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ORDINANCE NO. 2072 

AN ORDINANCE OF THE CITY COUNCIL OF THE CITY OF MILWAUKIE, OREGON, TO 
ADOPT FILE #CPA-13-02 WHICH WILL ADOPT THE 2012 STORMWATER MASTER PLAN 
AS AN ANCILLARY DOCUMENT TO THE MILWAUKIE COMPREHENSIVE PLAN, AND 
AMEND PORTIONS OF THE MILWAUKIE COMPREHENSIVE PLAN RELATED TO 
STORMWATER IN CHAPTERS 3 AND 5. 

WHEREAS, Council passed Resolution #12-2012 entering inlo a contract with Brown 
and Caldwell to produce a 2012 Stormwater Master Plan .; and 

WHEREAS, the Milwaukie Comprehensive Plan, Chapter 5, Public Facilities and 
Services Elements, Objective #3, Policy 1 calls for the City to maintain a plan to identify needed 
facilities to support the land uses as shown on the Comprehensive Plan land use map and 
within the Urban Growth Management Boundary, and for such plan to be part of the 
Comprehensive Plan; and 

WHEREAS, the Milwaukie Engineering Department has prepared the 2012 Stormwater 
Master Plan with input from the City Council. Citizens Utility Advisory Board, and Planning 
Commission; and 

WHEREAS, the 2012 Stormwater Master Plan establishes projects for the stormwater 
system that are necessary for the ongoing provision of adequate stormwater management in the 
city; and 

WHEREAS, it is necessary to document future projects necessary for the ongoing 
provision of adequate stormwater management in order to determine the costs for maintaining 
the stormwater system; and 

WHEREAS, the City has filed a legislative land use application, File #CPA-13-02, for 
Comprehensive Plan Amendments, and processed that file as a Type V legislative application 
per the Milwaukie Municipal Code; and 

WHEREAS, the Planning Commission held a public hearing on June 25, 2013, and 
recommended that the City Council approve the amendments proposed in File #CPA·13-02; 
and 

WHEREAS, the City Council held a public hearing on August 20, 2013 , and finds the 
amendments are in the public interest of the City of Milwaukie; 

NOW, THEREFORE, THE CITY OF MILWAUKIE DOeS ORDAIN AS FOLLOWS: 

Section 1. Findings. Findings of fact in support of the proposed amendments are 
attached as Exhibit A. 

Section 2. 2012 Stormwater Master Plan , ancillarv document to the Comprehensive 
Plan. The 2012 Stormwater Master Plan in Exhibit B is adopted as an ancillary document to the 
Comprehensive Plan. 

Section 3. Comprehensive Plan Tex1 Amendment. The Comprehensive Plan text is 
amended as described in Exhibit C (underline/strikeout version) and Exhibit D (clean version) . 



, Read the first time on Jl.L.2..o, and moved to second reading by ....5..;JL vote of the City 
Council. 

Read the second time and adopted by the City Council on 8/20. 

Signed by the Mayor on ~ 

ATTEST: APPROVED AS TO FORM: 
Jordan Ramis PC 

Pat DuVal, City Recorder 

Doc.ument2 (Last revised 09/16/07) 

Ordinance No. 20.72- Page 2 



Exhibit A 

Recommended Findings in Support of Approval 
File #CPA-13-02, Stormwater Master Plan 

Sections of the Milwaukie Municipal Code not addressed in these findings are found to be 
inapplicable to the decision on this application. 

1. The City of Milwaukie ("applicant") has submitted an application for approval of a 
Comprehensive Plan amendment to adopt the 2012 Stormwater Master Plan (SWMP) as 
an ancillary document to the Milwaukie Cornprehensive Plan. The applicant has also 
requested approval of amendments to existing text in the following sections of the 
Comprehensive Plan: Chapter 3, Environmental and Natural Resources - Open Spaces, 
Scenic Areas, and Natural Resources Element and Air, Water and Land Resources Quality 
Element; and Chapter 5, Transportation, Public Facilities, and Energy Conservation -
Public Facilities and Services Element. The land use application for these amendments is 
CPA- 13-02. 

2. The proposal is subject to the following provisions of the Milwaukie Municipal Code (MMC) : 

• MMC Section 19.902 Amendments to Maps and Ordinances 

3. The application has been processed and public notice provided in accordance with MMC 
Section 19.1008 Type V Review. Public hearings were held on June 25 and August 20 , 
2013, as required by law. 

4. MMC Section 19.1008 Type V Review 

a. MMC Subsection 19.1008.3.A.1 requires opportunity for public comment and review. 

Opportunity for public comment and review has been provided. The Citizen 's Utility 
Advisory Board (CUAB) has held two meetings where the SWMP was discussed . The 
Planning Commission and City Council each had a worksession at which the SWMP 
was discussed. Public notice in the form of emails to the Neighborhood District 
Associations, a press release, and information on the City website have publicized 
the Planning Commission's hearing on the SWMP to encourage comment by any 
interested party. 

b. MMC Subsection 19.1008,3.A.2 requires notice of public hearing on a Type V Review 
to be posted on the City website and at City facilities that are open to the public. A 
notice of the Planning Commission's June 25, 2013, hearing was posted as required 
on May 24,2014. A notice of the August 20, 2013, Council hearing was posted as 
required on July 19, 2013. 

c. MMC Subsection 19.1008.3.A.2 requires notice be sent to individual property owners 
if the proposal affects a discrete geographic area. The SWMP is a document that is 
applicable to the entire city, and specific property owner notice is not required . 

d. MMC Subsection 19.1008.3.B and C require notice of a Type V application to be sent 
to Metro 45 days prior to the first evidentiary hearing and to the Department of Land 
Conservation and Development 35 days prior to the first evidentiary hearing. This 
notice was sent to Metro on May 10, 2013, and to the DLCD on May 21, 2013 . 

e. MMC Subsection 19.1008.3.0 requires notice to property owners if, in the Planning 
Director's opinion, the application would affect the permissible uses of land for those 
property owners. The SWMP is a utility master plan and does not affect permiSSible 
land uses for property owners. As such, this notice is not required 
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f. MMC Subsection 19.1008.4 and 5 establish the review authority and process for 
review of a Type V application. The Planning Commission held a duly advertised 
public hearing on June 25, 2013, and passed a unanimous motion recommending 
that the City Council approve the Comprehensive Plan amendment . The City Council 
held a duly advertised public hearing on August 20, 2013. and approved the 
Comprehensive Plan amendments. 

5. MMC Section 19.902 Amendments to Maps and Ordinances 

a. MMC Subsection 19.902 .3.8 establishes criteria for Comprehensive Plan 
amendments. Both map and text amendments are sUbJect to the same criteria . 

(1) Subsection 1 9.902.3.8.1: The proposed amendment is consistent With the 
goals af)d policies of the Comprehensive Plan, as proposed to be amended 
MMC 19.902 governs the procedures for processing amendments. 

(a) Chapter 3 - Environmental and Natural Resources : Open Spaces. Scenic 
Areas , and Natural Resources Element 

(I) Objective #2 - Natural Resources 

1. Policy 3 

Maintain and improve water quality of wetlands and water 
bodies througl) regulating the placement and deSign of 
stOm1water drainage facilities. 

The SWMP identifies a water quality retrofit opportunity within 
Capital Improvement Project list. The retrofit project would 
improve the quality of stormwater runoff draining to water 
bodies. 

2. Policy 6 

Maintain and improve exisling stOm1water detention and 
treatmenl standards to ensure tha i the impact of new 
development does not degrade water quality and wildlife habitat. 

The SWMP identifies a water quality retrofit opportunity within a 
City detention pond. The retrofit project would improve the 
quality of storm water runoff draining to water bodies. 

(ii) Objective #4 - Water Quality, Policy 5 

The City will cooperale with SIale and federal regulatory programs 
to protect domestic groundwater resources from potential pollution. 

With the development of the SWMP. the City performed a 
groundwater protectiveness study to ensure that domestic 
groundwater resources were protected from pollutants associated 
with stormwater runoff. 

(b) Chapter 5 - Transportation I Public Facilities I Energy Conservation: 
Public Facilities and Services Element 

(i) Objective #1-Priority 

To ensure that adequate levels of public facililies and services are 
provided 10 existing Cily residents and businesses as a first priority 
as urban development or growth occurs. 
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The purpose of the SWMP is to allow the City to identify and budget 
for projects that will help the City maintain an adequate stormwater 
system. 

(ii) Objective #3 - Community Development. Policy 1 

The City will maintain a Public Facilities Plan in conformance willl 
other Plan elements and Statewide Planning Goals. The Public 
Facilities Plan is part of the Comprehensive Plan . The Public 
Facilities Plan will identify needed facililies to suppOl1 the land uses 
as shown on the Comprehensive Plan land use map and willlin Ihe 
Urban Growlh Management Boundary. 

The City does not have a consolidated Public Facilities Plan 
covering the Cny's entire infrastructure . The City has adopted 
various individual master plans that, in effect, substitute for having a 
consolidated Public Facilities Plan. Adopting the SWMP and other 
master plans as ancillary documents to the Comprehensive Plan 
furthers the intent of officially adopting the various master plans into 
the overall Comprehensive Plan. The SWMP identifies projects that 
are needed for the City to provide stormwater management based 
on current and planned land uses within Milwaukie's Urban Growth 
Management Area . 

The SWMP does not impact the existing 1990 North Clackamas 
Urban Area Facilities Plan . This plan deals with the larger 
coordination of water services amongst agencies serving the North 
Clackamas Urban area, while the SWMP is focused on the 
operation and maintenance of Milwaukie's existing stormwater 
infrastructure. 

(iii) Objective #3 - Community Development, Policy 2 

Public facilities improvements should be made as properties 
develop. These improvements shall be conSistent with the land use 
map and Public Facilities Plan. 

The SWMP supports this policy by identifying infrastructure 
deficiencies. New development would be required to address those 
deficiencies. 

A Systems Development Charge study was performed in 
conjunction with the SWMP. The study used the identified 
deficiencies as the basis for the study. New development that 
increased impervious surface on site would be required to fund a 
portion of a deficient system through a System Development 
Charge. 

(iv) Objective #6 - Drainage and Streets 

To improve the storm drainage and collection system within the City 
in order to alleviate seasonal flooding problems and to allow for 
permanent street and sidewalk improvements. 

The SWMP modeled the City's stormwater collection system to 
identify deficiellcies within the system. Once deficiencies were 
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identified, a conceptual Capital Improvement Project was developed 
and included in the list of projects that need to be constructed. 

A new policy is proposed to reflect requirements for stormwater 
treatment for both new development and redevelopment to reflect 
the policies of the 2012 SWMP and to allow consistency with the 
adopted 2007 Public Works Standards. 

(2) MMC Subsection 19.902.3.B.2: The proposed amendment is in the public 
interest with regard to neighborhood or community conditions. 

The SWMP establishes projecls Ihat need to be completed to continue to 
provide adequate stormwater treatment and to protect the quality of the City's 
water bodies. The proposed amendments to the text of the Comprehensive 
Plan clarify the status of the stormwater system. The amendments further the 
public interest by enacting a document that will be used to improve the 
stormwater infrastructure in a timely and cost·effective manner. 

(3) MMC Subsection 19.902.3. B.3: The public need is best satisfied by this 
particular proposed amendment. 

The change will benefit the health and safety of the community by helping the 
City maintain a functioning stormwater system. The SWMP does not commit 
the City to any futu re agreements or actions that wou ld be detrimenta l to the 
community welfare. 

(4) MMC Subsection 19.902.3.B.4: Tile proposed amendment is consistent with 
the Metro Urban Growth Management Functional Plan and re/evan/ regional 
policies. 

The proposed amendments were sent to Metro for comment. Metro did not 
identify any areas where the proposed amendments were inconsistent with the 
Metro Urban Growth Management Functiona l Plan and relevant reg ional 
policies. 

(5) MMC Subsection 19.902.3.B,5: The proposed amendment is consistent will1 
relevant State statutes and administrative rules, including the Statewide 
Planning Goals and Transporta tion Planning Rule. 

The proposed amendments were sent to the Department of Land Conservation 
and Development (DLCD) for comment. DLCD did not identify any areas where 
the proposed amendments were inconsistent with State statutes and 
administrative rules. 

The Crty Council finds that these criteria are met. 

6. The SWMP has been presented in its draft form to the public and various City bodies and 
departments. It was discussed by the Citizens Utility Advisory Board and this group has 
endorsed the Stormwater Master Plan for adoption. It was presented to City Counci l and 
Planning Commission at worksessions in 2013 . The Planning Commission recommended 
approval of the Stormwater Master Plan at is June 25, 2013. public hearing. The SWMP 
has review and concurrence from the Milwaukie Engineering Department, Public Works 
Department, Community Development Department, Finance Department, and Planning 
Department. 



Exhibit B 

Stormwater Master Plan 
Prepa red for the 

City of Milwaukie, Oregon 

May 31 2013 

DRAFT 

This is a draft and is not intended to be a final representation 
of the work done or recommendations made by Brown and Caldw ell. 

It should not be relied upon; consult the final report 

Brown "'D 
Caldwell 

6500 SW Macadam Avenue, Suile 200 

Portland, OR 97239 
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Executive Summary 

Introduction 
In 2012, the city of Milwaukie (City) began efforts to update its Storm water Master Plan. Tile previous 
Storm water Master Plan was developed in 2004. The need for the update was driven by (1) tile cllanging 
regulations for underground injection controls (UICs) and the City's National Pollutant Discha rge 
Elimination System (N PDES) munic ipal separate storm sewer (MS4) permit requirements, and (2) 
funding challenges preventing the City from implementing capita l improvement projects (CIPs) as 
identified in the 2004 Master Plan. 

This 2012 Milwaukie Stormwater Master Plan (Plan) is intended to help the City in the development, 
prioritization. and scheduling of a 10-year stormwater CIP. The Plan objectives include the following: 

Update the 2004 XP-SWMM hydrologic/hydraulic model to reflect infrastructure improvement 
projects since 2004 and updated system information from the City's Geographic Information System 
(GIS). 

Evaluate the City's UICs in light of the requirements of the water pollution control faci lity (WPCF) UIC 
Permit Draft (July 2012). 

• Develop CIPs and associated cost estimates to address updated UIC and NPDES regulato ry 
requirements. 

Develop CIPs and associated cost estimates to address identified system capacity deficiencies 
under existing and future ueve lopment scenarios. Where feaSible, flood control CIPs and water 
quality CIPs will be integrated into a single CIP to address multiple objectives. 

Evaluate the City's current methods of tracking system assets and assessing maintenance needs. 

Evaluate current staffing levels and future staffing needs in consideration of updated regulatory 
requirements and proposed CIP implementation . 

Review and update the City's stormwater utility rates and system development charges (SDCs) in 
consideration of updated staffing needs and proposed CIPs. 

This Plan documents the methods and results of the storm system capacity evaluat ion and the 
storm water quality/retrofit assessment conducted for the City. Th is Plan also identifies and prioritizes 
capital improvement projects (CIPs) to address identified system ca pacity deficiencies and water quality 
opportunity areas. Finally, this Plan identifies stormwater program implementation needs in the form of 
staffing and funding recommendations. 

Study Area Characteristics and Regulatory Drivers 

Study Area Characteristics 

The City is approximate ly 4.8 square miles in area . Two major tributaries to the Willamette River f low 
through the city: Johnson Creek, along the northern city boundary, and Kellogg Creek, along the southern 
city boundary. 

Topography in the city is influenced by the Johnson Creek and Kellogg Creek drainage systems. The 
eastern portion of the city (approximately one thi rd of the total city area), between Johnson Creek and 
Minthorn Creek, is topographically isolated from the major drainages and water bodies. This area 
includes a majority of the City's UICs (drywells). 

I Brown 'N' Caldwell l 
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The City is primarily developed, with only about 5 percent of tile city area identified as vacant land, 
Vacant lands are located primarily along tile southern and eastern city boundaries, Single,fami ly 
residential land use is the primary land use within the city. Industrial development is located along the 
Highway 99E and Higllway 224 corridors, Other land use categories include commercial, multifamily 
residentia l, multi·use commercial (which includes the City's town center), and public facilities (which 
includes parks and open space). 

The City 's storm drainage system is composed of approximately 50 miles of pipe and open·channel 
system, 800 manholes (nodes), five detention ponds, and 196 UICs. 

Regulatory Drivers 

The City was reissued its Phase I NPDES MS4 permit on March 16,2012, which requires 
implementation of stormwater strategies to reduce pollutants to the stormwater system . One 
requirement of the reissued permit is completion of a stormwater retrofit assessment by JUly 1, 2015, in 
order to identify areas in the city underserved or lacking structural stormwater facilities. This effort is 
included as part of this Plan, and was used to identify CIPs to address water quality, 

The City, along with other Oregon jurisdictions, has been working with DEQ to establish conditions of a 
WPCF UIC Permit Draft to regulate IIle discllarge of stormwater to UICs, The current WPCF UIC Permit 
Draft (dated July 2012) requires jurisdictions to conduct a system·wide assessment of their UICs and 
conduct analysis of UICs if the UICs are located near water wells. This effort is included as part of tllis 
Plan, in order to identify UICs requiring decommissioning. Decommission ing of UICs is documented in the 
CIP. 

Study Methods 
Development of this Plan includes the evaluation of the capacity of tile City's publiC stormwater drainage 
system, evaluation of the City's UICs, and evaluation of water quality retrofit opportun ities. Each 
evaluation resu lts in the identification of CIP opportunity areas that are subsequently refined, combined, 
and ranked to produce the final CIP list. 

System Capacity Evaluation 

TIle City's public stormwater drainage system was evaluated using a computer model to simulate 
hydrologic and hydraulic conditions of the system. The storm water drainage system evaluation was 
conducted as an update to the system evaluation effort conducted in 2004, in order to reflect changes 
to the City's drainage system and allow for the simulation of a future development condition. XP·SWMM 
was the modeling software used to evaluate the drainage system in 2004, and it was also used for this 
effort. The model version was updated to XP Software 's XP-SWMM v2012, 

The City's study area is divided into major drainage basins associated with Johnson Creek, the 
Willamette River, Lower Kellogg Creek, Middle Mt. Scott Creek, and City UICs. A total of 76 subbasins 
contributing to a piped or channelized conveyance system and 16 subbasins contributing to area served 
by UICs were included in the model. The subbasin delineation developed for the 2004 model was refined 
and used for the 2012 Plan. 

Information on the City's stormwater drainage system (i.e .. pipe locations, sizes, types, etc.) was 
originally included in tile 2004 model. Since 2004, the City has been actively updating its GIS to reflect 
the addition of new and identified infrastructure. The City provided these updates in GIS, and such 
updates were incorporated into the model. Approximately 16 miles of pipe were modeled as part of this 
Plan, consisting of 15·incl1·diameter pipe and greater. A total of 15 system outfalls (five to Johnson 
Creek, one to the Willamette River, and nine to the l~ellogg·Mt-Scott drainage system) were modeled. 
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viii 



City of Milwaukie Storm water Master Plan Executive Summary 

The wa ter quality, 2-year, 5-year, 10-year, 25-year , and 100-year design storms were simulated using XP­
SWMM for current and future development conditions. Model results indicate a tota l of 12 flooding 
"problem areas" that were furthe r evalua ted as part of CIP development and included in the final CIP list. 

ule Evaluation 

In conjunction with the draft UIC WPCF permit template (dated July 2012), the City is required to conduct 
a system-wide assessment of its UICs and retrofit/ decommission UICs not compliant with conditions of 
the permit. 

The City conducted a preliminary UIC system-wide assessment using a summary of the UIC system 
developed in 2005. Based on til e preliminary system·wide assessment, a total of 36 UICs are identified 
as "at-risk" due to insufficient setback and/ or sepal'ation distances from drinking water wells (setback 
and separa tion limits are defined in the draft UIC WPCF permit template). Additional information will be 
needed to complete the system-wide assessment prior to submittal to DEQ. Specifically, completion of 
the water well location inventory and verification of depth to groundwater for select (32) UICs is needed. 

An unsaturated zone groundwater protect iveness demonstrat ion (GWPD) model was developed for the 
City to simulate the vertical t ransport of pollutants in saturated soi ls. Development of a GWPD addresses 
the City's draft permit requirements related to those "at-risk" UICs within a water well setback. Results 
from the GWPD include a minimum protective vertical separate distance to attenuate typical stormwater 
pollutants. Per the analysis, a minimum separation distance of 1 foot is recommended . 

Results from the preliminary system-wide assessment and GWPD were used to determine whether 
retrofit or decommisSioning of UICs is required. Of the 36 identified "at-risk" UICs, 33 of the UICs are 
determined to be compliant with permit requirements, per resUlts of the GWPD. Three of the "at-risk" 
UICs are still categorized as "at-risk" . As part of tllis Plan development, two of the remaining "a t-risk" 
UICs are identified for decommissioning due to their location within the Plan study area and ability to 
address water quality objectives in addition to decommissioning. 

Water Quality Retrofit Evaluation 

As part of this Plan development, identification of water quality retrofiV water quality project opportunity 
areas was conducted to address the City's NPDES MS4 permit requ irement. SUCh water quality projects 
would be combined with identified system capacity and UIC decommissioning projects to allow proposed 
CIPs to address multiple objectives. 

The City's water quality retrofit strategy is to target high pollutant generating areas where existing 
storm water treatment is currently limited, in order to improve overall surface water quality conditions. 
Water quality retrofit measures will focus on the use of infiltration-based faCilities (e.g. , vegetated 
infiltration basins, rain gardens, planters) to provide runoff volume reduction in addition to conventional 
treatment. 

Water quality opportunity areas were init ia lly identified through a review of information from the City's 
GIS system including aerial photos, the location of exist ing water quality fac ilities, existing vacant areas, 
publically owned lands, existing and future cond ition land uses, storm system layout, topography, and 
locations where flood control or UIC decommissioning is required. 

An initial water qua lity retrofit opportun ity list was developed and reviewed with City staff. Project 
feasibility and pract icabil ity was discussed, and additional water quality opportunity areas were 
identified. Based on City feedback and fie ld reconna issance, a tota l of nine water quality retrofit projects 
were ident ified for inclusion in the final CIP list 
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Study Results 
An integrated CIP development approach was used to develop the final CIP list. Integrated CIP 
development refers to the selection and design of CIPs to address multiple objectives including flood 
control, regulatory requirements, and water quality improvements, 

The flood control, UIC decommissioning, and water quality CIP projects were consolidated to reflect 
consistent contributing areas. CIP design concepts and approaches were revisited during CIP integration 
to develop a forma lized CIP design for each opportunity area. A total of 17 multi-objective CIPs are 
identified for prioritization and cost estimation as part of this Plan . Table ES·l summarizes the identified 
CIPs. Figure ES· l provides the general vicinity of each CIP location. 

City maintena nce and engineering staff scored and ranked CIPs using cri teria that included 
historical/persistent problems, flooding/safety issues, regu latory compliance, ongoing maintenance, 
water quality improvement, project concurrence, and system sustainability. Each project was scored on a 
scale of 1 to 3 , using general scoring condi tions. Initial ranking results were adjusted to account for 
schedule or required project concurrence, resu lting in the final CIP prioritizati on (Table ES-l ). 

13·1 ule Oecommissioning on Uoyd 
---- ---1-

36 
-----1--

793,700 
---

2 4 13·3 Railroad Avenue at StanleY' 29 357,300 

3 7 13·4 Channell! 

4 2 5·1 Meek Stleet 31 3,088,200 
--- ----- ------;----4-- -

30 619,400 
------ - - - -- ----1-------j-----.--

--3-- 1-
5

.
2 --,--- Harrison Street Outfall 5 

6 5 
--+-- --

14·1 Apple Stolm Improvements 
-1---

28 180,100 

7 8 G2 ---+ ----4--
36th neal King Road 25 104,600 --- -------_.-1----- - -\-- --.- -- - -- -

8 8 G3 55th near Monroe Street 25 23,000 

8 8 ___ --l __ _ 13·2 linwood 25 469,700 
-4-·--

10 11 
----1---- -

Willow Oetentlon Pond Retlofil 23 68,600 ---+ ------t-- ----1---
10 11 Gl 47th and Uewellyn 23 

High·priority ploject cost: 

12 1 ~ -r- 1·2 Jta~I!Y.~~owulcoecommlsSiOnlng ___ ~_ 21 

-~--+ -.;- I ::; i~::~:::~: -~ ;;;ets~ - -- - - - :- :--

-1-5-1~ 15 15·1 ] Hemlock Street 18 

- 11.67-- _~6 _ rl _4~1~~~inS~eetat MilPo~Road _ . __ 1_7_ 

17 12·1 r I'nternationai Way and Wistel 15 

Total PIOJect cost: 

155,600 

5,913,100 

100,200 

1,804 ,100 

511,300 

560,600 

241 ,200 

90,000 

9,220,500 

-DUe to project concurrence issues and project cosl savings, these CIPs are recommended for construction in conjunction with CIP 13-1. 

t>Due to concurrence with anticipated conSlfuction of CfP 6-1, th is project was prioritized in accordance with the priority schedule for CIP 6-1 . 
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Study Implementation 
In conjunction with development of this Plan. staffing resources and stormwater funding were assessed 
to determine whether adjustments to staffing and/or funding is needed in order to implement new 
regulatory requirements (i.e. , the City's reissued NPDES MS4 permit and pending UIC WPCF permit), 
long-term infrastructure management, and identified CIPs. 

Tile stormwater staffing analysis assumes lIlat existing City staff is able to implement the current 
stormwater program (pre·2012 conditions). Additional activities (regulator\' and CIP focused) not 
previously conducted by the City under current staffing were used to create the estimates of additional 
staff resource needs. Based on the staffing analysis, it is estimated that over the next 5 years, between 
1.4 and 2.1 additi onal FTE will be required for maintenance staff and approximately 0.7 additional FTE 
will be required for engineering staff. 

Staffing needs. proposed capital expenditu res. and ongoing operational costs were considered in tile 
eva luation of the stormwater utility fee and SDCs. Four levels of service (LOS) categories were developed 
to establish funding schemes over the 10-year CIP program . LOS considered staffing, capital projects, 
maintenance, regulatory compliance, proactive system replacement , and vehicle replacement. Debt and 
cash funding scenarios were analyzed fo r each of the four LOS categories. Over the lO·year CIP planning 
period, stormwater utility rate increases ranged from$3.30 (for the current LOS and cash fund ing 
scenari o) to$25.00 (for the proactive LOS and cash funding scenario). Changes to the calculation 
assessment metllodologies resulted in a reduction in SDC from$l ,184/ ESU to $765/ESU . Selection of 
an approved fundi ng strategy is in progress. 
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Sec ion 1 

Introduction 

Tllis 2012 Milwaukie Stormwater Master PI~n (plan) documents the methods and results of the storm 
system capacity evaluation and the stormwater quality/retrofit assessment conducted for the City of 
Milwaukie, Oregon (City). The Plan identifies and prioriti zes capital improvement projects (CIPs) to 
address identified system capacity deficiencies and water quality opportunity areas. The Plan also 
identifies stormwater program implementation needs in the form of staffing and funding 
recommendations. 

Tilis Plan serves as an update to the City's 2004 Stormwater Master Plan (2004 Plan). The study area 
includes land within the city limits that drain to Johnson Creek, I{eliogg Creek, Mt. Scott Creek, and the 
Willamette River. The study area excludes the eastern portion of the city that primarily discharges to 
underground injection control (UIC) facilities. The study area also excludes the area in the southwest 
portion of the City that directly discharges to receiving waters with very litt le public conveyance system. 

This section provides a summary of tile project need, the project objectives and approach, and a 
summary of 110W the Plan is organized. 

1.1 Need for the Plan 
In 2004, the city of Milwaukie updated its Stormwater Master Plan to address identified stormwater 
capacity deficiencies and water quality issues, driven by pending regulations associated with UICs and 
the City's National Pollutant Discharge Elimination System (NPDES) municipal separate storm sewer 
system (MS4) permit. CIPs developed for the 2004 Plan reflected the need to decommission a majority 
of City-owned UICs. 

Since 2004. regulatory requirements for Milwaukie have changed. The City was reissued its NPDES MS4 
permit in March 2012, which requires completion of a water quality retrofit assessment and 
identification of a water quality improvement project to be initiated during the permit term . In July 2012, 
the Oregon Department of Environmental Quality (DEQ) issued a draft Water Pollution Control Facilities 
Permit for Class V Stormwater Underground Injection Control Systems (WPCF UIC Permit Draft) that 
contains revised requi rements for UICs (as compared to assumptions in the 2004 Plan). 

In 2012, tile City began efforts to update the 2004 Plan . The need for tile update was driven by (1) the 
changing regulations for UICs and the City's NPDES MS4 permit requirements and (2) funding cha llenges 
preventing the City from implementing CIPs as identified in the 2004 Master Plan . 

The City's overarching goal for the master plan update is to conduct a comprehensive evaluation of its 
stormwater program and stormwater system, focusing on opportunities to improve water quality and 
system performance. and prioritize CIPs that can be installed on a realistic implementation schedule. 

