature suggests that costs of green roofs are driven mostly by 
landscaping options and roof accessibility. To account for this in the model, the desired “Primary 
Roof Function” must be specified as either “O” for operational, or “P” for promotional or 
aesthetic. If “O” is selected, a basic green roof is assumed which includes a basic Sedum variety 
vegetation mat plus 4” soil media and no supplementary irrigation or walking spaces. If “P” is 
selected, a $10 per square foot botanical upgrade, 8” inch growth media and irrigation to support 
the upgraded plants, and 10% roof area coverage of walkways to view the upgraded plants is 
assumed. An 8” soil depth allows more vegetal variety, but still limits plant selection. This 
configuration represents a moderately ornate green roof. If an estimate for a more elaborate 
design is desired, the depth of the growth media should be increased and higher costs should be 
entered in the Capital Cost worksheet as appropriate. 

Within the green roof model, the Design and Maintenance sheet also includes capital cost 
considerations. For example, a 10% increase in cost is assumed for buildings over four stories, 
assuming that a crane would be needed to transport materials to the roof. A scaling factor is 
included in the model to adjust for this. If another method of lifting materials to the roof is 
available, such as a cargo elevator with roof access, this default factor can be eliminated in the 
“Capital Cost” worksheet.  
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5.0 Whole Life Cost and Discount Rate Options 
Figure 10 presents the layout of the discount rate selection cells. 

 
Figure 10. Data Entry Cells for the Discount Rate Selection. 

 

In order to calculate the present value of long-term operational costs, the model requires 
an appropriate discount rate. The model default is set at a rate of 5.5%. In this model, discount 
rates are established for the life of the project, and do not fluctuate over time due to external 
variables. This value may be adjusted by the user as appropriate for each application. Users 
should note that inflation is not accounted for in this model.  

6.0 Capital Costs (Sheet 2) 
This sheet displays base facility costs and associated capital costs (e.g., engineering, land, 

etc.). The BMP types have different formats for capital cost estimation based on the variety of 
factors associated with each type. Two methods are included in the models: Method A, a simple, 
automated (default costs provided) method using correlating drainage area size; and Method B, a 
user-entered engineering estimate with no default costs provided (user entry only). 

6.1 Method A: Simple Cost Based on Drainage Area 
Method A is simple and can be used for planning level estimates for large numbers of 

facilities (using an averaged facility size). It should be compared to site-specific information, if 
possible, to ensure that the basic assumptions (especially base facility costs) are reasonable. 

Retention Pond, Swale, and Extended Detention Capital costs for BMPs in the U.S. range 
dramatically from region to region because of significant differences in labor rates, system 
requirements, weather related factors, and other considerations. Therefore, in order to provide at 
least a minimum level of capital cost information for a model default setting, a simple method is 
provided to correlate drainage area (which also roughly measures facility size) and capital cost. 
Data of this type were available for some U.S. agencies interviewed during the 2005 phase of 
this project, and the results were checked against more site-specific examples. The method also 
allows the user to modify many of the inputs. Figure 11 presents the data entry cells for 
calculating a parametric cost based on drainage area for these BMPs.  

The user chooses a “Base Facility Cost per acre of DA [Drainage Area].” Typical costs 
range (widely) from $1,000 to $15,000 per acre as indicated in the notes below the table. 
Associated costs are then added in for engineering, planning, land cost, and user entered values. 
A simple set of cost curves was also added to account for higher per-unit costs for facilities on 
the smaller end of the facility size spectrum for retention ponds, extended detention basins, and 
swales. Larger facilities generally provide economies of scale for capital cost. 

 
 

WHOLE LIFE COST OPTIONS Unit Model 
Default User Chosen 

Option
Discount Rate % 5.50 5.5
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Figure 11. Data Entry Cells for the Retention Pond, Swale, and Extended Detention Models 

for Simple Cost Based on Drainage Area. 
 

Permeable Pavement Costs for permeable pavement are largely dependent upon the type of 
pavement selected. The user selects the pavement type and a “high” or “low” cost (entered in 
Worksheet 1, Design & Maintenance Options). These unit cost estimates are shown in Table 2. 
They should be substituted with local data for the pavement type selected. 

Table 2. Default Unit Cost for Permeable Pavement Types. 

Paver System Cost Per Sq. Foot (Installed) 
  Low High 
Asphalt $0.50 $1.00 
Porous Concrete $2.00 $6.50 
Grass / Gravel Pavers $1.50 $5.75 
Interlocking Concrete Paving Blocks* $5.00 $10.00 
Other $5.00 $10.00 
* Upper end cost dependent on depth of base and site accessibility. 
Source: Low Impact Development Center, 2004b. “Permeable Paver Costs.” http://www.lid- 
stormwater.net/permeable_pavers/permpaver_costs.htm. Web document. Accessed June 28, 2004. 

