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AGENDA ITEM SUMMARY ITEM NO:  

FLORENCE PLANNING COMMISSION Meeting 
Date: 

April 13, 2021 

  Department: Community Dev. 
 

ITEM TITLE: 
 

Appeal of Administrative Design Review AR 20 10 DR 03 Heceta Self 
Storage, LLC (Kingwood) 

 

ACTION REQUESTED:  
 
On April 13, 2021, the Florence Planning Commission will hold a public hearing and possibly 
deliberate and take action on an appeal by the applicants of AR 20 10 DR 03, which was 
conditionally approved by staff on February 25, 2021. The applicants, Larry and Crystal Farnsworth, 
for Heceta Self Storage Corporation, ultimately seek to construct a phased 470-unit storage facility 
with an associated office building on multiple lots owned by the City of Florence and leased to the 
applicants and are appealing conditions related to their proposed stormwater design for an 
established vegetated area situated along the east boundary of the properties in question.  
 
All lots associated with the proposed development are unaddressed, total approximately 4.5 acres, 
and are located on Assessor’s Map 18-12-22-43, Tax Lots 00900, 00800, 00700, 00600, 00500, 
and 00400 and Assessor’s Map 18-12-22-42, Tax Lots 00200 and 00100. They are also described 
as being Lots 4 through 10 and the southern half of lot 11 of the Industrial Park plat of the City of 
Florence and situated along the west side of Kingwood St., between the Oregon Coast Military 
Museum to the south and the Florence Public Works building to the north.  
 
Conditions issued by the Planning staff under a Type II approval cannot be amended without an 
approved appeal by the Planning Commission. Therefore, all conditions from AR 20 10 DR 03 
stand as written with exception to those related to the stormwater design in this appeal and are 
explained in this AIS. Staff will check future submitted plans to ensure that conditions were followed 
or are complete.  
 
APPEAL ITEM 
 
Larry and Crystal Farnsworth are appealing the stormwater design requirement of a proposed 
vegetated filter strip measuring up to 14’ in width and is to be located on the eastern side of the 
development. This filter strip area is referred to in the applicants’ updated Stormwater Design 
Report (Attachment 4) as Region 7. Region 7 is illustrated in red on page 13 of the report in Map 
A.3 labeled “Watershed / Catchment Delineation Map (Post-Development)”.  The region consists of 
stormwater catchment from the office building, eastern half of three storage building roofs, the 
eastern drive aisle, and the proposed filter strip. The applicants desire to preserve the native 
vegetation in this filter strip area while the Best Management Practice within the Stormwater Design 
Manual (SDM) requires a constructed design which involves removing the vegetation and replacing 
with a specified soil blend and planting scheme. Attachment 4, in contradiction to the applicants’ 
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desire to retain the vegetation, illustrates SW-160 of the SDM as the planned constructed design for 
the eastern proposed filter strip. Regardless, the applicants’ engineer contends that leaving the 
native vegetation as-is will adequately handle stormwater needs. Furthermore, the applicants offer 
an alternative solution in order to retain this vegetation by proposing that the area be tested and 
outline their proposed process. If the tests fail, then the applicants would construct the project in 
accordance with the Stormwater Design Manual. This test proposal is explained in the following 
section.  
 
Also of note is that the applicants state, in Attachment 1, that Planning staff concurs that the 
minimum requirement for landscape is met. In fact, staff will need an updated landscape plan as 
conditioned in AR 20 10 DR 03, Condition 17 in particular, to verify that this landscaping 
requirement will be met (Attachment 3: 
 
“17. In order to ensure that the applicant will retain the minimum landscaping required for the 
development, the applicant shall provide a detailed Landscape Plan and irrigation plans for the 
existing native vegetation to remain and proposed new vegetation prior to the issuance of permits in 
accordance with FCC 10-23-3-2 D and 10-34-3-5 and 9-2-3-5. This shall be submitted under a 
Type 1 review process subject to the associated staff review fee.” 
 
BACKGROUND STATEMENT    
 
The Type II application for the above development was processed by staff in accordance with FCC 
10-1-1-5 (as applicable) and 10-1-1-6-2, Sections A through D; which included ensuring 
completeness of the application, noticing for hearings, post-hearing, and procedural requirements 
as they related to processing the conditional administrative approval. This application was 
conditionally approved on February 25, 2021 and the applicant mailed a Notice of Decision for AR 
20 10 DR 03 which included items that were conditionally approved.  
 
Planning staff received a Petition to Appeal from the applicant as outlined in Florence City Code 
Title 10, Chapter 1, Section 10-1-1-7 (B), within the allotted 12 appeal day period after mailing the 
Notice of Decision (Attachment 1). The public hearing notice for this appeal was mailed to the 
applicants on March 29, 2021 as required by FCC 10-1-1-6-3 (B).  
 
The applicants’ updated Stormwater Management Report (Exhibit I, Attachment 4) was peer 
reviewed by Civil West Engineering, the City engineer of record, and Mike Miller, Public Works 
Director. Attachments 6 through 8 provide comments made by Civil West and Mike Miller. 
Therefore, stormwater-related Conditions 30 through 36 in the AR 20 10 DR 03 findings 
(Attachment 3) were derived from these peer review comments and criteria outlined in FCC Title 9, 
Chapter 5 and Florence Stormwater Design Manual.  
 
The majority of the conditions for AR 20 10 DR 03 (Attachment 3) were agreed upon by the 
applicant (Attachment 2). Items related to these appeal proceedings are in reference to the design 



3 
AIS –Heceta Self Storage Corporation, (Kingwood) Appeal 
 

of the vegetated filter strip bordering the east side of the development. The review of Stormwater 
criteria is discussed in Attachment 3, starting on page 43. As previously stated, stormwater design 
conditions for the administrative approval includes Conditions 30 through 36:   
 

30.  The applicant’s engineer discusses the use of both Rational and Prescriptive 
calculations in the two Stormwater Design Studies provided. The Rational Method is 
acceptable per the Public Works Director if onsite capacity calculations are provided. 
System capacity calculations shall be provided to demonstrate that any additional 
flow will not overwhelm the system.  If not provided, then the prescribed methods in 
the City’s Stormwater Design Manual and City Code (FCC Title 9) shall be followed. 

31.  The northern filter strip includes piping which is not a feature of a filter strip in the 
SWDM.  The piping proposed for the filter strips shall use a schematic standard for 
another BMP in the SWDM similar in function such as a swale. The nearest drain 
inlets to the north filter strip are 130 feet to the north and 170 feet to the south in 
Kingwood St. Any stormwater system Best Management Practices must be 
constructed per City approved detail. Two alternative solutions specifically for the 
north filter strip include: 1. The north vegetated filter strip shall be designed so that 
any anticipated overflow from a 25-year rain event may be allowed to utilize a bubble-
up catch basin whereby anything over a 50 to 100-year storm event is conveyed to 
the existing gutter/curb on the east side of Kingwood St; OR, 2. Excess flow above a 
25-year storm event shall be conveyed to a 6-inch pipe and penetrate the back of the 
curb inlet, providing that the correct fall for proper drainage is demonstrated.     

32.  Appendix E in the Stormwater Management Study (Exhibit I) includes the necessary 
information pursuant to the above code; form drafts, an Operations and Maintenance 
Agreement, and an Operations and Maintenance Plan. Should these need amending 
as a result of conditions set out in these Findings, the applicant shall submit the 
amendments to the Public Works Director for approval.  

33.  The Maintenance Agreement draft currently excludes the above 10-day period to 
complete corrections after noticing. Pursuant to FCC 9-5-4 B, prior to final building 
inspections the applicant shall provide the final Maintenance Agreement to include 
the following in their Maintenance Agreement: “…corrections shall be completed 
within ten (10) days after notice thereof.”  

34.  Include the Intensity Duration Frequency (IDF) curves in Appendix A of the 
applicant’s Stormwater Management Report. 

35. The applicant shall have values tabulated in a single table within the Stormwater 
Management Report for ease of reference.   

36. Vegetated filter strips under the required minimum 10’ widths shall be constructed so 
as to prevent inconsistency with other conditions in these Findings. 

 
Although Condition 31 of the approval generally references the north vegetated filter strips; a 
statement included within the condition addresses all stormwater system design: “Any stormwater 
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system Best Management Practices must be constructed per City approved detail.” This Condition 
is directly related to a Peer Review comment provided and shown in Item 4 of Attachment 7. Except 
as noted in FCC 9-5-1-8, FCC Title 9, Chapter 5 includes the stormwater regulations and adopts 
the 2008 City of Portland Stormwater Management Manual, the 2008 City of Portland Erosion and 
Sediment Control Manual, and the December 2010 City of Florence Stormwater Design Manual. 
This latter document contains the Best Management Practices implemented in stormwater systems 
construction. Condition 36 is the focus of the appeal; “Vegetated filter strips under the required 
minimum 10’ widths shall be constructed so as to prevent inconsistency with other conditions in 
these Findings.” 

The applicants’ engineer’s intention for the east filter strip, (referred to as ‘Region 7’) is to receive all 
storm water from the office building, the eastern half of three storage buildings (Buildings AA, AE 
AH, pitched roof) and the eastern drive aisle, (Attachment 4, p. 6 and Appendix A-3). The conflict is 
the design, regardless of whether or not the area can treat all post-development runoff in that no 
additional stormwater exits the development. Item 4 in Attachment 7 states: “Directing drainage to 
existing vegetated areas is not an approved method of treatment. Any filter strip BMPs must be 
constructed per City approved standard details.” The City does not provide for a stormwater filter 
strip BMP that includes existing native vegetation.  
 
Although the applicants originally proposed vegetated filter strips on the east side of their 
development as discussed in Attachment 2, they state they were unaware that the construction 
requirements of these strips meant that removal of existing native vegetation was necessary. 
Applicants state that their engineer believes that leaving the native vegetation with its established 
root mat is an adequate treatment facility in itself and that they would replace any areas they would 
need to disturb for constructing fencing and driveways, for example, with the requisite filter strip 
rock, soils and plants. They otherwise propose to leave the vegetation as-is, which would measure 
up to 14’ in width throughout parts of the swath, and to “test” its ability to treat stormwater after 
development of the storage units are in place rather than construct the filter strips as outlined in the 
Stormwater Design Manual.   
 
In Attachment 2, the applicants propose three conditions for the testing: 1). a visual inspection of 
the site by an Airport Annex employee after every forecast or storm event of 1” or more rainfall; 2). 
keeping an inspection log of these activities and documenting the performance of the area where 
waters exceed 2” in depth and track areas of standing water and instances where waters reach or 
flow over the sidewalk along Kingwood St. 48 hours after a storm event; and, 3). Perform 
maintenance duties as described in their Operations and Maintenance Plan to correct or repair 
observed conditions. Applicants propose to regrade and replant if this system fails according to 
design specifications, and also to retain existing trees.  
 
The central issue with the applicants’ test proposal is that this methodology is not an approved 
design approach through Title 9, Chapter 5 nor the Stormwater Design Manual. FCC 9-5-7-1, 
however, does allow opportunity for a technical equivalency: 
 
A. The City may grant a technical deviation from the requirements of this Code if there are 
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exceptional circumstances appliable to the project such that the provisions of the Code will result in 
unnecessary hardship and not fulfill the intent and objectives of the Code. The costs to comply with 
the requirements of this Code shall not be considered as justification for a technical equivalency. 
 
B. To be approved, the proposed technical equivalency shall meet the following conditions: 
     1.  The technical equivalency complies with the development conditions imposed on the project.  

 2.  The granting of a technical equivalency will produce compensating or comparable results that         
are in the public interest.  
3. The granting of a technical equivalency will meet the objectives of safety, function, 
appearance, environmental protection, and maintainability based on sound engineering 
judgement.  
4. The City shall make findings supporting the determination of technical equivalency.  
 

C. A written request for a technical equivalency shall be required and shall state the specific 
equivalency sought and the reasons, with supporting data, for their granting. The request shall 
include descriptions, drawings, calculations and any other information that is necessary to evaluate 
the proposed equivalency. A technical equivalency shall only be granted when the applicant can 
show that an unnecessary hardship exists that is unique to the project or the property.  
 
The Stormwater Design Manual also allows an opportunity for a technical equivalency as evidenced 
on p. 10 of 49 which essentially provides the same verbiage as that above.  
 
ROLES & RESPONSIBILITIES 
 
PLANNING STAFF  
 
Review and decisions for Type II administrative procedures are made by the City Planning Director 
or designee with an opportunity for appeal to the Planning Commission.  Under appeal is a Type II 
administrative decision.  
 
City of Florence Planning staff will be present throughout the public hearing and deliberations to 
assist the Planning Commission. Staff will advise the Planning Commission with regard to process, 
location of materials in the record, legal matters, and interpretation of land use code requirements.  
 