1.2 Plan Objectives 
This Plan is intended to help the City in the development. prioritization. and scheduling of a 10·year 
stormwater CIP. The Plan objectives include the following: 

Update the 2004 XP·SWMM Ilydrologic/ Ilydraulic model to reflect infrastructure improvement 
projects since 2004 and updated system information from the City's Geographic Information System 
(GIS). 
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Evaluate the City's UICs in light of the requirements of the WPCF UIC Permit Draft (JUly 2012). 

Develop CIPs and associated cost estimates to address updated UIC and NPDES regulatory 
requirements . 

Develop CIPs and associated cost estimates to address identified system capacity deficiencies 
under existing and future developnlent scenarios. Where feas ible, flood control CIPs and water 
quality CIPs will be integrated into a single CIP to address mUltiple objectives. 

Evaluate tile City's current methods of tracking system assets and assessing maintenance needs. 

Evaluate current staffing levels and future staffing needs in consideration of updated regulatory 
requirements and proposed CIP implementation. 

Review and update tile City'S stonnwater utility rates in consideration of updated staffing needs and 
proposed CI Ps. 

1.3 Approach 
The approach for developing the City of Milwaukie's updated Stormwater Master Plan (2012 Plan) is 
summarized in Figure 1-1. This approach was developed to meet the City's objectives, described above, 
in consideration of the changing regulatory drivers during tile project sclledule (i.e .. the NPDES MS4 
permit reissUance in March 2012 and the WPCF UIC Permit Draft in July 2012 ). 

As shown in Figure 1·1, tasks were conducted in parallel to minimize schedule implications associated 
with data collection and system assessment efforts. Highlights of the project approacll include the 
following: 

1. Data collection was initiated at the beginning of the project but continued throughout the project 
duration in order to continually refine the XP·SWMM Iwdrologic and hydrauliC model and provide 
information to aid in the UIC risk eValuation, elP development, and storm water utility rate evaluation. 

2. CIP locations are identified to collectively address flood control, water Quality retrofit , and UIC 
decommissioning needs. Development of a comprehensive CIP includes a water quality retrofit list to 
meet NPDES MS4 permit requ irements. 

3. The staffing analysis was completed following CIP development and prioritization, to reflect the 
maintenance and engineering staff time needed to implement proposed projects. 

4 . The utility rate evaluation and system development cilarge (SOC) evaluation was initiated after CIP 
development and completion of tile staffing analysis, to ensure that the financial levels of service 
(LOS) analyzed correspond to specific program and project objectives. 

Coordination with City staff was ongoing throughout the project duration in order to validate and verify 
assumptions related to the system configUration (e.g., elevations. naming, and functionality) and 
stornlwater program implementation issues and concernS. 
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Figure 1-1_ Stormwater Master Plan approach 

1.4 Plan Organization 

Staffmg 
analysis 

Section 1 

Following this introductory Section 1, the 2012 City of Milwaukie Stormwater Master Plan Update is 
organized as follows: 

Section 2 includes a description of the study area characteristics. 

Section 3 describes the modeling methods and results of the stormwater system capacity evaluation 
and includes identi fication of flood control CIP locations. 

Section 4 describes the results of the UIC risk evaluation including identification of UICs to 
decommission as part of the CIPs. 

Section 5 describes the water quality retrofit assessment and identification of water quality CIP 
locations. 

Section 6 summarizes the integrated CIP strategy to address system capacity deficiencies, water 
quality objectives, and UIC decommissioning needs. 

Section 7 describes the CIP prioritization approach. 

Section 8 describes the CIP implementation approach including results of the staffing analysis and 
stormwater utility rate evaluation . 

Appendices A through G provide supporting information in conjunction with Sections 2 through 8. 
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Section 2 

Study Area Characteristics 

This section includes an overview of study area characteristics including location , topography, soils, land 
use, climate and rainfall, the stormwater collection system, water quality conditions and regulations, and 
groundwater/UIC system status, 

2.1 Location 
The city of Mi lwaukie is located in the northern portion of Clackamas County, Oregon (Figure 2-1), The 
city is bordered by the city of Portland to the north, unincorporated Clackamas County to the east, Oak 
Lodge to the south, and Johnson Creek and the Willamette River to the west. 

MEll!O I 
Urbln G,.,. I~ lIo"n1ll '1 

"';;", 

Figure 2-1, Vicinity map 

The city is approximately 4,8 square miles in area , Two major tributaries to the Willamette River f low 
through the city: Johnson Creek, along the northern city boundary, and Kellogg Creek, along the southern 
city boundary, Smaller tributaries within the city limits include Minthorn Creek (a tributary to Kellogg 
Creek in the eastern portion of the city). Mt. Scott Creek (a tributary to Kellogg Creek in the eastern 
portion of the city), and Spring Creek (a tributary to Johnson Creek that enters Johnson Creek close to its 
confluence at the Wi llamette River), 
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2.2 Topography 
Tile topography in tile city of Milwaukie is influenced by til e Johnson Creek and Mt. ScotVKellogg Creek 
drainage systems. Johnson Creek runs west along the city's northern boundary to its confluence with the 
Willamette River. Ar.ea from the northern and western portions of the city (approximately one third of the 
tota l city area) discharges to the Johnson Creek drainage system, with elevations ranging from 30 to 
190 feet. 

Mt. Scott Creek, a tributary to I\e llogg Creek, runs west along the southeastern city boundary, combining 
with Kellogg Creek south of the ci ty, just outside of the city lim its. Kellogg Creek runs west along the 
southwestern ci ty boundary to its confluence with the Wil lamette River, approXimately 1,500 feet south 
of the Jollnson Creek confluence. Area f rom the southern portion of tile city (approximate ly one third of 
the total city area) discharges to the I\ellogg-Mt. Scott drainage system, with elevations ranging from 
30 feet to 200 feet. 

The eastern portion of the city (approximately one third of the total city area), between Johnson Creek 
and Minthorn Creel<, is topographica lly isolated from the major drainages and water bodies. This area 
inc ludes a majority of the City's UICs (drywells). Limited stormwater infrastructure (e.g .. pipes, catch 
basins) is present in this area. 

Figure 2-2, located at the end of this section, illustrates the topography in the city of Milwaukie. 

2.3 Soils 
According to the National Resources Conservation Service (N RCS) Soil Survey, the predominant so il 
types in the city of Milwaukie are Latourell and Quatama loam, Woodburn silt loam, and Wapato si lty clay 
loam. The Latoureilioam has moderate soil permeability (hydrologic soil group B), and the Quatama 
loam, Wapato silty clay loam, and Woodburn silt loam have slow soil permeability (hydrologic soil 
group C). Tile eastern portion of the city, where the majority of UICs are located, is primarily composed of 
Latoureli loam. 

Soil classification is an important characteristic to consider when determining runoff flow rates and 
volumes. Soi l classification was used to assign pervious area runoff curve numbers (CN) for hydrologic 
calcu lations. CN values were assigned for subbasins and va lues were ca librated as part of the 2004 
Plan. eN values were not updated as part of this Plan, 

2.4 Climate and Rainfall 
The city of Milwaukie experiences a similar temperate climate to the surrounding Portland metropolitan 
area, with relative ly warm, dry summers and mild, wet winters . Winter temperatures average 
approximately 40 degrees Fallrenheit (F) and summer temperatures average approximately 
70 degrees F. 

Til e average annual precipitation for the Portland metropolitan area ranges f rom 37 to 43 inches, with 
most of the rainfall occurring betw'een November and April. 

2.5 Land Use 
The city of Milwaukie is primarily developed, with only about 5 percent of the city area identified as 
vacant lands. Vacant lands are scattered throughout the city, primarily along the southern and eastern 
city boundaries. 
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Single-family residential land use is the primary land use within the city. A significant amount of 
industrial development is located along \lle Highway 99E and Highway 224 corridors. Other land use 
categories include commercial, multifamily residential, multi-use commercial (which includes the City's 
town center), and public facilities (which includes parks and open space), 

City-provided land use coverage is used to assign the impervious area percentages applicable to existing 
and future development conditions for hydrologic modeling. All vacant lands are assumed to be 
developed in the future condition. 

Figure 2-3, at tile end of this section, shows the land use coverage within the city of Milwaukie. 

2.6 Drainage System 
Per the City-provided GIS, the City's storm drainage system is composed of approximately 50 miles of 
pipe and open-channel system. 800 manlloles (nodes), five detention ponds, and 196 UICs. 
Approximately 16 miles of pipe were modeled as part of this Plan. composed primari ly of 15-inch­
diameter pipe and greater. 

Johnson Creek, along the city's northern and western boundaries, and Kellogg-Mt. Scott Creek, along the 
city's southern boundary, are the City's primary receiving waters that receive piped drainage. A total of 
15 system outfalls (5 to Jollnson Creek, 1 to the Willamette River, and 9 to the Kellogg-Mt-Scott drainage 
system) define 15 piped systems that discharge to receiving waters. 

Subbasins were originally delineated as part of the 2004 Plan. Tile same delineation was used for this 
plal'1 with some minor adjustments to account for variations in drainage patterns (see Section 3.2.2.1). 
Severa l subbasins were included in the IWdrologic modeling effort only, that have limited piped 
infrastructure and/ or mainly discharge to UICs. Hydrologic information for \llese subbasins may be used 
to support future UIC decommissioning efforts or infrastructure improvements. There were also several 
subbasins that were not reflected in the Iwdrologic or 'wdraulic modeling effort . Review of these 
subbasins indicates that stormwater runoff enters the receiving water directly and does not enter a 
modeled conveyance system. 

For purposes of the hydraulic modeling effort. the drainage system information was developed using the 
hydraulic model prepared for the 2004 Plan and City-provided GIS data of existing stormwater 
infrastructure, as-built information, aerial imagery, and anecdotal information from City staff. 

Figure 2-4, located at the end of this section, shows the modeled stormwater drainage system including 
pipes, open channel, and UICs. Only one of the detention facilities, Roswell Oetentiol'1 Pond, was 
included in the model. Figure 2-4 also shows the subbasin delineation. 

2.7 Stormwater Quality 
The Oregon DEC! is responsible for Implementing provisions of the Federal Clean Water Act (CWA) 
pertaining to storm water discharge and surface water quality. DEQ conducts permitt ing for actiVities that 
discharge to surface waters, establishes water quality criteria for water bodies based on designated 
beneficial use, and conducts water quality assessments and eva luations to determine whether a water 
body adheres to water quality standards. 

Section 303(d) of the CWA requires states to develop a list of water bodies that do 1'10t meet water 
quality standards. DEQ develops such a list for Oregon, which is used to identify al'1d prioritize water 
bodies for development of a pollution reduction plan or total maximum daily load (TMDL). TMDLs identify 
tile assimilation capacity of a water body for a particu lar pollutant and establisll pollutant load 
allocations for sources of discha rge to such wa ter body. 
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Table 2-1 identifies the 303(d) parameters and TMDLs that are applicable to the City of Milwaukie. The 
Willamette River TMDL includes Kellogg Creek, Mt. Scott Creek, and Minthorn Creek as tributaries. 

Table 2·1. Summary olTMDL and 303(d) Usled Streams for Milwaukie 

I I" . ;. I, . , - - • , , t . , : .. ; 

TMOts 

Willam-ctt-e-R-Iver (and ~ '/ __ J __ ,/ 
tributaries) (2006) 

-JOhn;;'n Creek (20_0_6),-"-__ '/_-J.1 __ '/ 
,/ -1-1 ,/ ,/ ,/ 

AddltlonaI303(d) listed streams/ parameters 

Johnson Creek I ,/ ,/ 
- --- - -~-~ --

Willamette River 

I ,/ ,/ ,/ ,/ ,/ ,/ 
(lower) and tributaries i 

Tile City implements requirements of its Willamette River and Johnson Creek TMDLs under its Willamette 
River TMDL Implementation Plan (effective date March 2009). Activities described in the Willamette 
River TMDL Implementation Plan address temperature and bacteria pollutant sources. 

2 ,8 Regulatory Drivers 
Changes to tile City's water quality regulations, affecting stormwater discharges to surface water and 
groundwater, and associated changes to the City's NPDES MS4 and UIC WPCF permit, were primary 
drivers for uPdating the 2004 Plan . 

2.8.1 NPD ES MS4 Permit 

The City was reissued its Phase I NPDES MS4 permit on March 16, 2012. The City's reissued NPDES 
MS4 permit contains a variety of requirements to address the following categories/ activities: 

• 

• 

• 
• 

Illicit Discharge Detection and Elimination 

Industrial and Commercial Facilities 

Construction Site Runoff Control 

Public Education and Outreach 

Public Involvement 

Post·Construction Site Runoff Control 

Pollution Prevention for Municipal Operations 

Stormwater Management Facility Operations and Maintenance 

Implementation of the NPDES MS4 permit is described in the City's Stormwater Management Plan 
(SWMP) (effective date May 2012). The SWMP includes measurable goals, responsible parties, and 
tracking measures to assess progress of implementing tile activities (best management practices 
[BMPsj) to address requirements. The NPDES MS4 permit and the City's SWMP require the City to select, 
design , install, and maintain structural storrnwater facilities for water quality improvement. Figure 2-5 at 
the end of this section shows the existing structural stormwater faci lity coverage in the city. 
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Over the permit term, the City is required to construct additiona l structural control facilities to improve 
water quality. The City's NPDES MS4 permit requires the City to complete a stormwater retrofit 
assessment by July 1. 2015, to identify areas in the city underserved or lacking structural stormwater 
facilities. Additionally, the City's NPDES MS4 permit requires calculation ofTMDl pollutant load 
reduction bencllmarks, to show progress toward meeting appli.cable TMDl requirements. Such progress 
is observed through implementation of structura l stormwater facilities and pollutant source control 
measures (e.g. , public education, street sweeping, etc.) 1I1at are targeted at addressing TMDL pollutants 
(see Table 2·1). 

2.8.2 UIC WPCF Permit 

The City uses 196 (recorded ) UIC devices to manage stormwater runoff from public rights·ot·way (ROW). 
A UIC is any facility designed for til e subsurface infiltration of fluids. Figures 2·4 and 2·5 show the 
locations of UICs in tile city. 

UICs are regulated by DEQ under the Safe Drinking Water Act (SDWA). Because the City's UICs infiltrate 
only stormwater from public ROWs, DEQ considers them to be Class V injection systems under Oregon 
Administrative Rules (OAR) 340·044·0011(5)(d). 

The City, along with other Oregon jurisdictions, Ilas been working with DEQ to establish cond itions of a 
WPCF UIC Permit Draft to regulate tile discharge of stormwater to Ules. DEQ issued a WPCF UIC Permit 
Draft in July 2012. The ule WPCF Permit Dratt contains revised requirements for Ules, when compared 
with the assumptions of the 2004 Plan. Unlike the assumptions in 2004, Ules with limited separation 
distance to groundwater are allowed, thus changing the need to implement a majority of CIPs from the 
2004 Plan that were related to the decommissioning of UICs. 

Additionally, tile WPCF UIC Permit Draft requires jurisdictions to conduct a system·wide assessment of 
tlleir UICs and conduct analysis of UICs if the UICs are located near water wells. Additiona l detail is 
provided in Section 4. 
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Sec ion 3 

Storm System Capacity Evaluation 

To identify flooding problems and opportunities for CIPs, the City's public storm water drainage system 
was evaluated using a hydrologic and hydraulic model. The stormwater drainage system was evaluated 
under existing and future development scenarios. This section provides a description of hydrologic and 
hydraulic modeling methods used for the system capacity eva luation and provides a summary of results . 

3.1 City of Milwaukie Study Area 
As described in Section 2, this Plan reflects an update to the Stormwater Master Plan effort conducted in 
2004. Geographic coverage of the study area was not changed from the 2004 Plan. The total study area 
is approximately 2,165 acres and excludes a portion of city, along the eastern city boundary, that 
discharges solely to UICs. The study area also excludes the area in the southwestern portion of the city 
that directly discharges to receiving waters with very little public conveyance system. 

The majority of the study area (approximately two thirds) is collected and conveyed in a pipe or open· 
channel system and outfa lls to Johnson Creek to the north and west, Kellogg Creek to the south, and Mt. 
Scott Creek to the southeast. A small area in tl1e southwest portion of the city discharges directly to tl1e 
Willamette River. 

3.2 XP-SWMM Model Development 
To evaluate the capacity of the City's stormwater drainage system, the computer model previously 
developed for the 2004 Plan was utilized. XP·SWMM was the modeling software used to evaluate the 
drainage system in 2004 and was also used for this effort, The model version was updated to XP 
Software's XP-SWMM v2012. 

The 2004 model was updated to reflect changes to the City's drainage system since 2004 and to allow 
for the simulation of a future development condition. General model adjustments include the following: 

The addition of a future development condition to reflect the City's comprehensive plan designated 
land use for each modeled subbasin 

Refinement to the modeled open-cllannel conveyance cross sections along Railroad Avenue 

Updated pipe size and elevation information, per the City's GIS and anecdotal information provided 
by City staff 

The addition of X and Y coordinates to the modeled system 

• Adjustment of the model node names to coordinate with the City GIS naming convention 

Detail related to model adjustments Is provided in the following sections. The Plan did not include field 
survey information or revisions to the subbasin hydrologic parameters, with the exception of the future 
impervious percentages assigned to reflect the City's comprehensive plan designated land use. 

Model input parameters and modeling methods listed below are described in the following sections: 

• Meteorological Data (e.g., rainfall ) (Section 3.2.1) 

• Hydrologic Data (e.g., area, impervious area [as a percent), infiltration parameters) (Section 3.2.2) 

• Hydraulic Data (e.g., pipe size, material, length and invert elevations) (Section 3.2.3) 
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3.2.1 Meteorological Data 

Design storms are precipitation patterns typically used to evaluate the capacity of storm drainage 
systems and design capita l improvements for the desired level of flood protection. 

Section 3 

Design storms evaluated for this study include the water quality, 2-year, 5-year, 10·year, 25-year, and 
100-year, 24-hour duration design storms. The 2004 Plan did not assess the water quality, 2-year, or 5-
year design storms. 

The rainfall deptlls for these design storms were based on isopluvia l maps published in the National 
Oceanographic and Atmosphere Administration (NOM) Atlas 2, Volume X. The rainfall distribution for 
these design storms are based on the Soil and Conservat ion Service (SCS) 24-hour, Type IA distribution, 
which is applicable to western Oregon, Washington, and northwestern California. 

Table 3-1 lists the precipitation depthS for each design storm used in the model. 

3.2.2 Hydrologic Data 

Table3·1. Design Storm Depths 
~. 

Water quality, 24·hour 1.0 

-- 2·year. 2~.;ou-r ---I 2.4 

5-yeaf , 24-houl 
---1 

10'year, 24·hour --- - --

lOO-year, 24·hour 

3.0 

3.5 

4.0 

4.7 

This section includes a summary of subbasin delineations and model input parameters used to define 
the hydrologic characteristics of the subbasins. 

3.2.2.1 Subbasin Delineation 

The City's study area is divided into major drainage basins associated with Johnson Creek, the 
Willamette Rive r, Lower Kellogg Creek, Middle Mt. Scott Creek, and City UICs. The major drainage basins 
are subdivided into 76 subbasins contributing to a conveyance system and 16 subbasins, which 
currently contribute to UICs and were modeled for hydrology only. Subbasins are named based on their 
respective major drainage basin. 

The subbasin delineations used in the model are based on the 2004 model, except where the City 
provided additional information that supported subdividing the original subbasins to incorpora te updated 
pipe system information (e.g. , CIPs that were constructed and UICs that were decommissioned). 
Additionally, in some cases, the in let node (discllarge location) to tile City's modeled system was 
reassigned for a subbasin to reflect actua l drainage conditions and topographic constraints. 

Table 3·2 summarizes the modifica tions to the 2004 subbasin delineation. 
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Table 3·2. Modifications to 2004 MilwaukIe SubbasIn OelineaUon 

MD30 

-'-
MD50 

MSCIO 
I --------, 

Not reported 

Not reported 

Not reported 

JCD61 

JCD62 

MSC10, MSCII 

MSA250 

MSA215 

MSA240 

.~ ... I I .., 1 !' 

I Drainage from M030 was incorporated into the piped system following installation of a portion of CIP 1 
I perlhe 2004 Master Plan. - - ._-- .--- - -- -- -

Drainage from MDSO was incorporated into the piped system following installation of a portion of CIP 1 
perlhe 2004 Master Plan. 

Drainage from MSCIO from the 2004 model was subdivided into MSCIO and MSCII to model Ill. 
newly constructed pipe system on lake Road. 

Topography forlhls subbasin resulted in changing Ih. inlet node trom 82 - 83 to 84. 

Topography for this subbasin resulted in changing the inlet node from 78-79 to 66003. 

Topography and site conditions lorthi5 subbasin resulted in changing the inlet node from 84 to 65039. 

Not reported 
S bb ' did I Flow (and associated input parameters) for subbasins which did not contribute to a piped system were 

f
u has dins I mgyo e Ie not included in the 2004 Plan documentation. These subbasins are included in the hydrologic results 
or y ro a on y . 

tables (AppendIX A). 

3 .2 .2.2 Input Parameters 

The SCS CN hydrology method is used in XP·SWMM to generate a storm water runoff hydrograph for each 
subbasin. This method requires that the following parameters are specified for each subbasin: 

Subbasin name 

Area of subbasin (acres) 

Hydraulica lly connected impervious percentage (percent) 

Average ground slope (dimensionless, ft/ ft) 

Pervious area CN (dimensionless) 

• Time of concentration (minutes) 

• Initia l abstraction (dimensionless, in / in.) 

For each parameter. a discussion is presented below describing the methods that were used to generate 
the values used in XP·SWMM. If the model deviated from the 2004 model assumptions. the changes are 
listed. 

3.2.2.2.1 Subbasin Name 

The subbasin name was assigned using a two·letter abbreviation for the major basin (e.g. , JC for Johnson 
Creek). Major basin names and codes are shown in Table 3·3. A third letter was used to identify each 
sign ificant drainage area within the major basin. Following the two· or three·letter abbreviations. 
numbers starting with 10 and increaSing in increments of 10 were assigned to each subbasin . In cases 
where subbasins were subdivided following the 2004 Plan, the unit digit was used to differentiate 
subbasins. 
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lower Kellogg Creek -l-= KC ------
Milwaukie Orywell MD ---- ~ 

Middle MI. ScoU I MS ---- • 
WJllamette River WR 

3.2.2.2.2 Subbasin Area 

The subbasin areas were calcu lated using GIS based on the 2004 subbasin delineation and associated 
adjustments described in Section 3.2.2.1 . 

3.2.2.2.3 Su bbasin Impervious Percentage 

Effective impervious percentage is tile portion of impervious area that is directly connected to the 
drainage collection system. For example, curb·and-gutter streets are directly connected to the drainage 
collection system and represent "effective impervious area." However, a sidewalk that is separated from 
the street by vegetation is not considered to be directly connected because runoff has the opportunity to 
infiltrate. The City does not have citywide specific information for effective impervious surface so instead 
bases impervious estimates on land use, and assumes that the amount of impervious area in a 
subbasin wou ld vary depending on land use. 

The 2004 Plan and model used an area-weighted impervious percentage for each subbasin based on 
the land use coverage. In order to calibrate the model, the impervious percentage for each subbasin was 
adjusted to match the model results with City-observed flooding during a storm event on January 31, 
2003. The area-weighted impervious percentages were reduced by 80 percent in some subbasins in 
order to match model results with locations of City-observed flooding. The 2004 Plan assumed full 
buildout conditions; therefore , only the adjusted impervious percentages following calibration of the 
model were used in model simulations. The adjusted impervious percentage from the 2004 Plan and 
model was used to reflect existing development conditions for this Plan . 

Although the 2004 Plan assumed the City was fully built out, redeve lopment activities and street 
improvements typically increase the "effective impervious area" to the storm drainage system . Currently, 
many areas of City lack curb and gutter streets, but street improvements would add curb and gutter. Infill 
redevelopment activity reflects construction of larger, new houses on the same size lot as the original, 
smaller house, These changes increase the amount of impervious surface and the connectivity of the 
impervious surface. 

In order to develop the Plan to address the potentia l for fully connected, effective impervious surface 
througllout the city, an area-weighted impervious percentage was calculated for each subbasin using the 
land use-based impervious percentages from the 2004 Plan (Table 3-4) . Per coord ination with the City, 
the average impervious percentage of industrial land was adjusted to 75 percent from 65 percent for 
this effort. 
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Table 3·4. Impervious Percentage and Land Use Coverage 

no use Abbreviation Average impervious pert,entage. PetcenlllJle 01 the study I~B 

Single·family residential SFR 35 63% 

Multifamily residential MFR 75 10% ------
Industrial INO ----~--l----

15% --- - -
Commercial COM 3% - -- ------ ----

Multi-use commCfcial MUC 4" 75 , " 
Public facilities PF 45 6% 

3.2.2.2.4 Subbasin Slope 

The subbasin slope is the average slope along the pathway of overland flow to the inlet of the drainage 
system. The slope for each subbasin is based on the 2004 model and Plan, but for new or subdivided 
subbasin (see Section 3.2.2.1), the slope was ca lcu lated from the digital topograpll ic information 
contained in the GIS, 

3,2,2,2.5 Pervious Area Curve Number 

The pervious area CN is a dimensionless number that depends on hydrologic soil group, cover type, and 
antecedent moisture conditions. 

Runoff CNs for pervious areas were estimated for the 2004 Plan from typical runoff eN tables provided 
in the SCS Technical Release 55, titled "Urban Hydrology for Small Watersheds", dated June 1986, All 
CN values assume average antecedent moisture conditions, The CN was another calibration parameter 
per the 2004 Plan and model and was adjusted to match City·observed flooding, The fina l pervious CN 
assigned to each subbasin is based on the 2004 model and Plan and used for both existing and future 
development cond ition model scenarios. 

3.2.2.2.6 Time of Concentration (Units = Minutes) 

The time of concentration is the time for runoff to travel from the most distant point of the watershed to 
the point in question. The time of concentration is computed by summing all the travel t imes for 
consecutive components of the drainage system (i.e., sheet flow, shallow concentrated flow, open· 
channel flow, and pipe flow). The time of concentrat ion for each subbasin is based on the 2004 model 
and Plan, but for new or subdiVided subbasins (see Section 3.2.2.1), the time of concentration was 
recalculated using the digital topographic information contained in the GIS. 

3.2.2.2.7 Initial Abstraction 

Initial abstraction defines the fraction of precipitation that is lost to interception and depression storage 
before runoff is generated in the model by precipitation which is not infiltrated. A value of 0.2 was used 
for all subbasins, consistent with the 2004 Plan and model. 

3.2.3 Hydraulic Data 

This section describes the naming convention used in the Plan for conveyance system components and 
describes the model input parameters used to characterize the hydraulic characteristics of the system. 
The hydraulic input parameters are based primarily on 2004 Plan and model, and any revisions are 
discussed below. 
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3.2.3.1 Conveyance System (Conduit) Naming Convention 

The conveyance system naming convention employed during the 2004 Plan was used. Conveyance 
system naming is based on the associated subbasin for the segment; pipe segments within the same 
subbasin are then defined with a letter designation (e.g., JCD50b). The letter designation is assigned 
from downstream (letter a) to upstream within the subbasin (letter b, c, d, etc .) . 

3 .2.3.2 Input Parameters 

The Ilydraulic analysis of the City's piped conveyance and open-channel conveyance system requires the 
definition of va rious parameters listed below: 

Node naming convention and georeferencing 

Addition of modeled nodes and modeled system refinement 

Ground and invert elevations 

Pipe shape, size, and material 

Length of segment (feet) 

Generally, the hydraulic Input parameters defined in the 2004 Plan and model were maintained. 
However, in some cases, adjustments to the hydraulic input parameters from the 2004 Plan and model 
were made. Adjustments inc lude (1) updated pipe size, channel cross sections, and elevation 
information per new system information; (2) updated node identification (naming) to correspond to 
updated City GIS; and (3) georeferencing the modeled nodes (i.e" assign X and Y coordinates in the 
model) such lilat the modeled system can be accurately mapped and correspond to the City's GIS. 

3.2.3.2.1 Node (Manhole) Naming Convention and Georeferencing 

Since 2004 , the City has been actively updating its GIS to reflect the addition of new and identified 
infrastructure. As such, some node na,mes origina lly used in the 2004 Plan and model are not reflected 
in tM City's GIS. 

In order to georeference the model nodes to correspond to the City's GIS and create maps from the 
model reflecting the modeled system, the node naming convention had to be resolved between the 
2004 Plan and model and the City's GIS. The version of the XP·SWMM model used for the 2004 Plan 
does not have the same mapping capabil ity and conformance with GIS as XP-SWMM v2012, which was 
used for this Plan and model. 