Green Roof The green roof model generates two separate simple cost models based on user-
entered roof characteristics: a pre-assembled modular green roof installation and a custom multi-
layered installation based on component cost. Please see Tab 7 of the model for more 
information.  

The other models (swale, in-curb planter vault, residential rain garden, curb contained 
bioretention, cistern) have similar data entry tables to facilitate simple cost estimation. 

6.2 Method B: User-Entered Engineer's Estimate 
The best method of capital cost estimation for individual facilities comes from site-

specific engineer’s estimates. The model for each BMP type provides a table with potential cost 
items. None of the quantities or unit costs are given as model defaults, so the exercise will be 
entirely user-entered. Many of the cost items may not be applicable to a given project and can be 
ignored and additional costs may also need to be added as appropriate. 

Method B is not as readily used for regional or multi-facility cost estimation (unlike 
Method A) due to the site-specific nature of individual BMPs. For example, site selection has a 
major impact on construction cost. A retention pond site in a natural low point with favorable 

Method A: Simple Cost based on Drainage Area
Cost based on Drainage Area Cost per Acre of DA Treated

Model Default User
Drainage Area (DA) (acres) 50.00 50.00
Base Facility Cost per acre DA*  $                 3,000  $                 3,000 
Default Cost Adjustment for Smaller Projects** 1.42 1.42
Resulting Base Cost per acre DA  $                 4,260  $                 4,260 
Base Facility Cost (rounded up to nearest $100)  $             213,000  $             213,000 
Engineering & Planning (default = 25% of Base Cost)  $               53,250  $               53,250 
Land Cost  $                        0  $                        0 
Other Costs  $                        0  $                        0 
Total Associated Capital Costs (e.g., Engineering, Land, etc.)  $               53,250 
Total Facility Cost  $    266,250  $    266,250 
       

   
  

  
  

              
              

            

(Chosen
option)
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soils will generally cost much less than an equivalent pond, which requires excavation of the 
entire facility volume and an impermeable liner – even though the two might be located in close 
proximity.  

Figure 12 is the blank engineer’s estimate worksheet provided for retention ponds. 

 
Figure 12. Blank Engineer’s Estimate Worksheet Provided for Retention Ponds. 

 

7.0 Maintenance Costs (Sheet 3) 
7.1 Model Philosophy 

Maintenance costs are developed from interviews with stormwater management agencies, 
literature review, RS Means 100, and when no other information was available, best professional 
judgment. The references used for estimating maintenance costs for the bioretention, green roof, 
and cistern tools are cited in Tab 8 of the models. The extensive data collection exercise 

Method B: User-Entered Engineer's Estimate
Select from the following list, as applicable to the project or facility type; add items where necessary.

Total Facility Base Costs Unit Unit Cost Quantity Cost
Mobilization LS  $                         - 
Clearing & Grubbing AC  $                         - 
Excavation/Embankment CY  $                         - 
Dewatering LS  $                         - 
Haul/Dispose of Excavated Material CY  $                         - 
Sediment Pretreatment Struct. (e.g., inlet sump) LF  $                         - 
Trash Rack LF  $                         - 
Inflow Structure(s) LS  $                         - 
Energy Dissipation Apron LS  $                         - 
Outflow Structure LS  $                         - 
Overflow Structure (concrete or rock riprap) CY  $                         - 
Dam/Embankment CY  $                         - 
Impermeable Liner SY  $                         - 
Water’s Edge Vegetation SF  $                         - 
Wetlands Vegetation SF  $                         - 
Site Landscaping (e.g., trees) LS  $                         - 
Maintenance Access Ramp/Pad LS  $                         - 
Revegetation/Erosion Controls SY  $                         - 
Traffic Control LS  $                         - 
Amenity Items (e.g. recreational facilities, seating) LS  $                         - 
Signage, Public Education Materials, etc. LS  $                         - 
Other  $                         - 
Other  $                         - 
Other  $                         - 
Total Facility Base Cost  $                - 
Associated Capital Costs Unit Unit Cost Quantity  Cost 
Project Management  $                         - 
Engineering: Preliminary  $                         - 
Engineering: Final Design  $                         - 
Topographic Survey  $                         - 
Geotechnical  $                         - 
Landscape Design  $                         - 
Land Acquisition (site, easements, etc.)  $                         - 
Utility Relocation  $                         - 
Legal Services  $                         - 
Permitting & Construction Inspection  $                         - 
Sales Tax  $                         - 
Contingency (e.g., 30%)  $                         - 
Total Associated Capital Costs  $                - 
Total Facility Cost  $                - 
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undertaken for the 2005 project (Lampe, et al. 2005) has provided the following information and 
insights: 

♦ maintenance activities required differ according to each site to ensure performance; 

♦ variation in these activities is required to meet different aesthetic and amenity needs for a 
particular site; and  

♦ cost for maintenance activities varies at each site, based on labor, machinery, and 
materials requirements.  

