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This technical memorandum briefly documents the assumptions used to prepare the cost estimates 
for the Corvallis Stormwater Master Plan (SWMP). The watershed projects recommended in the 
SWMP can be classified as one of two main types, enpee red  structural solutions and riparian 
enhancement activities. Examples of engineered structures include culverts, detention ponds, and 
underground treatment devices. They require enpeering analysis for sizing and placement. 
Examples of riparian enhancement activities include removal of invasive weeds, planting of trees, 
and placement of geotextile fabric for erosion control. 
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1.0 BASIS OF COST ESTIMATES 

Costs of a project vary dependmg on the specific conhtions of the project site. The accuracy of the 
cost estimate, therefore, is very dependent on the amount of information available on the site, as 
hscussed below. 

Type of Estimate. The costs developed for the SWMP are planning level costs or order-of- 
magnitude estimates as defined below, and not budget estimates or definitive estimates. 

Order-of-Magnitude Estimate. An order-of-magnitude estimate is appro-uimate and is 
made without detailed engmeering data. Techniques such as cost-capacity curves, scale-up 
or scale-down factors, and ratios are used in developing such an estimate. Typically a cost 
estimate of ths  lund is considered accurate w i t h  a range of +50 percent or -30 percent. 
That is, the final cost may be as much as 50 percent more or 30 percent less than the 
estimated amount. 

Budget Estimate. In t h s  case, budget applies to the owner's budget and not to the budget 
as a project control document. T h s  estimate is prepared based on field observations, or 
using process flow sheets, layouts, and equipment details. An estimate of this type is 
normally accurate w i t h  +30 percent or -15 percent. 

Definitive Estimate. As the name implies, ths is an estimate prepared from well-defined 
engineering data such as construction plans and specifications. As a minimum, the data 
must include the following: fairly comprehensive plot plans and elevations, piping and 
instrument hagrams, one-line electrical hagrams, equipment data sheets and quotations, 
structural drawings, soil data and drawings, and a complete set of specifications. The 
maximum defmitive estimate would be made from approved for construction drawings and 
specifications. The accuracy of a definitive estimate would fall w i t h  + 15 percent or - 
5 percent. 

Cost Index. All costs were updated using the ENR Construction Cost Index of 6300, 
appro-uimately that for June 2000. The costs for acquisition of land or easements were not included 
for any of the engmeered or riparian enhancement alternatives. 

Provisions for Engineering, Administration, and Contingencies. Other project costs have 
been assumed to be equal to 45 percent of the construction costs of the project. This includes 
20 percent for engineering, 5 percent for administration, and 20 percent for contingency. The same 
percentage was assumed for both engineered and restoration projects because, although the 
restoration projects typically involve less engmeering, they require a lot of permitting effort. 

2.0 CONSTRUCTION COSTS FOR ENGINEERED STRUCTURES 

Cost estimates for engineered structures are based largely on equations whch relate to the volume 
of stormwater runoff treated, the amount of impervious surface draining to a fachty, or the 
excavated size of the facility. The equations were based on compilations of costs for sirmlar 
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structures across the United States (EPA, 1999; Center for Watershed Protection, 1997). Where 
possible, costs were checked against those for projects completed within Oregon and Washington. 
All costs were adjusted as noted above for June 2000. 

Detention Ponds. The equation used to estimate the cost of constructing detention ponds is based 
on the relationship between pond storage volume and total construction cost (Center for Watershed 
Protection, 1997). The equation is: 

Where CC = construction cost 
Vs = storage volume up to the crest of emergency spdlway in cubic feet 
1.08 = adjustment factor to update costs from 1997 to 2000 

The construction cost for stormwater detention ponds includes excavation, gradmg and control 
structure costs. It is assumed that detention fachties wdl be designed with a pond cell where 
sediment wdl accumulate, such as a forebay in a wet detention pond. 

Constructed Wetland. To estimate the cost of b d d m g  a constructed wetland, begin with the cost 
for a detention pond and increase it by 25 percent to account for the extra plant selection and 
sediment forebay requirements (EPA, 1999). 