From the 2004 Plan and model, node names consistent with the City's current (2012) GIS were 
maintained, Nodes from the 2004 Plan and model that did not have consistent names per the City's GIS 
were reviewed in detail. In most cases, a corresponding node and node name was identified from the 
City's GIS, and the node name was updated, In a few cases, a representative, correspond ing node could 
not be identified in the City's GIS. In those cases, the City conducted field investigati ons to confirm 
whether a node was in fact present. If presen t, the City's GIS was updated and a node name assigned to 
the 2004 model that was consistent with the City's GIS . 

Table 3-5 summarizes the node naming cha nges f rom the 2004 model to the current 2012 model. Once 
the node names were updated, X and Y coordinates from the City's GIS were assigned to the model 
nodes. 
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22165 
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403 

400 

61038 
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-

-1-
--
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21505 

21340 

61105 

41137 

ODMH015 

ODMH016 

ODMH017 

ODMH005 

ODMH004 

21519 

23047 

POMHOOI 

POOFOO5 

POMH010 

31023 
---

66023 

CCCB159 -- - --------
62174 CCCB161 

65016 CCOF010 - - ---
62171 CCCB146 

----- -- ------
62166 CCCB154 ----- ---- -
66007 66026 

104 CCIN002 

-

-

- -
--

-

-- -- -- ------ -
26009 36001 

404 ODMH031 

3_2.3.2.2 Addition of Modeled Nodes and Modeled System Refinement 

Section 3 

The overall coverage of the 2004 Plan and model was not increased for this Plan. However, the modeled 
system was refined and nodes were added for consistency with the City's GIS. These modifications were 
conducted for the following: 

• Inclusion of constructed elements of CIP 1: Brookside Storm Improvements and CIP-2 Meek Street 
and 32nd Avenue Pipe Improvements from the 2004 Master Plan. 

Inclusion of as-built information associated with the Lake Road project. 

Refinement of the modeled system to reflecl changing pipe sizes along a singled modeled segment. 

Removal of Kellogg Creek from the model, to improve model stability and because CIP development 
was not anticipated for Kellogg Creek itself. 
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Establishment of a fixed tailwater elevation at the top of pipe for outfalls on Johnson Creek and 
Kellogg Creek. Outfalls on Mt. Scott Creek are modeled as freely discharging. 

Inclusion of the Railroad Avenue channel. 

3 .2.3.2.3 Ground and Invert Elevations 

Ground and invert elevations from the 2004 model were maintained. For nodes adjusted or added to the 
model (see description in Section 3.2.3.2 .1 and 3.2.3.2.2), ground elevation information was estimated 
using City·provided 5-foot contou rs. Invert elevations were established based on City-provided measure· 
down information, ei ther ava ilable in the City's current GIS or collected by field staff upon request. 

As part of the Plan and model, refinement to the cross·sections for open channel segments was 
requested by tile City using avai lable Light Detection and Ranging (LiDAR) information. LlDAR was used 
to refine the longitudinal slope of the open channel, but due to issues with the resolution of LlDAR cross 
sections, field visits were conducted to confirm the side slopes and bottom widths of the open channel 
segments. 

3.2.3.2.4 Shape, Size, and Material 

Pipe shape. size, and material assumptions from the 2004 Plan and model were maintained . For 
segments adjusted or added (see description in Sections 3.2 .3.2.1 and 3.2.3.2.2), the information was 
either included based on the City's GIS or collected by the City staff upon request. Pipes of 15·inch 
diameter and greater were included in the model. Table 3·6 summarizes the Manning's roughness 
coefficient "n" assumed for each pipe material. 

____ ~~c~~~_. ___ t- 0.014 -----
Corrugated melal pipe 0.024 

Plastic 0.011 

Open channels 0.035 

New pipe added lor CIPs 0.013 

Open channels were modeled as trapezoidal channe ls. Longitudinal slopes were refined based on LlDAR 
information, and cross·section information refined based on field inspections of the channels . 

3,2.3,2.5 Segment Length 

The length of each pipe or open channel segment was maintained from the 2004 Plan and model. For 
segments added or adjusted, tile pipe length was taken from the City's GIS, Some pipe lengths were 
extended or combined with other segments to ensure continuity in the system . 

3.3 Drainage Standards 
The City's Public Works Standards, Section 2: Stormwater, was referenced for general design criteria 
related to stormwater infrastructure. Such informa tion includes pipe size, detention and water quality 
faci lity sizing, Manning's roughness coefficient "n," cover, and structure placement and spacing. 

Applicable design criteria are listed below in Table 3·7 and used for the design of CIPs (see Section 6). 
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Wate, ~ual~ facility design ! Shall meet requirements of the current Clty of Ponland Stormwater Management Manual 

Pipe size Minimum 12·lnches In diameter (for public main lines) 

Manning's roughness 

Conveyance design storm 

0.013 ---
Minimum lOO-year ---

Manhole spacing Maximum 400 feet 
-------~-+-----------------

Minimum pipe cover 30 inches 

Section 3 

The current Public Works Standards reference a 100-year design storm for conveyance system piping. 
The level of protection used in the 2004 Plan, as we ll as for the previous 1997 Plan, is based on the 
following: 

• Storm sewer pipes draining less than 640 acres: 25-year, 24-hour design storm 

• Storm sewer pipes drain ing greater than 640 acres: 50-year , 24-hour design storm 

Open channe ls draining less than 250 acres: 25-year, 24-hour design storm 

Open channels draining greater than 250 acres: 50-year. 24-hour design storm 

• Open channels draining greater than 640 acres: 100-year, 24-hour design storm 

Due to the size of the subbasins. the 2004 Plan used the 25-year, 24-hour design storm. For consistency 
with the previous master plans, the system eva luation and CIP design is based on the 25-yea r, 24-hour 
storm event. 

3.4 Flood Control Model Results 
XP-SWMM v2012 was used to simulate the water quality, 2-year, 5-year, 10-year, 25-year, and 100-year 
design storms for the current and future development cond itions. 

Results of the hydrologic and hydraulic simulations are tabu lated in Appendix A (Table A-l for hydrologic 
results and Table A-2 for hydraulic results) . For reporting purposes, Ihe hydrologic results reflect all 
simulated design storms, and the hydraulic results tables reflect just the 10-year and 25-year flows used 
to identify capacity deficiencies and size CIPs. 

The hydrologic results table (Table A-i ) is sorted by system outfall and includes subbasin name, modeled 
inlet node ID, subbasin area. pervious curve number, impervious area, and associated design flow. The 
11ydraulic results table (Table A-2) is also sorted by system outfall and includes conduit name, upstream 
and downstream node ID. length, size. invert and ground elevations. and 10-yea r and 25-year peak flow 
and water_surface elevation. 

Due to the use of the SCS CN method and the low impervious percentage and CN assumed for select 
subbasins under the existing development condit ion, some subbasins have no reported flow during the 
water quality, 2-year, and 5-year design storm. Based on the limited runoff producing area, the small 
design storm depth, and the CN assumptions, runoff generated from impervious surfaces in the model 
wou ld be stored in void space present in the pervious areal 

1 "Urban Hydrology for Small Walershedsft

• Technical Release 55 from the United States Department of Agriculture, 5011 
Conservation Service. Engineering Department. Dated June 1986, Table 2·1. 
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3.4.1 Initial Identification of Flooding Problems 

Flooding problems are identified where fl ow exits the system by overtopp ing manholes and entering road 
surfaces. Surcharging is considered acceptable as long as flow does not enter the roadway. For open 
channel segments, flooding was identified by 'water overtopping the banks. 

As shown in Table A·2, a total of 27 modeled condu its totaling 17,000 feet in length were predicted to 
flood during either the existing or future development scenari os. For purposes of reporting resu lts and 
facilitating discussion with City staff, conduits were geographically grouped into "flood ing problem 
areas." Figure 3·1 shows tile modeled fl ood ing locations under tile existing development cond ition and 
Figure 3-2 shOWS the project flooding locations under the future development condition. Both figures are 
located at the end of this section. 

A meeting was held with City staff on October 25, 2012, to review the inrtia l XP·SWMM model resu lts. 
City staff provided comment and discussion about eac ll identified, modeled flooding area. Additiona l 
flooding areas tllat are not reflected in modeled results were also identified by City staff and inc luded 
due to tile frequency of complaints received. Based on City feedback and, in some cases, field 
reconnaissance. a recommendation to include a CIP for tile fl ooding area was made. 

Table 3·8 summarizes the identified flooding problem area by system number (outfall number). The 
fl ooding frequency and scenario is identified and the source of the capacity deficiency is provided. The 
CIP recommendation is also provided. 
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I 

4 

5 

6 

I JCD80a 

-------_._--_. --

Existing 18" pipe (JCD8Da) is relatively flat and results I· Overllow discharges to an existing wetland (no anticipated 
I in predicted flooding. property damage). 

Future 2S-year I I · An existing siphon (not modeled) is present to regulate flow. 

I. Flooding in this area reflected in 2004 MP (CIP-9). 

JCBIOC Future IO-year ! Existing 18" pipe OC810c) and elliptical 24 " x 12 " I· Recent redevelopment activities have occurred onsite. 
and 25-year , (JCBIOd) are under capacity and results in predicted I. f looding in this area reflected in 2004 MP (CIP-15). 

I I flooding. i 

- --to~el~f100ding throughout the Meek Street, Monroe :' A portion of original CIP constructed along Meek Street 

and 
~ JCBIOd 

I 
. ' Existing IO-year . Street and 32nd Avenue area (see Clp·2 and CIP· IO 1 lOstalled with incorrect elevations. Current manhole plug 

Multiple t and 2S-year i from the 2004 MP). prevents flows from entering newly installed pipe. 

; ~~~:e~~~~ i Future lO-year I !. New CIP design/ cost estimat~ to reflect continuation of the 
and 25-year t conveyance to Roswell Detention Pond. I 

I !. Harrison Street was just repaved (not ideal to redisturb). 

N 

y 

y 

I 
KC20c, j and 25- e~r I and KC30c) are under capacity and results In I 
KCIOb, i Y I predicted flooding. y 

-; 

Section 3 

N/ A 

Pipe upsize 

Detention facilities 
and pipe upsize 

--'-, -----

Pipe upsize 

7 

~stlng 10- ear I · Existing 21 " pipe (KCIOa) and 18" pipes (KCIOb I Rooding in this area reflected in 2004 MP (CIP-8) ----[ 

d KC30 ~ Future lO-year I . I an "L d 25 • Replacement of KCIOa elimmates flooding on ! 
I an -year KC20c. ! 

I , Exi~ng la-year I WRA30e IS composed of mUltIPle-;p;-segments. ~wnstream open channel adjacent ~ ratlroad track~l~lted I ----i---
and 25-year constnction (15 " pipe) IS located (node 11003- " 1- ~;;',te floodlllg potentiaL 

WRA30e I Future IO-year j 15009) along the segment and results in predicted I' Per field survey, no constriction present. I N N/ A 

12 

12 

13 

flooding along the segment. . . ' 
and 25-year • flooding III thiS area reflected in 2004 MP (CIP-14). , 

MSB20d I MSB~~d is negative,ly sloped a.nd causing backwater :. City confirmed negative slope. l-
and Future 25-year condltlOliS and predIcted floodlflg along MSB20d and I _ Minor flooding < 2 cfs requires a CIP. y 

MSB20e _ __ I MSB 20e. I ____ _ __ 

MSB30c 1 MSB30c is negatively sloped and causing backwater ' . City confirmed that no negative slope exists. 
Future 25·year t conditions and predicted Hooding along MSB30c and : . Minor flooding < I cfs does not require CIP. and 

MSB30d MSB30d, , 

1 C I I Two existing UICs (UIC 34155 and 34137) are not 
UI s Reported by City ' operational. Attempts to retrofit these UICs by City 

13~1:153~ndl staft 1 staff have been ineffective. 

._---- - -- [ 
• Two additional UICs (34167 and 34138) may also be I decommissioned due to their location along Uoyd Street. 

,
• Decommissioning these UICs was proposed in the 2004 Master 

Plan (CIP-3). 
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13 

13 

14 

14 

15 

MSA80c 
and 

MSA70d 

. . . MSA80c is negatively sloped and causing backwater 

I 
Existing IO-year 1 conditions and predicted flooding along MSA80c and 

and 25-year I MSA70d. 
Future IO·year 

• Pipe goes through Linwood Elementary School (possible 
construction issues). 

• School recently installed a rain garden ansite that may mitigate 1 

now. 

____ --+-' I · Flooding in this area reflected in 2004 MP (CIP-3 and CIP-13). 

r Existing 25-year 1 MS~Oa is under capac~ty, resu!ting in predicted I' City ~Onfirmed limited pipe cover. -- - -- - r 

and 25·year 

MSA20a Future lO-year I flooding and modeled WIth no pipe cover. • Roading in this area reflected in 2004 MP (CIP·3). 

, and 25-year ! -t. 
No Piped 'I R It db 'ty I localized flooding reported by City maintenance staff A CIP to address flooding in this area was proposed in the 2004 I 
Syste~ in epo ;aff Y CI 'I at Plum Drive and Apple Street. Master Plan (CIP-4). 
Location I I 

~--..,- - ! I 
i MSA40, ! r MSA40 is under capacity, resulting in predicted 'I' City reviewed the model outfall configuration and provided a 
I MSA30a, 1 Ft 25 I flooding on MSA40, MSA30a, and MSA50a. revised configuration based on a field visit. When the revised 

I M;;:oa u ure -year ; I ~::rl:e~~nfigUratiOn was added to the model, no flooding 

-_.-'-_._' --- ----j- I 
MSA100f, I Existln 10- r I Pipe.segments ~re under capaCity, resulting in 
MSA100e, nd ~5 yea predicted ftoodlOg at each segment. 
MSA100d a -year 

' ! Future 10·year j 
I and 

• No anticipated schedule for annexation or development of 
upstream area. 

• Existing Furnberg Detention Facility may mitigate additional 
flows. 

y 

.etlon 3 

Detention facility 
and/ or pipe upsize 

--i 
y 

y 

N 

y 

Pipe relocation 
and/ of pipe upsize 

Pipe installation 

N/ A 

1-· -
I , 
I Pipe relocation 

and/ or pipe upsize 

___ ~SA200c I and 25-year , . Flooding in this area reflected in 2004 MP (CIP- 1 ~1):.... _________ _ 
----i, - -

Unmodeled 

Unmodeled 

Unmodeled 

I I Localized flooding reported by City maintenance staff ! ' Flooding is likely the result of too large contributing drainage 
UIC 34076 ' Reported by city at 44th and Llewellyn. I area to the single UIC. 

I staff II I· A CIP to address flooding in this area was proposed in the 2004 
Master Plan (CIP·6). -, 

I Localized flooding reported by City maintenance staff • Existing grade results and lack of nearby piped drainage system 
I UIC 24014 ' Reported by city ! at 36th Avenue between King and Harvey Streets. results in runoff pooling during rain events. 

! staff I • Vacant parcel and available ROW adjacent to UtC. 

I localized flooding reported by City maintenance staff 
I UIC 34094 1 Reported by city at 55th Avenue between J(jng Street and Monroe 
,and 341101 staff i Street. 

An adjacent house currenUy sits below street grade and 
e):periences flooding. 

Q The conduir name is shown on Rgures 3-1 and 3-2. 
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3.4.2 Flood Control CIP Locations 

Review of initial model results and coordination with City staff resulted in the identification of 12 flooding 
problem areas requiring CIP development (Table 3-8 above): 

1. System 4: Conduit JCB10c and JCB10d 

2. System 5: Multiple conduits associated with the Meek Street system 

3. System 6: Conduit KC20c. KC10b. and KC30a 

4. System 12: MSB20d and MSB20e 

5. System 13: UICs on Lloyd Street (34155. 34137. 34167. and 34138) 

6. System 13: Conduit MSA80c and MSA70d 

7. System 13: Conduit MSA20a 

8. System 14: Pipe extension down Apple Drive 

9. System 15: Conduit MSA100f. MSA100e. MSA100d. and MSA100c 

10. Unmodeled Area: UIC 34076 at 44th and Llewellyn 

11. Unmodeled Area: UIC 24014 on 36\11 Avenue between King and Harvey Streets 

12. Unmodeled Area: UIC 34094 and 34110 on 55th Avenue between King and Monroe Streets 
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Section 4 

UIC Risk Evaluation 

In conjunction with the draft UIC WPCF permit template, issued by DEQ in July 2012, the City is required 
to conduct a system-wide assessment of its UICs and retrofit/decommission UICs determined not to be 
in compliance with conditions of the permit. In anticipation of these requirements, the City conducted a 
preliminary UIC system-wide assessment and an unsaturated Groundwater Protectiveness 
Demonstration (GWPD) as part of this Stormwater Master Plan update. Results are used to identify UICs 
that would potentially require retrofit or decommissioning due to inadequate vertica l separation distance 
from the bottom of the UIC to groundwater. 

Tllis section provides results of the preliminary UIC system-wide assessment and describes results of the 
unsaturated GWPD. A detailed technical report describing the overa ll UIC risk eva luation is provided in 
Appendix B. 

4.1 Preliminary System-wide Assessment 
A prel iminary, system-wide assessment was conducted to inventory the physica l characteristics of the 
City's UICs. Per Schedule B in the July 2012 UIC WPCF draft permit template, a system-wide assessment 
must include the following: 

1. An inventory of all UICs that receive stonnwater or other fluids and their locations by latitude and 
longitude in decimal degrees 

2. An estimate of vehic le trips per day for the area(s) drained by the UICs 

3. An inventory of all UICs that discharge directly to groundwater 

4. An inventory of all UICs within 500 feet of any water well and/or within the 2-year time-of-travel of a 
public water well 

5. An Inventory of all UICs that are prohibited by OAR 340-044-0015(2) 

6. An inventory of all industrial and commercial properties with activities that have the potential to 
discharge to UICs that the City owns or operates 

The City developed a summary of its UIC system in 2005 as a part of the City's UIC Stormwater 
Management Plan (HDR. 2005). This summary was used to conduct the preliminary system-wide 
assessment For UICs identified as discharging directly to groundwater (item 3 above) or located withih 
defined setback areas from water wells (item 4 above), the City is requi red to analyze potential impacts 
to groundwater. 

4.1.1 Results 
At this time, two UICs (UIC IDs 24027 and 44003) were ident ified that directly discharge to groundwater. 
Thi rty-three UICs were identified that did not meet the required setback distance from water wel ls. 
Additiona lly, one UIC (U IC 1024008) has minimal « 1 foot) vertical separation distance to groundwater. 

These 36 UICs (total) are identified as "at-risk" for purposes of this UIC risk eva luation. These "at-risk" 
UICs are shown in Appendix B, Figures 3 and 5. Designation as an "at -risk" UIC means that potential 
action by the City may be requi red, but UICs determined to be "at-risk" are not In direct violation of draft 
permit conditions. 
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CI Ly of Milwaukie Storn1water Master Plan Section 4 

4.1.2 Additional Data Needs 
Based on current information, the system-wide assessment is not complete and additional "at·risk " UICs 
may be identified. Prior to submittal of a final system·wide assessment to DEQ, required with issuance of 
the City's UIC WPCF permit, the following information will need to be included/verified: 

1. A complete water well location inventory and identification of UICs within those additional well 
setbacks. 

2. Verification of the depth to groundwater for UICs with unknown depth per the City's 2005 UIC 
summary. Currently, a tota l of 32 UICs per tile City's 2005 UIC summary Ilave unknown depth. 

4.2 GWPD Application 
For those "at-risk" UICs located with in a water well setback. one option to address the potential for 
groundwater contalnination and address requirements of tile draft UIC WPCF template is to conduct a 
protectiveness demonstration in order to show that the UICs do not impair groundwater quality or supply. 
To do this, a model is typically used to simu late the attenuation of stormwater pollutants in the 
subsurface. 

An unsaturated zone GWPD model was developed for the City to simulate the vertical transport of 
pollutants in saturated soils . Results from the unsaturated zone GWPD include a minimum protective 
vertica l sepa rate distance to attenuate typica l stormwater pollutants. Per the analysis, a minimum 
separation distance of 1 foot is recommended. Development of this unsaturated zone GWPD addresses 
the City's draft permit requirements related to those "at·risk" UICs within a water well setback. 

4.3 UIC Risk Evaluation Results 
Results from the preliminary system-wide assessment (Section 4.1) and GWPD (Section 4.2) were used 
to assess those identified "at·risk" UICs and determine whether retrofit or decommissioning would be 
required. 

For the 33 UICs identified within a water well setback, results of the unsaturated zone GWPD indicate 
that a minimum of i-foot vertical separation is required for groundwater protectiveness and pollutant 
attenuation. Of the 33 UICs designated as "at-risk" because of their setback distance to water wells, all 
33 UICs appear to have greater than 1 foot of vertical separation and therefore , no retrofit or 
decommissioning of these UICs is necessary. 

The draft UIC WPCF permit template does not prohibit UICs with limited vertical separation distance to 
groundwater. UICs with limited vertical separation distance to groundwater are problematic only if they 
are within a water well setback. Til e prel iminary system-wide assessment (Section 4.1) identified three 
UICs with 1 foot or less vertical separation distance to groundwater. These UICs are not located within an 
identified water we ll setback, but the City's water well inventory is incomplete at this time. Therefore, 
these three UICs are still considered to be "at-risk. " 

Results of the UIC risk eva luation were discussed with the City at a meeting on October 25, 2012. Two of 
the three "at·risk" UICs (U IC IDs 24008 and 24027) are located within the Master Plan study area, and 
decommissioning of these UICs in conjunction with a water quality improvement CIP was requested. The 
other "at-risk" UIC (UIC ID 44003) is located outside of the study area . Altllough the water well inventory 
is incomplete, the location of til is UIC would not likely be within a water well setback area . Therefore. 
retrofit or decommission of the UIC at this time was not proposed. 

Table 4-1 summarizes the status of "a t-risk " UICs considered for decommissioning in conjunction with a 
flood control or water quality CIP. 

I Brown .. "" Caldwell I 
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Table 4·1. UIC DecommisslonlngCIP Locations 

I ule I Limited « 1 foot) vertical separation 

I 
24008 distance to groundwater and 

incomplete well inventory at this 
I I time 

1 ule No vertical separation distance to 

"11. 

• Periodic flooding identified in 
proximity of UICs 

• Drainage area to UIC 24008 
overlaps with drainage area to 
UIC 24027 

• Periodic flooding identified in 
proximity of UICs 

I 24027 I groundwater and Incomplete well 

__ ~._ I inventory at this time • Drainage area to UIC 24008 
overlaps with drainage area to 
UIC 24027 

Un modeled 44003 No vertical separation distance to 
II groundwater and incomplete well 
inventory at this time 

• Limited potential for 
identification of water wells in 
location 

• Area Is outside Master Plan 
study area 
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• Decommission. 

• Due to UIC locations in 
close proximity, combine 
drainage areas into single 
water quality facility. 
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Sec ion 5 

Water Quality Retrofit Assessment 

As part of U)is Plan and stormwater CIP development, an assessment and identification of water quality 
retrofits for inclusion in tl)e CIP was conducted. Review and identification of water quality retrofits, 
including U)e definition of specific water quality retrofit projects and a timeline for implementation, are 
specific requirements of the City's reissued NPDES MS4 permit. Specific NPDES MS4 permit 
requirements (Schedule A.6.b) of the water quality retrofit assessment are listed below: 

i. Storm water retront strategy statement and summary, including objectives and rationale 

ii. Summary of current storm water retrofit control measures being implemented, and current 
estimate of annual program resources directed to stormwater retrofits 

iii. Identification of developed areas or land uses impacting water quality tllat are high-priority 
retrofit areas 

iv_ Consideration of new storm water control measures 

v. Preferred retrofit structural control measures, including rationale 

vi. A retrofit control measure project or approach priority list, including rationale, identification, 
and map of potential storm water retrofit locations where appropriate, and an estimated 
timefine and cost for implementation of each project and approach 

TI) is section describes the objectives, metl1Odoiogy, f inal project identification (i.e ., water quality retrofit 
list), and applicability to the City's NPDES MS4 permit requirement. 

Water quality retrofit projects identified herein I)ave been carried forward and coordinated with flood 
control CIP locations (identified in Section 3.4) and UIC decommissioning CIP locations (identified in 
Section 4.3) to develop a comprehensive project list to address stormwater quality and quantity 
management and NPDES MS4 permit compliance in the city (Section 6). 

5.1 Objectives 
The City's water quality retrofit strategy is to target high pollutant generating areas where existing 
stormwater treatment is currently limited, in order to make progress toward achieving TMDL pollutant 
load reduction and improve overall surface water quality conditions. Efforts will be focused on the use of 
infiltration-based facilities (e.g., vegetated infiltration basins, rain gardens, planters) to provide runoff 
volume reduction in addition to conventional treatment. 

To the extent possible, water quality retrofit opportunity areas were identified in conjunction with existing 
system capacity deficiencies (Section 3) and UIC decommissioning needs (Section 4) to allow for the 
projects to address multiple objectives. 

5.2 Methodology 
Water quality opportunity areas were initially identified through a review of information from the City's 
GIS system including aerial photos, the location of existing water quality facilities, existing vacant areas, 
publically owned lands, existing and future condition land uses, storm system layout, topography, and 
locations where flood control or UIC decommissioning is required. 

I Brown 'NO Caldwell : 
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CIty of Mllwa ul(ie Slorrnwaler Master Plan Section 5 

The City's storrnwater collection and conveyance system discharges through 15 stormwater outfalls to 
Johnson Creek, Kellogg Creek, Mt. Scott Creek, and the Willamette River. Each of the 15 drainage 
systems was individually reviewed. The following steps were conducted to idef'\tify the in itial opportunity 
areas for water quality retrofits. 

Step 1 

Step 2 

Step 3 

Identify vacant lands. Review of vacant lands was conducted to identify parcels where space 
may be available for siting of a new regional or loca l water quality facility. Publica lly owned 
vacant lands were prioritized. Vacant lands observed (based on aerial photograpl1s) to be 
forested or riparian area were not considered to be a priority area, as such areas should be 
preserved. 

Review land use. High pollutant generating land uses (e.g., industrial, commercia l) witl1 higl1 
imperviousness va lues were prioritized for insta llation of a storm water treatment faci lity. 

Review existing water quality facilities. Public water quality facilities within the city of 
Milwaukie include five regional detention ponds and multiple rain garden facilities installed 
as part of green street applications (Figure 2·5). 

Regional detention ponds currently provide limited water qual ity benefits, as they were 
installed for flood control purposes only. Retrofit of these facil ities may provide additional 
water qual ity benefit while treating a large contributing drainage area. 

City-owned green street facili ties treat area within the ROW only, as the City requires private 
development to treat and detain all runoff on site. These facilities are becoming more 
common in the city, but are limited in the size of the contributing drainage areas that would 
be addressed. 

Existing detention pond facilities that have little water quality benefit were prioritized as 
water quality retrofit opportunities. Add itiona lly, area not already treated by an existing water 
quality faci lity (e.g., green street) was prioritized for water quality retrofit. For purposes of 
TMDL pollutant load reduction estimates, more benefit is obtained by increasing the 
coverage of water quality facilities instead of applying multiple water quality fac ilities treating 
overlapping drainage areas. 

Step 4 Review proposed flood control/UIC decommissioning project needs. The City of Milwaukie is 
coordinating its water quality retrofit assessment with the development of its updated 
Stormwater Master Plan . To the extent that a CIP can address multiple objectives, such CIP 
wou ld be prioritized (see Section 7). Coord ination is particularly beneficial for those flood 
control/pipe replacement projects isolated to the ROW, as new green street faCilities (as 
currently used by the City) may be installed at the same time, resulting in schedule and cost 
efficiencies. 

5 .3 Water Quality Retrofit Assessment Results 
Th is section presents the results of the water quality retrofit assessment, including a preliminary 
Identification of wa ter quality opportunity areas and selection of nine water quality retrofit opportunities 
requi ring CIP development. 

I Brown 'NO Caldwell : 
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City of Mllwaukle Slofmwater Maslel Plan SectIon 5 

5.3.1 Initial Identification of Water Quality Opportunity Areas 

In conjunction with the methodology described in Section 5.2, an initial water quality retrofit opportunity 
list was developed and reviewed with City staff at a workshop on October 25, 2012 . During the 
workshop, project feasibility and practicability was discussed. Additiona l water quality opportunity areas 
identified by City staff were also discussed. Based on City feedback and , in some cases, fi eld 
reconnaissance. a recommendation to include a CIP for the water quality opportunity area was made. 

Table 5-1 summarizes tile initia lly identified water quality opportunity area (by outfa ll number), the 
associated project descriptions, and feedback from City staff regarding feasibility. The CIP . 
recommendation is also provided. 

I Brown "m Caldweli l 
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1 

3 

3 

5 

, Retrofit existing detention pond 
! Detention Pond i for water quality enhancement 
I Retrofit 

I , 

Stanley-Willow I Enhance existing Ball-Mitchell 
UIC Decommis· ! stormwater facility (in park) 
sianing 

• Project may be coordi nated with a 
flood control CIP. 

!. Existing facility provides little/ no 
I water quality benefit. 