 

Model default hours and rates were taken from data collected from agencies across the 
U.S. when available. From the original report it was not generally possible to see the influence of 
system size on cost. Indeed, the data showed that there are likely to be a range of other often 
more significant factors that may influence the level maintenance inputs required at a particular 
site, such as the proximity of nearest litter source. This assumption was not carried through the 
latest expansion of the WLC tools, and so the approach used for each tool is described below.  

 When data were not available, an engineering estimate was used. Both the rates and 
default frequencies reflect the differing requirements of high-medium-low maintenance 
categorization. The user can enter site-specific rates, hours, and frequencies for all activities.  

Swale and Permeable Pavement These models do not account for relationships between size 
and maintenance costs. Data for corrective maintenance for permeable pavement is extremely 
limited and thus very general assumptions were made to assume the need to replace the system 
after a period of decades (varies with high, medium, and low) at the same cost as the Base 
Facility Cost (and no Associated Costs). These assumptions need further study and site-specific 
data would be especially useful. 

Extended Detention Basin and Retention Pond In these models, sediment removal (which is a 
dominant maintenance cost category for these systems) scales with the size of the installation.  

Green Roof, Curb-Contained Bioretention, and Residential Rain Garden For these models, 
maintenance costs are scaled by adjusting the hours per maintenance event required relative to 
the surface area of the installation. Also in these models, “Materials and Incidental Costs/Events” 
are copied (and in some cases reduced by an assumed multiplier) from the “Capital Costs” page 
to estimate replacement costs of growing media, mulch, and other materials. 

In-curb Planter Vault Maintenance costs in this model are scaled based on the number of vaults 
installed.  

Cistern This model scales labor costs by increasing hours required for roof maintenance relative 
to the user-entered roof size. The cost of pump replacement is dependent on pump size, and 
references the water pump cost from the “Capital Costs” page. Pump replacement is assumed to 
occur every five years.  

The model user must use professional judgment in accepting or changing the model 
default settings. The original model spreadsheets (extended detention basin, retention pond, 
swale and permeable pavement) were set up for “average sized” facilities in an “average setting.” 
For example, in most jurisdictions, the average maintenance crew was able to mow grass and 
pick up trash (“Vegetation Management with Trash & Minor Debris Removal”) for about two 
sites per day (hence four hours assumed per site). This includes going to a maintenance yard, 
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determining which sites to visit, driving equipment to the site, and, actually performing the task. 
Some locations will have much larger facilities or longer drive times (or the opposite), all of 
which influence the actual time spent. Labor rates and equipment costs, as well as crew sizes, 
will be site-specific as well. Therefore, care should be taken in reading through and selecting the 
options desired for all of the maintenance categories. 

The maintenance model is organized as a two-part table as shown in Figures 13 and 14. 
The table shown in Figure 13 calculates cost per event assuming a high, medium, or low/ 
minimum level of maintenance and/or using costs entered by the user. User can enter values for 
individual items or as a lump sum at the end. Most users will only use this table and not the 
second maintenance table. Only this table is defined in the worksheet Print Area. If a printout of 
the second table is desired, the Print Area has to be reset. 

The first maintenance table combines the following six factors together in developing a final 
cost per visit for each maintenance category: 

1. Hours per Event 

2. Facility Size 

3. Average Labor Crew Size 

4. Average (Pro-Rated) Labor Rate/Hour 

5. Machinery Cost/Hour 

6. Materials & Incidentals Cost/Event 

Later in the model (Cost Summary worksheet), the frequency of the event (months 
between maintenance events) is used to calculate annualized costs, though frequency is presented 
and entered in the Maintenance Cost worksheet.  

Additional items can also be added in as user entry tasks (denoted as “add additional 
activities if necessary”). In addition, the model user has the option to enter a lump sum cost for 
each activity (per maintenance event).  