Although staff will not be providing final recommendations for this appeal hearing, they will provide 
existing evidence based on their professional expertise and familiarity with the application and 
record of materials to date. Staff will also assist the Planning Commission in drafting the final 
decision on this appeal. (Notice of Decision). 
 
PLANNING COMMISSION 
The Florence Planning Commission serves our community through two main roles. One role is to 
assist the City Council in legislative efforts to create or modify our community’s policies related to 
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land use through recommending their decisions to the City Council. The second role is to serve as 
a ‘quasi-judicial’ body to make decisions on individual land use applications in the context of 
Florence City Code. In this appeals instance, the Planning Commission’s decisions must decide 
whether to affirm, reverse, or modify the Administrative decision based on the approval criteria for 
the proposed development. This hearing involves listening to interested parties who wish to make 
arguments based on the existing record review of the appeal items. The basis of each appeal is 
limited to the issues raised during the review of the original applications by the Planning 
Commission, and set out in the appeal statement. No new issues or evidence is allowed per 
Florence City Code, Title 10, Chapter 1, Section 10-1-1-7 E. 
 
The review of the initial action shall be confined to the issues raised upon appeal and be based on 
the record of the proceeding below, which shall include: 
 
1. All materials, pleadings, memoranda, stipulations, and motions submitted by any party to the 
proceeding and received or considered as evidence.  
 
2. All material submitted by the City staff with respect to the application. 
 
3. The minutes of the hearing (if applicable). 
 
4. The Findings on which the decision is based. 
 
5. The notice of intent to appeal or the requests for review and the written petitions on appeal. 
 
6. Argument by the parties or their legal representatives.  
 
Following the hearing, the Planning Commission will discuss the testimony presented in the public 
hearing, written testimony provided to the Planning Commission and the records of the 
Administrative Type II original decisions. This portion of the process is referred to as deliberation. 
The purpose of the deliberation is to help the Planning Commission reach a decision on each 
appeal item; given the information in the record at the time of the Planning Commission’s decision; 
whether staff, under the Type II Administrative review, correctly evaluated the application and make 
their decisions consistent with the Design Review criteria outlined in FCC Title 10, Chapters 3, 6 
and 7, 20, and 34 through 37; and Title 11, Chapter 5, and the Florence Stormwater Design 
Manual, respectively. 
 
MAKING A DECISION 
 
If the Planning Commission determines that the Administrative staff decisions related to the items 
under appeal should be affirmed, they can be adopted in their entirety without further need for 
findings. If the decision seeks to modify, such as to add or revise conditions of approval, or provide 
a response to legal issues raised by the appellants, staff seeks direction on those changes to 
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support the Planning Commission decision. In the event of reversal (denial), The Planning 
Commission will need to provide further direction on clear findings, relying upon existing evidence 
in the record, to explain its basis on what Design Review criteria are not met. Staff is available as 
part of this process to facilitate whatever final decision is made, and prepared to help draft a final 
order that can affirm, modify, or reverse the Planning Commission’s decision. 

 
 
 
 

ALTERNATIVES: 
 

1. Affirm the Planning staff was correct, with action explained above. 
 

2. Modify Planning staff’s decision, with the action explained above. 
 

3. Reverse Planning staff’s decision, with the action explained above. 
  

 

AIS PREPARED BY: 
 

Roxanne Johnston, Senior Planner 
 

ITEM’S ATTACHED: 
 

Attachment 1: Notice of Intent to Appeal, dated 3/08/2021 

Attachment 2: Response to Conditions of Approval, dated 2/28/2021 

Attachment 3: Administrative Approval for AR 20 10 DR 03 

Attachment 4: Exhibit I – Updated Stormwater Management Report 

Attachment 5: Exhibit L – Trachte Plan  
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Attachment 6: Exhibit M – Public Works Stormwater Comments 

Attachment 7: Exhibit N – Public Works 2.12.21 Comments 

Attachment 8: Exhibit O – Public Works 2.25.21 Comments 
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ENGINEER’S CERTIFICATION 
 

I hereby certify that this Stormwater Management Report for the Heceta Self 
Storage Airport Annex project has been prepared by me or under my 
supervision and meets minimum standards of the City of Florence and normal 
standards of engineering practice. I hereby acknowledge and agree that the 
jurisdiction does not and will not assume liability for the sufficiency, suitability, 
or performance of drainage facilities designed by me. 

 

  



 

 

PROJECT OVERVIEW & DESCRIPTION 
 
The following narrative describes the methodology and results of the enclosed hydrological analysis for the 
Heceta Self Storage Airport Annex project, located at 2535 Kingwood St. in Florence, Oregon. The following 
parcels (listed by A.P.N. #) are included in the project:  

• 1812224200200 
• 1812224200100 
• 1812224300900 

• 1812224300800 
• 1812224300700 
• 1812224300600 

• 1812224300500 
• 1812224300400 

 
Together, these 7 ½ parcels account for 5.02 acres of land just south of the Florence Public Works facility, 
with frontage along the west side of Kingwood Street. The parcels are bordered on their west side by the 
Florence Municipal Airport.  
 
The subject site is currently vacant land, although it is 
heavily vegetated with native bushes, trees, plants, and 
ground cover. Site topography is nearly flat, sloping 
downhill to the southwest at roughly 0.7%. Surface water 
on the site feeds the existing dense vegetation, with 
surplus waters being largely managed via groundwater 
infiltration. The entire subject site currently behaves as a 
single watershed and there are no documented wetlands 
present on the site. 
 
Based on research and record drawings, it appears that 
there are existing public and private utilities present in the 
Kingwood Right-Of-Way including sanitary sewer, water, 
storm, underground power, and telecommunications. 
There is also an existing stormwater swale that flows to 
the south along the west property boundary. This swale is 
located off-site, on the airport property.  
 
All included parcels fall within a Limited Industrial District 
(LI), whose characteristics and permissions are described 
in Title 10, Chapter 20 of the Florence Municipal Code. In 
that Chapter, “Storage (household goods, business 

inventories, boats, RVs, including outdoor storage)” is an 

expressly permitted use.  
 
The proposed project is a self-storage facility which 
consists of multiple metal-clad buildings constructed in rows with paved drive aisles between them. The 
proposal also includes a 600 square-foot stand-alone office building at the northeast end of the project as 
well as security fencing surrounding the entire project. Much of the subject parcels will be covered with 
impervious surfaces in this project, so a thorough and accurate hydrological design is of particular 
importance. 



 

 

METHODOLOGY 
 

AUTHORITY & DESIGN PARAMETERS 
The Authority Having Jurisdiction (AHJ) over this project is the City of Florence. In the City’s Stormwater 

Design Manual, 2010 (SWDM), the Rational Method is identified as an acceptable hydrologic analysis 
method for projects of this size and type (see City of Florence Municipal Code, Title 9, Chapter 5, Section 9-
5-3-2, Part B). Calculations for this project are based on the Oregon Department of Transportation Hydraulics 

Manual – Chapter 7, which provides instructions for Rational Method analysis. Additional guidance for 
calculation methods and engineering judgement, particularly related to sizing mitigation works, was drawn 
from other regional design manual and industry handbooks.  
 
The ODOT manual includes location-specific I-D-F curves (Intensity-Duration-Frequency), which are useful 
in determining peak flow in locations throughout Oregon. Specific equations, figures, tables, and procedures 
for the Rational Method are outlined in the manual (and attached calculations) and are not repeated here. 
Equations used for sizing vegetated filter strips are included, though they are readily available in industry 
literature. 
 
The attached peak flow and detention volume calculations were completed based on the 25-year storm 
event, as required by Florence SWDM, Section 3.3.1. The purpose of these calculations was to evaluate the 
hydrologic impact of the proposed improvements on the site versus the drainage conditions that currently 
exist on the site prior to its development. Onsite storm water management facilities are designed to prevent 
the post-development runoff rates from exceeding the pre-development runoff rates from the site, based on 
the design storm indicated above (City Code, 9-5-3-5, F). Thus, calculations were completed with two sets 
of variables to compare these two separate conditions. 
 
The attached calculations assume that ground water and surface runoff in parcels adjacent to the project do 
not interact with the stormwater within the drainage basin, and that all runoff from the project site originates 
on the property.  
 
PROPOSED STORMWATER MANAGEMENT TECHNIQUES (BMPs) 
Multiple Stormwater BMPs are proposed to manage stormwater runoff from the project site, including:  

• a rain garden (Florence Std. Dtl. SW-130),  
• vegetated filter strips (Florence Std. Dtl. SW-160), and; 

 
Design for each of these BMPs was undertaken separately as each BMP will receive waters from a separate 
post-development tributary region (catchment). The analysis and design of each of these BMPs will be 
addressed later in this document. 
 
Successful stormwater management is achieved when a design protects the quality and quantity of water in 
the aquifer, particularly when groundwater is the sole source of drinking water, as it is in Florence. Therefore, 
stormwater designs in Florence must address flow control, pollution reduction, and erosion control. The 
Florence SWDM states that “To meet pollution reduction requirements a facility must be able to provide 70 

percent total suspended solids removal from 90 percent of the average annual runoff.” (pg. 8). As described 



 

 

in this report, the presumptive and performance approaches were both utilized to evaluate the hydrologic 
response capability of the proposed BMPs and demonstrate that adequate flow control and pollution 
reduction have been achieved. 
 

ANALYSIS 
 
APPROACH 
While the existing site acts as a single watershed, the proposed site is divided up into four separate 
catchments, and each of these is proposed to be managed by a separate and unique stormwater BMP. 
These divisions are summarized below: 

1. Vegetated Filter Strips Tributary – There are three storage buildings proposed along the eastern 
boundary of the project site. The position of the storage buildings relative to the property line leaves 
enough room for a two-lane drive aisle and an approximately 15-feet +/- wide strip of landscaping. All 
storm water that lands on the eastern half of these three buildings (Building AA, AE, AH, pitched roof) 
and the eastern drive aisle is designed to shed into the landscaping, which acts as a Vegetated Filter 
Strip, treating the water prior to its infiltration.  
 
A long continuous storage building runs along the entire western boundary of the project. Storm water 
which lands on the west half of the roof of this building (pitched roof) will shed to the west where a 
7.5-ft wide filter strip is proposed between the edge of concrete and the airport property boundary.  
 
The northern-most catchment on the project site is designed to discharge surface water into a 6-ft 
wide filter strip located along the northern property boundary. Stormwater will enter the filter strip via 
surface sheet flow, receive biological filtration, then infiltrate into the ground. This northern filter strip 
is also equipped with an underdrain (perforated pipe wrapped in filter fabric, placed in a gravel bed 
below the growing medium). This underdrain will serve as an emergency overflow for the site, 
removing high ground water if ever experienced. (Note: high ground water has not been observed in 
this area).  
 
Vegetated Filter Strips in this project were designed using the Performance Approach as authorized 
in Section 5.1 of the SWDM.  
 

2. Rain Garden Tributary – The remainder of project surface water is proposed to be managed via 
collection into a series of catch basins and underground piping which will convey the stormwater to 
the southern-most parcel where a rain garden will be constructed. The rain garden depicted in the 
civil improvement plans was sized using the Presumptive Approach, per Section 5.1 of SWDM.  

A more detailed description of the hydrological analysis that was completed for each of these proposed 
facilities is provided below. 
 

VEGETATED FILTER STRIPS 
The Florence SWDM encourages designers to incorporate on-site infiltration facilities into site landscaping 
areas as much as possible (SWDM, 3.1). Doing so is a preferred alternative to piped collection systems 
because it keeps the water onsite, where it can be filtered, then infiltrated to recharge the aquifer. In the 
Heceta Self Storage Airport Annex project, the use of vegetated filter strips and on site detention basins (rain 



 

 

garden) will help to protect the quantity and quality of water in the aquifer rather than collecting the runoff 
and conveying it away to ultimately discharge into the Siuslaw River. 
 
As stated previously, these facilities were designed using the Performance Approach. The attached 
calculations show equations, variables, and justification for each parameter considered. The calculation 
method utilized is an industry standard approach for the design of these commonly-used facilities.  Please 
note that the proposed filter strips entirely comply with the constraints identified in City of Florence Standard 
Detail SW-160 and the calculations demonstrate that the filter strips depicted in the civil improvement 
drawings meet or exceed the minimum dimensional criteria required for each specific catchment.  
 