I, 0 Facility may be used to collect and 
treat runoff associated with 

I decommissioning the "at-ris~" UlCs 
I (see Section 4) 

Dchoco 
I Detention Pond 
Retrofit 

RetJofit existing detention pond j - Existing private pond functions as 
tor water quality enhancement flood control only. 

• Pond collects high pollutant 
generating area (industrial land 
use) and discharges to Johnson 
Creek (existing TMDl). 

i Main Street -II Retrofit existing detention pond 10 Existing public pond functions as 
Detention Pond fafwater quality enhancement flood control only. 

i Retrofit I 10 Pond collects high pollutant 
generating area (industrial land 

I 
use) and discharges to Johnson 
Creek (existing TMDl). 

i," Monroe Stre; 1 Install rain gardens in the ROW "I" High pollutant load generating area 
I Green Street along Monroe Street as part of (commercialjindustrialland use). 
I I the strategy to address capacity I 

deficiencies at Meek Street 

I 
--........:.---+- -

5 

f Meek Street 
! Detention 
I Facilities 

I 

Construct detention/ water 
quality facility (ies) on publically 
owned. vacant parcels adjacent 
to the Meek Street flood control 
project 

Facility may be used to minimize pipe 
upsize requirements associated with 
the Meek Street flood control project. 

Flood control: predicted 
I flooding in segmentJCD80a on 
Regents Drive 

o Observed flooding is not due to a system 
capacity deficiency. No flood control CIP 
proposed torthe area. 

I 0 Pond access via easement through private 
I property. Site visit confirms private fence 

1----------- J may be barrier to access. 

10 Current facility provides no flow control UtC Decommissioning 
benefit and little water Quality benefit 

1 (operates as a bioswale conveyance). I 
1

0 Area discharges downstream to Willow 
Detention Pond. 

1 . 

INO 
I 

I ~ 

I I 
located on private property with limited 
adjacent space availability (developed 
industrial parcel). 

~.- I Surrounding vacant lands are privately held 
'I and this retrofit would require an upsize of the 
facility. 

I l 
Flood control: Meek Street flood I' Monroe Street recently paved. Not in City's 
control project best interest to dig up a recenUy improved 

street. 

- Consider use of detention ponds instead to 
help mitigate flows forthe Meek Street 
project. 

Rood control : Mee~ Street flood 1 Detention facility opportunity areas include 
control project public, vacant parcels at SE Campbell between 

32nd and 34th Avenue and at Balfour in order 
to mitigate flows to the Roswell Detention 
Pond. 
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6 

12 

13 

13 

15 

Unmodeled 

Streets 

Wister Way 
, Retention 

I Facility 

Install rain gardens in the ROW I High pollutant load generating area ! Flood control: predicted 
along Washington Street as part I (commercial/industrial land use), I flooding along Washington 

, of the strategy to address I Street in segments KC10b and 

2004 MP identified the use of a 112 cartridge 
t StOimFilter. Green street application is 
I preferred. , 

capacity deficiencies . KC~3:..0~a __ _ 

I Utilize existing, privately owne; High pollutant load generating are~t Rood control : predicte; - -I · Site located adjacent to Highway 224, 
; vacant parcel to install water (commercial/industrial land use) , flooding along International Way ! Expensive property acquisition, 

: quali~ a.n~ detention facility I I in segments MSB20d and : . Site grading would be difficult and limited 
and minimiZe need for system I MS820e 1 space availability. 

_ .__ ~ capacity upgrades. -l-_. _ _ _, __ _ ___ ~ 
Railroad I Restore existing channel I Channel has significant sediment No I Channel is located adjacent to rai lroad ballastl 
Avenue channel deposition and non-native vegetation, I which may present difficulties in conducting 

! restoration limiting its capacity. maintenance. 

~I~oecommis, I Install a rain garden or bios:a~e : ~aciiity may be used to collect and UIC oecommissionin~ Potential project 10c~tion;inC l ud;the City· T 
sioning on Uoyd I to treat runoff associated with I treat runoff associated with I owned parcel containing the drinkingwater 

I Street I decommissioning of non ~ decommissioning UICs identified as a I reservoir at Harlow Street and Stanley or the 
operational UICs on lloyd maintenance concern (see Section 3) t ROW adjacent to the Unwood Elementary 

I Street School entrance off Stanley Avenue. 

Furnberg Street -!RetrOfit existing public pond to • Large area currently outside the City Flood control: predicted I . No antiCipated schedule for annexation-o-r-"--

! Ret~~tion I ~e~~ as a regional stOrmwater I ~imits wO~ld res~1t in signifi.cant flooding along Hemlock Street I development of upstream area. 
I FaCIlity Retrofit ! faCIlity tn.crease tn flow If annexed mto the at segment MSA100f, . ' Existing Furnberg Detention Facility may 

I Crty. MSA100e, MSA100d, and I already mitigate potential flows. 

• Project may be coordinated with a I MSA100c I 
fiood contrOl CIP. I 

I 

1 

Install additional UICs to I Rooding is likely the result of too 
alleViate localized flooding large contributing drainage area to 

I 

L 
Rood control : reported flooding I A CIP to address flooding In this area was 
by City maintenance staff at proposed in the 2004 Master Plan (CIP·S) . 

I UIC 34076 

UIC 240 14 

I reported the single UIC. 
~ - - -- ------ --

I Install vegetated infiltration 
facilitvto reduce runoff vol I 

Existing grade and lack of nearby 
piped drainage system results ' '" 

, 44th and llewellyn I 

1
" FlOOd control: rep~rted flooding I-v-a-ca- n-t-p-a-rc-e-I a-n-d-a-v-ai-Ia-b-Ie- R- o- W- a-d-ja-C-en- t-t-o-r--

bv City maintenance staff at , UIC I 
.- .. ~ .. 1"'--·· .. 0 --•• · ·0 ._ ••• _._.Its. 36th 

Harvey Streets. 

, UIC 34094 and Install of soakage trench to Existing grade and lack of nearby Flood control : reported flooding An adjacent house cunenUy sits below street 

Un modeled 134110 reduce runoff volume to ule piped drainage system results in by City maintenance staff at grade and experiences flooding 
runoff pooling during lain events. I 55th Avenue between King 

Street and Monroe Street. 
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City of Milwaukie Stormwater Master Plan Section 4 

5.3.2 Water Quality CIP Locations 

Review of initial water quality retrofit CIP opportunity areas with City staff resulted in the identification of 
the following nine water quality retrofit opportunities requiring CIP development (see Table 5·1 above): 

1. Willow Detention Pond Retrofit 

2. Stanley·Wiliow UIC Decommissioning 

3. Meek Street Detention Facilities 

4. Washington Street Green Streets 

5. Railroad Avenue Channel Restoration 

6. UIC Decommissioning on Lloyd Street 

7. Unmodeled Area: UIC 34076 at 44th and Llewellyn 

8. Unmodeled Area: UIC 24014 on 36th Avenue between King and Harvey Streets 

9. Un modeled Area: UIC 34094 and 34110 on 55th Avenue between King and Monroe Streets 

The final water quality retrofit project list is contained in Section 6 (Table 6·1), as identified by those 
projects designated as a water quality project and retrofit project for the NPDES permit compliance. 
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Section 6 

Capital Improvement Projects 

This section identifies the flood control and water quality CIPs designed to address flooding (Section 3), 
UICs identified for decommissioning (Section 4), and water quality retrofit opportunities (Section 5). To 
the exten t possible, CIPs were developed as integrated so lutions to address multiple objectives (e.g., 
flood control , water quality, etc.). 

6.1 Integrated CIP Development 
Integrated CIP development refers to the selection and design of CIPs to address multiple objectives 
including flood contrOl, regulatory requirements, and water quality improvements. 

An integrated CIP development approach was used during the identification of the water quality retrofit 
CIP opportunity areas (as described in Section 5) . Areas where flood control or UIC decommissioning was 
needed were prioritized for purposes of targeting a water quality retrofit CIP opportunity area . 

As described in Section 3.4.2, a total of 12 flood control CIP locations were identified. As described in 
Section 4.3, two UICs requiring decommissioning were identified. As described in Section 5.3.2, a total of 
nine water quality CIP locations were identified. These flood control , UIC decommissioning, and water 
Quality CIP locations were consolidated to reflect consistent contributing areas. CIP design concepts and 
approaches described in Sections 3,4, and 5 were revisited during CIP integration to develop a 
formalized CIP design for each opportunity area. 

A comprehensive summary of identified flood control , water quality, and UIC decommissioning CIPs is 
provided in Table 6-1. A total of 17 CIPs are identified. Consolidation of flood control, UIC 
decommissioning, and water quality retrofit CIP opportunity areas (where applicable) results in a single. 
multi-objective CIP. Table 6-1 includes a problem description and project description for each CIP. CIPs 
are sorted and named by system (outfall) number. Projects not affiliated with a specific system number 
are named as general (G) Gl, G2, and G3. 

Table 6-1 indicates whether the CIP addresses flood control , water quality, or UIC decommissioning, and 
specifies whether the CIP would qualify as a water quality retrofit for NPDES MS4 permit compliance. 

Figure 6-1 at the end ofthis section shows the location of each CIP. Detailed CIP fact sheets are 
provided in Appendix C and include additional design detail, cost information, and a map locating the 
specific system improvements. 

6,2 CIP Sizing and Design Assumptions 
Th is section inclUdes a summary of the CIP sizing and design criteria based on the type of system 
improvement proposed. System improvements include pipe upsizing and pipe replacement, vegetation 
and infiltration enhancement of existing detention ponds, installation of new detention faCilities. 
insta llation of rain gardens or stormwater planters, and installation of UICs. Proposed CIPs may reflect a 
combination of system improvements. 

Revised hydraulic results t;lbles reflecting inclusion of system improvements for flow con trol (e.g., pipe 
replacement and detention facility installation) are included in Appendix D (Table D-l). Pipe conduits 
associated with a CIP are designated with a "C" prefix in Table 0-1. 
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6.2.1 Pipe Installation 

Pipe installation is required for 15 of the 17 CIPs. New and replaced pipes are sized to eliminate 
modeled system flood ing for the peak (25·year) design storm event under future development 
conditions. 

Secti on 6 

Design criteria outlined in the City's Public Works Standards: Section 2 for conventional (pipe, manhole) 
stormwater infrastructure were used for CIP design (see Section 3.3). Pipe improvements were 
evaluated using XP-SWMM to ensure that insta llation of the CIP (i.e., relief of the constriction) did not 
resu lt in downstream flooding. 

6,2,2 Detention Ponds 

Two new detention ponds, associated with CIP 5·1, are proposed to mitigate flow to the downstream 
conveyance system. One of the detention ponds, located at SE Campbell, is sized solely to mitigate flow 
to the existing pipe system along Meek Street. allowing the existing pipe to be used as part of the CIP. 
The oliler detention pond, at Balfour, is sized to mitigate flow to the downstreanl system, wilich drains to 
System 3. The City 's sizing criteria for detention ponds was not spec ifically adhered to , given the space 
and configuration limitations associated with application of the two ponds. Design of the new detention 
ponds includes installation of amended soil for improved infiltration for the Balfour facili ty and landscape 
plantings for bolll facilities to enhance treatment capabilities. 

Two detention pond retrofits are proposed for water quality improvement: CIPs 1-1 and 1-2. CIP 1·1 
includes installation of 18 inches of amended soil, 18 inches of drain rock, and water quality facility 
plantings along tile pond bottom. The City of Portland's 2008 Storm water Management Manual 
(2008 SWMM) (standard detail SW·140 for a water quality retention pond) was referenced for design 
criteria . CIP 1·2 includes enhancement of an existing detention feature to receive additional flow 
associated wittl UIC decommissioning. The existing detention feature is not a designed detention pond 
(intended to store and discharge flow at a set rate), but functions more as a drainage swale. 
Improvements to the facility are limited to water qual ity facility plantings along the facility bottom. 

6.2,3 Rain Gardens and Planters 

Rain gardens and planters were sized based on the City of Portland 's simplified method , as documented 
in the 2008 SWMM, using a 6 percent sizing factor on the contributing impervious area. 2008 SWMM 
standard details SW-312 and SW·140 were referenced for applicable design criteria. 

6.2 .4 Underground Injection Controls 

UICs were sized based on t~,e 2008 SWMM, Exhibit 2-31. 

6.3 Unit Cost Estimates for CIP Development 
Unit cost information for construction elements of the CIP facilities was compiled from recent, loca l, 
planning and design projects for the City of Portland (2010). City of Eugene (2007), and Clean Water 
Services (2012). Specific material costs for pipes and structures were confirmed in the RS Means 
Construction Cost Data (2012). 

Preliminary CIP cost estimates are based on the unit cost information for construction elements plus a 
30 percent contingency. Engineering and permitting and construction administration costs are based on 
a general percentage of the total construction cost. Land acquisition and easement costs are not 
included in the estimates, as most projects proposed are located on City property or within the City ROW. 
Unit cost information and individual cost estimates for CIPs are included in Appendix E. 

I Brown ,"Caldwell l 
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System 1 

H WQ Willow Detention 
Pond Retrofit 

55th Avenue, south of 
FilWood Street 

Fut 25-yr x The existing Willow Detention Pond is located at the end of 55th II Enhance treatment capability of existing pond through vegetation enhancement and 
Avenue, south of Firwood Street. The pond appears to drain promoting Infiltration, Predicted flooding is not expected due to the pipe configuration 
approximately 15 acres of residential area in subbasin JCD80. and receiving wetland downstream ofthe facility. The CIP was not designed to address 

I As-built information on the pond inlet and outlet structure was I the model predicted flooding, 

! not available at t~e time of this study; however, it is assumed that I, No asbuilt information for Willow Pond currently available. May consider future upsizing 
, the pond was deSigned for flood control and was not constructed of existing Willow Detention Pond to address larger contributing drainage area 
I with water quality features. associated with subbasins JCD90 and JCD91 (from UIC # 24008 and #24027) (see 

_____ _ • _____ .L ____ ~--.---- __ ICIPI-2),butnotlncludedaspartofthis prOject. -- --- -----

X I Upstream UICs 24008 and 24027 have limited vertical I Route drainage area from UIC 24008 and 24027 to existing Ball·Mitchell stormwater 1-2 WQ, I Stanley-Willow UIC i Stanley Avenue and 

System 4 

4-1 

System 5 

5-1 

5-2 

UIC Decommissioning Ball-M~chell Park 

I 
separation distance and were identified as "at-risk" perthe City's facility. Add vegetation to bottom of pond to enhance treatment capability ofthrough 

FC 

FC, 
WQ 

Main Street at 
Milport Road 

Meek Street 

East of McLoughlin Blvd Fut 10-yr' l 
1 at Milport Road I fut 25·y. 

I I I 1 ., 

GWPD. filtration. 

--~~~--------------
-r;.e 12 " x 24" elliptical CMP associated with modeled conduit 

I jCB10d (21265-21059) and the 18" concrete pipe associated 
with modeled conduitJCBIOc (21059-0DMH017) are under 
capaCity, causing predicted flooding along JCBIOd between SE 
Main and SE Omark and in the parking lot between an industrial 
building and SE Main Street. 

This CIP includes replacement of JCBIOd and JCBIOc from MH21265 to MHODMHOl7 
with 380 feet of 30" concrete pipe using the same upstream and downstream invert 
elevations. Replacement of model conduitsJCBIOd and JCBIOc (defined by the 
upstream node to downstream node number) includes replacement of seven manholes. 

1 

Monroe Street t~ ~ Exst lo,y'n x The majority of System 5 is predicted to flood. CIP-2 in the 2004 I The Meek Street pipe system was constructed in 2005 with inadequate slo~e to maintain 
Street along Railroad I Exst 25-yr, Master Plan recommended routing a bypass for flow from Monroe the existing concept per CIP-2 from the 2004 MP. I 

Fut 10-yr, Street, east of S.E 32nd Ave to ~n OOOT system to the north of This CIP includes replacement the existing pipe system down Monroe from 37th Avenue \ 
Fut 25·yr Meek Street. ThiS CIP was partially constructed on Meek Street, to 32nd Avenue. A detention facility at SE Campbell between 32nd Avenue and 34th j 

but not connected to the storm drain system. Avenue is designed to mitigate peak flow north to the Meek Street pipe system. . 
Installation of new pipe from Harrison to Meek along Murphy is required. New pipe will 
also be installed to paraliel existing railroad tracks from Meek to Balfour. Installation of a 
new manhole west of 32nd Avenue to separate Harrison Street system; installation of a 
new manhole at Meek and 32nd Avenue to separate 32nd Avenue system north of Meek 

.. --- --_._----- 36" pipe was designed to connect flow to the Roswell Detention Facility. 

I FC ! Harrison Street Harrison Street from 
Ou«all outfall to 21st Ave 

(to new Meck Street pipe) and south of Meek (to new pipe parallel to railroad) is requirej ' 
Vegetated area at Balfour will be utilized for water quality, flow control, and infiltration . A 

-I Exst l~~y'~r-, +-------l-C-IP-5-_ 2-a-d-dr-es-s-es ~~-;m-a-jO;-o-f-th-e-ft-o-o-di-ng-a-l-on-g-H-a-rr-is-o-n -+--Th;;-C-IP-i-nc-Iu~es -;Plac-en-,e-n-t 0169-6-fe-et- o-' ~-xis-t-in-g 2-4-" -co-nc-re-te-p-i-pe-~ith 696- f-eet of -

I Exst 25-yr, Street following construction of CIP 5-!. Following installation of 36" alongJCAIO, from MH21364 to the oo«all at Johnson Creek, which extends 40 feet 

___ I _ ________ _ 

fut 10·y., CIP 5-1 in the model, flooding isstill predicted on 21st Street from MH25213. 
Fut 25·yr along modeled conduit JCA20 (21094_21364) and on Harrison 

Street along modeled conduits JCA30a (21239_21364) and 
JCA30b (CIP5_1_21239).ln conjunction with light rail 
expansion, the existing 18" down Harrison will be replaced with a 
24" pipe from 23rd to 26th Avenue (not reflected in the cost of 
this CIP). __ L-_ _ -------'_-----'-_____ .__________ __ _ ___ _ 
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D 

425 

380 

5,171 

696 

JCD80, JCD90, 
JCD91 

JCA60, JCA52, 
JCS51. JCA50, 
JCA41, JCA40, 

JCA30 

JCA40, JCA30, 
JCA20, JCAIO 

Section 6 

64.8 6B,600 

3.9 100,200 

35.2 241.200 

188.2 3,088,200 

60.8 619,400 



City of Milwaukie Stormwater Master Plan Section 6 
- - ----

System 6 

6-1 FC Washington Street 1 Washington Street from Exst 10-yr, The 21" pipe KCI0a on Main Street near Kellogg lake and the This CIP includes replacement of239 feet of existing21" concrete pipe with 30 " pipe 3551 KCIO, KC30, 130_9 1,804,100 
281h Ave 10 Kellogg ' Exst 25-yr, 

Lake Fut 10-yr, 
Fut 25-yr 1

18" pipes KClOb and KC30a along Washington Street are under along KCIOa from MH41005 to 41006. This CIP also includes replacement of 3,312 feet 
capacily, which Is causing predicted flooding along Washington of existing 18" concrete pipe with 24" concrete pipe along KC10b from MH41109 to 

, Streel between Main Streeland Hwy 224_ MH41005 and KC30a from MH41029 to 41109_ 

KC40, KC50, KC60 

- _ ... _. - ---, 
6-2 WQ Washington Green I Washington Street from NA --x- --- ~T~~ c~;tributing area ft;;~~shingtor;-s,treet is a -;; po"·~~~~· ~~ CIP Includes an ~.xtension of the green street feat;-es being in~alled by T~;eU~; j- NA 

I load generating area. Currently, the TrlMet light Rail Project is 23rd to Oak along Washington Street. The installation of CIP 6-1 will involve pipe I 
KC30, KC40, 62_6 511,300 

Streets 
, 

System 12 

12-1 FC International Way 
and Wister Street 

-'-

System 13 

13-1 UIC, UIC 
WQ, decommissioning 
FC on Lloyd 

13-2 
-+-- ---
FC linwood Avenue 

23rd Ave to Oak 51 

International Way and FU125-yr 
Wister Street 

4 UICs along Lloyd NA x 
Street and Stanley 
Avenue from lloyd 
Street to Railroad 

Avenue 

1 installing green street featUres to provide water quality treatment I replacement and repaving a portion of Washington Street, which provides an opportunity I 
from Main Street to 23rd Avenue along Washington Street. ! to complete green street features while the pipe replacement construction is occurring. 

I 
The 24 " MSB20d at International Wa)' is negatively sloped and 
MSB20e and MSB20d are under capaCity, resulting in predicted 

I flooding along MSB20e_ 
l~...,_ 

UIC 34155 (west of Stanley Avenue) and UIC 34137 (inlersection 

I 
of 60th Avenue and lloyd Street) afe not operational, as reported 
by City maintenance staN. The City has attempted to retrofit these 
UICs; however, the Ules are still not functioning properly and 

I 
flooding has been reported at the intersection of lloyd Street and 
Stanley Avenue. UICs 34167 and 34138 are also included in Ihis 
CIP due to their locallon along Uoyd Street 

Replace 80 feet of existing 24" pipe with a 48 " pipe along MSB20d from MH61010 to 
MH6102B_ 

lhis CIP includes decommissioning of four Ules and Installation of 787 feet of new 
12" HOPE pipe along lloyd Street from 60th Avenue west of Stanley Avenue. Along 
Stanley Avenue from lloyd Street to Railroad Avenue, this CIP also Includes replacement 
of existing concrele pip.wilh 1,314 feel of new 12"HOPE pipe and 499 feel of 
18" HOPE pipe. 

To address water quality of new contributing area previously captured by UICs, this CIP 
! includes Installation of a rain garden. The preliminary (for purposes of the CIP cost 

I 
estimate) Is the ROW adjacent to the Linwood Elementary School entrance off Stanley 
Avenue. As an alternative, the City-owned parcel containing the drinking water reservoir 
at Harlow Street and Stanley may be considered. 

I - ---- --- ----------i --l-
At linwood Elementary Exst 10-yr, Possible The 15" concrete pipe associated with modeled conduit MSA80b This CIP includes conducting a planning level study to initially evaluate options for flood 

School between £Kst 25·yr, (61148_61179) and the 18" concrete pipes associated with mitigation. Pipe surcharge cUHently discharges to existing raingarden, ball fields, and 
linwood Avenue and Fut 10-yr, modeled conduits MSA80a (61179_61151) and MSA70d open channel area. A planning study would to consider cost benefit options for partial 

Stanley Avenue Fut 25-yr (61151_65028) are under capacity. Flooding is predicted along pipe reconstruction and day lighting to channel for water Quality and flood contrOl , full 
this reach, which is located between linwood Avenue and Stanley pipe replacement, and grant funding opportunities for school district to expand existing 
Ave on the linwood Elementary School grounds. Capacity onsite raingardens. 
limitations are caused by undersized piping along MSA80b, The CIP cost estimate assumes full pipe replacement. Replace 683 feet of eJCisting 18" I 

- 1-3--3 -r FC-+R- a-ilroad- A-v-e-nu-e ~t -I -Ra- il-r;;;;d-A-ve-nue, near I ExSI25-yr,-1 

Stanley Stanley Avenue I Fut 10-yr, 

MSA80a and MSA70d 1 pipe with 30 " pipe along MSA 70d_ Replace 186 feet of eXisting 18" pipe With 24 " pipe 
_ _ __ _ _ ~'lon!~SA80a _ Replace 243 feet of existing 15" pipe wllh 2~ ~e a~ng M~80b __ • 

The 18" culvert aSSOCIated with mOdeled condUit MSA20a ThIS CIP includes abandOning the eXIstIng culvert under Stanley Avenue at Railroad 
(66023_65033) is under capacity, causIng predicted flooding Avenue. Flow from the channel on the west SIde of Stanley IS routed through two new 

13-4 WQ, 
Maint I 

~--

1 FU125-yr 

I 

Railroad Avenue 
Channel 

Existing conveyance ! 

ditch along Railroad 
Avenue 

--- ----

NA 

! along MSA20a over RaIlroad Avenue. Floodmg was also observed 60 feet parallel reinforced concrete culverts (18" diameter) under Railroad Avenue on 

I 
dunng a storm event on November 19 and 20, 2012. I the west side of Stanley In the same location as the eXIsting 18" culvert . Flow from 

Stanley.s described In CIP 13-1 is routed through a new 660 feet of 18" HOPE pipeline 
on the north side of Railroad Avenue from a new manhole at 62296 to a new manhole at 1 

I C13-4 . lntermediate manholes are placed to accept flows from Maple Street, Ash Street, 
and Grove Street. At new MHC13-4, flow is routed through a new 60 feet of reinforced I I concrete culvert (18 M diameter), where this CIP outfalls to the Railroad Avenue channel. -- --- --~ ------ - - ------- ------- -- --- -

X I The existing channel along the north side of Rai lroad Avenue Th is CIP includes targeted maintenance activities including hand removal of non-native 
receives drainage from a large portion ofthe City, Umited vegetation, sediment removal , and replanting activities. Maintenance activities to focus 

__ ____ 1_-
I maintenance appears to be conducted, which is limiting the on approximately 2,000 linear feet of channel between Wood Avenue and Grove loop. 
, ability ofthe channel to conveystormwater and provide water 
r quality benefit. 
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(mAn Ie,.'! ' ( I,I,e .... tJurposcs only U£r:; of Conte·nlS on t n l ~ !,11E'Cl 15 subject to me IUl'It/:itI(jrlS spCCII IC:O at tile be&rnn1og of th iS OOCUIllc.nt 

KC50, KC60 

= 

~----

80 ~SB20' MSB21

1
_ 6_4_-6_1 

90,000 

2895 1 MSA22, MSA23, I 
MSA24, MSA25, 

I MSA26, MSA2 7 

1112 

840 

MSA90, MSA80, 
MSA70 

MSA22, MSA23, 
MSA24, MSA25, 
MSA26, MSA27, 
MSA31 , MSA70, 
MSA71 , MSA72 , 
MSA80, MSA90 

I 
MSA230. I 
MSA220. I 

MSA215, MSA210 
, 

49 .0 

85.2 

134_2 

200_7 

___ ..........l __ _ 

793,700 

469,700 

357,300 

I 

1 

52,900 

L 



City of Milwaukie Stormwater Master Plan 

System 14 

14·1 

System 15 

15·1 

Other 

GI 

G2 

, . 

FC 

FC 

FC, 
UIC 

WQ, 
I FC, 

UIC 

Plum and Apple 
Street 

Hemlock Street to 
Harmony Road 

I Apple Street near Plum I 
Drive and extending to j 

Juniper Street near 
Aspen Street 

NA 

I Intersecti~ of Hemlock I Exst lO-yr, I 
I Street and Sequoia Exst 25-yr, 

I 
Avenue, then along an I Fut 10·yr, I 
easement to Harmony Fut 25·yr 

Road t I 
I I 

Table 6·1. Project Summary 

• I I ' I' , , 

localized flooding is reported by City maintenance staff. 

I The 15 11 pipe segments associated with model conduits 
MSAIOOf (61115_61118), MSAIOOe (61118_CCCBI54), and 
the 18" pipe segments associated with model conduits 
MSAIOOd (CCCBI54_CCCBI46), MSAIOOc 
(CCCBI46_CCCBI59), and MSAIOOb (CCCBI59_CCCBI61) 

I 
are under capacity, causing predicted flooding from Hemlock 
Street, through private property to Harmony Way. 

, I;" I I 

I This CIP includes installation of 180 feet of new 12 II HOPE pipe from the intersection of 
Plum and Apple Street to Juniper and Aspen Street 

j 

I This CIP includes replacement and realignment of this pipeline, which is currently located II' 

. in backyards from Hemlock Street to HarmonyWay. When constructed, this pipeline will 
replace a portion of the pipeline along Cedarcrest Drive, from Hemlock Street to Harmony 
Way. The diameter and elevation of this pipe is currently unknown, and should be 
identified in the design stage. Design assumptions assume area outside UGB is brought 
in and no flow control provided (would change need for 30" pipe) . 

- -....,. . 

NA 1 I The City reports flooding at the intersection of 47th and Uewellyn, ! Due to the eXisting grade and lack of a nearby piped drainage system, this CIP Includes I I near UIC 34076. l the installation of additional UICs with associated inlets and inlet lead lines to alleviate 
I 47th and llewellyn j UIC at intersection of I 

. Llewellyn and 47th 

I Avenue t-
36th-n-e-ar-K-in-g-rU-lc~n 36t;-;:ve .rou.-; 

ule 24014. This UIC IS located at a low point in elevatIOn along installatIOn of a raingard en or other stormwater feature to minimize flow mto the ule and 
36th Avenue, between HaNey and King provide water quality treatment of contributing impervious area within the ROW. 