For comparison, the costs of constructing off-channel wetlands for Portland, Oregon (USA, 1998) 
and in Washmgton County, Oregon (USA, 1997), were about $2.50 and $4.00 per square foot, 
respectively. 

Grassed Swales and Filter Strips. The cost of creating a grassed swale is approximately $0.65 per 
cubic foot of volume (EPA, 1999). The cost of a filter strip is $1.30 per cubic foot of volume. 
Costs for both types of fachties assume 6 inches of water depth storage in the swale. 

Infiltration Trench. Infiltration trench costs range from $2.10 to $4.25 and average $2.65 per 
cubic foot of treatment value @PA, 1999). This assumes a porosity of 32 percent in the fdl material 
of the trench. 

Sand Filters (Underground Vault). The costs of sand filters range from $2.10 to $6.40 per cubic 
foot of treatment volume, with a mean cost of $2.65 (Brown and Schueler, 1997). The cost for the 
underground vault configuration used in the Washington, DC area is approximately $16,000 (EPA, 
1999). 

Porous Pavement. Average porous pavement costs were reported to be $65,000 per acre (EPA, 
1999). 

Floodproofing. The cost for elevating a wood frame buildmg on foundation walls was assumed to 
be $25 per square foot (USACE, 1993). 
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Culverts. Unit prices for culvert replacement are based on the typical unit prices for new pipe 
presented in Table TM2-1. They include AC saw cut, AC patch, trench excavation, pipe bedding, 
trench backfill, and shoring. The table assumes C14 pipe to 15 inches, C76 pipe to 36 inches, 
corrugated metal pipe to 54 inches, and steel arch pipe larger than 54 inches. 

Table TM2-1. Unit Price Per Foot for New Pipe1 

Pipe diameter, 
inches 

The cost for &verting flow during culvert construction was added to each culvert replacement 
project. Flow &version costs were based on the application of a 25 percent factor to the 
replacement pipe cost, and they include the installation, removal, and maintenance of dams, pumps, 
and pipes for an average duration of 4 months. Actual flow &version costs may be less since 
construction would typically take place during low flow condtions. 

72 

84 

Culvert entrance structures protect the embankment from erosion and may improve the hydraulic 
characteristics of the culvert. Culvert outlet structures protect the downstream slope of the fill 
from erosion and prevent undercutting of the culvert barrel. Construction costs for new entrance 
and outlet structures are estimated to be $2,000 for culvert diameters less than or equal to 
48 inches and $4,000 for culvert hameters greater than 48 inches for each structure (BES, 1998). 
Construction costs for retrofitting entrance and outlet structures were based on the application of 
a 25 percent factor to the new structure cost to account for demolition costs. 

. Depth to invert, feet-> 
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Bridges and Box Culverts. If too many parallel culverts are required to route the modeled 
flow, a bridge, box culvert, or pipe arch was recommended. The structure was sized to pass the 
25-year future flows. Cost was estimated based on a simple concrete bridge design with no 
footing problems. A two-lane bridge was priced at $2,500 per h e a r  foot. A four lane bridge at 
$6,000 per h e a r  foot. Costs would &ely be less if a box cul-vert or a pipe arch is used. A final 
decision on the best choice of structure cannot be made prior to predesign work. 

3.0 COSTS FOR RIPARIAN ENHANCEMENT 

The estimates of costs for riparian restoration are based on costs for materials and labor for slrmlar 
activities in other locations. hparian restoration costs are normally calculated by multiplying the 
square foot of material, per plant, or per volume excavated. To allow for estimation, unit costs were 
combined into a cost per 100 h e a l  feet of streambank restoration that was used for most cost 
estimates. This allowed estimation of project costs without the detailed survey information required 
for budget or defhtive estimates. 

Costs for stream and riparian enhancement are site dependent. Site access, soils, existing vegetation, 
and source of labor (many are volunteer projects) are all examples of factors that influence costs. 
Unit costs for several typical riparian enhancement projects were developed from detailed project 
descriptions in the Beaverton Creek Watershed blaster Plan, recently completed for the Unified 
Sewerage Agency (USA, 1998). Costs for indvidual components of restoration projects are listed in 
Table TM2-2. 