RAIN GARDEN 
Runoff from the portion of the site whose runoff has not been proposed to be managed by filter strips is 
proposed to be mitigated by a rain garden located at the south end of the project. As shown in the 
calculations, the contributing area for this catchment is approximately 2.73 acres, and the post-developed 
rate of runoff is predicted to be 7.53 cfs. This quantity is significantly larger than the rate of runoff predicted 
to occur from the same region of the pre-developed site (0.22 cfs, pro-rated from 0.4 cfs on 5.02 acres). 
However, comparing predicted rates of runoff from two theoretical storms is limited in its utility due to the 
differing times of concentration (rainfall durations) utilized in each set of calculations. 
 
The methodology used for sizing the rain garden is discussed in the Engineering Conclusions section of this 
document. 
 

ENGINEERING CONCLUSIONS 
 

While the Rational Method is useful in peak flow estimation, it carries certain limitations regarding the design 
and sizing of mitigation works. For example, the two analyses completed in these calculations demonstrate 
that there are significant differences in the hydrologic performance of the post-developed site as opposed to 
the pre-developed site (higher peak discharge and shorter response time), but these results are difficult to 
compare because the peak discharge estimates from each analysis apply to two different rainfall durations. 
The Rational Method has been appropriately applied to quantify these differences, but it has been 
supplemented with hydrographic (hyetographic) analysis to determine the volume of stormwater detention 
that is required in order to satisfy runoff attenuation requirements. Required detention volume has been 
calculated by an algorithm that allows maximum pre-development flow to occur at all times, with the 
difference between inflow and maximum allowable outflow being taken to storage. Storage volume is 
released such that the maximum outflow never exceeds the pre-development peak discharge. 
 
Because the Rational method does not provide enough data points to inform a detailed hydrographic study, 
engineering judgement was used to estimate the recession time of each storm. Specifically, it was estimated 
that the recession time of each storm is 1.7 times that of the time to peak, making a triangular shape that 
roughly follows the shape that would be presented by an SCS Unit Hydrograph. It is assumed that the 
resultant hydrograph provides a conservative approximation of runoff quantities in excess of pre-
development flow rates, and thus the rain garden sizing calculations are also conservative. 
 



 

 

ON-SITE PIPING & DISCHARGE 
Using Manning’s equation, calculations were also completed to determine the minimum required pipe 
diameter for the on-site stormwater mains that are proposed to convey collected waters to the rain garden, 
and then to an ultimate point of discharge in an existing stormwater curb inlet located on Kingwood Street. 
In order to limit discharge into the inlet to pre-development discharge rates, orifice calculations indicate that, 
given the elevation head present in the system, a 3.5-inch diameter orifice should be affixed to the discharge 
end of the on-site pipe network. 
 
This narrative is accompanied by all above-referenced calculations as well as drawings, schematic maps, 
and other submittal requirements indicated by the AHJ, to illustrate and identify catchment areas, stormwater 
BMPs, and other information. 
 
Respectfully,  
 
 
____________________________________ 
Aric Farnsworth, PE (Oregon #93839PE) 
aricfarnsworth@gmail.com 
801-875-9805 
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APPENDIX 
 

A - Site Maps 

▪ Pre-Developed Contour Map (Existing Site Plan) 
▪ Post-Developed Contour Map (Proposed Grading Plan) 
▪ Watershed/Catchment Delineation Map (Exhibit) 

B - Calculations 

▪ Summary Page 
▪ Pre-Developed 
▪ Post-Developed (Rain Garden Tributary) 

• Hydrographs 
• Detention Volume 

▪ Pre-Developed (Filter Strip Tributaries) 
▪ Post-Developed (Filter Strip Tributaries) 
▪ Mitigations Facility Sizing (Filter Strips, Pipe Sizing) 
▪ Orifice 
▪ Tables 

C - BMP Details 

D - Web soil survey 

E - Operations & Maintenance Agreement 

F - Operations & Maintenance Plan 
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REGION 1

REGION 2

REGION 3

REGION 4

REGION 5

REGION 6

REGION 7

REGION 8

REGION 9

RAIN GARDEN

AIRPORT SWALE

ON-SITE SWALE

FILTER STRIP

ON-SITE SWALE

AIRPORT SWALE

RAIN GARDEN

RAIN GARDEN

RAIN GARDEN

REGION BMP

APPENDIX - A.1

CONTOUR MAP (PRE-DEVELOPMENT)
(See construction drawings for greater detail).



REGION 1

REGION 2

REGION 3

REGION 4

REGION 5

REGION 6

REGION 7

REGION 8

REGION 9

RAIN GARDEN

AIRPORT SWALE

ON-SITE SWALE

FILTER STRIP

ON-SITE SWALE

AIRPORT SWALE

RAIN GARDEN

RAIN GARDEN

RAIN GARDEN

REGION BMP

APPENDIX - A.2

CONTOUR MAP (POST-DEVELOPMENT)
(See construction drawings for greater detail).
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REGION 1

REGION 2

REGION 3

REGION 4

REGION 5

REGION 6

REGION 7

Surface flow to catch basins, then pipe

flow to rain garden in south parcel.

Surface flow to north filter strip.

Surface flow to west filter strip.

Surface flow to east filter strip.

Diagonal hatch designates pervious

material (rain garden, filter strip,

landscaping, etc.)

Surface flow to catch basins, then pipe

flow to rain garden in south parcel.

Surface flow to catch basins, then pipe

flow to rain garden in south parcel.

Infiltration and/or surface flow to rain

garden.

Region Runoff Management Method

APPENDIX - A.3

WATERSHED / CATCHMENT DELINEATION MAP
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HSS Site Drainage - Summary

Flow Control 25 year, 24-hour event
5.06 inches

Water Quality Water Quality, 24-hour event
0.83 inches

Design Method Performance Approach

Design Manual ODOT Hydraulics Manual - Chapter 7 Hydrology, Appendix A, F.

City of Florence Stormwater Design Manual 2010

TR-55 Urban Hydrology for Small Watersheds

Additional Resources Cahill, Maria (June 2018). Vegetated Filter Strips: Low-impact development fact sheet.
OSU Extension Catalog (Oregon State University).

Technical Manual for Site Development and Construction
Integrated Stormwater Management - September 2011

Rogue Valley Storm Water Quality Design Manual, Part 4.4.3

Georgia Stormwater Management Manual, Volume 2 (Technical Handbook), Part 4.2.5.2

Maidment, David R. (1993). Handbook of Hydrology. McGraw-Hill.

Lindeburg, Michael R., P.E (2015) Civil Engineering Reference Manual for the PE Exam, 
15th Edition.

Pennington, Mark (2012). The Rational Method - Frequenty Used, Often Misused, 
Water New Zealand Stormwater Conference 2012.

M.G. Dosskey, M. J. Helmers, and D.E. Eisenhauer 2008 A Design Aid for Determining Width
 of Filter Strips, Journal of Soil and Water Conservation.

Kuichling, E (1889). The Relation between the Rainfall and the Discharge of Sewers in 
Populous Places, Transactions of the American Society of Civil Engineers  Vol. 20, 
January, p. 1-60

BMPs Utilized Filter Strip, City of Florence Std. Detail SW-160

Rain Garden, City of Florence Std. Detail SW-140

1

Hydrologic Analysis - Performance Approach



HSS Site Drainage - Pre-Developed (Rain Garden Tributary)

Travel Distance 315 ft
Elevation (High) 55.25
Elevation (Low) 53.06
Average Slope 0.70%
Total Area 218740.596 sf (From AutoCAD)

5.022 acre
Velocity 0.22 ft/sec (Figure 1, Appendix F)
Zone 3 (IDF Curve, Appendix A)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = 0.93 * (L0.6 * n0.6) Tosf = Travel time for the overland sheet flow segment (min)

(i0.4 * S0.3) (This is the only condition of flow that occurs on the undeveloped site.)

Iteration #1 Assume Tc = 25 min.

i = 1.55 in/hr (See Appendix A, IDF Curve) i = Rainfall intensity (in/hr)
L = 315.0 ft (^ also see Table 4.2 Florence SWDesign L = Length of the overland sheet flow segment (ft)
n = 0.4 n = Manning's Roughness coefficient (See Table 3)
S = 0.70% S = Average slope of the overland area (ft/ft)

Tosf = 63.09 <--- Does not equal Assumed Tc

Iteration #2 Assume Tc = 85 min.

i = 0.73 in/hr (See Appendix A, IDF Curve)
L = 315.0 ft
n = 0.4
S = 0.70%

Tosf = 85.26 <---Approximately matches Assumed Tc)

Runoff (Q)

Design Storm: 25 year event In order to directly compare rates of runoff from the pre-developed and post-
Cf = 1.1 (Table 3) developed conditions, the calculated Q value for the pre-developed site
C = 0.10 (Table 2) is hereunder prorated to the area of the post-development catchment which
i = 0.73 is mitigated by the on-site Rain Garden at the south end of the project.

A = 5.022 ac

Q = 0.40 cfs 2.73 = 0.219 cfs

5.02 0.40
2

Rational Method Hydrologic Analysis



HSS Site Drainage - Post-Developed (Rain Garden Tributary)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = L Tscf = Travel time for shallow concentrated flow segment (min)
60*V

Equation 5 Tpf = [Σ(L/V)]/60 Tpf = Travel time for pipe flow segment (min)

Equation 6 V = (k/n) * R^(2/3) * S^(1/2) V = Velocity (determined by Manning's Equation)

Time of Concentration (Shallow Concentrated Flow) "F" Time of Concentration (Pipe Flow) "P"

Region # Color L (ft) V (ft/s)* Tscf (min) L (ft) D (in) A (sf) R^(2/3) V (ft/s)* Tpf
1 Cyan 180 1.45 2.07 66 8 0.349 0.30 2.45 0.45
2 Blue 186 1.45 2.14 62 8 0.349 0.30 2.45 0.42
3 Magenta 168 1.45 1.93 233 12 0.785 0.40 3.22 1.21
4 Orange 0 0 0 65 12 0.785 0.40 3.22 0.34

*Value from TR-55 Figure 3-1 and/or ODOT *Value calculated using Manning's equation
 Hydraulics Manual Ch. 7 Appx. F, Figure 1

Flow Path Sequences
Tc L = Length of the pipe segment (ft)

1F, 1P, 2P, 3P, Discharge 4.48 <-- Max S = 0.005 (Pipe Slope - assumed)
2F, 2P, 3P, Discharge 4.10 n = 0.013 (Manning's Rough Coef. for PVC pipe)
3F, 3P, Discharge 3.48 K = 1.49 (Constant)

D = Varies (Pipe Diameter, ft)
Tc = Tscf + Tpf R = D/4 (Assumed full)

Rainfall Intensity
Region # Color Areas (sf) Acreage

Tc = 4.48 min 1 Cyan 43050.2 0.99
i = 3 in/hr 2 Blue 20926.4 0.48

3 Magenta 40806.5 0.94
4 Black 14237.3 0.33

Runoff (Q)

Design Storm: 25 year 24-hour event sf acre
Cf = 1.1 (Table 3) 11978 0.275 Landscaping 0.25
C = 0.84 (Table 2) 108927 2.501 Paved/Roofs 0.9
i = 3

A = 2.732

Q = 7.53 cfs (This calculation considers only that area which is contributed to the rain garden.)
3

(See Appx. A, IDF Curve, 
Zone 3)

Rational Method Hydrologic Analysis
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Material C



HSS Site Drainage - Rain Garden Tributary Catchment Hydrographs

These hydrographs
Pre Developed Conditon Post Developed Conditon assume a linear 

storm regression
Q = 0.22 cfs Q = 7.53 cfs which lasts 1.5x the

length of the Tc
Tc = 85 min Tc = 4.48 min

Required Detention Volume = 2099 cf
4

Rational Method Hydrologic Analysis
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HSS Site Drainage - Detention Volume

Required Detention Volume

0.5 0.840 0.219 0.62 19
1 1.681 0.219 1.46 88

1.5 2.521 0.219 2.30 207
2 3.362 0.219 3.14 377

2.5 4.202 0.219 3.98 597
3 5.043 0.219 4.82 868

3.5 5.883 0.219 5.66 1189
4 6.724 0.219 6.50 1561

4.48 7.534 0.219 7.31 1967
5 7.040 0.219 6.82 2046

5.5 6.546 0.219 6.33 2088
6 6.051 0.219 5.83 2099 <--- Max

6.5 5.557 0.219 5.34 2082
7 5.062 0.219 4.84 2034

7.5 4.568 0.219 4.35 1957
8 4.074 0.219 3.85 1850

8.5 3.579 0.219 3.36 1714
9 3.085 0.219 2.87 1547

9.5 2.591 0.219 2.37 1352
10 2.096 0.219 1.88 1126

10.5 1.602 0.219 1.38 871
11 1.107 0.219 0.89 586

11.5 0.613 0.219 0.39 272
12.0 0.119 0.219 0 0

5
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HSS Site Drainage - Mitigations Facility Sizing