: Dwyer Street I 
--._- _. __ ._ •.•. _--

NA -1- ' 1'" ,;, "";;;.; ... ,-" .. , ,;., .. "'~.;., . :::::: =~:; ... ' ;; . ., .'." .~ ........ " '" ,.'"~ 
r X I' The c~ rep~~~ flooding at the intersection along 55th Avenue, I U~lize available, ROW area to install a soakage trench with perforated pipe to minimize 

possibly due to a non functioning UICs. House currently sits below flow into UIC. 

1 
G3 FC, 

UIC 
Flooding on 55th I 
Ave between King I 
Street and Monroe I 

Street I 

Street flooding along 
55th Avenue 

NA 

I 
' grade, which is the source of the complaints. No curbed streets in 
I area and flat grade. 
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' ;:0.;: 1 • -, 

" . 

7_80 __ ~lSA6 1 9.6 
1 ° ,100 

1036 MSAIOO, MSAll0 116 560,600 

ISO NA 8 

I 
155,600 

-----~ .~ ---- l -
NA NA 3.5 104,600 

I 
125 

---T 
NA ~l 23,000 
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Section 7 

CI P Prioritization 
This section summarizes tile process that the City used to prioritize identified CIPs in order to schedule 
project funding. 

7.1 Prioritization Criteria and Scoring 
As described in Section 6, a total of 17 CIPs were developed to address flood control, UIC 
decommissioning needs, and water quality retrofit within the city of Milwaukie. To the extent possible, 
individual CIPs were deve loped to address multiple objectives (e.g. , addressing flood control , regulatory 
compliance, water quality improvement, etc.). 

During a CIP prioritizat ion workshop December 21, 2012, City maintenance and engineering staff 
selected applicable criteria with which to evaluate the multi-objective CIPs (see Table 7-1). Identified 
criteria include historical/persistent problems, flooding/safety issues, regulatory compliance, ongoing 
maintenance, water quality improvement, project concurrence, and system sustainability. Identified 
criteria can overlap (e.g., water quality improvements would also address regulatory compliance) . Such 
overlap created an indirect weighting of project scores based on the City's deemed importance of the 
overlapping issue. 

Each project is scored on a scale of 1 to 3. In order to ensure consistency in how scores were selected, 
general conditions were defined for each score under each criterion . Table 7-1 summarizes the resulting 
prioritization criteria and scoring guidelines. 

Historical problem/ Identified as a CIP in the 2004 Stormwater 
persistent problem Master Plan 

Rooding 
issue/ safety 
concern 

WPCF/ NPDES 
Permit 
requirements 

Ongoing 
maintenance need 

Water quality 
improvement 

• Significant hazard or threat to public safety 
or property 

• Flooding currently observed 

I Addresses NPDES Permit requirement related 
to (water quality) retrofits or addresses need 
to decommission at-risk UICs 

• City staff frequently responds to citizen 
I complaints in the area 

!. Frequent onsite response/ maintenance 
t required 

T --- - - - --
t Facility installation will directly reduce 
TMDL/ 303Id) pollutants to receiving water 
bodies 

• Potential hazard or threat to public I safety or property 

• Future flooding potential 

-I ' City staff ~ccaSiOnally r;sp~nds to-
citizen complaints in the afea 

j
. Oosite response/ maintenance not 

always required ---- ---
• Facility installation may improve water 

quality, but is not designed specifically 
for water quality improvement 

I Brown "" Caldwell : 
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New CIP perthe 2012 system 
evaluation 

NO safety hazard addressed with 
CIP 

Does not directly address 
WPCF/ NPDES permit 
requirements , ---

[

' City staff does not maintain 
facility outside of typical 
maintenance cycle 

I 
CIP does not address water 
quality control 



City of Mitwaukie Stormwaler Master Plan 

Concurrence 

Sustainability 

--- -------

Required pre-requisite or preliminary project 
for other prioritized C1Ps 

I 
C1P would provide long-term benefits 
(aesthetics, livability, etc.) 

I 

CIP construction may occur in conjunction 
with other C1P construction efforts 
(wastewater, roadway) 

Section 7 

C1P construction scheduling 
would not impact or be 
impacted by other stormwater or 
infrastructure projects 

CIP would address immediate 
need but may not enhance or 

I improve overthe long term 

City maintenance staff and City engineering staff independently eva luated each CIP and scored based on 
crite ria identified in Table 7-1. Raw scores from both maintenance and engineering staff are provided in 
Table 7-2. Project scores were relatively consistent between departments for most criteria. Score variabi lity 
is primarily observed for the water quality improvement and sustainability criteria. Maintenance staff and 
engineering staff scores were added for all criteria to result in an overall CIP score. 

J.l 

1-2 

4-1 

Willow Detention 
Pond Retrofit 

Stanley-Willow UIC 
I i 

23 I 

21 

17 3 

1 1 1 

1 1 1 

1 2 1 

3 3 1 3 2 1 1 3 1 

3 3 1 1 2 1 1 3 

1 1 1 1 1 I 1 
[ Main Street at 

Mllport Road 

5-1 1- Meek Sheet ~-3 3 3 3 3 2 3 3 I 2 1 2 
~~-~~~----+---.----t- -'~-~--+--,--'---r--t--+--~------r--i---

5-2 

6-1 

6-2 

Harrison Street 
Outfall 

I Washington Green 
Streets 

30 2 3 

21 3 3 

27 

3 3 I 3 

2 I I I 

1 3 3 

2 2 2 3 2 2 

1 I I 2 I 2 

1 3 3 1 2 3 3 

t--.-~--+~I-+-·-+--r--r~-+--+-r--r~--­
International Way 

and Wister 
15 12-1 

ule 
13-1 Decommissioning 36 3 

on 
-"-- - -- ,."----, 

13.2 i Linwood 25 
Elementary .+ 

-13- '-3-t-I-Ra- iirOad Avenue at I 2- 9--1--
3
--+-

! Stanley - ----- - ~--"---

3 

13-4 Railroad Avenue I 26 

I 

3 

2 

2 1 I 

3 3 3 3 

2 2 2 2 

3 3 1 

3 3 2 
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City of Milwaukie Storm water Master Plan Section 7 

Table 7·2. Raw CIP Scoring> 

EGR MNT MNT EGR MNT ' EGR MNT 
Channel 

--4-

Apple Storm 
3J_3 

·-21 r-
14·1 28 3 3 1 3 3 1 2 !' 

15·1 Hemlock Street I 
1 1 I 2 3 1 I 2 ~f I I I I 

23 1 I 3 1 1 3 3 1 I 2 

G2 
36th near King 

25 3 2 3 3 2 I 2 1 Road 

G3 
I 55th near Monroe 

25 3 2 3 3 2 1 2 1 Street I 

·Scorlng under the EGR was completed by City engineering staff; scoring under the MNT columns was comple ted by City mainlenBnce staff. 

7.2 Project Prioritization and Final CIP Priority Ranking 
Based on the project scoring (Table 7-2 above), CIPs were scored and ranked. Initial ranking results 
identified that a majority of tile more expensive, longer-duration projects received the highest scores 
whereas some lower-cost, shorter-duration projects received lower scores. This does not accurate ly 
reflect the City's objective and overa ll project priority. Additionally, some projects that should be 
scheduled or conducted concurrently had variable scores such that if project scheduling was established 
directly on the raw scores, the projects would not be constructed at the same time. 

City staff reviewed the initial ranking and adjusted it as fo llows: 

1. CIP 13-1 (UIC Decommissioning on Lloyd) is currently scheduled, per the City's existing CIP, to be 
constructed in 2013/ 2014. CIP 13-1 is directly upstream of CIP 13-3 and 13-4. Due to project 
constructability and cost implications, CIP 13-3 and 13-4 rankings were adjusted to reflect 
construction of all three CIPs at the same time. 

2. CIPs G1, G2, and G3 are relatively low-cost projects that were identified by maintenance staff due to 
the frequency that unscheduled maintenance requ ired in those project locations. Although the 
projects would not alleviate a widespread problem or address a large contributing drainage area, 
these prOjects are considered "low-hanging fruit" that could alleviate maintenance requirements for 
the City and be more easily scheduled and implemented due to their cost. 

3. CIP 6-2 (Washington Street Green Streets) was initially scored and ranked as a higher-priority 
project. Construction of this project would be most cost-effective if scheduled with the Washington 
Street pipe replacement project (CIP 6-1), a high-cost and lower-scoring project. Therefore, the 
ranking of CIP 6-2 was adjusted to reflect construction concurrently with CIP 6-1. 

The final CIP priority ranking is provided in Table 7-3. For comparison, the project rank by score is also 
listed. High-priority projects and associated project costs were used in the development and analysis of 
the stormwater utility fee (see Section 8.2). 

I Brown All' Caldwell : 
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2 

3 

4 
-~ 

4 13~ I Railroad_Av~nue at StanleY'--l- 29 . 357,300 _ ----.:;_ .. _ 6 -j ___ 2 __ ' __ 5 --i-~. L __ 6 

7 I 13-4 ! Railroad Avenue Channel' 26 1 52,900 2 6 3 5 3 I 4 3 

2 i 5-1 ; ~eekSt,:"t ._ -.- --t- 31 3,088,200 6 6 _~~_--=5I- 4- _ 3 ~ 
~_: 5-2 I HarriS~ nStreetOUtf~_II ___ L_~_,-~19,400 5 6 I 4 .. ~ 3 5 _! 5 

6 : 5 1 14-1~ Storm Improvements ! 28 180,100 6 , 6 I 2 6 I 3 2 3 

7 ~-lG2 1 36th ~earllingRO~_ 25-_ 104,600 2 1 6 I 3 6 I 3 2 3 

8 8 G3 : 55th near Monroe Street 25J 23,000 2 6 1 3 6 I 3 2 3 

8 I 8 , 13-2 ' linwood Elementary 25 469,700 5 'I ~ I 4 2 ' 3 4 3 
-- -,-- - - I f -
10 11 1-1 j WiliowDetentio~ondRetrofit ! 23 1 68,600 2 11 2 I 6 I 2 i _ 5 1 __ 2__~ 
10 11 1 Gl 47th and Uewellyn .L 23 0 55,600 _'-- 2 . _ 6 L 2 6 , 2--r 2 3 

cost: 15,913,100 

12 13 , Stanley-WillowUIC I 21 
! Decommissioning t-

12 13 _~ 6~ i washington ~treet _____ -;I_ 1 1,804,100 I 6 I 3 I 2 2 H+' 3 _1 __ 

12 6 6-2 Washingto~ Green Streets' 27 511,300 2 2 l 6 2 __ 6 3 ~_ 
15 15 1 15-1 IHemlockStreet 18 560,600 2 5F. 2 3 2 . 2 
16 ~-4-~ - ~ain St~e-;; ;~~1iIP~~ RO-;;; -, 17 ~ -. 241,200 - --4- - - --; --~---- 2 ~ ; --1--2-- --I - 2 -

17 17 12-1 I International Way and Wister 15 I 90,000 2 3 2 2 2 

100,200 2 2 6 2 3 2 4 

2 

2 2 

Total project cost: 9,220,500 

· Due to project concurrence issues and project cost savings. these CIPs are recommended for construction in conjunction with CIP 13-1_ 

"Due to roncurrence with anticipated constructiOIl of CIP 6-1. [his project was prioritized in accordance with the priority schedule for CIP 6-1. 

I Br~~nMO cald;~lq 
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Section 8 

CIP Implementation 

Staffing resources and current stormwater utility funding were assessed to determine whether 
adjustments to staffing and/or funding levels are needed in order to implement the Plan and associated 
CIPs. Staffing needs, proposed capital expenditu res, and ongoing operati onal costs were considered in 
the evaluation of the stormwater utility fee and system development cha rges (Section 8.2 ). 

8.1 Staffing Analysis 
Stormwater staffing leve ls were eva luated to determine staffing implications associated with new 
regulatory requ irements (i.e., the City's reissued NPDES MS4 permit and pending UIC WPCF permit) and 
proposed CIPs developed under this Plan. 

8.1.1 Background 

A total of 5 .25 full-time employees (FTE) are currently funded out of the stormwater util ity. Staff is 
responsible for overall stormwater system maintenance and select regu latory compliance activities 
including Illicit discharge investigations. stormwater monitoring, and maintenance activity tracking. 
Maintenance staff includes 0.5 FTE storrnwater supervisor, 4.0 FTE utility workers, and a 0.5 FTE utility 
spec ialist. An additional 0.25 FTE is allocated for summer/parHime help. 

Engineering staff are cu rrently funded out of tile general fund although their time is partially spel)t on 
storrnwater work. Regulatory support and CIP engineering activities (e.g., project management, design 
support) in support of this Plan will also be required of engineering staff; therefore, engineering staff was 
also included in the staffing analysis. 

8.1.2 Assumptions 

As part of the Plan development, interviews were conducted with maintenance and engineering staff 
related to their individual job responsibilities, time sheet accounting, overa ll time management, and 
observed issues and limitations implementing their assignments. Such information was used to verify 
wh ich activities to include in the staffing analysiS and how such activities are implemented (maintenance 
or engineering). 

The City of Milwaukie uses the Hanson system to track stormwater assets and also log maintenance 
staff hours. An annual report (from March 2011 to March 2012) was provided from the City. This 
information was used in conjunction with the City's 2011-12 NPDES MS4 annual report, which 
documents the amount of maintenance (e.g., miles of road swept, number of catch basins clea ned, etc.) 
conducted. Both sources were used to developed approximate maintenance staff time estimates for 
various activities. 

Detailed CIP cost estimates (Appendix E) include estimates for engineering/perm itting activities and 
construction administration activities required for implementation of the CIP. For each CIP, City 
engineering staff is expected to require 100 percent of the construction administration budget and, 
depending on the CIP, a portion of the engineering/permitting budget if surveying or design services are 
expected to be done in-house . 

Table 8-1 summarizes the maintenance and engineering cost assumptions used for the staffing analysis. 

I Brown ,., Caldwell l 
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Erosion control plan review 

Infrastructure 
inspection/maintenance 

~aintenance ~ 4 h~pplicat~ 
1 hour per sediment manhole 

Maintenance I
·: 0.5 hour per manhole 

1.5 hour per UlC or drywell 

20 feet per hour for culvert or ditch maintenance 

181 feet per hour for culvert or ditch inspections I: 60 feet per hour for pipe cleaning 

Stormwater facility inspections Maintenan~e ~o~;per la;;;,or inspections 

_R_ai_n ~~_'de_n_m_ai.~na~c~. Mainlenan~.J 50'12 per hour - - ___ _ 

Development plan review Engineering 20 hours per application 

8.1.3 Analysis 

Section 8 

Appendix F contains the staffing summary tables and results of the staffing analysis for maintenance 
(Table F-i) and engineering (Table F-2). 

The staffing analysis assumes that existing City staff is able to implement the current stormwater 
program (pre-2012 conditions). Additiona l activities not previously condUcted by the City under current 
staffing were used to create the estimates of additional staff resource needs. Additional activities 
include those associated with the reissued NPDES MS4 permit (in 2012), the pending UIC WPCF permit 
(in 2013), and implementation of the proposed CIPs (from 2013-23). 

Specific activities and time assumptions are listed in Tables F-l and F-2 by program activity. Because the 
City's NPDES MS4 permit and the City's pending UIC WPCF permit are on a 5-year permit cycle, a 5-year 
staff projection is shown . Time spent on regulatory activities is estimated over that 5-year permit term. 
Generally, activities are conducted annually so use of a 5-year term does not factor into the estimate of 
additional staffing needs. 

Implementation of the proposed CIP is projected over a 10-year period. For maintenance staff, all 
associated CIP maintenance activities are calculated as an annual average. For engineering staff, to 
allow for staffing needs to be assessed on an annual basis. the total cost of the engineerin&,permitling 
and construction administration services for each CIP was averaged over a 10-year period. Because 
project duration varies and project scheduling is not finalized, this allowed for engineering staff needs to 
be estimated on an annual basis. The total cost was converted to an FTE assuming a cost of 
$100,000 per FTE. Averaging the engineering staff CIP cost over a 10-year period is a conservative 
estimate. Construction schedules will shift necessary staff resources across the 10-year CIP period and 
use of an average staff time estimate may be too low or too high in some years. 

8.1.4 Results 

Based on the staffing analysis, it is estimated that over the next 5 years, between 1.4 and 2.1 additional 
FTE will be required for maintenance staff and approximately 0.7 additional FTE will be required for 
engineering staff. These estimates are based on available documentation from the City, documented 
assumptions, and assumes completion of the proposed CIP over the 10-year planning period. 

I Brown 'NO Caldwell 1 
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8.2 Utility Rate Study 
In conjunction with development of the Plan, a review of the City's current stormwater utility fee and 
SDCs was conducted . A detailed technical memorandum describing the rate eva luation is provided in 
Appendix G. 

The existing fee structures for the City were adopted in 2004. As of Marcil 2013, the City's current 
stormwater utility fee is$11.44 per effective stormwater unit (ESU) and the current SDC is$l,184 per 
ESU. 

8.2 .1 Level of Service Estimates 

Using CIP cost information (Section 6), results of the staffing analysis (Section 8 .1) and estimated 
operating expenditures, four LOS categories were developed to establish funding schemes over the 10· 
year CIP program. Description of the LOS categories is provided in Table 8 -4. LOS considered staffing, 
capital projects, maintenance, regulatory compliance, proactive system replacement, and vehicle 
replacement. Current LOS assumes no increase in staffing, capital projects, or deviation from existing 
program implementation. The proactive LOS assumes completion of all proposed CIPs within the la-year 
planning period and proactive system replacement activities. 

Current • Meet historical Implement 
programmatic I ClPs 13·1 
needs. and 5-1. 

• No additional 
staff. 

Minimum .' Meet Implement 
programmatiC CIPs 13-1, 
needs per newly 13·3,13·4 
issued permits. and 5-1. 

• Address CIPs 
13·1,13·3.13-
4, and 5·1. 

Recommended • Meet new j Constru~ 
I programmatic higher. 
! needs per newly I priority CIPs I issued permits. over a 10· 
, Address higher- year 

I priority CIPs. 
planning 

I horizon. 
I Construct all 
I ClPs in the 
I future. 

Maintain Meet historical permit 
conventional needs. 
system 
components 

Maintain • Meet new permit 
conventional requirements related 
and vegetated to system eval uation 
system and monitoring, 
components • Conduct water 
(e .g., rain Quality retrofits in 
gardens) accordance with 

permit 
requirements. -----

Maintain • Meet new permit 
conventional reQuirements related 
and vegetated to system evaluation 
system and monitOring. 
components • Conduct water 
(e.g. , rain quality retrofits in 
gardens) accordance with 

permit 
reQuirements. 

Brown 'NO Caldwell l 
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System replacement • Replace existing vactor 
when failure occurs. truck with dedicated 

funds. 

• ContInue 
allocating$50.000/ yr 
for vehicle replacement 
(assumes 12·year 
replacement cycle) . 

System replacement • Replace existfng vactor 
when failure occurs. truck with dedicated 

funds. 

• Continue 
allocati ngS50. 0 00/ yr 
for vehicle replacement 
(assumes 12-year 
replacement cycle). 

• Replace 50% of the • Replace existingvactor 
system over a 75*year truck with dedicated 
period. funds. 

• Assume$390,OOO/yr • Continue 
for replacement allocati ng$50,OOO/ yr 
activities starting in fY for vehicle replacement 
2017/ 18. (assumes 12·year 

replacement cycle). 
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. Meet new 
programmatic 
needs per newly 
issued permits 

. Address all CIPs. 

Construct all 
CIPs over a 
10·year 
planning 
horizon, 

" . ' . 

Maintain • Meet new permit • Replace 100% of the 
conventional ! requirements related I system over a 75-year 

! and vegetated l to system evaluation period. 
system and monitoring. I. AssumesS7S0,000/yr 
compo~ents I. Conduct water for replacement 
(e.g,. rain I quality retrofits in activities starting in FY 
gardens) accordance with 2017/ IS. 

permit 
requirements. 

Section 8 

" . .. 

• Replace existing vactor 
truck with dedicated 
funds. 

• AliocateSS5, 714/yr for 
vehicle replacement 
(assumes 7-year 
rotating cycle). 

8.2.2 Rate Evaluation and Recommendation 

Debt and cash funding scenarios were ana lyzed for each of the four LOS categories identified above . 
Results of the analysis are summari zed in Table 8·5 . 

•••• 
Minimum, debt $11.44 

Minimum, cash S11.44 

$11.S9 

$12.32 

S12.35 S12.S3 $13 .33 I S13.S5 S14.35 S15.91 
--~-----~---~----~----I--

513 .27 $14.29 $15.39 S16.58 517 .84 $17.84 $17.84 
-+----+----+----·I----~-----~---,----

Recommended, 51144 512.39 513.41 514.50 515.69 516.98 S17.49 51S.00 S18.52 
debt I · S19.06 

Recommended, 1- 511.44 S12.61 -$-13~9-- - SI5.31 S16.86 518.56 520.43 $22.50 r $23~~ S24 .31 
cash ----L --- -+-----t.-- ---j---+.----+---f-----I I 

! roactive, debt J..! ~~4 512.82 514 .3_6_ -1_5_16_.0_9-+_S_1S._02 __ ;-5_2_0._18_;-$.2 __ 2._54_;-$_2_5._1_8_r-S_28_._10_I_S_3_1_ ._36_ 

Proactive, cash $11.44 S13 .05 $14 .89 S16.99 $19.39 $22.10 $25.20 528.73 $32 .69 $36.19 

Over the 10-year CIP planning period. stormwater utility rate increases ranged from$3.30 (for the current 
LOS and cash funding scenario) to$25.00 (for the proactive LOS and cash funding scenario). Changes to 
the calculation assessment methodologies resulted in a reduction in SDC from $1,184/ESU to 
$765/ ESU. 

A meeting was held with the Citizen Utility Advisory Board (CUAB) on March 6. 2013. Discussion of the 
various fund ing scenarios and modeling assumptions was held. The CUAB moved forward with the 
decision to propose the "recommended " LOS and the cash funding rate structure. 

I Brown MW Caldwell l 
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Appendix A: Hydrologic and Hydraulic Results Tables 
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Table A-I. Hydrologic Input Data and Results 

Impervlous Area (%) ExIsting Subbasin Peak Flow (ets) Future Subbasin Peak Flow (CIs) 

Pevlous Water Quality 2yr 24hr Syr 24hr 10yr 24hr 2Syr 24hr 100yr 24hr Water Quality 10yr 24hr 2Syr 24hr 
Area Average Curve ExIsting Future Land Percent Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow 2yr 24hr Peak Syr 24hr Peak Peak Flow Peak Flow 100yr 24hr 

Subbasin Inlet Node (acre) Slope (%) Number Land Use Use Increase (ets) (ets) (ets) (ets) (ets) (ets) (ets) Flow (ets) Flow (ets) (ets) (ets) Peak Flow (ets) 

SYSTEM 111 
JCD80 31024 60.9 0.9% 54.0 29.4 37.0 26% 0.0 1.2 2.4 4.7 7.9 13 .1 0.0 1.5 4.0 7.2 10.9 16.8 
JCD70 31019 20.6 0.7% 59.0 28.0 35.0 25% 0.0 0.5 1.8 3.2 4.8 7.4 0.0 1.0 2.6 4.2 6.0 8.8 
JCD62 23026 5.2 0.5% 59.2 28.0 35.0 25% 0.0 0.1 0.5 0.8 1.2 1.9 0.0 0.3 0.7 1.1 1.5 2.2 
JCD61 23021 7.7 0.2% 59.2 28.0 35.0 25% 0.0 0.2 0.7 1.2 1.8 2.8 0.0 0.4 1.0 1.6 2.2 3.3 
JCD50 33023 19.6 1.4% 60.0 28.8 37.0 28% 0.0 0.5 1.6 2.7 4.1 6.2 0.0 1.0 2.3 3. 7 5.2 7.5 
JCD60 33031 17 .5 0.3% 59.0 28.0 35.0 25% 0.0 0.4 1.0 1.8 2. 7 4.1 0.0 0.6 1.4 2.3 3.3 4.9 

SYSTEM 112 

JCD40 21501 15.3 0.6% 59.0 28.6 36.0 26% 0.0 0.4 1.4 2.5 3.7 5.6 0.0 0.8 2.0 3.2 4.6 6.7 
JCD20 21290 7.3 0.9% 53.0 28.0 35.0 25% 0.0 0.1 0 .2 0.5 0.9 1.5 0.0 0.2 0.4 0.8 1.2 1.9 
JCD30 21515 14.1 0.4% 57.0 28.0 35.0 25% 0.0 0.3 0 .9 1.9 2.9 4.5 0.0 0.5 1.5 2.5 3.7 5.5 
JCD10 21519 5.8 2.0% 57.0 39 .5 51.0 29% 0 .0 0.3 0.7 1.1 1.6 2.3 0.0 0.6 1.1 1.6 2.1 2.9 

SYSTEM 113 

JCC70 21021 16.3 0.5% 58.0 29.3 37.0 26% 0.0 0.4 0.9 1.7 2.6 4.0 0.0 0.6 1.4 2.3 3.3 4.9 - .--
JCC80 21024 4.0 0.2% 59.0 34 .1 42.0 23% 0.0 0.1 0.3 0.5 0.7 1.0 0.0 0.2 0.4 0.6 0.9 1.2 
JCC60 21035 22.8 0.4% 56.0 28.0 35.0 25% 0.0 0.5 1.0 1.9 3.0 4.9 0.0 0.6 1.5 2.6 4.0 6.0 
JCC50 21002 13.5 0.3% 50.0 32.9 36.0 9% 0.0 0.2 0.4 0.8 1.4 2.3 0.0 0.3 0.5 1.0 1.6 2.7 
JCC30 21039 14.5 0.8% 49.0 44.2 44.2 0% 0.0 0.4 1.0 1.7 2.6 3.9 0.0 0.4 1.0 1.7 2.6 3.9 
JCC40 21037 5.4 0.8% 49.0 44.0 44.0 0% 0.0 0.1 0.4 0.8 1.1 1.7 0.0 0.1 0.4 0.8 1.1 1.7 

JCC120 31003 28.2 0.2% 59.0 28.2 35.0 24% 0.0 0.7 1.7 3.0 4.6 7.1 0.0 1.0 2.4 4.0 5.7 8.5 
JCCll0 22102 24.3 0.7% 51.0 29 .2 37.0 27% 0.0 0.4 0 .7 1.3 2.4 4.2 0.0 0.5 1.2 2.3 3.6 5.8 
JCC100 21015 27.9 0.5% 58.0 29.8 37.0 24% 0.0 0.7 1.9 3.4 5.2 8.0 0.0 1.1 2.8 4.6 6.6 9.7 
JCC90 25019 62.0 1.3% 50.0 32.5 40.0 23% 0.0 1.1 2 .0 4.2 7.4 12.8 0.0 1.4 3.7 7.0 10.9 17.1 
JCC20 21267 19.6 1.8% 54.0 44.6 44.6 0% 0.0 1.2 2.8 4.4 6.1 8.9 0.0 1.2 2.8 4.4 6.1 8.9 
JCC10 21505 36.2 0.7% 54.0 52.0 75.0 44% 0.1 3.6 7.0 10.3 13.9 19.2 0.7 9.8 14.8 19.0 23.4 29.6 

-SYSTEM 114 
JCB10 21265 35.2 0.5% 64.0 52.0 75.0 44% 0.2 6.0 10.1 13.8 17.7 23.4 1.5 11.6 16.6 20.9 25.3 31.4 -JCB20 21066 15.6 0.5% 50.0 52.0 75.0 44% 0.0 0.9 2.0 3.1 4.3 6.2 0.2 3.2 5.0 6.5 8.1 10.3 
JCB30 ODOrOl! 15.6 0.3% 49.0 52.0 75.0 44% 0.0 1.0 2.3 3.6 5.0 7.2 0.2 3.8 5.8 7.6 9.4 12.0 

SYSTEM 115 

JCA52 21148 37.1 1.0% 49.8 36.9 58.0 57% 0.0 0.8 1.8 3.7 6.0 9.8 0.1 3.5 6.9 10.0 13.4 18.5 -
JCA40 21169 5.9 0.3% 59.2 60.0 75.0 25% 0.0 1.3 4.0 6.9 10.2 15.2 0.2 4.9 8.9 12.7 16.8 22.9 
JCA51 21169 35.4 1.0% 52 37.4 54.0 44% 
JCA60 21187 49.1 0.7% 48.8 42.4 44.8 6% 0.0 1.2 4.0 7.4 11.2 17 .1 0.0 1.4 4.9 8.4 12.4 18.5 
JCA41 21184 22.0 1.0% 55.5 44.6 63.0 41% 0.0 1.5 3.3 5.2 7.2 10.2 0.1 4.0 6.5 8.9 11.3 14.9 
JCA50 21171 10.0 0.3% 59.2 50.9 75.0 47% 0.0 1.2 2 .2 3.2 4.2 5.7 0.3 2.9 4.3 5.5 6.7 8.4 
JCA30 21239 28.7 0.7% 59.2 53.9 69.0 28% 0.1 4.1 7.2 10.0 13.1 17.5 0.3 7.1 10.8 14.1 17 .5 22.4 
JCA20 21094 19.0 0.9% 59.2 55.2 71.0 29% 0.1 2.3 4 .0 5.6 7.3 9.8 0.3 4.1 6.2 8.1 10.0 12.7 
JCA10 21364 7.2 0.5% 59.2 48.2 68.0 41% 0.0 0.8 1.5 2.2 3.0 4.1 0.1 1.8 2.7 3.6 4.5 5.7 

P:1142604 Milwaukie SW Jv1asler PlanlMilwaukie XPSWMMIResul!sIRunof( Resul!s_030413.xlsx 1 of 3 



Table A·1. Hydrologic Input Data and Results 

Impervious Area (%) EJ"stlng.~ubbasln Peak Flow (ets) Future Subbasin Peak Flow (CIs) 

Pevlous Water Quality 2yr 24hr 5yr 24hr 10yr 24hr 25yr 24hr 10Cyr 24hr Water Quality 10yr 24hr 25yr 24hr 

Area Average Curve ExIsting Future Land Percent Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow 2yr 24hr Peak 5yr 24hr Peak Peak Flow Peak Flow 100yr 24hr 

Subbasin Inlet Node (acre) Slope (%) Number Land Use Use Increase (ets) (ets) (ets) (ets) (ets) (ets) (ets) Flow (ets) Flow (ets) (ets) (ets) Peak Flow (ets) 

SYmM#6 

KC60 41069 14.1 1.1% 56.0 40.1 40.1 0% 0.0 0.7 1.8 2.9 4.2 6.1 0.0 0.7 1.8 2.9 4.2 6.1 

KC50 41065 9.4 1.2% 54.0 42.7 42.7 0% 0.0 0.5 1.2 1.9 2.8 4.1 0.0 0.5 1.2 1.9 2.8 4.1 
-

KC40 41032 8.1 1.1% 54.0 44.0 44.0 0% 0.0 0.5 1.1 1.8 2.5 3.6 0.0 0.5 1.1 1.8 2.5 3.6 

KC30 41109 31.0 0.8% 56.0 50.2 51.0 2% 0.1 3.2 6.3 9.1 12.2 16.9 0.1 3.4 6.4 9.3 12.5 17.1 

KC10 21101 34.6 0.7% 53.0 54.6 69.0 26% 0.1 3.8 7.2 10.4 13.9 19.1 0.3 7.4 11.8 15.7 19.7 25.6 
-

KC20 41020 33.7 1.1% 51.0 52.9 66.0 25% 0.1 2.7 5.7 8.5 11.7 16.3 0.2 5.7 9.5 13.0 16.6 21.9 
-

SYSTEM #7 

SYSTEM #8 
MSCll 41153 18.7 1.5% 54.0 27.0 35.0 30% 0.0 0.3 0.7 1.8 3.0 5.0 0.0 0.4 

I 

1.5 

I 
2.8 

I 
4.2 

I 

6.5 

MSC10 41159 16.4 1.5% 54.0 35.0 42.0 20% 0.0 0.4 1.3 2.4 3.7 5.7 0.0 0.8 2.0 3.3 4.7 7.0 -_. 