Table TM2-2. Costs for Individual Riparian Restoration Activitie~l.~ 

Activity 

Erosion control/site preparation 

Dewatering 

Selective vegetation removal, dsposal 

Earthwork (load, haul, place, compact) I cubic yd. I 320.00 

Unit 

Linear ft. 

D a77 

sq. ft. I $1.00 

Stripping of grass 

Sedlment removal 

Grading 

Rock and rock placement 1 cubic vd. 1 $39.00 

Cost 

$2.00 

$120.00 

sq. ft. 

cubic yd. 

sq. ft. 

- - - - - - -  - - - -  

Plant material and revegetation sq. ft. $1.00 

$0.50 

$17.00 

$1 .00 

Coir/jute fabric and placement 

Construction adrninistration/inspection I %ofcost I 2 
Table TM2-2 includes construction materials and labor. 
2Adapted from USA, 1998 
3Srnith, 2000 

sq. ft. 

Log snags/pllings and placement) 
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Cost of trees to be ~ l an ted  along the stream was estimated as $400 per 100 h e a r  feet. 

Costs for vegetative establishment of grass and ground cover were estimated as $800 per acre. 

Costs for clearing, gradmg, and revegetatton with native species was estimated as $3,000 per 100 
h e a l  feet of stream. 

Costs for bank stabilization was estimated as $7,000 per 100 h e a l  feet of stream. 

Costs for streambank excavation and revegetation with native species was estimated to be $20,000 
per 100 h e a l  feet of stream. 

Adjustments. Costs were multiplied by a factor of 2 to 3 for riparian enhancement with &fficult 
access, including hghly urbanized areas. Project costs were increased by 25 percent if &version of 
perennial stream was required. Project costs were increased by 10 percent for work in streams that 
would require extra permitting because of the Endangered Species Act. 

4.0 ANNUAL MAINTENANCE COSTS 

Annual maintenance costs were estimated as a percentage of the construction cost for most of 
the engineered structures, as presented in Table TM2-3. Maintenance of miscellaneous riparian 
restoration projects was assumed to be 5 percent of the project cost. 

Table TM2-3. Costs for Engineered Structures1 

( Annual maintenance as percent of 
Tme of structure I construction cost 

Grassed swale I 5-7 

Detention pond 

Constructed wetland 

Infiltration trench 1 5-20 

1 

3-6 

Sand filter I 11-13 
I 

'Table adapted from El',%, 1999. 

5.0 PERSONNEL COSTS 

Some recommended activities involved mainly personnel costs. The assumed hourly or daily costs 
for these activities are listed in Table TM2-4. 
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Table TM2-4. Personnel Costs 

6.0 REFERENCES 

Activity 

Coordmation or field inspection 

Engneering 

Sun-eying (2 person crew) 

Maintenance of channels and pipes (crew and equipment) 

Beaverton, 1994. Beaverton Drainage Master Plan. 

BES, 1998. Technical Memorandum 10.1. Basis for Cost Estimates, Public Facdtties Plan. Bureau 
of Environmental Services, City of Portland 

Unit 

hour 

hour 

hour 

day 

Brown, W. and T. Schueler. 1997. The Economics of Storm Water BMPs in the Mid-Atlantic 
Region, Center for Watershed Protection. Ekcott City, MD. 

Cost 

$50 

$70 

$100 

$1,100 

Center for Watershed Protection, 1997. Technical Note 90. The Economics of Stormwater BMPs: 
An Update. In Watershed Protection Techniques, June 1997. 

EPA, 1999. Preluninary Data Summary of Urban Storm Water Best Management Practices. EPA 
821 -R-99-012. 

Smith, K. 2000. Personal Communication on Unified Sewerage Agency Costs. 

USA, 1997. Fanno Creek Watershed Management Plan. 

USA, 1998. Technical Memorandum No. 3: Basis for Project Costs. 

US Army Corps of Engmeers, 1993. Flood Proofing: How to Evaluate Your Options, by the 
National Floodproofing Committee. 
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