PLANTER

Q1 Pre-Developed Flow 0.22 cfs

Q2 Post Developed Flow 7.53 cfs Storage Volume (req) = 2099.5 cf

Bottom Wtr Srfc Top
Avg. Width (in water) 29.5 ft Width (ft) 25 34 40
Avg. Length (in water) 54.5 ft Length (ft) 50 59 65
Depth of Water 1.5 ft Surface Area 2600 sf

Side Slope 3:1 (H:V) ft
Freeboard 1 ft

Volume 2411.6 cf > 2099.5 OKAY

PIPE SIZE *Demand **Capacity
Region A (acr) i Cf C Q (cfs) Qtot (cfs) S (%) D (in) Q (cfs)
1 0.99 3 1.1 0.84 2.73 2.73 0.5 12 2.977
1, 2 0.48 3 1.1 0.84 1.32 4.05 0.93 12 4.0602
1, 2, 3 0.94 3 1.1 0.84 2.58 6.63 0.76 15 6.6548

*Calculated via Rational Method
**Calculated using Manning's equation 6

Rational Method Hydrologic Analysis



Orifice Discharge - Flow Attenuation

Q = Cd x A x √(2gh) Q = max. allowable runoff in cf/s
Cd = Orifice coefficient

A = Cross sectional area of orifice
g = gravity constant, 32.2 ft/s^2
h = total head above orifice (ft)

Q = 0.40 cfs
h = 1.5 ft
g = 32.2 ft/s^2

Cd = 0.61 CERM 15th Ed., pg. 17-17

A = 0.07 sf
d = 0.29 ft
d = 3.51 in

Install orifice with 3.5" diameter hole

7
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HSS Site Drainage - Pre-Developed (Eastern Filter Strip Tributary)

Travel Distance 315 ft
Elevation (High) 55.25
Elevation (Low) 53.06
Average Slope 0.70%
Total Area 218740.596 sf (From AutoCAD)

5.022 acre
Velocity 0.22 ft/sec (Figure 1, ODOT Appendix F)
Zone 3 (IDF Curve, ODOT Appendix A)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = 0.93 * (L0.6 * n0.6) Tosf = Travel time for the overland sheet flow segment (min)

(i0.4 * S0.3) (This is the only condition of flow that occurs on the undeveloped site.)

Iteration #1 Assume Tc = 25 min.

i = 1.55 in/hr (See Appendix A, IDF Curve) i = Rainfall intensity (in/hr)
L = 315.0 ft (^ also see Table 4.2 Florence SWDesign L = Length of the overland sheet flow segment (ft)
n = 0.4 n = Manning's Roughness coefficient (See Table 3)
S = 0.70% S = Average slope of the overland area (ft/ft)

Tosf = 63.09 <--- Does not equal Assumed Tc

Iteration #2 Assume Tc = 85 min.

i = 0.73 in/hr (See Appendix A, IDF Curve)
L = 315.0 ft
n = 0.4
S = 0.70%

Tosf = 85.26 <---Approximately matches Assumed Tc)

Runoff (Q)

Design Storm: 25 year event In order to directly compare rates of runoff from the pre-developed and post-
Cf = 1.1 (Table 3) developed conditions, the calculated Q value for the pre-developed site
C = 0.10 (Table 2) is hereunder prorated to the area of the post-development catchment which
i = 0.73 is mitigated by filter strips along the eastern property boundary

A = 5.022 ac

Q = 0.40 cfs 0.95 acre = 0.077 cfs

5.02 acre 0.40 cfs
8
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HSS Site Drainage - Post-Developed (Eastern Filter Strip Tributary)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = L Tscf = Travel time for shallow concentrated flow segment (min)
60*V

Equation 5 Tpf = [Σ(L/V)]/60 Tpf = Travel time for pipe flow segment (min)

Equation 6 V = (k/n) * R^(2/3) * S^(1/2) V = Velocity (determined by Manning's Equation)

Time of Concentration (Shallow Concentrated Flow) "F" Time of Concentration (Pipe Flow) "P"

Region # Color L (ft) V (ft/s)* Tscf (min) L (ft) D (in) A (sf) R^(2/3) V (ft/s)* Tpf
1 Red 35 1.45 0.40 0.000 0.00 0.00 #DIV/0!
2 Grey 15 1.45 0.17 0.000 0.00 0.00 #DIV/0!
3 0.000 0.00 0.00 #DIV/0!
4 0.000 0.00 0.00 #DIV/0!

*Value from TR-55 Figure 3-1 and/or ODOT *Value calculated using Manning's equation
 Hydraulics Manual Ch. 7 Appx. F, Figure 1

Flow Path Sequences
Tc L = Length of the pipe segment (ft)

1F, 2F 0.57 <-- Max S = 0.005 (Pipe Slope - assumed)
n = 0.013 (Manning's Rough Coef. for PVC pipe)
K = 1.49 (Constant)
D = Varies (Pipe Diameter, ft)

Tc = Tscf + Tpf R = D/4 (Assumed full)

Rainfall Intensity
Region # Color Areas (sf) Acreage

Tc = 0.57 min 1 Red 27656.6001 0.63
i = 3 in/hr 2 Grey 13847.4 0.32

Runoff (Q)

Design Storm: 25 year 24-hour event sf acre
Cf = 1.1 (Table 3) 13847 0.318 oodland & Fore 0.15
C = 0.65 (Table 2) 27657 0.635 Paved/Roofs 0.9
i = 3 Total Area: 0.953

A = 0.953

Q = 2.04 cfs (This calculation considers only that area which is contributed to the eastern filter strip.)
9
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Material C

(See Appx. A, IDF Curve, 
Zone 3)
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HSS Site Drainage - Eastern Vegetated Filter Strip Sizing

To calculate the size of a filter strip, first calculate:
- the maximum discharge loading per foot of filter strip width (q),
- the minimum width (Wmin)
- the minimum length of the filter strip (Lf)

Allowable Discharge per Foot of Width

q = (0.023/n) x Y(5/3) x S(1/2) where… Manning's Equation

q = 0.223 cfs/ft Allowable discharge per foot of width of filter strip
Y = 1 inches Allowable depth of flow (ODOT Appendix B)
S = 2.12 % Slope of filter strip (per Grading Plan)
n = 0.15 Manning's "n" roughness coefficient (Table 1, ODOT Appendix F)

Minimum Width of Filter Strip

Wfmin = Qwq / q where…

Wfmin = 9.15 ft Minimum filter strip width perpendicular to flow 
Qwq = 2.04 cfs Peak Flow Rate

q = 0.223 cfs/ft Discharge per foot of width of filter strip

Minimum Length of Filter Strip

Lf = (Tt)1.25 x (P2-24)
0.625 x S0.5 where…

                     3.34 x n

Lf = 142.37 ft Length of filter strip parallel to flow
Tt = 10 min Travel time through filter strip 

P2-24 = 5.06 in 2 yr, 24-hr rainfall depth (See Florence SWDM Table 4.1)
S = 2.12 % Slope of filter strip
n = 0.15 Manning's "n" roughness coefficient

142

Minimum Filter Strip Size 9

Minimim Required Dimensions Provided Dimensions (per Drawings)
Length 142 ft Length 848 ft OKAY
Width 9 ft Width 14.2 ft OKAY

10
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HSS Site Drainage - Pre-Developed (Western Filter Strip Tributary)

Travel Distance 315 ft
Elevation (High) 55.25
Elevation (Low) 53.06
Average Slope 0.70%
Total Area 218740.596 sf (From AutoCAD)

5.022 acre
Velocity 0.22 ft/sec (Figure 1, ODOT Appendix F)
Zone 3 (IDF Curve, ODOT Appendix A)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = 0.93 * (L0.6 * n0.6) Tosf = Travel time for the overland sheet flow segment (min)

(i0.4 * S0.3) (This is the only condition of flow that occurs on the undeveloped site.)

Iteration #1 Assume Tc = 25 min.

i = 1.55 in/hr (See Appendix A, IDF Curve) i = Rainfall intensity (in/hr)
L = 315.0 ft (^ also see Table 4.2 Florence SWDesign L = Length of the overland sheet flow segment (ft)
n = 0.4 n = Manning's Roughness coefficient (See Table 3)
S = 0.70% S = Average slope of the overland area (ft/ft)

Tosf = 63.09 <--- Does not equal Assumed Tc

Iteration #2 Assume Tc = 85 min.

i = 0.73 in/hr (See Appendix A, IDF Curve)
L = 315.0 ft
n = 0.4
S = 0.70%

Tosf = 85.26 <---Approximately matches Assumed Tc)

Runoff (Q)

Design Storm: 25 year event In order to directly compare rates of runoff from the pre-developed and post-
Cf = 1.1 (Table 3) developed conditions, the calculated Q value for the pre-developed site
C = 0.10 (Table 2) is hereunder prorated to the area of the post-development catchment which
i = 0.73 is mitigated by filter strips along the western property boundary

A = 5.022 ac

Q = 0.40 cfs 0.49 acre = 0.040 cfs

5.02 acre 0.40 cfs
11
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HSS Site Drainage - Post-Developed (Western Filter Strip Tributary)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = L Tscf = Travel time for shallow concentrated flow segment (min)
60*V

Equation 5 Tpf = [Σ(L/V)]/60 Tpf = Travel time for pipe flow segment (min)

Equation 6 V = (k/n) * R^(2/3) * S^(1/2) V = Velocity (determined by Manning's Equation)

Time of Concentration (Shallow Concentrated Flow) "F" Time of Concentration (Pipe Flow) "P"

Region # Color L (ft) V (ft/s)* Tscf (min) L (ft) D (in) A (sf) R^(2/3) V (ft/s)* Tpf
1 Yellow 15 1.45 0.17 0.000 0.00 0.00 #DIV/0!
2 Grey 7.5 1.45 0.09 0.000 0.00 0.00 #DIV/0!
3 0.000 0.00 0.00 #DIV/0!
4 0.000 0.00 0.00 #DIV/0!

*Value from TR-55 Figure 3-1 and/or ODOT *Value calculated using Manning's equation
 Hydraulics Manual Ch. 7 Appx. F, Figure 1

Flow Path Sequences
Tc L = Length of the pipe segment (ft)

1F, 2F 0.26 <-- Max S = 0.005 (Pipe Slope - assumed)
n = 0.013 (Manning's Rough Coef. for PVC pipe)
K = 1.49 (Constant)
D = Varies (Pipe Diameter, ft)

Tc = Tscf + Tpf R = D/4 (Assumed full)

Rainfall Intensity
Region # Color Areas (sf) Acreage

Tc = 0.26 min 1 Yellow 13607.3348 0.31
i = 3 in/hr 2 Grey 7860.308 0.18

Runoff (Q)

Design Storm: 25 year 24-hour event sf acre
Cf = 1.1 (Table 3) 7860 0.180 oodland & Fore 0.15
C = 0.63 (Table 2) 13607 0.312 Paved/Roofs 0.9
i = 3 Total Area: 0.493

A = 0.493

Q = 1.02 cfs (This calculation considers only that area which is contributed to the western  filter strip.)
12

Rational Method Hydrologic Analysis

(See Appx. A, IDF Curve, 
Zone 3)

Area
Material C



HSS Site Drainage - Western Vegetated Filter Strip Sizing

To calculate the size of a filter strip, first calculate:
- the maximum discharge loading per foot of filter strip width (q),
- the minimum width (Wmin)
- the minimum length of the filter strip (Lf)

Allowable Discharge per Foot of Width

q = (0.023/n) x Y(5/3) x S(1/2) where… Manning's Equation

q = 0.364 cfs/ft Allowable discharge per foot of width of filter strip
Y = 1 inches Allowable depth of flow (ODOT Appendix B)
S = 10 % Slope of filter strip (per Grading Plan)
n = 0.2 Manning's "n" roughness coefficient (Table 1, ODOT Appendix F)

Minimum Width of Filter Strip

Wfmin = Qwq / q where…

Wfmin = 2.80 ft Minimum filter strip width perpendicular to flow 
Qwq = 1.02 cfs Peak Flow Rate

q = 0.364 cfs/ft Discharge per foot of width of filter strip

Minimum Length of Filter Strip

Lf = (Tt)1.25 x (P2-24)
0.625 x S0.5 where…

                     3.34 x n

Lf = 231.91 ft Length of filter strip parallel to flow
Tt = 10 min Travel time through filter strip 

P2-24 = 5.06 in 2 yr, 24-hr rainfall depth (See Florence SWDM Table 4.1)
S = 10 % Slope of filter strip
n = 0.2 Manning's "n" roughness coefficient

232

Minimum Filter Strip Size 2.8

Minimim Required Dimensions Provided Dimensions (per Drawings)
Length 232 ft Length 1052 ft OKAY
Width 3 ft Width 7.5 ft OKAY

Use 5-ft
13
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HSS Site Drainage - Pre-Developed (Northern Filter Strip Tributary)

Travel Distance 315 ft
Elevation (High) 55.25
Elevation (Low) 53.06
Average Slope 0.70%
Total Area 218740.596 sf (From AutoCAD)

5.022 acre
Velocity 0.22 ft/sec (Figure 1, Appendix F)
Zone 3 (IDF Curve, Appendix A)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 C = [(C1 x A1) + (C2 x A2) +… (Cn x An)] ÷ A Total

Equation 3 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 4 Tosf = 0.93 * (L0.6 * n0.6) Tosf = Travel time for the overland sheet flow segment (min)

(i0.4 * S0.3) (This is the only condition of flow that occurs on the undeveloped site.)