SYSTEM #9 

MSC40 41119 27.7 1.5% 50 .0 28.0 35.0 25% 0.0 0.4 0.8 1.3 2.7 5.0 0.0 0.5 1.1 2.4 4.1 6.8 

MSC30 41045 3.0 1.2% 56.0 28.0 35.0 25% 0.0 0.1 0.1 0.3 0.5 0.8 0.0 0.1 0.2 0.4 0.6 0.9 

MSC60 41055 12.7 0.9% 57.0 28.0 35.0 25% 0.0 0.3 0.9 1.7 2.6 4.1 0.0 0.4 1.4 2.3 3.4 5.0 

MSC50 41079 5.0 0.8% 59.0 28.0 35.0 25% 0.0 0.1 0.3 0.6 0.9 1.4 0.0 0.2 0.5 0.8 1.2 1.7 ---
MSC20 41048 12.1 1.5% 59.0 29.0 36.0 24% 0.0 0.3 1.0 1.8 2.8 4.2 0.0 0.6 1.5 2.4 3.4 5.0 

-

SYmM#10 

MSC80 41063 10.3 1.2% 54.0 28.0 35.0 25% 0.0 0.2 0.4 1.0 1.7 2.8 0.0 0.2 0.8 1.5 2.3 3.6 _.-
MSC70 43000 10.8 0.8% 59.0 28.0 35.0 25% 0.0 0.3 0.7 1.3 1.9 3.0 0.0 0.4 1.0 1.7 2.4 3.6 

SYSTEM #11 
MSC100 42201 5.0 0.5% 59.0 28.0 35.0 25% 0.0 0.1 0.3 0.6 0.9 1.4 0.0 0.2 0.5 0.8 1.1 1.7 

-
MSC110 41099 10.2 1.5% 55 .0 28.0 35.0 25% 0.0 0.2 0.4 0.8 1.3 2.1 0.0 0.2 0.6 1.1 1.7 2.6 

MSC90 41101 16.3 1.0% 59.0 28.0 35.0 25% 0.0 0.4 1.2 2.3 3.5 5.4 0.0 0.7 1.8 3.0 4.4 6.4 

SYmM#12 

MSB30 66003 43.3 0.4% 51.0 52.0 75.0 44% 0.1 3.5 7.4 11.2 15.4 21.7 0.6 11.3 17.2 22.4 27.7 35.2 

MSB20 61105 51.6 1.7% 50.0 43.0 59.0 37% 0.0 1.5 4.2 7.8 12.1 18.8 0.2 5.2 10.4 15.4 21.0 29.2 .-
MS821 61105 13.0 2.1% 53 24.3 35.0 44% 

MSC120 ODMH005 13.4 1.6% 49.0 42.0 __ f------55.0 31% 0.0 0.3 0.9 1.6 2.5 4.0 0.0 0.9 2.0 3.0 4.2 5.9 

MSB10 66026 66.2 1.4% 55.0 50.0 68.0 36% 0.2 5.0 10.2 15.3 20.8 29.1 0.5 12.0 19.1 25.5 32.2 41.7 
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Table A·l. Hydrologic Input Data and Results ' - , '-

Impervious Area (%) ExIsting Subbasin Peak Flow (cfs) Future Subbasin Peak Flow (CIs) 

Pevlous Water Quality 2yr 24hr 5yr 24hr 10yr 24hr 25yr 24hr 100yr 24hr Water Quality 10yr 24hr 25yr 24hr 
Area Average Curve Existing Future Land Percent Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow Peak Flow 2yr 24hr Peak 5yr 24hr Peak Peak Flow Peak Flow 100yr 24hr 

Subbasin Inlet Node (acre) Slope (%) Number Land Use Use Increase (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) Flow (cfs) Flow (cfs) (cfs) (cfs) Peak Flow (cfs) -SYSl£M#13 

MSA90 61160 37,2 0,7% 68.0 28.0 35.0 25% 0.1 2.5 5.3 7.9 10.7 15.0 0.1 3.4 6.4 9.2 12.2 16.8 
MSA80 61159 20.8 0.4% 49.0 28.0 35.0 25% 0.0 0.3 0.6 0.9 1.5 2.9 0.0 0.4 0.7 1.4 2.4 4.0 -- .--
MSA70 61151 27.2 0.6% 57.0 30.0 38.0 27% 0.0 0.6 1.7 3.1 4.9 7.6 0.0 1.0 2.7 4.5 6.4 9.5 

MSA20 62296 42.9 0.7% 50.0 29.3 37.0 26% 0.0 0.7 1.3 2.4 4.7 8.6 0.0 0.9 2.2 4.5 7.3 11.8 

MSA10 61052 46.9 0.6% 50.0 28.0 35.0 25% 0.0 0.7 1.3 2.1 3.7 6.9 0.0 0.9 1.8 3.4 5.6 9.4 

MSA250 84 20.7 0.9% 44.8 22.4 35.0 56% 0.0 0.2 0.4 0.6 0.8 1.9 0.0 0.3 0.6 1.2 2.5 4.5 

MSA230 82·83 41.1 0.9% 57.6 24.3 38.0 56% 0.0 0.8 1.7 3.4 5.7 9.2 0.0 1.5 3.9 6.4 9.2 13.6 
MSA220 80·81 25.0 1.1% 48.0 41.6 41.6 0% 0.2 5.9 10.2 14.7 20.9 33.9 1.0 10.3 15.4 22.4 31.9 46.8 

MSA210 80·81 79 .6 1.4% 41 28.2 36.0 28% 
MSA215 80·81 34.3 0.8% 60 56.8 74.0 30% 

SYSl£M #14 

MSA60 62318 7.7 0.4% 50.0 28.0 35.0 25% 0.0 0.3 0.5 1.0 2.1 3.7 0.0 0.3 0.8 1.9 3.0 5.0 

MSA61 62318 9.6 0.4% 50 28.0 35.0 25% 
MSA50 62325 6.5 0.4% 39.2 24.0 38.0 58% 0.0 0.0 0.1 0.1 0.2 0.3 0.0 0.1 0.2 0.2 0.6 1.1 
MSA40 62179 5.8 1.6% 50.0 40.0 51.0 28% 0.0 0.1 0.4 0.8 1.2 1.9 0.0 0.4 0.9 1.3 1.8 2.6 
MSA30 62290 12.7 1.6% 49.0 41.9 52.0 24% 0.0 0.3 0.8 1.5 2.4 3.7 0.0 0.7 1.6 2.5 3.5 5.0 

MSA240 65039 91.9 1.1% 58.4 41.0 73.0 78% 0.2 4.9 11.2 17 .5 24.4 35.0 1.5 20.8 31.2 40.3 49.7 62.9 

SYSl£M#15 

MSA100 61115 49.8 0.7% 67 .0 28.7 36.0 25% 0.3 6.2 12.8 19.5 26.8 37.9 0.4 8.4 16.0 23.3 31.1 42.8 

MSAll0 61115 66.3 0.6% 67 28.3 36.0 27% 

SUBBASINS MODElED FOR HYDROLOGY ONLY 

MSC200 MSC200 32.1 1.4% 49.6 22.4 35.0 56% 0.0 0.4 0.7 1.1 1.8 3.8 0.0 0.6 1.2 2.5 4.2 7.1 

MSC210 MSC210 33.9 2.1% 49.6 22.4 35.0 56% 0.0 0.4 0.8 1.2 2.1 4.6 0.0 0.7 1.3 3.0 5.2 8.7 

MSC220 MSC220 9.6 2.5% 49.6 22 .4 35.0 56% 0.0 0.1 0.2 0.3 0.6 1.3 0.0 0.2 0.4 0.8 1.4 2.4 

MSA21 MSA21 2.7 0.5% 48.8 28.0 35.0 25% 0.0 0.0 0.1 0.1 0.2 0.5 0.0 0.1 0.1 0.2 0.4 0.7 

MSA22 MSA22 2.1 0.8% 48.8 28.0 35.0 25% 0.0 0.0 0.1 0.1 0.2 0.4 0.0 0.0 0.1 0.2 0.3 0.6 --
MSA23 MSA23 1.5 0.5% 48.8 28.0 35.0 25% 0.0 0.0 0.0 0.1 0.2 0.3 0.0 0.0 0.1 0.1 0.2 0.4 

MSA24 MSA24 29.6 0.5% 48.8 28.1 35.0 25% 0.0 0.4 0.8 1.3 2.5 4.9 0.0 0.6 1.1 2.3 4.0 6.8 

MD20 MD20 13.8 0.4% 54.5 28.0 35.0 25% 0.0 0.3 0.5 1.2 2.0 3.3 0.0 0.3 0.9 1.8 2.7 4.2 

MD40 M040 5.5 0.6% 58.9 28.0 35.0 25% 0.0 0.1 0.5 0.9 1.3 2.0 0.0 0.3 0.7 1.1 1.6 2.3 

M060 M060 9.1 0.9% 53.3 30.4 40.0 32% 0.0 0.2 0.4 0.9 1.5 2.5 0.0 0.3 0.9 1.5 2.2 3.4 

M070 M070 4.6 0.1% 59.2 34.4 51.0 48% 0.0 0.2 0.6 0.9 1.3 2.0 0.0 0.6 1.1 1.5 2.0 2.8 

M080 MD80 6.7 1.2% 49.7 28.0 35.0 25% 0.0 0.1 0.2 0.3 0.7 1.3 0.0 0.1 0.3 0.6 1.1 1.8 

M090 MD90 7.3 0.4% 59.1 30.3 41.0 35% 0.0 0.2 0.7 1.2 1.7 2.6 0.0 0.5 1.1 1.7 2.3 3.3 

MOIOO M0100 5.3 0.9% 50.1 28.0 35.0 25% 0.0 0.1 0 .1 0.3 0.6 1.1 0.0 0.1 0.2 0.5 0.9 1.4 

MOllO MOllO 87.3 0.3% 60.0 30.0 35.0 17% 0.1 2.6 7.6 13 .2 19.4 29.1 0.1 3.9 9.8 15.8 22.5 32.7 - -M0120 M0120 60.0 0.8% 52.6 41.5 45.0 8% 0.0 2.0 6.4 10.8 15.8 23.5 0.1 3.0 7.8 12.6 17.8 25 .8 
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Table A·2. Hydmullc EvaluaUon of EllsUng and Future Land Use Scenario for the Milwaukie Stann Drainage System 

Exst 10 yr Max Water u.st 25 yr M81 Water Ful 25 yr Max Water Fut 25 yr Max Water 

Node Invert Elevation (tt) Ground Elevation (tt) Surface Elevation (tt) Surface Elevation (ft) Surface Elevation (tt) Surface Elevation (It) 

I I 
Exst 10 yr Exst 25 yr Fut10 yr Fut 25 yr When 

Structure Length Structure Cepaclty Slope Max Flow Max Flow Max Flow Max Flow Hydraulically 

Name US DS (It) SlzejType (cfs) (%) US OS US OS US OS US OS US i OS US OS (cfs) (cfs) (cfs) (cfs) Deficient 

SYSTEM #1 
JC062c 23026 23024 303 36-in Dia 29.5 0.19% 149.79 149.20 157.6 157.9 15D.4 150.4 150.5 150.5 150.5 150.5 150.6 150.6 0.8 1.2 1.0 1.5 

JC062b 23024 23023 388 36-in Oia 10.7 0.03% 149.90 149.80 157.9 155.6 15D.4 150.1 150.5 150.1 150.5 150.1 150.6 150.2 0.7 1.1 1.0 1.5 

JC062. 23023 23022 70 36-ln Dia 35.8 0.29% 149.30 149.10 155.6 155.9 149.7 149.7 149.8 149.8 149.8 149.8 149.9 149.9 0.7 1.1 1.0 1.5 

JC061b 23022 23021 250 36-ln Dia 13.3 0.04% 149.00 148.90 155.9
1 

159.9 149.7 149.7 149.8 149.8 149.8 149.7 149.9 149.8 0.7 1.2 1.0 1.5 

JCD61a 23021 23019 303 36-ln Dla 56.9 0.53% 149.30 147.70 159.9 163.3 149.7 149.3 149.8 149.5 149.7 149.4 149.8 149.6 1.8 2.9 2.5 3.7 

JC060c 23019 23016 318 36-ln Dia 10.6 0.03% 147.08 147.00 163.3 169.2 149.3 149.3 149.5 149.5 149.4 149.4 149.61 149.6 1.5, 2.8 2.4 3.6 

JC060b 23016 33031 461 36-ln Dia 36.6 0.30% 148.90 147.50 169.2 160.1 149.3 147.9 149.5 148.0 149.4 148.0 149.6 148.1 1.4 2.7 2.2 3.6 

JC060. 33031 33025 908 36-in Dia 20.9 0.07% 144.14 143.50 160.11 154.0 145.2 143.7 145.4 143.8 145.3 143.8 145.5 143.8 2.9 4.3 3.8 5.4 

JC050, 33025 33024 263 24·ln Dia 103.2 14.79% 143.50 104.62 154.0 110.0 143.7 105.5 143.8 105.6 143.8 105.5 143.8 105.7 2.9 4.3 3.8 5.4 

JC050d 33024 33023 , 51 24-ln Dia 16.7 0.39% 104.62 104.42 110.0 111.0 105.5 105.4 105.6 105.5 105.5 105.5 105.7 105.6 2.9 4.3 3.8 5.4 

JC080b.l 31024 22673 287 18-in Dia 5.5 0.20% 119.33 118.76 124.0 120.7 120.5 119.5 121.4 119.7 122.8 119.7 124.1 120.7 4.7 7.9 7.2 9.0 Fut 25·y' 
JC080b·rd 31024 22673 287 12-ln Roadway 1.17% 124.00 120.65 124.0 120.7 124.1 120.7 0.0 0.0 0.0 2.9 -JC080 • . 1 22673 33039 774 18-in Ola 10.4 1.14% 118.76 109.90 120.7 114.3 119.5 111.1 119.7 111.6 119.7 111.5 120.7 112.1 4.7 7.9 7.2 10.1 Fut 25-yr 

JC080.·r<! 22673 33039 774 12-ln Roadway 0.82% 120.65 114.30 120.7 114.3 120.7 114.3 0.0 0.0 0.0 0.5 -
JC070d.1 31019 31018 177 IB-in Dia 8.7 0.80% 152.92 151.50 156.0 156.0 153.6 152.6 153.7 152.9 153.7 152.8 153.9 153.2 3.2 4.8 4.2 6.0 -JC070d·r<! 31019 31018 177 12-in Roadway 0.00% 156.00 156.00 156.0 156.0 152.6 152.6 152.9 152.9 152.8 152.8 153.2 153.2 0.0 0.0 0.0 0.0 

JCD70c 31018 33033 242 18·in Ola 2.3 0.03% 151.50 151.42 156.0 156.0 152.6 152.1 152.9 152.3 152.8 152.2 153.2 152.4 3.2 4.8 4.2 6.0 

JC070b 33033 33039 924 24-ln Dia 56.5 4.43% 151.08 110.13 156.0 114.3 151.4 111.1 151.5 111 .6 151.4 111.5 151.5 112.1 3.2 4.8 4.2 6.0 

JC070' .1 33039 330401 370 24-ln Dia 7.6 0.08% 109.72 109.42 114.3 114.0 111.1 110.3 111.6 110.6 111.5 110.5 112.1 110.7 6.5 10.5 9.5 13.5 

JCD70a-rd 33039 33040 370 12-ln Roadway 0.08% 114.30 114.00 114.31 114.0 0.0 0.0 0.0 0.0 

JC050, 33040 33043 494 24·1n Dia 16.8 0.64% 109.17 106.00 114.01 113.5 110.1 .\ 06.8 110.4 107.0 11M 107.0 110.7 107.2 6.5 10.5 9.5 13.5 

JC050b 33043 33023 476 36·in Dia 45.3 0.33%1 106.00 104.42 113.51 111.0 106.8 105.4 107.0 105.5 107.0 105.5 107.2 105.6 6.5 10.5 9.5 13.4 

JC050. 33023 25262 663 48-in Dia 116.4 0.47%1 104.42 101.29 111.0 1 107.0 105.4 105.3 105.5 105.3 105.5 105.3 105.6 105.3 11 .6 IS.5 16.6 23.7 

SYST£M '2 
JC020 21290 21516 413 18·1n Dia 9.8 0.63% 142.89 140.30 150.0 151.5 143.1 140.5 143.2 140.6 143.2 140.6 143.3 140.6 0.5 0.9 0.8 1.2 

JCD30b 21516 21515 253 2 J.jn Dia 15.6 1 . 1~~ _. 140.3g!-. 137.50 151.5 149.0 140.5 137.8 140.6 137.9 140.6 137.9 140.6 138.0 0.5 0.9 0.8 1.2 

JC030. 21515 21519 726 24-ln Dia 32.8 2.47% 137.501 119.60 149.0 128.0 137.8 120.2 137.9 120.3 137.9 120.3 138.0 120.4 2.0 3.4 3.0 4.5 

__ Jcg~ 21501 21504 398 18-in Dia 28.0 5.05% 139.70 119.60 148.0 130.0 140.0 12D.4 140.1 120.6 140.0 120.5 140.1 120.7 2.5 3.7 3.2 4.6 

JCD40a 
_. 

21504 21519 31 24·in Dia 1.0 0.00% 119.60 119.60 130.0 128.0 120.4 120.2 120,6 120.3 120.5 120.3 120.7 120.4 2.5 3.7 3.2 4.6 

JCOIO, 21519 POMH010 967 24-in Dia 34.0 2.62% 119.60 94.27 128.01 104.5 120.2 94.9 120.3 94.9 120.3 94.9 12D.4 95.0 5.4 8.4 7.6 11.0 

JCOIOb POMHOIO POOF005 24 24-ln Dia 47.1 6.25% 94.30 92.80 104.5 94.9 94.8 94.9 94.8 94.9 94.8 95.0 94.8 5.4 S.4 7.6 i 1.0[ 104.5 

SYSTEM #3 
JCC60, 21035 21043 46 18-in OIa 7.2 ·0.54% 141.83 142.08 148.0 148.0 142.7 142.51 142.8 142.7 142.8 142.6 143.0 142.S ·1.9 ·3.0 ·2.6 ·4.0 

JCC60b 21043 21025 1402 24-ln Dia 16.2 0.60% 142.0S 133.70 148.0 142.0 142.5 134.2 142.7 134.3 142.6 134.3 14~~ . 134.4 1.9 3.0 2.6 4.0 

JCC60. 21025 21013 243 30·in Dia 23.2 0.3 7% 133.70 132.80 142.0 139.5 134.2 133.71 134.3 133.9 134.3 133.8 134.4 134.0 1.9 3.0 2.6 3.9 - -
JCC70 21021 21023 206 15-in Dia 7.9 1.75% 147.30 143.70 154.0 152.5 147.7 144.6 147.8 144.9 147.8 144.8 147.9 145.2 1.7 2.6 2.3 3.3 

JCC80 21024 21023 257 15·in Dia 5.0 0.70% 145.50 143.70 151.7 152.5 145.8 144.6 
'--

145.8 144.9 145.8 144.8 145.9 145.2 0.5 0.7 0.6 0.9 

JCC60, 21023 21022 104 15-in Dia 1.9 0.10% 143.70 143.60 152.5 152.0 144.6 144.0 144.9 144.1 144.8 144.1 145.2 144.2 2.1 3.2 2.9 4.1 

JCC60d 21022 21013 676 18·in Dis 12.3 1.60% 143.60 132.80 152.0 139.5 144.0 133.7 144.1 133.9 144.1 133.8 144.2 1 134.0 2.1 3.2 2.9 4.1 

JCC50c 21013 21005 337 36-ln Dia 33.8 0.30% 132.80 131.S0 139.5 142.5 133.7 132.2 133.9 132.3 133.8 132.3 134.0 132.4 4.0 6.2 5.5 8.1 
- - J-cc5oii ' 21002 21003 257 lS-in Dia 3.6 0.35% 138.90 138.00 143.0 144.0 139.4 138.3 139.6 138.3 139.5 138.3 139.6 138.4 0.8 1.4 1.0 1.6 -

JCC50. 21003 21005 415 15-in Dia 9.3 1.49% 138.00 131 .80 144.0 142.5 138.3 132.2 13B.3 132.3 138.3 132.3 138.4 132.4 0.8 1.4 1.0 1.6 
-

JCC40 21005 21037 699 36-in Dia 114.7 3.44% 131.80 107.80 142.5 117.0 132.2 .\ 08.2 132.3 108.3 132.3 108.3 132.4 108.4 4.8 7.6 6.5 9.7 
-

)CC30. 21038 21037 354 24-jn Dla 27.4 1.69% 113.80 107.80 125.3 117.0 114.1 108.2 114.2 108.3 114.1 108.3 114.2 108.4 1.7 2.6 1.7 2.6 

JCC30b 21039 21038 342 21-ln Dia 18.9 1.67% 119.50 113.80 131.0 125.3 119.9 114.1 120.0 114.2 119.9 114.1 120.0 114.2 1.7 2.6 1.7 2.6 

JCC20c 21037 23003 745 163.1 
--_. 

108.3 59.2 108.4 59.8 6.9 10.8 8.7 12.9 36-ln Dla 6.84% 107.80 56.90 117.0 65.0 10~ 58.9 -~ 59.4 - 139.9 1.3 2.4 2.3 3.6 JCCIIOb 22102 21143 672 18·in Dia 10.2 1.09% 146.50 139.20 149.0 152.6 146.9 139.6 147.0 139.8 147.0 139.8 147.1 

JCCI10. 21143 21135 325 24-;n Dia 13.3 0.40% 139.20 137.90 152.6 145.8 139.6 138.4 139.8 138.5 139.8 138.5 139.9 138.6 1.3 2.4 2.3 3.6 

)CCI20.1 31003 21353 467 1S-in Dia 8.3 1.18% 152.00 146.50 155.8 154.4 152.5 147.1 152.7 147.3 152.6 147.2 152.8 147.3 3.0 4.6 4.0 5.7 

)CCI20·rd 31003 21353 467 12-ln Roadway 0.30% 155.80 154.40 155.8 154.4 0.0 0.0 0.0 0.0 

JCC100b 21353 21 135 1867 24·in Dia 18.2 0.46% 146.50 137.90 154.4 145.8 147.1 138.4 147.3 138.5 147.2 138.5 147.3 138.6 3.0 4.6[ 4.0 5.7 
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rable A·2. Hydraulic Evaluation of &Istlng and Futur. Land Use Scenario for the Milwaukie Stann Oralna:- System 

Exst 10 yr Max Water Exst 25 yr Max Water Fut 25 yr Max Water Fut 25 yr Max Weter 
Node Invert Elevation (It) Ground Elevation (tt) Surface Elevation (tt) Surface Elevation (rt) Surlac. Elevation (It) Surface Elevation (ft) 

Exst 10 yr Exst 25 yr Fut 10 yr Fut 25 yr When 
Structure Length Structure Capacity Slope Max Flow Max Flow Max Flow Max Flow Hydraulically 

Name US OS (It) Size/Type (cfs) ('Jb) US OS US OS US OS US OS US OS US OS (cfs) (cfs) (cfs) (cis) Deficient 
JCCI00'.1 21135 21015 651 30-ln Ola 50.5 1.75% 137.90 126.50 144.8 136,0 138.4 127,1 138,5 127,2 138,5 127,2 138,6 12 7,3 4,3 7,0 6,2 9,3 

JCCIOOa·,d 21135 21015 651 12·10 Roadway 
1.35%1 144,80 136,00 144,8 136,0 ! 0,0 0,0 0,0 0.0 

lCC90b,1 21015 25019 1404 24·10 Dia 43,31 4,24% 126.50 67 ,00 136,0 70,0 127,1 67,6 127,2 67 ,8 127,2 67,8 127,3 67,9 7,3 11,5 10.2 15,1 
lCC90b·,d 21015 25019 1404 12-ln Roadway 136,00 70,00 136,0 70,0 0,0 0,0 0.0 0,0 4,70% 

lCC90a 25019 23003 409 36·ln Channel 333.0 2 .47% 67,00 56,90 70,0 65 ,0 67.6 58,9 67,8 59.4 67,8 59,2 67,9 59,8 11.3 18,6 16,9 25 ,5 
JCC20b 23003 Roswell 279 48-ln Dia 44,2 0,32% 56,90 56,00 65,0 60.0 58 ,9 57,2 59.4 57,6 59,2 57,5 59,8 57,8 18,0 28,9 25,0 37,6 
lCC20, 25245 21267 55 30·in Cia 61.6 2,62% 52,50 51.05 60,0 61.5 53,3 51.9 53,5 52,1 53.4 52,0 53,8 52,3 11,6 17,4 14,6 22,9 

JCCIOb,1 21267 21505 1324 42-ln Dia -- 92,6 0,98% 51.05 38.08 59,0 46,0 51.9 39,71 52,1 39,7 52,0 39,7 52,3 39,7 12,9 19.4 16,0 25,0 
JCCIOb·,d 21267 21505 1 1324 30· in Roadway 0,98% 59,00 46,00 59,0 46,0 0,0 0,0 0.0 0,0 
JCCIOa,1 21505 25237 1 242 48·jn Dia 132,3 0.98% 38,08 35,70 46,0 40,0 39,7 39,7 39,7 39,7 39,7 39,7 39,7 39,7 15,6 23.4 23 ,3 

31.31 lCCIO,·,d 252371 
-21505 242 30·in Roadway 2.48% 46,00 40,00 46,0 40,0 39,7 39,7 39,7 39,7 39,7 39,7 39.7 39,7 0,0 0,0 0,0 0.0 

SYSTEM #4 
lC810d,1 21265 21059 307 24-io Elliptical 10,3 0,65% 37,00 35.00 40,0 41.0 40 ,0 36,6 40,5 36,7 41.1 37.4 41.3 38,9 13,4 14,2 14,9 14,9 Fut lO·yr 

lC810d·rd 21265 21059 307 24-10 Roadway ,0,33% 40,00 41 ,00 40,0 41.0 40,0 40,0 
---