The second maintenance table, shown in Figure 14, presents High-Medium-Low 
categories. This section is not explicitly set up for user entry changes, but some users may want 
to modify this section. Changes made here will be reflected in the default values of the first 
maintenance table. Some items have little disaggregation, e.g., “Intermittent Facility 
Maintenance.” Generally, these types of categories are very difficult to predict (widely ranging 
activities and costs) and thus a straightforward lump sum annual cost is preferable. However, 
some jurisdictions may have sufficient data to fill in the specific categories of labor rates, 
frequencies, etc. Detailed values for sediment removal have been entered for hours per event, 
average labor crew size, labor rate, and machinery cost per hour, yet only the cost per cubic yard 
of disposal is used in the cost calculations. It was considered that some users might want to add 
in more detail for this category and thus the additional, unused detail was retained for 
informational purposes. 
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Figure 13. Example Maintenance Cost Worksheet (Cost per Event Calculation). 
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Figure 14. Example Maintenance Cost Worksheet (Lookup Table). 

Lookup Table Value
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

HIGH, MEDIUM, AND LOW (MINIMUM) MAINTENANCE COST TABLES
Frequency (months betw. 

maint. events) Hours per Event Average Labor Crew 
Size

Avg. (Pro-Rated) 
Labor Rate/Hr. ($)

Machinery Cost/Hour 
($)

Materials & Inciden-
tals Cost/Event ($)     

Low Med High Low Med High Low Med High Low Med High Low Med High Low Med High
1.0 ROUTINE MAINTENANCE ACTIVITIES (Frequent, scheduled)
1.1 Inspection, Reporting & Information 

Management 36 36 12 2 2 2 1.0 1.0 2.0 15.00 40.00 50.00 30 30 30 0 0 0

1.2 Vegetation Management with Trash & 
Minor Debris Removal 36 12 1 4 4 8 2.0 2.0 5.0 15.00 30.00 30.00 60 60 60 0 0 0

1.3 Vector Control 72 36 1 0 0 4 1.0 1.0 5.0 40.00 40.00 40.00 200 200 375 200 200 375
1.4 add additional activities if necessary
1.5 add additional activities if necessary
2.0 CORRECTIVE AND INFREQUENT MAINTENANCE ACTIVITIES (Unplanned and/or > 3 yrs. betw. events)
2.1 Intermittent Facility Maintenance 

(Excluding Sediment Removal) 12 12 12

2.2 add additional activities if necessary
2.3 add additional activities if necessary
2.4 CORRECTIVE AND INFREQUENT MAINTENANCE ACTIVITIES (Unplanned and/or > 3 yrs. betw. events) Cost per Cubic Yard Dispo
2.4 Sediment Dewatering & Removal: 

Forebay 240 96 24 4 4 4 2.5 2.5 2.5 30.00 30.00 30.00 150 150 150 20 50 65

2.5 Sediment Dewatering & Removal: Main 
Pool 480 240 120 16 16 16 2.5 2.5 4.5 30.00 30.00 30.00 150 150 150 20 50 65

2.6 add additional activities if necessary
2.7 add additional activities if necessary

Cost ItemLo
ok

up
 ID



20 

7.2 Maintenance Activities 
Maintenance costs are split into the following tasks: 
♦ routine maintenance; 
♦ intermittent (corrective) maintenance (e.g. repair of component damage or 

deterioration); 
♦ infrequent maintenance (e.g. sediment removal); and 
♦ construction stage sediment removal. 
See Section 7 of the report “Performance and Whole Life Costs of Best 

Management Practices and Sustainable Urban Drainage Systems” for a detailed 
discussion of each of these categories. Most are self-explanatory in the model.   

8.0 Cost Summary (Sheet 4) 
This sheet summarizes all the cost items that have been calculated within the 

model. The user can choose whether a given item should be included in the whole life 
costing analysis, facilitating scenario testing and/or sensitivity testing that may be 
required as part of the planning and design process. 

Figure 15 is the Cost Summary sheet for In-Curb Planter Vaults. 

 
Figure 15. Cost Summary Spreadsheet for In-Curb Planter Vaults. 
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9.0 Whole Life Costs (Sheet 5) 
This sheet combines the selected cost components and discounts future costs 

to the present in order to calculate a Present Value. 

Figure 16 presents an example of this sheet. 

 
Figure 16. Whole-Life Cost Tabulation Spreadsheet Example. 
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10.0 Present Value Graphs (Sheet 6) 
This worksheet presents three graphs to illustrate the Present Value of the 

BMP system selected. (It is noted that the specific titles on the spreadsheets may vary, 
as the spreadsheets were developed at different project phases. However, the 
information contained in the graphs is reflected in this text and these figures.) 

The first graph, as represented by Figure 17, shows the annual present value 
cost expenditure. 

 
Figure 17. Present Value of Costs Graph Example. 

 

The second graph shows the cumulative discounted cost with time, and an 
example is presented in Figure 18. 

 
Figure 18. Cumulative Discounted Costs Graph Example. 
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The third graph shows discounted costs by time, and an example is provided in 
Figure 19. 

 
Figure 19. Discounted Costs by Time Graph Example. 
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