Iteration #1 Assume Tc = 25 min.

i = 1.55 in/hr (See Appendix A, IDF Curve) i = Rainfall intensity (in/hr)
L = 315.0 ft (^ also see Table 4.2 Florence SWDesign L = Length of the overland sheet flow segment (ft)
n = 0.4 n = Manning's Roughness coefficient (See Table 3)
S = 0.70% S = Average slope of the overland area (ft/ft)

Tosf = 63.09 <--- Does not equal Assumed Tc

Iteration #2 Assume Tc = 85 min.

i = 0.73 in/hr (See Appendix A, IDF Curve)
L = 315.0 ft
n = 0.4
S = 0.70%

Tosf = 85.26 <---Approximately matches Assumed Tc)

Runoff (Q)

Design Storm: 25 year event In order to directly compare rates of runoff from the pre-developed and post-
Cf = 1.1 (Table 3) developed conditions, the calculated Q value for the pre-developed site
C = 0.10 (Table 2) is hereunder prorated to the area of the post-development catchment which
i = 0.73 is mitigated by BMPs along the northern property boundary

A = 5.022 ac

Q = 0.40 cfs 0.79 acre = 0.063 cfs

5.02 acre 0.40 cfs
14
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HSS Site Drainage - Post-Developed (Northern Filter Strip Tributary)

Equation 1 Q = Cf x C x I x A Q = runoff in cf/s

Cf = runoff coefficient (dimensionless)
C = runoff coefficient (dimensionless)
I = rainfall intensity (in/hr)

A = drainage area (acres)

Equation 2 Tc = Tosf + Tscf + Tocf + Tpf Tc = Time of Concentration (min)

Equation 3 Tosf = L Tscf = Travel time for shallow concentrated flow segment (min)
60*V

Equation 4
Tpf = [Σ(L/V)]/60 Tpf = Travel time for pipe flow segment (min)

Equation 5 V = (k/n) * R^(2/3) * S^(1/2) V = Velocity (determined by Manning's Equation)

Time of Concentration (Shallow Concentrated Flow) "F" Time of Concentration (Pipe Flow) "P"

Region # Color L (ft) V (ft/s)* Tscf (min) L (ft) D (in) A (sf) R^(2/3) V (ft/s)* Tpf
1 Green 185 1.45 2.13

*Value from TR-55 Figure 3-1 and/or ODOT
 Hydraulics Manual Ch. 7 Appx. F, Figure 1

Flow Path Sequences
Tc L = Length of the pipe segment (ft)

5F, 5P 2.13 <-- Max S = 0.005 (Pipe Slope - assumed)
n = 0.013 (Manning's Rough Coef. for PVC pipe)
K = 1.49 (Constant)
D = Varies (Pipe Diameter, ft)
R = D/4 (Assumed full)

Rainfall Intensity
Region # Color Areas (sf) Acreage

Tc = 2.13 min 1 Green 34344.532 0.79
i = 3 in/hr 2 Drk Grey 1358.4 0.03

(Value for I corresponds with min Tc = 5 min)
Runoff (Q)

Design Storm: 25 year 24-hour event sf acre
Cf = 1.1 (Table 3) 1358 0.031 oodland & Fore 0.15
C = 0.84 (Table 2) 34345 0.788 Paved/Roofs 0.9
i = 3 Total Area: 0.820

A = 0.79

Q = 2.19 cfs (This calculation considers only that area which is contributed to the northern  filter strip.)
15
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*Value calculated using Manning's equation

(See Appx. A, IDF Curve, 
Zone 3)
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Material C



HSS Site Drainage - Northern Vegetated Filter Strip Sizing

To calculate the size of a filter strip, first calculate:
- the maximum discharge loading per foot of filter strip width (q),
- the minimum width (Wmin)
- the minimum length of the filter strip (Lf)

Allowable Discharge per Foot of Width

q = (0.023/n) x Y(5/3) x S(1/2) where… Manning's Equation

q = 0.364 cfs/ft Allowable discharge per foot of width of filter strip
Y = 1 inches Allowable depth of flow (ODOT Appendix B)
S = 10 % Slope of filter strip (per Grading Plan)
n = 0.2 Manning's "n" roughness coefficient (Table 1, ODOT Appendix F)

Minimum Width of Filter Strip

Wfmin = Qwq / q where…

Wfmin = 6.01 ft Minimum filter strip width perpendicular to flow 
Qwq = 2.19 cfs Peak Flow Rate

q = 0.364 cfs/ft Discharge per foot of width of filter strip

Minimum Length of Filter Strip

Lf = (Tt)1.25 x (P2-24)
0.625 x S0.5 where…

                     3.34 x n

Lf = 231.91 ft Length of filter strip parallel to flow
Tt = 10 min Travel time through filter strip 

P2-24 = 5.06 in 2 yr, 24-hr rainfall depth (See Florence SWDM Table 4.1)
S = 10 % Slope of filter strip
n = 0.2 Manning's "n" roughness coefficient

232

Minimum Filter Strip Size 6.0

Minimim Required Dimensions Provided Dimensions (per Drawings)
Length 232 ft Length 1052 ft OKAY
Width 6 ft Width 7.5 ft OKAY

16
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Tables

Flat
Rolling

 (2%-10%)
Hilly 

(Over 10%)

Pavement & Roofs 0.9 0.9 0.9
Earth shoulders 0.5 0.5 0.5
Drives & Walks 0.75 0.8 0.85
Gravel Pavement 0.85 0.85 0.85
City Business Areas 0.8 0.85 0.85
Apartment Dwelling Areas 0.5 0.6 0.7
Light Residential: 1 to 3 units/acre 0.35 0.4 0.45
Normal Residential: 3 to 6 units/acre 0.5 0.55 0.6
Dense Residential: 6 to 15 units/acre 0.7 0.75 0.8
Lawns 0.17 0.22 0.35
Grass Shoulders 0.25 0.25 0.25
Side Slopes, Earth 0.6 0.6 0.6
Side Slopes, Turf 0.3 0.3 0.3
Median Areas, Turf 0.25 0.3 0.3
Cultivated Land, Clay & Loam 0.5 0.55 0.6
Cultivated Land, Sand & Gravel 0.25 0.3 0.35
Industrial Areas, Light 0.5 0.7 0.8
Industrial Areas, Heavy 0.6 0.8 0.9
Parks & Cemeteries 0.1 0.15 0.25
Playgrounds 0.2 0.25 0.3
Woodland & Forests 0.1 0.15 0.2
Meadows & Pasture Land 0.25 0.3 0.35
Unimproved Areas 0.1 0.2 0.3

*"C" - Table 1, Appendix F (ODOT Hydraulics Manual)

Runoff Coefficient Adjustment Factor

1
1.1
1.2

1.25
*Table 2, Appendix F (ODOT Hydraulics Manual)

Roughness 
Coefficient

0.014
0.014
0.02
0.05
0.05
0.08
0.15
0.24
0.24
0.4
0.4

*"n" - Table 3, Appendix F (ODOT Hydraulics Manual)
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100 years

Location

Type of Cover

Recurrence Interval

10 years or less
25 years
50 years

Pavement & Roofs
City Business Areas
Graveled Surfaces
Apartment Dwelling Areas
Industrial Areas

Woodland & Forests

Urban Residential Areas (> 6 units/acre)
Meadows, Pastures & Range Land
Rural Residential Areas (> 6 units/acre)
Playgrounds, Light Turf
Parks & Cemeteries, Heavy Turf
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Lane County Area, Oregon
Survey Area Data: Version 16, Sep 10, 2019

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 27, 2007—Sep 
15, 2016

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

140 Yaquina loamy fine sand 5.1 100.0%

Totals for Area of Interest 5.1 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

Custom Soil Resource Report
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An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.
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Lane County Area, Oregon

140—Yaquina loamy fine sand

Map Unit Setting
National map unit symbol: 2359
Elevation: 20 to 130 feet
Mean annual precipitation: 70 to 80 inches
Mean annual air temperature: 50 to 52 degrees F
Frost-free period: 180 to 210 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Yaquina and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Yaquina

Setting
Landform: Dune slacks
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian sand of mixed origin

Typical profile
Oi - 0 to 1 inches: slightly decomposed plant material
H1 - 1 to 9 inches: loamy fine sand
H2 - 9 to 30 inches: fine sand
H3 - 30 to 60 inches: fine sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: About 0 to 24 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water storage in profile: Low (about 4.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Forage suitability group: Somewhat Poorly Drained (G004AY017OR)
Hydric soil rating: Yes
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Soil Information for All Uses

Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Building Site Development

This folder contains a collection of tabular reports that present soil interpretations 
related to building site development. The reports (tables) include all selected map 
units and components for each map unit, limiting features and interpretive ratings. 
Building site development interpretations are designed to be used as tools for 
evaluating soil suitability and identifying soil limitations for various construction 
purposes. As part of the interpretation process, the rating applies to each soil in its 
described condition and does not consider present land use. Example 
interpretations can include corrosion of concrete and steel, shallow excavations, 
dwellings with and without basements, small commercial buildings, local roads and 
streets, and lawns and landscaping.

Dwellings and Small Commercial Buildings

Soil properties influence the development of building sites, including the selection of 
the site, the design of the structure, construction, performance after construction, 
and maintenance. This table shows the degree and kind of soil limitations that affect 
dwellings and small commercial buildings.

The ratings in the table are both verbal and numerical. Rating class terms indicate 
the extent to which the soils are limited by all of the soil features that affect building 
site development. Not limited indicates that the soil has features that are very 
favorable for the specified use. Good performance and very low maintenance can 
be expected. Somewhat limited indicates that the soil has features that are 
moderately favorable for the specified use. The limitations can be overcome or 
minimized by special planning, design, or installation. Fair performance and 
moderate maintenance can be expected. Very limited indicates that the soil has one 
or more features that are unfavorable for the specified use. The limitations generally 
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cannot be overcome without major soil reclamation, special design, or expensive 
installation procedures. Poor performance and high maintenance can be expected.

Numerical ratings in the table indicate the severity of individual limitations. The 
ratings are shown as decimal fractions ranging from 0.01 to 1.00. They indicate 
gradations between the point at which a soil feature has the greatest negative 
impact on the use (1.00) and the point at which the soil feature is not a limitation 
(0.00).

Dwellings are single-family houses of three stories or less. For dwellings without 
basements, the foundation is assumed to consist of spread footings of reinforced 
concrete built on undisturbed soil at a depth of 2 feet or at the depth of maximum 
frost penetration, whichever is deeper. For dwellings with basements, the foundation 
is assumed to consist of spread footings of reinforced concrete built on undisturbed 
soil at a depth of about 7 feet. The ratings for dwellings are based on the soil 
properties that affect the capacity of the soil to support a load without movement 
and on the properties that affect excavation and construction costs. The properties 
that affect the load-supporting capacity include depth to a water table, ponding, 
flooding, subsidence, linear extensibility (shrink-swell potential), and compressibility. 
Compressibility is inferred from the Unified classification. The properties that affect 
the ease and amount of excavation include depth to a water table, ponding, 
flooding, slope, depth to bedrock or a cemented pan, hardness of bedrock or a 
cemented pan, and the amount and size of rock fragments.

Small commercial buildings are structures that are less than three stories high and 
do not have basements. The foundation is assumed to consist of spread footings of 
reinforced concrete built on undisturbed soil at a depth of 2 feet or at the depth of 
maximum frost penetration, whichever is deeper. The ratings are based on the soil 
properties that affect the capacity of the soil to support a load without movement 
and on the properties that affect excavation and construction costs. The properties 
that affect the load-supporting capacity include depth to a water table, ponding, 
flooding, subsidence, linear extensibility (shrink-swell potential), and compressibility 
(which is inferred from the Unified classification). The properties that affect the ease 
and amount of excavation include flooding, depth to a water table, ponding, slope, 
depth to bedrock or a cemented pan, hardness of bedrock or a cemented pan, and 
the amount and size of rock fragments.