40,5 40,5 41.1 41.1 41,3 41.2 0,0 0,0 ·4,2 ·13,6 
lC810c,1 21059 00MHOl7 73 18·in Oia 10,3 0.69% 35,00 34,50 41.0 41.0 36,6 35,5 36,7 35,5 37.4 35,7 38,9 35,9 13.4 14,2 18,1 24 ,9 

JCBIOc-rd 21059 OOMHOI7 73 24·ln Roadway 0.00% 41.00 41.00 41.0 41.0 35,5 35,5 35,5 35,5 35,7 35,7 35,9 35.9 0,0 0,0 0,0 0,0 
JC830b,1 OOOTOll 00MHOl5 302 24· ln Oia 15,0 0,51% 41.82 40,28 45.7 44,2 42,5 40,9 42 ,7 41.0 42 ,9 41 ,2 43 ,0 41.3 3,6 5.0 7,6 9.4 

JC830b. rdl OOOTOII 00MHOl5 302 12-io Roadway 0.50% 45.72 44,20 45,7 44 ,2 0,0 0,0 0,0 0,0 
lC830, 00MHOl5 ODMHOl6 160 24·in Dia 22,6 1.16% 40,36 38,50 45,2 43.5 4.~ 39,5 41.0 39,7 41 ,2 40,0 41.3 40,2 3,6 5,0 7,6 9,4 
lCB20c 21066 21065 402 18-in Dia 9,6 0.97% 45,10 41.20 51.0 45,6 45,7 r ' 42,0 45,8 42,2 46 ,0 42,5 46,2 42 ,6 3,1 4,3 6,5 8,1 
lC820b 21065 21064 318 21·ln Ola 9,0 0,38% 41.20 40,00 45,6 44,0 42,0 40,5 42,2 40,6 42 ,5 40,7 42,6 40,9 3,1 4,3 6,5 8,1 -
JC820a 21064 00MHOl6 69 18-in Dia 13.9 2,04% 40,00 38,60 44 ,0 43.5 40,5 39,5 40,6 39.7 40 ,7 40,0 40,9 40.2 3.1 4,3 6.5 8.1 

I JC810f OOMHOl6 00MH031 140 3D-in Dia 24,9 0,43% 38,60 38,00 43,5 43,0 39,5 38.8 39.7 39,0 40,0 39,2 40,2 39,4 6,1 8,6 13,1 16,3 
JC810. ODMH031 00MHOl7 556 36-ln Dla 47 ,4 0,59% 37.75 34,50 43,0 41.0 38,5 35,5 38,6 35,5 38,8 35,7 39,0 35,9 6,1 8,6 13, I 16,3 
JC810b OOMHOI7 36001 161 42·in Dia 118,7 1.61% 34,50 31.90 41.0 41.8 35,5 33,0 35,5 33,1 35,7 33,3 35,9 33,5 19,4 22 ,8 31.2 40,7 
lC810, 36001 25226 425 36-ln nla 73,3 1.40% 31.94 26,00 41.8 38,8 33,0 29 ,0 33,1 29,0 33,3 29,0 33,5 29,0 19.4 22.8 31.2 40,7 

SYSTEM#S 
JCA50c,1 1 21148 21165 1212 15·in Dla 13,4 3.08% 137.40 loom 144.0 107,0 137,8 102.81 138,0 106.4 138,2 107.1 143,8 107.1 3,7 6,0 10,0 13,4 

lCA50c-,dl 21148 21165 1212 24-in Roadway 3.05% 144,00 107,00 144.0 107,0 138.2 107.1 143,8 107.1 0,0 0,0 0,0 0,0 
lCA50b,1 21165 21169 700 15-in Oia 6,4 0,71% loom 95,05 107,0 102,0 102,8 101,2 106.4 102,1 107.1 102.1 107.1 102,2 3,7 6,0 6,5 6,5 Fut 10·yr 

lCA50b·rd 21165 21169 700 24-ln Roadway 0,71% 107,00 102,00 107,0 102,0 NA NA 106.4 10~~ 107.1 102,1 107.1 102,2 0,0 0,0 3,5 6,9 
JCA50,,1 21169 21171 234 18-in nla 10,3 1,12% 95,05 92.43 102,0 98,5 101.2 98.6 102,1 98,7 r' 102,1 98,7 102,2 98,8 10,1 11.6 13,1 13,1 Exst 2S-yr ---

JCASOa-rd 21169 21171 234 24-in Roadway 1.50% 102,00 98,50 102,0 98 ,5 101.2 98,6 102.1 98,7 102,1 98,7 102,2 98,8 0,0 4,2 10,4 17,6 
lCA60,1 21187 21186 738 18-in Oia 23,3 5,69% 162,70 120,70 166.0 124,0 163,4 121.2 163,6 121.3 163.4 121.2 163,6 121,3 7.4 11,2 8,4 12,4 

JCA60·rd 21187 21186 738 24-ln Roadway 5,69% 166,00 124,00 166.0 124,0 0,0 0,0 0.0 0,0 
JCA41c,1 21186 21185 148 IB-in nla 33,1 7,09% 120,70 110,20 124,0 116,0 121.2 

-116,0 121.3 116,1 121.2 116, I 121.3 116.1 7,4 11.2 8.4 12,4 
JCMlc·rd 21186 21185 148 24·ln Roadway 5,40% 124,00 116,00 124.0 116,0 121.2 116,0 121.3 116,1 121.2 116,1 121.3 116.1 0,0 0,0 0.0 0,0 
JCA4Ib,1 21185 21184 826 12-In Dla 5,7 1.81% 110,20 95,25 116,0 98,7 116.0 98,9 

--
116,1 99,0 116,1 99 ,0 116,1 99 ,1 6,2 6,2 6,2 6,2 Exst 10-yr 

lCMlb·,d 21185 21184 826 24-ln Roadway 2,10% 116,00 98,68 116,0 98,7 116,0 98.9 116,1 99,0 116,1 99 ,0 116,1 99,1 1,1 5,0 2,1 6,2 
lCMI,,1 21184 21183 261 15·in nia 6,1 0,64% 95,25 93.57 98,7 98,0 98 ,9 98,6 99 ,0 98,8 99,0 98,8 99,1 98,9 9,0 9,0 9,0 9,0 Exst 10-yr 

lCA4la·rd 21184 21183 261 12-ln Roadway 0,26% 98,68 -
99.0 98,8 99,1 98,9 9,2 16,0 14,8 21.5 98,00 98,7 98,0 98,9 98,6 99,0 98,8 

JCA40,,1 21183 21171 420 3D-In nia 15,3 0,10% 93,57 93,15 98.0 98 ,5 98,6 98,6 98,8 98,7 98,8 98,7 98,9 98,8 9.4 9,7 9,1 8.5 Exst 10-yr 
JCA40a-rd ' 21183 21171 420 24-ln Roadway ·0,12% 98,00 98,50 98 ,0 98,5 98,6 98,6 98,8 98,7 98,8 98,7 98,9 98,8 ·4.3 ·10,2 ·10,2 · 15,6 
JCA30b,1 21171 21239 2264 IB-in Dia 16,5 2,88% 92,43 27 ,33 98,5 39,5 98,6 40,9 98,7 41.5 98 ,7 41.5 98 ,8 41.5 16,0 16,0 16,0 16,0 Ex,t 10·" 

JCA30b·,d 21171 21239 2264 24-ln Roadway 2.61% 98,50 39,50 98,5 39,5 98,6 40,9 98,7 41.5 98,7 41.5 98,8 41.5 5,7 20,7 27,3 42,4 
lCA30,,1 21239 21364 440 24-ln Dia 6,7 0,10% 27,02 26,57 39,5 40,5 40,9 40.8 41.5 41 ,5 41.5 41.6 41.5 41.6 19,5 19,5 19,6 19,5 Exst 10·y. 

JCA30,·,d 21239 21364 .458 24·ln Roadway ·0.22% 39.50 40 ,50 39,5 40,5 40,9 40,8 41.5 41.5 41.5 41.6 41.5 41.6 ·22,1 ·42,8 ·47,6 ·56,0 
lCA20, I 21094 21364 785 IS·in Oia S,5 1 0,53% 34,14 30,00 42,0 40,5 42 ,1 40,8 42,2 41,5 42 ,2 41.6 42 ,2 41 ,6 5,3 4,9 4,6 4,5 Exsl 10·,. 

lCA20· rd 21094 21364 780 24·in Roadway 0,19% -42,00 40,50 42,0 40,5 42 ,1 40,8 42,2 41.5 42 ,2 41.6 42,2 41,6 1.9 5,0 5,7 7,6 
JCAIO, I 21364 25213 696 24-ln Dia 6,7 0,10% 26,57 25,86 40,5 44,0 40,8 27 ,9 41.5 27 ,9 41.6 27 ,9 41.6 27,9 28,1 29,0 29,0 29,0 

ICA I O·rd 21364 25213 696 24-in Roadway ·0,50% 40,50 44 ,00 40,5 44 ,0 40,8 40,8 41.5 41.5 41.6 41.6 41.6 41.6 0,0 0,0 0,0 0,0 
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, , 
rable A·2. Hydraulic Evaluation of ExIsting and Future LInd Us. Scenario for the Milwaukie Storm UrIIlnage Syitem 

Exst 10 yr Max Water Exst 25 yr Max Water Fut 25 yr Max Water FLIt 25 yr Max Water 

No<Ie Invert Elevation (It) Ground Elevation (ft) Surface Elevation (ft) Surface Elevation (tt) Surface Elevation (It) Surface Elevation (tt) 

Exst 10 yr Exst 25 yr Fut 10 yr Fut 25 yr When 

Structure Length Structure Capacity Slope Max Flow Max Flow Max Flow Max Flow Hydraulically 

Name US OS (It) Size/Type (cIs) (%) US OS US OS US OS US OS US OS US OS (cIs) (cIs) (cfs) (cIs) Deficient 

SVSltM #6 

KC60b.1 41069 41068 466 15-in Ola 5.9 0.60% 96.30 93.50L 100.0 102.0 99.1 98.0 100.0 98.7 98.8 98.01 100.0 98.7 3.2 4.2 3.1 4.2 

KC60b·rd 41069 41068 466 12·in Roadway ·0.43% 100.00 102.00 ' 100.0 102.0 I 100.0 100.0 0.0 0.0 0.0 0.0 

KC60a.1 41068 41064 325 18-in Ola 9.5 0.58% 93.50 91.60 102.0 102.0 98.0 97.7 98.7 98.3 98.0 97.7 98.7 98.3 4.1 4.2 3.6 4.2 

KC60a-rd 41068 41064 325 12-in Roadway 0.00% 102.00 102.00 102.0 102.0 97.7 97.7 98.3 98.3 97.7 97.7 98.3 98.3 0.0 0.0 0.0 0.0 

KC50b.1 41065 41064 420 18·in Dia 11.8 0.90% 95.40 91.60 98.0 102.0 98.0 97.7 98.5 98.3 98.0 97.7 98.5 98.3 2.9 4.2 2.1 4.1 

KC50b-rd 41065 41064 420 12·in Roadway ·0.95% 98.00 102.00 98.0 102.0 98.5 98.3 0.0 0.0 0.0 0.0 

KC50a.l 41064 41031 319 24-in Dia 20.6 0.60% 91 .60 89.70 102.0 100.5 97.7 97.7 98.3 98.1 97.7 97.6 98.3 98.1 5.3 6.8 ·5.3 ·7.5 

KC50a·rd 41064 41031 319 12-in Roadway 0.47% 102.00 100.50 102.0 100.5 0.0 0.0 0.0 0.0 -
KC40b.l 41032 41031 384 18-ln Ola 12.0 0.94% 93.30 89.70 96.0 100.5 97.0 97.7 97.0 98.1 97.0 97.6 97.0 98.1 5.3 ·6.7 ·5.0 -6.7 

KC40b·rd 41032 41031 384 12-10 Roadway ·1.17% 96.00 100.50 96.0 100.5 97.0 97.7 97.0 98.1 97.0 97.6 97.0 98.1 0.0 0.0 0.0 0.0 

KC40a.l 41031 41029 234 24-in Oia 16.6 0.39% 89.70 88.80 100.5 98.0 97.7 
-

97.7 98.1 98.1 97.6 97.7 98.1 98.1 7.8 6.2 7.1 6.6 . 
KC40a-rd 41031 41029 234 12-ln Roadway 1.07% 100.50 98.00 100.5 98.0 98.1 98.1 0.0 0.0 0.0 0.0 

KC30b.l 41029 41109 184 18·ln Oia 9.9 1.02% 88.80 87.12 98.0 98.0 97.7 97.8 98.1 98.1 97.7 97.8 98.1 98.1 7.8 6.3 7.1 6.6\ Exst 25-yr 
. 

KC30b·,d 41029 41109 184 12-in Roadway 0.00% 98.00 98.00 98.0 98.0 97.8 97.8 98.1 98.1 97.8 97.8 98.1 98.1 0.0 ·0.1 0.0 ·0.1 .. 
KC30a.l 41109 21101 1029 18-in Ola 8.1 0.43% 87.12 82.72 98.0 92.1 97.8 92.1 98.1 92.2 97.8 92.2 98.1 92.2 12.2 11.9 11.5 11.4 Exst 25-yr 

KC30a·rd 41109 21101 1029 12·ln Roadway 0.57% 98.00 92.10 98.0 92.1 97.8 92.1 98.1 92.2 97.8 92.2 98.1 92.2 0.0 2.2 0.0 2.5 

KCI0b.1 21101 41005 2119 IB-in Dia 17.8 2.04% 82.72 39.41 92.1 46.0 92.1 40.9 92.2 42.5 92.2 42.1 92.2 44.8 19.2 19.5 19.5 19.5 Exst 10-yr 

KCI0b·rd 21101 41005 1 2119 12 -in Roadway 2.18% 92.10 46.00 92.1 46.0 92.1 46.0 92.2 46.1 92 .2 46.1 92.2 46.1 0.3 5.5 4.3 11.2 

KCIOa.l 41005 41006 , 239 21·in Dia 19.1 1.04% 39.41 36.92 46.0 44.0 40.9 38.4 42 .5 38.6 42 .1 38.6 44.8 38.7 19.4 24.4 23.2 29.7 

KCI0a·rd 41005 41006 239 12·io Roadway 0.8~~ 46.00 44.00 46.0 44.0 0.0 0.0 0.0 0.0 
- I- 10.7 10.7 11.3 Exs125·yr KC20c.l 41020 41006 1791 IS-In Oia 10.4 1.85% 67.00 33.84 72.0 44.0 67.9 34.7 72.0 34.8 72.0 34.8 72.1 35.0 8.4 

KC20c·rd ! 41020 41006 1791 12-ln Roadway 1.56% 72.00 44.00 72.0 44.0 NA NA 72.0 44.0 72.0 44 .0 72.1 44.1 0.0 0.2 1.3 4.2 
-

KC20a.l l 41006 45017 64 24·ln Oia 104.8 15.38% 33.84 24.00 44.0 40.0 34.7 24.7 34.8 24.8 34.8 24.8 35.0 24.9 27.7 35.2 34.9 44.9 

KC20a·rd 41006 45017 64 12-ln Roadway 6.25% 44.0~ __ 40.00 44.0 40.0 0.0 0.0 0.0 0.0 .. 
SYSltMN7 

WRA30e.l 11003 15009 883 IB·ln Oia 7.9 0.40% 54.00 50.45 60.0 56.0 60.1 50.8 60.1 50.8 60.1 50.8 60.1 50.8 6.6 7.1 6.6 7.1 Exst 10·yr 

WRA30e·rd 11003 15009 883 12·;n Roadway 0.45% 60.00 56.00 60.0 56.0 60.1 56.0 60.1 56.1 60.1 56.0 60.1 56.1 1.0 3.4 0.8 3.4 
-WRA30d 15009 12055 70 36·ln Channel 803.8 16.86% 50.45 38.65 56.0 54.0 50.8 40.0 50.8 41.7 50.8 40.0 50.8 41.7 7.6 10.4 7.4 10.5 

WRA30c 12055 15000 287 IB·in Dia 8.8 0.50% 38.65 37.21 54.0 41.0 40.0 37.9 41.7 38.0 40.0 37.9 41.7 38.0 7.6 10.4 7.4 10.5 
" 10.4 WRA30b 15000 CCIN002 677 36·ln Channel 241.9 1.43% 37.21 1 27.50 41.0 32.0 37.9 28.1 38.0 28.2 37.9 28.1 38.0 28.2 7.6 10.4 7.4 

. 
WRA30a CCIN002 15005 169 36·in Dia 98.1 7.41% 27.50 \ 15.00 32.0 33.0 28.1 18.0 28.2 18.0 28.1 18.0 28.2 18.0 7.6 10.4 7.4 10.4 

SVSltM .8 

MSC10d 41153 41154 128 IS-in Dis 7.9 1.08% 92.72 91.34 99.5 100.0 93. 1 91.7 93.3 91.9 93 .2 91.9 93.4 92.0 1.8 3.0 2.8 4.2 

MSCI0c 41159 41154 689 15·in Oia 9.9 1.69% 103.00 91.34 110.7 100.0 103.4 91.8 103.5 91.9 103.5 91 .8 103.6 91.9 2.4 3.7 3.3 4.7 

MSC10b 41154 41151 405 18·ln Dia 14.8 2.30% 90.77 81.46 100.0 87.2 91.3 82.0 91.5 82.2 91.5 82.1 91.6 82.3 4.2 6.6 6.0 8.9 
- - _. 

32.5 4.1 6.6 6.0 8.9 MSC10a 41151 45009 678 24·ln Dia 56.7 7.22% 80.96 . 32.00 87.2 55.0 81.3 32.4 81.4 32.5 81.4 32.4 81.5 

SYSltM 119 
MSC40i 41119 41149 631 15·ln Oia 6.1 1 0.63% 121.20 117.20 125.0 122.9 121.6 117.6 121.8 117.8 121.8 117.7 122.0 117.9 1.3 2.7 2.4 4.1 

MSC40h 41149 41145 167 15·in Dia 8.3 1 1.19% 116.20 114.20 122.9 121.2 116.5 114.5 116.7 114.7 116.7 114.7 116.8 114.8 1.3 2.7 2.4 4.1 

MSC40g 41145 41164 43 15-in Oia I !.I 2.09% 114.00 113.10 121.2 121.0 114.3 113.4 114.4 113.5 114.4 113.5 114.5 113.6 1.3 2.7 2.4 4.1 

MSC40f 41164 41163 109 15·in Oia 6.4 0.70% 112.60 11 1.84 121.0 119.3 113.0 112.2 113.2 112.4 113.1 112.4 113.3 112.6 1.3 2.7 2.4 4.1 

MSC40e 41163 41162 223 18-ln Dla 14.8 1.42% 111.64 108.47 119.3 116.5 111 .9 108.8 112.1 108.9 112.1 108.9 112.2 109.0 1.3 2.7 2.4 4.1 

MSC40d 41162 41161 183 18·ln Oia 16.5 1.76% 108.22 105.00 116.5 113.3 108.5 105.3 108.7 105.4 108.6 1~~ . 108.8 105.5 1.3 2.7 2.4 4.1 

MSC40c 41161 41165 465 18·in Oia 20.6 4.45% 104.00 83.30 113.3 88.6 104.3 83.6 104.4 83.7 104.3 83.6 104.5 83.8 1.3 2.7 2.4 4.1 
. 

MSC40b 41165 41166 104 24·;n Oia 19.01 0.50% 82.80 82.28 88.6 92.1 83.2 82.6 83.3 82.8 83.3 82.8 83.4 82.9 1.3 2.7 2.4 4.1 

MSC40a 41166 41044 245 24-ln Dia 16.9 0.64% 82.08 80.50 92.1 90.5 82.5 80.9 82.6 81.0 82.6 81.0 82.8 81.2 1.3 2.7 2.4 4.1 

MSC30 41045 41044 148 18·in Dia 2.5 ·0.07% 80.40 80.50 86.2 90.5 80.8 80.7 80.9 80.8 80.9 80.7 81.0 80.8 -0.3 ·0.5 ·0.4 ·0.6 

MSC20c 41044 41048 447 30·;n Dia 49.4 1.68% 80.20 72.70 90.5 78.0 80.5 73.2 80.6 73.3 80.6 73.3 80.7 73.4 1.6 3.1 2.8 4.7 

MSC60b 41055 41054 103 18-in Dis 0.4 0.00% 77.90 77.90 82.0 78.8 78.7 79.0 78.9 78.9 78.9 79.2 79.1 1--' 1.7 2.6 2.3 3.3 83.0 
MSC60a 41054 41053 121 18·in Oia 2.8 ·0.08% 77.90 78.00 83.0 86.0 78.7 78.3 78.9 78.4 78.9 78.4 79.1 78.5 ·1.7 -2.6 -2.3 -3.3 

MSC50c i 41079 - 80.0 78.4 80.1 78.5 0.6 0.9 0.8 1.2 41076 1210 15·in Dis 5.5 0.53% 79.70 73.30 84.0 80.0 80.0 78 .3 80.0 78.4 .. 
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Node 

Structure Length Structure Capacity 
Name US OS (It) Size/Type (cfs) 

MSC50b 41076 41075 90 IB·in Dia 20.8 
MSC50a 41075 41053 119 24·io Dia 28.5 
MSC20b 41053 41048 229 24·io Dia 32.0 
MSC20a 41048 45010 1300 30·in Ola 64.7 

SYSTIMUO 

MSC80 41063 43000 652 21-10 Dla 14.7 
MSC70b 43000 41074 231 21·ln Dia 9.7 
MSC70a 41074 45013 429 21·In DIa 35.0 

SYSTIM #11 

MSCIIOb 41099 41100 619 15·in Dia 7.9 
MSCIIOa 41100 41101 47 18·in Ola 12.6 
MSC100 42201 41101 483 15·ln Dla 8.4 
MSC90b 41101 41103 461 21-10 Dia 16.4 
MSC90a , 41103 45014 711 24-in Dia 16.9 

SYSTIM #12 
MSB20e.1 61105 61010 889 24-10 Dia 3.2 

MSB20e·rd 61105 61010 889 12-ln Roadway 
MSB20d 61010 61028 79 24-loOla 11.1 
MSB20c 61028 61032 1135 48·ln Ola 67.6 
MSB20b 61032 65029 358 54·in Dia 39.8 
MSB20a 65029 65032 42 72-io Channel 597.1 

MSB30d.1 66003 61027 2226 48-ln Dia 12.6 
MSB30d·rd 66003 61027 2226 12·ln Roadway 
MSB30c.1 61027 6 1036 430 24·loOla 7.3 

MSB30c-rd 61027 61036 430 12-ln Roadway 
MSB30b.1 61036 61034 760 48· ln Dia 45.9 

MSB30b·rd 61036 61034 760 12: ln Roadway 
MS830a 61034 65032 382 48·ln Dia 60.3 
MSBIOc 65032 65031 119 72·ln Channel 357.6 

MSC120c.1 00MH005 62355 162 15-in Oia 6.7 
MSC120c-rd 00MH005 62355 162 12·in Roadway 

MSC120b 62355 00MH004 124 18·ln Oia 18.7 
MSC120a 00MH004 65031 146 24-in Dia 15.1 

MSB10b 65031 66026 777 72-ln Channel 47.1 
MSB10a 66026 65027 3076 48·ln Dla 88.7 

SYSTIM #13 

MSA90.1 61160 61177 1 2523 24-ln Dia 20.3 
MSA90·rd 61160 61177 2523 12-ln Roadway 

MSA80d 61159 61177 583 15·in Dla 13.2 
MSA80c.l 61177 61148 253 24·ln Oia 7.3 

MSABoc.rd j 61177 253 61148 12·ln Roadway 
MSA80b.1 61148 61179 243 15-in Ora 2.4 

MSA80b-rd 61148 61179 243 12·ln Roadway 
MSA80A.1 61179 61151 186 18-in Dia 6.5 

MSA80A-rd 61179 61151 186 12-ln ROadway 
MSA70d.1 61151 65028 684 18-ln oia 8.3 

MSA70d·rd 61151 65028 684 12·ln Roadway 
MSA70c 65028 66010 1111 36-ln Channel 367.9 
MSA70b ' 66010 65034 55 3D-in Oia 92.5 
MSA70a 65034 66023 174 24·ln Channel 99.9 

MSA20c.1 62296 65011 56 15·in Dla 5.1 
MSA20c·rd 62296 65011 56 12·in Roadway 

Slope 

(%) 

·2.77% 

·1.86% 

2.32% 

2.90% 

1.00% 

0.43% 

5.67% --

1.73% 
1.69% 

1.97% 

1.24% 

0.65% 

0.02% 

0.45% 
·0.2B% 
0.26% 

0.14% 

0.22% 

0.03 0/0 
0.09% 

0.12% 

0.00% 
0.12% 

0.00% 

0.60% 

0.08% 

1.24% 

1.24% 

10.82% 

-1.51% 

0.00% 

0.44% 

0.93% 

1.01% 
4.85% 

·0.12% 

0.59% 

0.10% 

0.00% 
0.45% 

0.00% 
0.44% 
0.44% 

3.31 % 

3.64% 

1.41% 
0.45% 

-0.18% 

Table A-2. Hydraulic &aluaUon of ExlsUng and FubJre Land Use Scenario for the MOwaukle Storm Drainage System 

Invert Elevation (tt) Ground Elevation (tt) 

US OS US OS 

73.30 75.80 80.0 80.0 
75.80 78.00 80.0 86.0 
78.00 72.70 86.0 78.0 

72.70 35.00 78.0 45.0 

86.80 80.30 92.0 87.0 
80.30 79.30 87.0 89.0 
79.30 55.00 89.0 60.0 

96.80 86.10 103.5 91.0 
86.10 85.30 91.0 91.8 
94.80 85.30 98.0 91.8 
85.30 79.60 91.8 86.0 
79.60 75.00 86.0 80.0 

80.80 80.60 90.0 86.0 

90.00 86.00 90.0 86.0 

80.58 80.80 86.0 86.0 

80.80 77.90 86.0 87.0 
77.90 77.40 87.0 84.0 
77.40 77.31 84.0 89.0 
80.00 79.42 88.0 86.0 

88.00 86.00 88.0 86.0 

79.42 78.90 86.0 86.0 

86.00 86.00 86.0 86.0 
78.90 78.00 86.0 86.0 
86.00 86.00 86.0 86.0 
78.00 75.70 87.0 89.0 

75.70 75.61 89.0 86.0 

96.75 94.75 100.0 98.0 
100.00 98.00 100.0 98.0 
94.75 81.30 98.0 91.5 
81.30 83.50 91.5 86.0 
75.61 75.60 86.0 88.0 
75.60 62.00 88.0 90.0 

171.10 147.67 179.0 153.5 
179.00 153.50 179.0 153.5 
174.90 146.60 178.8 153.5 
146.60 146.91 153.5 152.0 

153.50 152.00 153.5 152.0 

146.90 146.66 152.0 152.0 
152.00 152.00 -1520 152.0 
146.66 145.83 152.0 152.0 
152.00 152.00 152.0 152.0 
145.83 142.79 152.0 149.0 

152.00 149.00 152.0 149.0 
142.79 106.00 149.0 109.0 
106.00 104.00 109.0 107.0 
104.00 101.54 107.0 104.0 
102.20 101.95 104.0 104.1 
104.00 104.10 104.0 104.1 

Exst 10 yr Max Water 

Surface Elevation (It) 

US OS 

78.3 78.3 

78.3 78.3 

78.3 7-32 
73.2 35.4 

87.1 81.0 

81.0 79.6 

79.6 55.3 

97.1 86.4 

86.4 85.8 

95.0 85.8 

85.8 80.2 

80.2 75.6 

83.5 82.0 

82.0 81.7 

81.7 79.3 

79.3 78.1 

78.1 77.7 

82.5 81 .3 

81.3 80.1 

80.1 80.1 

80. 1 79.0 

79.0 79.0 

7~~ 77.5 1-. 
77.5 77.5 

97.3 95.1 

95.1 84.1 

84.1 83.9 

77.5 77.2 

77.2 63.6 

172.0 152.8 

175.1 152.8 

152.8 152.4 

152.8 154~ 
152.4 152.3 

152.4 152.3 

152.3 152.1 

152.3 152.1 

152.1 143.4 

152.1 149.0 

143.4 106.6 

106.6 104.7 

104.7 102.8 

102.9 102.8 

1--

f--

Exst 25 yr Max Water 

Surface Elevation (tt) 