Information in this table is intended for land use planning, for evaluating land use 
alternatives, and for planning site investigations prior to design and construction. 
The information, however, has limitations. For example, estimates and other data 
generally apply only to that part of the soil between the surface and a depth of 5 to 7 
feet. Because of the map scale, small areas of different soils may be included within 
the mapped areas of a specific soil.

The information is not site specific and does not eliminate the need for onsite 
investigation of the soils or for testing and analysis by personnel experienced in the 
design and construction of engineering works.

Government ordinances and regulations that restrict certain land uses or impose 
specific design criteria were not considered in preparing the information in this table. 
Local ordinances and regulations should be considered in planning, in site 
selection, and in design.
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Report—Dwellings and Small Commercial Buildings

[Onsite investigation may be needed to validate the interpretations in this table and 
to confirm the identity of the soil on a given site. The numbers in the value columns 
range from 0.01 to 1.00. The larger the value, the greater the potential limitation. 
The table shows only the top five limitations for any given soil. The soil may have 
additional limitations]

Dwellings and Small Commercial Buildings–Lane County Area, Oregon

Map symbol and soil 
name

Pct. of 
map 
unit

Dwellings without basements Dwellings with basements Small commercial buildings

Rating class and 
limiting features

Value Rating class and 
limiting features

Value Rating class and 
limiting features

Value

140—Yaquina loamy 
fine sand

Yaquina 85 Very limited Very limited Very limited

Ponding 1.00 Ponding 1.00 Ponding 1.00

Depth to saturated 
zone

1.00 Depth to saturated 
zone

1.00 Depth to saturated 
zone

1.00

Soil Physical Properties

This folder contains a collection of tabular reports that present soil physical 
properties. The reports (tables) include all selected map units and components for 
each map unit. Soil physical properties are measured or inferred from direct 
observations in the field or laboratory. Examples of soil physical properties include 
percent clay, organic matter, saturated hydraulic conductivity, available water 
capacity, and bulk density.

Physical Soil Properties

This table shows estimates of some physical characteristics and features that affect 
soil behavior. These estimates are given for the layers of each soil in the survey 
area. The estimates are based on field observations and on test data for these and 
similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by 
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as 
classes with specific effective diameter class limits. The broad classes are sand, 
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2 
millimeters in diameter. In this table, the estimated sand content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 
millimeter in diameter. In this table, the estimated silt content of each soil layer is 
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given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002 
millimeter in diameter. In this table, the estimated clay content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle 
size is important for engineering and agronomic interpretations, for determination of 
soil hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil and 
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil 
dispersion, and other soil properties. The amount and kind of clay in a soil also 
affect tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is 
measured when the soil is at field moisture capacity, that is, the moisture content at 
1/3- or 1/10-bar (33kPa or 10kPa) moisture tension. Weight is determined after the 
soil is dried at 105 degrees C. In the table, the estimated moist bulk density of each 
soil horizon is expressed in grams per cubic centimeter of soil material that is less 
than 2 millimeters in diameter. Bulk density data are used to compute linear 
extensibility, shrink-swell potential, available water capacity, total pore space, and 
other soil properties. The moist bulk density of a soil indicates the pore space 
available for water and roots. Depending on soil texture, a bulk density of more than 
1.4 can restrict water storage and root penetration. Moist bulk density is influenced 
by texture, kind of clay, content of organic matter, and soil structure.

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates in the table are expressed in terms of 
micrometers per second. They are based on soil characteristics observed in the 
field, particularly structure, porosity, and texture. Saturated hydraulic conductivity 
(Ksat) is considered in the design of soil drainage systems and septic tank 
absorption fields.

Available water capacity refers to the quantity of water that the soil is capable of 
storing for use by plants. The capacity for water storage is given in inches of water 
per inch of soil for each soil layer. The capacity varies, depending on soil properties 
that affect retention of water. The most important properties are the content of 
organic matter, soil texture, bulk density, and soil structure. Available water capacity 
is an important factor in the choice of plants or crops to be grown and in the design 
and management of irrigation systems. Available water capacity is not an estimate 
of the quantity of water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture 
content is decreased from a moist to a dry state. It is an expression of the volume 
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or 
10kPa tension) and oven dryness. The volume change is reported in the table as 
percent change for the whole soil. The amount and type of clay minerals in the soil 
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The 
shrink-swell potential is low if the soil has a linear extensibility of less than 3 
percent; moderate if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 
9 percent. If the linear extensibility is more than 3, shrinking and swelling can cause 
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damage to buildings, roads, and other structures and to plant roots. Special design 
commonly is needed.

Organic matter is the plant and animal residue in the soil at various stages of 
decomposition. In this table, the estimated content of organic matter is expressed 
as a percentage, by weight, of the soil material that is less than 2 millimeters in 
diameter. The content of organic matter in a soil can be maintained by returning 
crop residue to the soil.

Organic matter has a positive effect on available water capacity, water infiltration, 
soil organism activity, and tilth. It is a source of nitrogen and other nutrients for 
crops and soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor. 
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by 
water. Factor K is one of six factors used in the Universal Soil Loss Equation 
(USLE) and the Revised Universal Soil Loss Equation (RUSLE) to predict the 
average annual rate of soil loss by sheet and rill erosion in tons per acre per year. 
The estimates are based primarily on percentage of silt, sand, and organic matter 
and on soil structure and Ksat. Values of K range from 0.02 to 0.69. Other factors 
being equal, the higher the value, the more susceptible the soil is to sheet and rill 
erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are 
modified by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material 
less than 2 millimeters in size.

Erosion factor T is an estimate of the maximum average annual rate of soil erosion 
by wind and/or water that can occur without affecting crop productivity over a 
sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting 
their susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 
are the most susceptible to wind erosion, and those assigned to group 8 are the 
least susceptible. The groups are described in the "National Soil Survey Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to wind 
erosion, or the tons per acre per year that can be expected to be lost to wind 
erosion. There is a close correlation between wind erosion and the texture of the 
surface layer, the size and durability of surface clods, rock fragments, organic 
matter, and a calcareous reaction. Soil moisture and frozen soil layers also 
influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Three values are provided to identify the expected Low (L), Representative Value (R), and High (H).

Physical Soil Properties–Lane County Area, Oregon

Map symbol 
and soil name

Depth Sand Silt Clay Moist 
bulk 

density

Saturated 
hydraulic 

conductivity

Available 
water 

capacity

Linear 
extensibility

Organic 
matter

Erosion 
factors

Wind 
erodibility 

group

Wind 
erodibility 

index
Kw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

140—Yaquina 
loamy fine 
sand

Yaquina 0-1 -35- -50- 0-15- 25 0.10-0.20-
0.30

42.00-373.00-7
05.00

0.30-0.45-0.6
0

— 60.0-75.0-
90.0

5 2 134

1-9 -80- -17- 1- 3- 5 1.30-1.45-
1.60

14.00-28.00-42.
00

0.08-0.09-0.1
0

0.0- 1.5- 2.9 2.0- 3.5- 
5.0

.17 .17

9-30 -98- - 1- 1- 2- 2 1.30-1.45-
1.60

14.00-28.00-42.
00

0.05-0.06-0.0
7

0.0- 1.5- 2.9 0.5- 0.8- 
1.0

.15 .15

30-60 -98- - 1- 1- 2- 2 1.30-1.45-
1.60

42.00-92.00-14
1.00

0.05-0.06-0.0
7

0.0- 1.5- 2.9 0.0- 0.3- 
0.5

.02 .02
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Engineering Properties

This table gives the engineering classifications and the range of engineering 
properties for the layers of each soil in the survey area.

Hydrologic soil group is a group of soils having similar runoff potential under similar 
storm and cover conditions. The criteria for determining Hydrologic soil group is 
found in the National Engineering Handbook, Chapter 7 issued May 2007(http://
directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17757.wba). 
Listing HSGs by soil map unit component and not by soil series is a new concept for 
the engineers. Past engineering references contained lists of HSGs by soil series. 
Soil series are continually being defined and redefined, and the list of soil series 
names changes so frequently as to make the task of maintaining a single national 
list virtually impossible. Therefore, the criteria is now used to calculate the HSG 
using the component soil properties and no such national series lists will be 
maintained. All such references are obsolete and their use should be discontinued. 
Soil properties that influence runoff potential are those that influence the minimum 
rate of infiltration for a bare soil after prolonged wetting and when not frozen. These 
properties are depth to a seasonal high water table, saturated hydraulic conductivity 
after prolonged wetting, and depth to a layer with a very slow water transmission 
rate. Changes in soil properties caused by land management or climate changes 
also cause the hydrologic soil group to change. The influence of ground cover is 
treated independently. There are four hydrologic soil groups, A, B, C, and D, and 
three dual groups, A/D, B/D, and C/D. In the dual groups, the first letter is for 
drained areas and the second letter is for undrained areas.

The four hydrologic soil groups are described in the following paragraphs:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

Depth to the upper and lower boundaries of each layer is indicated.

Texture is given in the standard terms used by the U.S. Department of Agriculture. 
These terms are defined according to percentages of sand, silt, and clay in the 
fraction of the soil that is less than 2 millimeters in diameter. "Loam," for example, is 
soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than 52 percent sand. 
If the content of particles coarser than sand is 15 percent or more, an appropriate 
modifier is added, for example, "gravelly."
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Classification of the soils is determined according to the Unified soil classification 
system (ASTM, 2005) and the system adopted by the American Association of 
State Highway and Transportation Officials (AASHTO, 2004).

The Unified system classifies soils according to properties that affect their use as 
construction material. Soils are classified according to particle-size distribution of 
the fraction less than 3 inches in diameter and according to plasticity index, liquid 
limit, and organic matter content. Sandy and gravelly soils are identified as GW, GP, 
GM, GC, SW, SP, SM, and SC; silty and clayey soils as ML, CL, OL, MH, CH, and 
OH; and highly organic soils as PT. Soils exhibiting engineering properties of two 
groups can have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to those properties that affect 
roadway construction and maintenance. In this system, the fraction of a mineral soil 
that is less than 3 inches in diameter is classified in one of seven groups from A-1 
through A-7 on the basis of particle-size distribution, liquid limit, and plasticity index. 
Soils in group A-1 are coarse grained and low in content of fines (silt and clay). At 
the other extreme, soils in group A-7 are fine grained. Highly organic soils are 
classified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7 groups are further classified 
as A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional 
refinement, the suitability of a soil as subgrade material can be indicated by a group 
index number. Group index numbers range from 0 for the best subgrade material to 
20 or higher for the poorest.

Percentage of rock fragments larger than 10 inches in diameter and 3 to 10 inches 
in diameter are indicated as a percentage of the total soil on a dry-weight basis. The 
percentages are estimates determined mainly by converting volume percentage in 
the field to weight percentage. Three values are provided to identify the expected 
Low (L), Representative Value (R), and High (H).

Percentage (of soil particles) passing designated sieves is the percentage of the soil 
fraction less than 3 inches in diameter based on an ovendry weight. The sieves, 
numbers 4, 10, 40, and 200 (USA Standard Series), have openings of 4.76, 2.00, 
0.420, and 0.074 millimeters, respectively. Estimates are based on laboratory tests 
of soils sampled in the survey area and in nearby areas and on estimates made in 
the field. Three values are provided to identify the expected Low (L), Representative 
Value (R), and High (H).

Liquid limit and plasticity index (Atterberg limits) indicate the plasticity 
characteristics of a soil. The estimates are based on test data from the survey area 
or from nearby areas and on field examination. Three values are provided to identify 
the expected Low (L), Representative Value (R), and High (H).

References:

American Association of State Highway and Transportation Officials (AASHTO). 
2004. Standard specifications for transportation materials and methods of sampling 
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of 
soils for engineering purposes. ASTM Standard D2487-00.
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Absence of an entry indicates that the data were not estimated. The asterisk '*' denotes the representative texture; other 
possible textures follow the dash. The criteria for determining the hydrologic soil group for individual soil components is 
found in the National Engineering Handbook, Chapter 7 issued May 2007(http://directives.sc.egov.usda.gov/
OpenNonWebContent.aspx?content=17757.wba). Three values are provided to identify the expected Low (L), 
Representative Value (R), and High (H).

Engineering Properties–Lane County Area, Oregon

Map unit symbol and 
soil name

Pct. of 
map 
unit

Hydrolo
gic 

group

Depth USDA texture Classification Pct Fragments Percentage passing sieve number— Liquid 
limit

Plasticit
y index

Unified AASHTO >10 
inches

3-10 
inches

4 10 40 200

In L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H

140—Yaquina loamy 
fine sand

Yaquina 85 A/D 0-1 Slightly decomposed 
plant material

PT A-8 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

60-75-1
00

50-65- 
90

— —

1-9 Loamy fine sand SM A-2 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

75-78- 
80

15-20- 
25

0-7 -14 NP

9-30 Fine sand, sand SM, SP, 
SP-SM

A-2, A-3 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

75-78- 
80

0- 8- 15 0-7 -14 NP

30-60 Fine sand, sand SM, SP, 
SP-SM

A-2, A-3 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

75-78- 
80

0- 8- 15 0-7 -14 NP
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After Recording Return to: 

Name:

Address:

Place Recording Label Here 

APPENDIX A.4

Form O&M: Operations and Maintenance Plan 

Permit Application No .__________________________________________________________________________ 

Owner Name: ___________________________________________________________________________________ 

Phone: (area code required) _________________________________________________________________________

Mailing Address: (return address for records) ___________________________________________________________

City/State/Zip:___________________________________________________________________________________ 

Site Address: ___________________________________________________________________________________ 

City/State/Zip:___________________________________________________________________________________

Site Legal Description: 

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

1 Responsible Party for Maintenance (check one) 

__ Homeowner association __ Property Owner __ Other (describe) 

_________________________________________________________________ 

2 Contact Information for Responsible Party(ies) if Other than Owner 

 

Daytime Phone: (area code required) ________- __________-_____________ 

Emergency/After Hours Phone: ________- __________-______________ 

Contact Name and Address: 

________________________________________________________________________________________________

_

Instructions 

Simplified Sizing Approach: Attach O&M Specifications from the Florence Stormwater Design Manual Appendix H. 

Presumptive and Performance Sizing Approach: Attach the site-specific O&M Plan (See Stormwater Design Manual 

Section 6).

3 Site Plan 

Show all facility locations in relation to labeled streets, buildings, or other permanent features on the site. Also show 

the sources of runoff entering the facility, and the final onsite/offsite discharge point. 
Please complete the table below 

Maintaining the stormwater management facility on this site plan is a required condition of building permit approval 

for the identified property. The property owner is required to operate and maintain this facility in accordance with the 

O&M specifications or plan on file with the City of Florence. That requirement is binding on all current and future 
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owners of the property. Failure to comply with the O&M specifications or plan may result in enforcement action, 

including penalties. The O&M specifications or plan may be modified by written consent of new owners and written 

approval by re-filing with the Community Development Department. 

Complete and recorded O&M Forms shall be submitted to: 

Community Development Department, 250 Highway 101, Florence, OR, 97439 

Office hours are 8 - 5, Monday through Friday. Call 541-997-3436 for assistance. 

BY SIGNING BELOW filer accepts and agrees to the terms and conditions contained in this O&M Form and in any document 

executed by filer and recorded with it. To be signed in the presence of a notary. 

 

______________________________________________________________________________________________ 
Filer signature 

________________________________________________________________________________________________ 

INDIVIDUAL Acknowledgement 

STATE of OREGON county of:  

_____________________________________________________________________________________________

This instrument was acknowledged before me on: 

_____________________________________________________________________________ 

 

By: 

________________________________________________________________________________________________ 
 

Notary Signature: 

________________________________________________________________________________________________ 

 

My Commission Expires: __________________________________ for notary seal 
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CORPORATE Acknowledgement 

STATE of OREGON county of: 

_____________________________________________________________________________________________

This instrument was acknowledged before me on: 

_____________________________________________________________________________ 

By: 

________________________________________________________________________________________________ 

As (title): 

_______________________________________________________________________________________________ 

 

Of (corporation): 

________________________________________________________________________________________________ 

 

Notary Signature: 

________________________________________________________________________________________________ 

 

 

My Commission Expires: __________________________________
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(SAMPLE) 

STORMWATER MANAGEMENT FACILITY 

CITY OF FLORENCE, OREGON 

OPERATION & MAINTENANCE AGREEMENT 

 
Sediment and other pollutants that degrade water quality will accumulate in urban stormwater 

facilities. The operation and maintenance of stormwater management facilities including the 

implementation of pollution reduction facilities is essential to the protection of the city’s water 

quality. Removal of accumulated pollutants and sediment is important for proper operation. All 

property owners are expected to conduct business in a manner that promotes resource protection. 

This agreement contains specific provisions with respect to city maintenance of private 

stormwater management facilities and use of pollution reduction facilities. 

 

Property Address: 

 

Legal description: 

 
Whereas, ____________________, herein referred to as Owner, has constructed improvements, including 

but not limited to buildings, pavement, and stormwater management facilities on the property described 

above. In order to further the goals of the City of Florence to ensure the protection and enhancement of 

water quality, the City of Florence and Owner hereby enter into this Agreement. The responsibilities of 

each party to this Agreement are identified below. 

 

Recitals 

1. Owner owns the above described property within the City of Florence, Lane County, Oregon. 

2. Owner owns and operates stormwater management facilities approved and permitted as required 

by land use permit _________. 

3. Owner has requested the city to provide the functional maintenance of the facility. 

4. City approved construction plans dedicating the drainage system conveying the runoff from the 

residential properties to the stormwater facility as a public drainage system are on file. 

5. Access routes for maintenance have been located within a dedicated public easement on private or 

commonly held property, within the public right-of-way or on city owned property. 

6. Sufficient easement area, right-of-way width or property have been provided to accommodate the 

construction and maintenance of all existing and proposed utilities and public infrastructure. 

 

Owner shall: 

1. Implement the stormwater management plan included herein as Attachment “A”. (Stormwater 

disposal and pollution reduction construction details, and source control protection, etc.) 

2. Implement the stormwater maintenance plan included herein as Attachment “B”. (Owner 

responsibilities such as vegetation control, debris pickup, etc.) 

3. Inspect the facilities monthly and after significant storm events to determine if maintenance 

activity is warranted. 

4. Maintain maintenance and inspection records (in the form of a log book) of steps taken to 

implement the programs referenced in (1) and (2) above. The log book shall be available for 

inspection by appointment at _________________________. The log book shall catalog any 

action taken, who took the action, when it was taken, how it was done, and any problems 

encountered or follow-on actions recommended. Maintenance items (“problems”) listed in 

Attachment “A” shall be inspected as specified in the attached instructions or more often if 

necessary. The Owner and Users are encouraged to photocopy the individual checklists in 

Attachment “A” and use them to complete its inspections. These completed checklists would then, 

in combination, comprise the logbook. 

5. Submit an annual report to the City of Florence regarding implementation programs referenced in 

(1) and (2) above. The report must be submitted on or before June 30 of each calendar year after 

execution of this agreement. At a minimum, the following items shall be included in the report: 

a. Name, address, and telephone number of the businesses, persons, or firms responsible for 

maintenance plan implementation, and the persons completing the report. 
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b. Time period covered by the report. 

c. A chronological summary of activities conducted to implement the program and plan 

referenced in (1) and (2) above. A photocopy of the applicable sections of the logbook 

with any additional explanations needed shall suffice. For any activities conducted by 

paid parties, include a copy of the invoice for services. 

d. Any outline planned activities for the upcoming year. 

6. Allow the City of Florence staff to inspect stormwater management facilities at the above 

referenced site. 

 

City of Florence shall: 

1. Execute the following periodic major maintenance on the subdivision’s pollution reduction 

facilities: sediment removal from facilities, resetting orifice sizes and elevations, and adding 

baffles. 

2. Maintain all stormwater management facility elements within the public rights of way and 

dedicated easements, such as catch basins, weirs, oil-water separators, and pipes. 

3. Provide technical assistance to the Owner in support of its operation and maintenance activities 

conducted pursuant to its maintenance and source control programs. Said assistance shall be 

provided upon request and as the City of Florence’s time and resources permit. 

4. Review the annual report and conduct a minimum of one (1) site visit per year to discuss 

performance and problems with the stormwater management facilities. 

5. Review the agreement with the Owner and modify it as necessary at least once every three (3) 

years. 

 

Remedies: 

1. If the City of Florence determines that maintenance that maintenance or repair work is required to 

be done to the stormwater management facilities located in the subdivision, the City of Florence 

shall give the Owner notice of the specific maintenance and/or repair required. The City of 

Florence shall set a reasonable time in which such work is to be completed the persons who were 

given notice. If the above required maintenance and/or repair is not completed within the time set 

by the City of Florence, written notice will be sent to the Owner stating the City of Florence’s 

intention to perform such maintenance and bill the Owner for all incurred expenses. 

2. If, at any time, the City of Florence determines that the existing facility creates any imminent 

threat to public health, safety, or welfare, the City of Florence may take immediate measures to 

remedy said threat. No notice to the persons listed in Remedies (1), above shall be required under 

such circumstances. All other 

 

Owner responsibilities shall remain in effect. 

1. The Owner shall grant unrestricted authority to the City of Florence for access to any and all 

stormwater management facilities for the purpose of performing maintenance or repair as may 

become necessary under Remedies (1) and/or (2). 

2. The Owner shall assume responsibility for the cost of maintenance and repairs to the stormwater 

management facilities, except for those maintenance actions explicitly assumed by the City of 

Florence in the preceding section. Such responsibility shall include reimbursement to the City of 

Florence within 90 days of the receipt of the invoice for any such work performed. Overdue 

payments will require payment of interest at the current legal rate for liquidated judgments. If legal 

action ensues, any costs or fees incurred by the City of Florence will be borne by the parties 

responsible for said reimbursements. This Agreement is intended to protect the value and 

desirability of the real property described above and to benefit all the citizens of the City of 

Florence. It shall run with the land and be binding on all parties having or acquiring any right, 

title, or interest or any part thereof, of real property in the subdivision. They shall inure to the 

benefit of each present or future successor in interest of said property or any part thereof or 

interest therein, and to the benefit of all citizens of the City of Florence. 

 

 

This instrument is intended to be binding upon the parties hereto, their heirs, successors and assignees. 
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In Witness whereof, the undersigned has executed this instrument on this _________ day of 

__________________,20____. 

 

 

OWNER(s): 

 

Signature _________________________________________ 

 

________________________________________ 

(print name) 

 

 

STATE OF OREGON, 

County of Lane, ss: 

This instrument was acknowledged before me this ________ day of _______________________________, 

20__,by ______________________________________, owner(s) of the above described premises. 

 

 

 

___________________________________ 

Notary Public for Oregon 

 
___________________________________ 

My commission expires 

 

 

 

MANAGER, CITY OF FLORENCE 

In Witness whereof, the undersigned agent of the City of Florence has executed this instrument and 

acknowledged 

the said instrument to be free and voluntary act and deed on this _______ day of _____________________, 

20____ for the purposes herein mentioned and on oath states he is authorized to execute said instrument. 

 

 

 

___________________________________ 

City Manager 

 

 

STATE OF OREGON, 

County of Lane, ss: 

This instrument was acknowledged before me this ________ day of _______________________________, 

20__, by ______________________________________, owner(s) of the above described premises. 

 

 

___________________________________ 

Notary Public for Oregon 

 

___________________________________ 

My commission expires 
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Vegetated Filter Strips 

Operations & Maintenance Plan 

Vegetated filter strips are gently sloped vegetated areas that stormwater runoff is directed to flow and filter 
through. Stormwater enters the filter as sheet flow from an impervious surface or is converted to sheet flow 
using a flow spreader. Flow control is achieved using the relatively large surface area and check dams. 
Pollutants are removed through infiltration and sedimentation. The vegetative filter should drain within 48 
hours of storm event. All facility components and vegetation shall be inspected for proper operations and 
structural stability. These inspections shall occur, at a minimum, quarterly for the first 2 years from the date of 
installation, 2 times per year thereafter, and within 48 hours after each major storm event. The facility owner 
must keep a log, recording all inspection dates, observations, and maintenance activities. The following items 
shall be inspected and maintained as stated: 

Flow Spreader shall allow runoff to enter the vegetative filter as predominantly sheet flow.  

Source of erosion damage shall be identified and controlled when native soil is exposed or erosion 
channels are forming. 

Sediment build-up near or exceeding 2” in depth shall be removed.  

Filter Inlet shall assure unrestricted stormwater flow to the vegetative filter.  

Sources of erosion shall be identified and controlled when native soil is exposed or erosion channels are 
present. 

Sediment accumulation shall be hand-removed with minimum damage to vegetation using proper erosion 
control measures. Sediment shall be removed if it is more than 4 inches thick or so thick as to damage or 
kill vegetation. 

Inlet shall be cleared when conveyance capacity is plugged.  

Rock splash pads shall be replenished to prevent erosion. 

Filter Media shall allow stormwater to percolate uniformly through the vegetative filter.  

If the vegetative filter does not drain within 48 hours, it shall be regraded and replanted according to 
design specifications. Established trees shall not be removed or harmed in this process. 

Debris in quantities more than 2” deep or sufficient to inhibit operation shall be removed routinely (e.g., 
no less than quarterly), or upon discovery. 

Check Dams shall direct and control flow. 

Causes for altered water flow and channelization shall be identified, and obstructions cleared upon 
discovery. 

Cracks, rot, and structural damage shall be repaired. 

Filter Outlet shall allow water to exit the vegetative filter as sheet flow, unless a collection drainpipe is used. 

Sources of erosion damage shall be identified and controlled when native soil is exposed or erosion 
channels are deeper than 2 inches. 

Outlet shall be cleared when 50% of the conveyance capacity is plugged. Sources of sediment and debris 
shall be identified and corrected. 

Vegetation shall be healthy and dense enough to provide filtering while protecting underlying soils from 
erosion. 

Fallen leaves and debris from deciduous plant foliage shall be raked and removed.  

Nuisance and prohibited vegetation from the Eugene Plant List (such as blackberries and English Ivy) 
shall be removed when discovered. Invasive vegetation contributing up to 25% of vegetation of all species 
shall be removed and replaced.  

Dead vegetation shall be removed to maintain less than 10% of area coverage or when vegetative filter 
function is impaired. Vegetation shall be replaced immediately to control erosion where soils are exposed 
and within 3 months to maintain cover density. 

Debris and Litter shall be removed to ensure stormwater conveyance and to prevent clogging of inlet drains 
and interference with plant growth. 

Spill Prevention measures shall be exercised when handling substances that contaminate stormwater.  
Releases of pollutants shall be corrected as soon as identified. 
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Vegetated Filter Strips 

Operations & Maintenance Plan 

Training and/or written guidance information for operating and maintaining vegetated filters shall be 
provided to all property owners and tenants. A copy of the O&M Plan shall be provided to all property owners 
and tenants.  

Access to the vegetative filter shall be safe and efficient. Egress and ingress routes shall be maintained to design 
standards.  
Obstacles preventing maintenance personnel and/or equipment access to the facility shall be removed.  
Gravel or ground cover shall be added if erosion occurs, e.g., due to vehicular or pedestrian traffic. 

Insects & Rodents shall not be harbored in the vegetated filter. Pest control measures shall be taken when 
insects/rodents are found to be present.  

If a complaint is received or an inspection reveals that a stormwater facility is significantly infested with 
mosquitoes or other vectors, the property owner/owners or their designee may be required to eliminate 
the infestation at the City inspector’s discretion. Control of the infestation shall be attempted by using 
first non-chemical methods and secondly, only those chemical methods specifically approved by the 
City’s inspector. Acceptable methods include but are not limited to the following: 

iii) Installation of predacious bird or bat nesting boxes. 

iv) Alterations of pond water levels approximately every four days in order to disrupt mosquito 
larval development cycles. 

v) Stocking ponds and other permanent water facilities with fish or other predatory species. 

vi) If non-chemical methods have proved unsuccessful, contact the City inspector prior to use of 
chemical methods such as the mosquito larvicides Bacillus thurengensis var. israeliensis or 
other approved larvacides. These materials may only be used with City inspector approval if 
evidence can be provided that these materials will not migrate off-site or enter the public 
stormwater system. Chemical larvicides shall be applied by a licensed individual or contractor.  

Holes in the ground located in and around the vegetated filter shall be filled. 
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Rain Gardens 

Operations & Maintenance Plan 

A vegetated Infiltration Basin is a vegetated depression created by excavation, berms, or small dams to 
provide for short-term ponding of surface water until it percolates into the soil. The basin shall infiltrate 
stormwater within 24 hours. All facility components and vegetation shall be inspected for proper operations 
and structural stability, at a minimum, quarterly for the first 2 years from the date of installation, 2 times per 
year thereafter, and within 48 hours after each major storm event. The facility owner must keep a log, 
recording all inspection dates, observations, and maintenance activities. The following items shall be inspected 
and maintained as stated: 

Basin Inlet shall assure unrestricted stormwater flow to the vegetated basin.  

Sources of erosion shall be identified and controlled when native soil is exposed or erosion channels are 
present. 

Inlet shall be cleared when conveyance capacity is plugged.  

Rock splash pads shall be replenished to prevent erosion. 

Embankment, Dikes, Berms & Side Slopes retain water in the infiltration basin.  

Structural deficiencies shall be corrected upon discovery: 

Slopes shall be stabilized using appropriate erosion control measures when soil is exposed/ flow 
channels are forming.  

Sources of erosion damage shall be identified and controlled. 

Overflow or Emergency Spillway conveys flow exceeding reservoir capacity to an approved stormwater 
receiving system.  

Overflow shall be cleared when 25% of the conveyance capacity is plugged.  

Sources of erosion damage shall be identified and controlled when soil is exposed. 

Rocks or other armament shall be replaced when only one layer of rock exists.  

Filter Media shall allow stormwater to percolate uniformly through the infiltration basin. If water remains 36-
48 hours after storm, sources of possible clogging shall be identified and corrected. 

Basin shall be raked and, if necessary, soil shall be excavated, and cleaned or replaced.  

Sediment/ Basin Debris Management shall prevent loss of infiltration basin volume caused by sedimentation. 
Gauges located at the opposite ends of the basin shall be maintained to monitor sedimentation.  

Sediment and debris exceeding 4” in depth shall be removed every 2-5 years or sooner if performance is 
affected.  

Debris and Litter shall be removed to ensure stormwater infiltration and to prevent clogging of overflow 
drains and interference with plant growth.  

Restricted sources of sediment and debris, such as discarded lawn clippings, shall be identified and 
prevented. 

Vegetation shall be healthy and dense enough to provide filtering while protecting underlying soils from 
erosion.  

Mulch shall be replenished as needed to ensure healthy plant growth. 

Vegetation, large shrubs or trees that limit access or interfere with basin operation shall be pruned or 
removed.  

Grass shall be mowed to 4”-9” high and grass clippings shall be removed no less than 2 times per year.  

Fallen leaves and debris from deciduous plant foliage shall be raked and removed.  

Nuisance or prohibited vegetation from the Eugene Plant List (such as blackberries or English Ivy) shall 
be removed when discovered. Invasive vegetation contributing up to 25% of vegetation of all species 
shall be removed.  

Dead vegetation shall be removed to maintain less than 10% of area coverage or when infiltration basin 
function is impaired. Vegetation shall be replaced within 3 months, or immediately if required to control 
erosion. 

Spill Prevention measures shall be exercised when handling substances that contaminate stormwater.  
Releases of pollutants shall be corrected as soon as identified. 
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Rain Gardens 

Operations & Maintenance Plan 

Training and/or written guidance information for operating and maintaining vegetated infiltration basins 
shall be provided to all property owners and tenants. A copy of the O&M Plan shall be provided to all 
property owners and tenants.  

Access to the infiltration basin shall be safe and efficient. Egress and ingress routes shall be maintained to 
design standards. Roadways shall be maintained to accommodate size and weight of vehicles, if applicable.  

Obstacles preventing maintenance personnel and/or equipment access to the infiltration basin shall be 
removed.  

Gravel or ground cover shall be added if erosion occurs, e.g., due to vehicular or pedestrian traffic. 

Insects & Rodents shall not be harbored in the infiltration basin. Pest control measures shall be taken when 
insects/rodents are found to be present.  

If a complaint is received or an inspection reveals that a stormwater facility is significantly infested 
with mosquitoes or other vectors, the property owner/owners or their designee may be required to 
eliminate the infestation at the City inspector’s discretion. Control of the infestation shall be attempted 
by using first non-chemical methods and secondly, only those chemical methods specifically approved 
by the City’s inspector. Acceptable methods include but are not limited to the following: 

i) Installation of predacious bird or bat nesting boxes. 

ii) Alterations of pond water levels approximately every four days in order to disrupt mosquito 
larval development cycles. 

iii) Stocking ponds and other permanent water facilities with fish or other predatory species. 

iv) If non-chemical methods have proved unsuccessful, contact the City inspector prior to use of 
chemical methods such as the mosquito larvicides Bacillus thurengensis var. israeliensis or 
other approved larvacides. These materials may only be used with City inspector approval if 
evidence can be provided that these materials will not migrate off-site or enter the public 
stormwater system. Chemical larvicides shall be applied by a licensed individual or contractor.  

Holes in the ground located in and around the infiltration basin shall be filled. 

If used at this site, the following will be applicable:  

Fences shall be maintained to preserve their functionality and appearance.  

Collapsed fences shall be restored to an upright position.  

Jagged edges and damaged fences shall be repaired or replaced.  
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Swales (Vegetated, Grassy, and Street) 
Operations & Maintenance Plan 

Obstacles preventing maintenance personnel and/or equipment access to the swale shall be removed.  

Gravel or ground cover shall be added if erosion occurs, e.g., due to vehicular or pedestrian traffic. 

Insects & Rodents shall not be harbored in the swale. Pest control measures shall be taken when 
insects/rodents are found to be present.  

If a complaint is received or an inspection reveals that a stormwater facility is significantly infested 
with mosquitoes or other vectors, the property owner/owners or their designee may be required to 
eliminate the infestation at the City inspector’s discretion. Control of the infestation shall be attempted 
by using first non-chemical methods and secondly, only those chemical methods specifically approved 
by the City’s inspector. Acceptable methods include but are not limited to the following: 

i) Installation of predacious bird or bat nesting boxes. 

ii) Alterations of pond water levels approximately every four days in order to disrupt mosquito 
larval development cycles. 

iii) Stocking ponds and other permanent water facilities with fish or other predatory species. 

iv) If non-chemical methods have proved unsuccessful, contact the City inspector prior to use of 
chemical methods such as the mosquito larvicides Bacillus thurengensis var. israeliensis or 
other approved larvacides. These materials may only be used with City inspector approval if 
evidence can be provided that these materials will not migrate off-site or enter the public 
stormwater system. Chemical larvicides shall be applied by a licensed individual or contractor.  

Holes in the ground located in and around the swale shall be filled. 

If used at this site, the following will be applicable:  

Check Dams shall control and distribute flow. 

Causes for altered water flow shall be identified, and obstructions cleared upon discovery. 

Causes for channelization shall be identified and repaired.  
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Roxanne Johnston

From: Mike Miller
Sent: Monday, February 22, 2021 2:16 PM
To: Roxanne Johnston; Wendy Farley-Campbell
Subject: RE: Farnsworth final edits

Hi Roxanne, 
 
On Condition #30, maybe tweaking it a bit to state that we will need the system capacity calculations to show that the 
additional flow will not overwhelm the system(s). 
 
Condition #31 – how about if we said that anything over the 25 year design storm, may be allowed to utilize a bubble up 
catch basin so that the overflow from a 50 or 100 year storm event is conveyed to the existing curb/gutter in Kingwood. 
Looking at our system map, the nearest curb inlet is approximately 130 feet to the north or 170 feet to the south. Now 
that I say that, it makes total sense to convey the their excess flow above the 25 year storm event in a 6‐inch pipe and 
penetrate the back of the curb inlet. We’re not talking much of a drainage system and they could easily trench with a 
ditchwitch or a small backhoe. They just need to have the correct fall for positive drainage. If they push back I’m OK with 
the bubble up catch basin (or we can just go with the bubble up catch basin and cut our losses). 
 
Other than that I think it looks good. I did talk with Sean at Civil West. We have less issue with the filter strip widths and 
offsets than the fact that they aren’t actually planning on even installing them per the detail that they cite. The main 
objective is to construct the filter strips properly and showing that runoff won’t make its way onto Kingwood or the 
airport swale under typical storm conditions.  
 
Thank you, 
 
Mike 
 
 

From: Roxanne Johnston <Roxanne.Johnston@ci.florence.or.us>  
Sent: Monday, February 22, 2021 11:44 AM 
To: Mike Miller <mike.miller@ci.florence.or.us>; Wendy Farley‐Campbell <wendy.farleycampbell@ci.florence.or.us> 
Subject: Farnsworth final edits 
 
Thank you for meeting with me, both of you! 
 
Stormwater starts on p. 43, and Conditions 30‐33 are the target here. The new part added today is noted in aqua for 

Condition 31. সহ I attached Aric’s report for ease of reference, just in case. The attached draft conditions may be 
overkill.  
 
Thank you both again, so very much. 
 
R 
 
Roxanne M. Johnston, CFM 
Senior Planner| City of Florence 
O: 541.997.8237 
Roxanne.Johnston@ci.florence.or.us 
250 Highway 101, Florence, OR 97439 
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Follow Us! City Website | Vimeo | Facebook | Twitter 
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