US OS 

78.4 78.4 

78.4 78 .4 

78.4 73.3 

73.3 35.6 

87.2 81.1 

81.1 79.7 

79.7 55.3 

97.2 86.4 

86.4 86.0 

95.1 86.0 

86.0 80.3 

80.3 75.7 

85.2 iliA 

82.4 81.9 

81.9 79.7 

79.7 78.2 

78.2 77.9 

83.0 82.0 

82.0 80.3 

80.3 80.3 

80.3 79.2 

79.2 79.2 

79.2 77.9 

77.9 77.8 -
97.4 95.1 

95.1 84.3 

84.3 84.1 

77.8 77.6 

77.6 63 .9 

172.1 153.4 -
._--

175.2 153.4 

153.4 152.5 

153.4 152.5 

152.5 152.4 

152.5 152.4 

152.4 152.2 

152.4 152.2 

152.2 143.5 

152.2 149.1 

143.5 106.8 

106.8 104.8 

104.8 103.2 

103.5 103.2 

--

Fut 25 yr Max Water 

Surface Elevation (It) 

US OS 

78.4 78.4 

78.4 78.4 

78.4 73.3 

73.3 35.6 

87.2 81.1 

81.1 79.6 

79.6 55.3 

97.1 86.4 

86.4 85.9 

95.1 85.9 

85.9 80.3 

80.3 75.7 

87.5 82.8 

82.8 82.1 

82.1 79.9 

79.9 78.4 

78.4 78.2 

84.4 83.5 

83.5 80.6 -
80.6 80.6 

80.6 79.4 

79.4 79.4 

79.4 78.2 

78.2 78.2 

97.5 95.2 

95.2 84.5 

84.5 84. 1 

78.2 77.9 

77.9 64.2 

172.0! 153.1 

175.2 153.1 

153.1 152.4 

153.1 152.4 

152.4 152.4 

152.4 152.4 

152.4 152.1 --_.-
152.4 152.2 

152.1 143.5 

152.1 149.1 

143.5 106.8 

106.8 104.8 

104.8 103.2 

103.3 103.2 
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Fut 25 yr Max Water 

Surface Elevation (tt) 

Exst 10 yr 

Max Flow 

US OS (cis) 

78.5 78.5 ·0.6 

78.5 78.5 ·0.6 

78.5 73.4 2.0 

73.4 35.7 4.6 

87.3 81.2 1.0 

81.2 79.7 2.0 

79.7 55.4 2.0 

97.2 86.5 0.8 

86.5 86.1 0.8 

95.1 86.1 0.6 

86.1 80.5 3.1 

80.5 75.8 3.1 

90.1 83.3 7.8 

90 .1 86.1 0.0 

83.3 82.3 ·7.8 

82.3 80.1 7.8 

80.1 78.8 7.7 

78.8 78.7 7.7 

88.1 86.2 10.1 

88.1 86.2 0.0 

86.2 80.9 8.5 

86.2 86.1 0.0 

80.9 79 .7 8.5 

79.7 79 .7 0.0 

79.7 78.7 8.5 _. 
78.7 78.6 15.8 

97.6 95.2 1.6 

0.0 

95.2 84.8 1.6 

84.8 84.2 -1.6 

78.6 18.5 16.7 

78.51 64.5 L ___ ?8.3 

172.2 153.6 7.9 

172.2 153.6 0.0 

175.3 153.6 0.9 

153.6 152.5 -8.4 

153.6 152.5 0.0 

152.5 152.4 5.8 

152.5 152.4 6.5 -
152.4 152.2 6.5 

152.4 152.2 4.2 

152.2 143.6 9.3 

152.2 149.2 0.7 

143.6 107.0 10.0 

107.0 104.9 10.0 

104.9 103.4 10.0 

104.0 103.4 2.4 

0.0 

Exst 25 yr Fut 10 yr Fut 25 yr When 

Max Flow Max Flow Max Flow Hydraulically 

(cfs) (cfs) (cfs) Deficient 
-0.9 -0.8 ·1.2 

-0.9 -0.8 -1.2 

3.2 2.8 4.1 

7.9 7.0 10.9 

1.7 1.5 2.3 

3.0 2.7 3.9 

3.0 2.7 3.9 

1.3 1.1 1.7 

1.3 1.1 1.7 

0.9 0.8 1.1 

4.9 4.3 6.3 

4.9 4.3 6.3 

12.1 15.4 18.5 Fut 25·1' 
0.0 0.0 1.4 

·12.1 -15.4 -19.8 

12.0 15.4 19.8 

11.9 15.3 19.8 

11.9 15.2 19.7 

13.9 19.1 28.6 

0.0 0.0 1.8 

11.1 16.0 22.3 Fut 25-yr 
0.0 0.0 1.3 

11.1 16.0 23.0 

0.0 0.0 0.0 

11.0 15.9 22.9 

22.5 30.3 40.9 

2.5 3.0 4.2 

0.0 0.0 0.0 

2.5 3.0 4.2 

·2.5 -3.0 -4.2 

23.9 31.4 42.0 

40.6 52.1 67.2 

10.7 9.2 12.2 

0.0 0.0 0.0 

1.5 1.4 2.4 

·12.0 -10.4 ·12.6 Fut 25-1' -
0.0 0.0 1.9 

5.5 5.5 5.4 ExstlO-yr 
10.4 8.8 12.8 

6.3 6.3 6.1 ExsIlO·yr 

8.4 6.8 10.9 \---_. 
10.4 10.0 11.0 Exst10-y~ 

5.8 4.0 9.2 

16.2 13.9 20.1 

16.2 13.9 20.1 

16.2 13.9 20.1 

4.7 4.5 7.3 

0.0 0.0 0.0 
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Table A·2. Hydraulic Evaluation of £listing and Fulllre Land Use Scenario forth. Mllwaulde SlCnn Drainage SJStem 

Exst 10 yr Max Water Exst 25 yr Max Water Fut 25 yr Max Water Fut 25 'ir Max Water 
Node Invert Elevation (tt) Ground Elevation (It) Surface Elevation (ft) Surface Elevation (tt) Surface Elevation (It) Surface Elevation (tt) 

Exst 10 yr Exst 25 yr Fut 10 'i' Fut 25 yr When 
Structure Length Structure Copaclty Slope Max flow Max Flow Max Flow Max Flow Hydraulically 

Name US OS (It) Size/Type (cfs) (%) US OS US OS US OS US OS US OS US OS (cis) (cis) (cis) (cfs) Deficient 
MSA20b 65011 66023 29 24·in Channel 97.3 1.41% 101.95 101.54 104.1 103.0 102.8 102.8 103.2 103.2 103.2 103.2 103.4 103.4 2.4 4.7 4.4 7.3 

MSA20'.1 66023 65033 59 18-1n Dia 16.5 1.76% 101.54 100.50 103.0 103.0 102.8 101.5 103.2 102.0 103.2 102.0 103.4 102.5 12.1 15.8 15.2 15.7 wt25-yr 
MSA20.·,d 66023 65033 59 12-ln RCladway 0.07% 103.04 103.00 103.0 103.0 103.2 103.1 103.2 103.1 103.4 103.2 0.0 4.3 2.3 12.9 

MSAll0b 65023 65033 918 24·jo Channel 18.7 0.10% 100.27 99.35 103.3 103.0 102. 1 
. 

101.5 102.7 102.0 102.7 102.0 103.3 102.5 15.5 24.7 25.6 37.7 -MSAIO 61052 65023 2075 24-100ia 33.3 2.51% 152.42 100.27 156.0 103.3 152.8 102.1 152.9 102.7 152.9 102.7 153.0 103.3 2.1 3.7 3.4 5.6 
MSAIIOc 84 65023 1320 36·ln Channel 47.0 0.28% 104.00 100.27 107.0 103.3 105.5 102.1 106.0 102.7 106.1 102.7 106.5 103.3 13.8 21.4 23.0 33.3 
MSAIIOd 82·83 84 1309 36·ln Channel 43.3 0.11% 105.50 104.00 108.5 107.0 107.3 105.5 107.7 106.0 107.8 106.1 108.2 106.5 14.2 21.8 23.3 33.6 
MSAIIOe 80·81 82·83 976 36-10 Channel 58.4 0.15% 107.00 105.50 110.0 108.5 108.6 107.3 108.9 107.7 108.9 107.8 109.3 108.2 14.6 20.1 21.6 30.9 

SYSTIMt14 
MSAIIO. 65033 61107 1578 48·ln Channel 139.0 1.18% 99.35 80.70 103.0 84.7 101.5 81.9 102.0 82.2 102.0 82.2 102.5 82.6 26.9 42.0 41.1 60.4 

MSA60b 62318 62323 301 15-in Oia 11.5 3.65% 142.08 131.08 146.0 134.0 142.3 131.3 142.4 131.4 142.4 131.4 142.5 131.5 1.0 2.0 1.9 3.0 
MSA60. 62323 62325 323 18·in Dia 24.6 6.31% 129.67 109.33 134.0 112.0 129.9 109.5 130:0 r-

109.6 130.0 109.6 130.0 109.7 1.0 2.0 1.9 3.0 
MSA50c.l 62325 62179 397 18·inDia 26.2 7.11% 108.42 80.17 112.0 83.0 108.6 80.7 108.7 81.2 108.7 81.0 108.8 83.1 1.0 2.0 2.0 3.6 

MSA50c-rd 62325 62179 397 3D-In Roadway 7.30% 112.00 83.00 112.0 83.0 108.7 83.1 0.0 0.0 0.0 0.0 
MSA50a.l 62179 61107 59 18-in Dia 25.9 7.09% 80.17 76.00 83.0 82.2 80.7 17.8 81.2 -iiQ.5 

_. 
81.0 80.2 83.1 82.3 6.2 10.1 8.9 12.6 

MSA50a-rd 62179 61107 59 3D-in Roatfway. 1.36% 83.00 82.20 83.0 82.2 83.1 82.3 0.0 0.0 0.0 2.2 
MSA50c.l 62325 62179 397 18-ln Dia 26.2 7.11% 108.42 80.17 114.5 85.5 108.6 80.7 108.7 81.2 108.7 81.0 108.8 83.1 1.0 2.0 2.0 3.6 
MSA50b.l CCC8159 62179 329 18-in Dia 15.5 2.53% 88.50 80.17 92.0 83.0 89.1 80.7 89.3 81.2 89.2 81.0 89.4 83.1 4.9 8.1 6.8 10.1 

MSA50b·,d CCCBI59 62179 329 3D-In Roadway 2.74% 92.00 83.00 92.0 83.0 89.4 83.1 0.0 0.0 0.0 0.0 
MSA30c 62290 62284 490 15-in Dia 8.0 1.78% 89.50 80.75 93.0 82.5 90.0 81.0 90.1 81.1 90.1 81.1 90.2 82.4 1.5 2.4 2.5 4.2 

MSA30b.l 62284 62282 47 18-in Dia 20.4 4.39% 80.75 78.67 82.5 82.0 81.0 79.0 81.1 80.5 81.1 80.2 82.4 82.3 1.5 2.4 2.5 3.9 
. 

MSA30b·rd 62284 62282 47 30-ln Roadway 1.05% 82.50 82.00 82.5 82.0 82.4 82.3 0.0 0.0 0.0 0.0 ' 
MSA30 •. 1 62282 61107 195 24-ln Dia 24.7 1.37% 78.67 76.00 82.0 82.2 79.0 17.8 80.5 80.5 80.2 80.2 82.3 82.3 1.5 2.' 2.5 4.0 

MSAJOa-rd 62282 61107 195 30· In Roadway ·0.10% 82.00 82.20 82.0 82.2 82.3 82.3 0.0 0.0 0.0 ·1.3 
MSA240 65039 65015 83 72·ln Box Culvert 2.00% 71.66 70.00 84.7 77.5 72.1 71.4 72.1 72.0 72.3 72.0 , 72.4 72.0 17.5 24.4 40.3 49.7 

MSMO.I 61107 65015 63 24·ln Dia 41.4 2.40% 76.00 74.50 82.2 75.0 77.8 75.9 80.5 76.5 80.2 76.51 82.3 76.5 33.7 53.1 51.4 64.3 
MSMO·rd 61107 65015 63 3D-in Roadway 11.52% 82.20 75.00 - 82.2 75.0 I 82.3 75.1 0.0 0.0 0.0 11.3 

SYSTEM #15 
MSAIOOf.! 61115 61118 1 234 15·in Oia 4.9 0.41% 112.83 111.87 122.5 122.2 122.9 122.2 123.0 122.3 123.0 122.3 123.1 122.3 12.1 12.2 12.1 12.2 Exst 10·y' 

MSAIOOI·rd 61115 61118 234 12-in Roadway 0.13% 122.50 122.20 122.5 122.2 122.9 122.5 123.0 122.5 123.0 122.5 123.1 122.6 15.6 22.9 19.4 27.1 
MSA100e.l 61118 CCC8154 287 15-in Dia 13.2 3.00% 111.78 103.17 122.2 107.0 122.2 104.3 122.3 107.1 122.3 107.0 122.3 107.1 19.0 19.0 19.0 19.0 Exst 10·1' 

MSA100e·rd 61118 CCC8154 287 12·ln Roadway 5.30% 122.20 107.00 122.2 107.0 122.2 107.0 122.3 107.1 122.3 107.1 122.3 107.1 0.4 9.7 6.1 14.0 
MSAIOOd.l CCCB154 CCC8146 271 18·ln Oia 25.0 4.06% 103.17 92.20 107.0 1 96.0 104.3 96.1 107.1 96.1 107.0 96.1 107.1 96.1 19.4 23.3 23.3 23.3 Exst 25·1' 

MSAIOOd·,d CCCBI54 CCC8146 271 12-ln Roadway 4.07% 107.00 96.00 107.0 96.0 104.3 96.1 107.1 96.1 107.0 96.1 107.1 96.1 0.0 3.5 0.0 7.8 
MSAIOOc.l CCCBI46 CCC8159 188 18-in Dia 17.4 1.97% 92.20 88.50 96.0 92.0 96.1 89.1 96.1 89.3 96.1 89.2 96.1 89.4 16.8 18.5 17.5 19.4 ExsIIO-1' 

MSA100c·,d CCC8146 CCCBI59 188 12· jn Roadway 2.13% 96.00 92.00 96.0 92.0 96.1 92.1 96.1 92.1 96.1 92.1 96.1 92.1 2.6 8.6 6.0 11.7 --MSAIOOb.1 CCCB159 CCCBI61 38 18·in Oia 37.3 14.64% 88.50 82.88 92.0 92.8 89.1 84.1 89.3 84.4 89.2 84.3 89.4 84.6 14.5 19.4 17.2 21.1 
MSAIOOb·,d CCC8159 CCC8161 38 12-ln Roadway -2 .08% 92.00 92.80 92.0 92.8 0.0 0.0 0.0 0.0 

MSAIOO. CCC8161 CCOFOIO 87 24-ln Dia 21.1 1.01% 82.88 82.00 92.8 91.0 84.1 83.2 84.4 83.5 84.3 83.4 84.6 83.6 14.5 19.4 17.2 21.1 
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Unsaturated Zone Groundwater Protectiveness Demonstration 
City of Milwaukie, Oregon 

1. Introduction 
An Underground Injection Control (UIC) is any facility designed for the subsurface infiltration 
of fluids . The City of Milwaukie (City), Oregon, uses 196 (recorded) UIC devices to manage 
storm water from public rights-of-way (ROW). The locations of the City's UICs are shown in 
Figure 1. The City's UICs provide benefit to the local watershed by maintaining aquifer 
recharge in the urban environment. In addition, they are protective of sensitive aquatic 
receptors by providing an alternative to direct discharge to surface water. UICs are regulated 
by the Oregon Department of Envirorunental Quality (DEQ). Because the City's UlCs infiltrate 
only storm water from public ROWs, DEQ considers them to be Class V injection systems under 
Oregon Administrative Rules (OAR) 340-044-0011 (5)(d). 

The City has retained Brown and Caldwell to update its 2004 Stormwater Master Plan (SMP). 
An objective of the SMP is to identify Capitallnlprovement Projects (ClP) to retrofit UICs or 
manage flow from UICs that are removed from service by decommissioning. UICs that require 
retrofit or decommissioning will be identified on the basis of conditions of a UIC Water 
Pollution Control Facilities (WPCF) permit that the City likely will receive in late 2013. 

This technical memorandum presents an evaluation of whether City UICs will require retrofit 
or decommissioning based on conditions of the July 2012 draft Wllter Pollution Control Facilities 
Permit for Class V Storl1lwnler Underground Injectioll Control Systems (DEQ, 2012a) (draft July 2012 
UIC WPCF permit template) . The first step in the evaluation is to conduct a system-wide 
assessment that identifies "at-risk" UICs that would potentially need retrofit or 
decommissioning because they either 1) discharge directly to groundwater or 2) are located 
within permit-specified setbacks of water wells . The second step of t1)e evaluation is to conduct 
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an unsaturated zone Groundwater Protectiveness Demonstration (GWPD). The GvVPD is used 
to determine which of the "a t-risk" UlCs identified during the system-wide assessment would 
need to be deconunissioned due to inadequate verlical separation distance from the bottom of 
the VIC to groundwater. 

1.1 Objectives 
The objectives of this technical memorandum are: 

• Present the preliminary system-wide assessment based on water well location 
information, as provided by the City and VIC data from the City'S 2005 VIC Stormwater 
Management Plan (HDR, 2005). 

• Present a GWPD model, and document model applications to: 

o Address UICs that disd1arge directly to groundwater and/ or were identified 
within setbacks to water wells as a part of the preliminary system-wide 
assessment (as described in Condition 6(b)(i) of Schedule A in the draft July 2012 
VIC WPCF permit template) . 

o Develop Alternate Action Levels to support stormwater discharge monitoring 
under the City's UlC WPCF permit. 

• Based on the results oJ the GWPD, idcnti.fy VICs for retrofjt or decommissioning as a 
part of future CIPs. 

The main text of the tedmical memorandum provides an overview of the VIC system-wide 
assessment and unsaturated zone GWPD model. Additional teclmical details are provided in 
Attad1ffient A (VIC system-wide assessment), Attachment B (technical documentation for the 
unsaturated zone GWPD model), and Attamment C (the unsaturated zone GWPD model). 

1.2 Technical Memorandum Organization 
This technical memorandum is organized as follows: 

• Section 1: Introduction. Discusses the City's VlC system and outlines the technical 
memorandum's objectives. 

• Section 2: VIC Conceptual Model. Provides j.n.fonnation about City UIC facilities and 
conceptual model for City VIC facilities. 

• Section 3: Preliminary System-Wide Assessment. Identifies VICs within water well 
setbacks (Section 3.1), VICs that disdm'ge directly to groundwater (Section 3.2), and actions 
required to address these UICs (Section 3.3). 

• Section 4: GWPD Application. Provides background related to the different types of 
GWPDs and sunUTlarizes how they are used to dell1onsb'a te groundwater protectiveness. 

• Section 5: Unsaturated Zone GWPD Model. Documents the unsaturated zone GWPD 
model used for the City, including model input parameters (Section 5.1) and model results 
(Section 5.2). 

• Section 6: Conclusions and Recommendations 
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• References. 

2. UIC Conceptual Model 
A typical UIC facility in the Cit)' is comprised of a catch basin that collects stormwater runoff 
from the public ROW; piping tha t conveys the stormwa ter from the ca tch basin to the UIC; and 
the U1C itself that infiltra tes stormwater to the subsurface. Occasionally, a sedimentation 
manhole (i.e., a solid concrete cylinder) is insta lled between the catch basin and UIC to aHow for 
sediment in stormwater to se ttle before entering the UIC and to prevent floa tables (e.g., trash 
and debris, oil and l5"ease) from flowing into the UIC UICs in the Ci ty are typically 15- to 30-
foot-deep, 4-foo t-diameter cylind rical structures constructed of concrete. RectanguJar openings 
(perforations) in the concrete walls of a UIC allow stormwater to inf.il tra te from the sides of the 
UIC, and many of the UICs are completed with an open bottom to allow stormwater to infiltrate 
from the bottom of the U1C 

The conceptual site model for stormwater infilh'a tion from a UIC aJTd pollutant fa te and 
transport after the water leaves the U1C is shown schematically in Figm e 2. As shown in Figure 
2, storm water discharges into the U1C, infilh·ates through the unsaturated zone, and recharges 
l5'·owTdwater. Infiltration thl'Ough the w1Saturated zone likely OCCllIS under near-satw-ated 
conditions because of the near-constant infiltTa tion of wa ter during the rainy season. Before 
entering the wTsa turated zone, large-size particulate matter (which pollutants may be sorbed to) 
falls out of suspension into the bottom of the U1C During transport through the WTsaturated w ne, 
pollutant concentrations attenuate because of degradation, dispersion, volatiJization, and 
retardation. Therefore, pollutant concentrations in W1Saturated zone porewater beneath the UIC 
decrease as Ule water filters downwaJ'd U1fough the w1Saturated rone to the wa ter table. 

3. Preliminary System-Wide Assessment 
This section presents a preJiminary system-wide assessment of the City' s UICs. A system-wide 
assessment is an inventory of UTe physica l characteristics of a City'S UICs. Condition 1 of 
Schedule B in the draft July 201 2 U1C WPCF permit template stipulates that the system-wide 
assessment must include: 

1. An inventory of all U1Cs that receive stormwater or oUTer fluids and UTeir loca tions by 
latitude and longitude in decimal degrees. 

2. An estimate of vehicle trips per day for the area(s) drained by the UICs. 

3. An inventory of all UICs that discharge directly to groundwater. 

4. An inventory of all UlCs within 500 fee t of any water well and/ or within the 2-year 
time-of-travel of a pu blic water well. 

5. An inventory of all UICs UTat are prohibited by OAR 340-044-0015(2). 

6, An inventory of a ll industrial and commercia l properties wiUT activities that have the 
potential to discharge t·o UICs Ulat the City owns or operates. 
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The City developed a summary of its UlC system in 2005 as a part of the City's UIC Storrnwater 
Management Plan (HDR, 2005). The 2005 sys tem summary contains most of the information 
required hy the July 20] 2 draft permit template for a system-wide assessment, but prior to the 
City subntitting their system-wide assessment (in conjunction with receipt of their permit) the 
following information would be needed: 

(1 ) Identification of additional UICs within setbacks to water wells based on water well 
location information collected by the City since 2005 (Item 4 above), and 

(2) Updates to the inventory to reflect new vertical separation distance requirements in 
the draft July 2012 U1C WPCP permit template (ltem 3 above). 

In this technical memorandum, the following sec lions provide updated information to the HDR 
(2005) sys tem sununary by identifying UlCs within water well setbacks (Section 3.1) and UICs 
that discharge directl y to growldwater (Section 3.2), and providing recommendations lor 
correc tive action (Sec tion 3.3). 

3.1 UICs Within Water Well Setbacks 
This section discusses the methods used to identify UICs within permit-specified setbacks to 
water wells (i.e., 500 feet or the 2-year tin1e-of-tTavel) . As explained in the Penllil Templnle 
Evnlllniio ll Repor/- Clnss II Ule M lIll icipnl nnd Indll sl rial/Co1l1111ercial Slol"lI/wnler Waler Po/llltiol1 
Control Facilities Pennit (DEQ, 2012b) (which accompanies the draft July 2012 UIC WPCF permit 
template), water wells include domestic, 'irrigation, industrial, and public water wells used for 
water supply. If a jurisdiction can demonsb'ate that it is unlikely that irrigation or industTial 
wells will be used for domestic or municipal water supply, then they can be removed from 
consideration as water wells. 

Irriga tion, industrial, domes tic, and municipal water wells within the City are identified in 
Table 1 and shown in the left panel of Figure 3. 

Identification of U1Cs within water well setbacks is based on the following water well location 
information provided by the City: 

• Locations of City municipal weUs (Well Numbers 2 through 8) by latitude and longitude 
(personal communication, 20] 2a). 

• Locations of water wells from the Oregon Water Resources Department· (OWRD) water 
rights database (personal communication, 2012b). These wells were located to the 
nearest quarter quarter seclion (whieh has an accuracy of ; / _ 1,320 feet) or using the legal 
description in the water right (if provided). 

• Localions of private water wells provided by the City (personal cOlnnlwlication, 2012c). 
The private wells are located using the address on driller logs from the online OWRD 
well log query, and are accura te to the property on which the well is located. 

Note that the water well inventory in Table 1 and Pigure 3 may be is incomplete because it 
likely omits several water well locations in the City that could not be accurately located. 
Additional dala sources would need to be consulted to ensure a complete inventory of wa ter 
well loca tions. Data sources would include the online OWRD well log query (i.e., for wells 
without addresses), DEQ well location studies related to the solvent plume that has impacted 
City municipal wells, and City water service connection records. 
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At this time, thirty-three UlCs are either within 500 feet of a water welJ or within the 2-year 
time-of-b'avel of a public water well. These "at-]'isk" UICs are shown in the left panel of Figure 
:3 and are listed in Table 2 and Attachment A. 

3.2 UICs That Discharge Directly to Groundwater 

UICs that discharge directly to groundwater ("wet feet" UICs) were identified on tlle basis of 
the U.s. Geological Survey (USGS; USGS, 2008) depth to gmundwater study for the Portland 
Basin and UIC depth~ measured as a part of the WC 5tonl11oater Ma1ll7gement Pla1l (HDR, 2005). 
Wet feet UIes were identified by the following formula: 

Where: 

so = 

OTVVUSGS = 

LlSlISGS = 

LiLlIe = 

(3 .1) 

Vertical separation distance between the bottom of the UIC 
and seasonal high groundwater (feet) 

Average depth to water beneath a UlC from USGS (2008) 
(feet) 

Seasonal fluctuation in the water table from USGS (2008) 
(5.9 feet), based on a statistical analysis of seasonal 
groundwater level fluctuations in the Portland Basin for 
the Unconsolidated Sedimentary Aquifer (the 
hydrogeologic unit where most City UICs are loca ted). 

Depth of the mc measured by HDR (2005) (feet) 

UICs with a negative separation distance (SO) are considered to be wet feet UICs. Two wet feet 
UICs (UIC lD Nos. 24027 and 44003) were identified using Equation 3.1, and are shown in the 
right panel of Figure 3. Additional information about the wet feet UICs is provided in 
Attachment A (see highlighted rows). 

3.3 Actions for UICs Within Water Well Setbacks and UICs That Discharge Directly to 
Groundwater 

This section discusses actions for UICs that discharge directly to groundwater and for UICs 
within setbacks to water wells, based on the draft July 2012 UIC WPCF permit template. 

Action for UICs That Discharge Directly to Groundwater 
Direct discharge to gTOundwater is not prohibited in the draft July 2012 UIC WPCF permit 
template. However, additional action is required for UICs that discharge directly to 
groundwater if the UIC is with.in the setback to a water well (see Condition 3 of Schedule B of 
the permit template). 

Neither of the two City UICs that discharge directly to groundwater is located witllin a setback 
to a water well in Table 1, so no action is required at this time. However, if additional water 
wells are identified when the system-wide assessment is finalized, and eitller of tile two wet-

:50J.1.l9.~199 r: rn.2-9.~ InfD4Jgllwo.com ""w.gli~,."'m 
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feet UICs is loca ted within setbacks to the newly identified wells, then the City will be required 
to show that the UICs wiJI not affect groundwater users (by Condition 3 of Schedule B of the 
draft July 2m 2 U1C VVPCF permit template) . Alternatively, the permitee may deconunission the 
UICs or stTucturally reh'Ofit the UlCs so that the direct discharge to groundwater is eliminated, 
thus eliminating the potential for required futme action if additional wells are identified. 

Action for UICs Within Water Well Setbacks 
Under the draft July 2012 UIC WPCF permit template, it is not a permit violation for existing 
injection systems to be within the horizontal setbacks from water wells; howeveJ', the UICs must 
be addressed by one of the following actions within one year of discovery: 

• Conduct a protectiveness demonstration to show that the existing UlC does not impair 
gl'Oundwater quality or supply (Condition 6(b)(i) of Schedule A). 

• Retrofit or implement a passive, s tTuctural, and/or technological conh'ol to reduce or 
eliminate pollutants to the UIC (Condition 6(b)(ii) of Schedule A). 

• Dose the UIC (Condition 6(b)(ii i) of Schedule A) . 

The GWPD summarized in this tecluucal memorandw1, wiJI satisfy Condition 6(b)(i) of 
Schedule A, thus ehminating the need to conduct any additional activities to address UICs 
within spec.ified setbacks from identified wells a t this time. 

4. GWPD Application 

There are two approaches for demonstrating groWldwater p l'Otectiveness usi ng a model. Both 
approaches simulate a ttenuation of stormwater pollutants in the subsurface (i.e., after 
infilh'ation from a UIC), but differ based on whether they simulate pollutant a ttenuation during 
vertical transport in unsaturated soils above tl,e water table (unsaturated zone GWPD) or 
pollutant attenuation during horizontal transport in saturated soils below the water table 
(satuJ'a ted zone GWPD). Additional detail related to tl1e two types of GWPDs is provided 
below: 

• Unsatu.J'ated Zone GWPD. Unsaturated zone GWPDs are based on modeling pollutant 
fate and h'ansport vertically through the III/ sntl/rnted soils beneatl, a UIC. Groundwater 
protectiveness is demonstnted by showing that the pollutants attenuate to below 
background levels before rea clung the groundwater table, and, therefore, that tl,e 
pollutants do not in'pair groundwater quality. 

• SatUrated Zone GWPD. A saturated zone GWPD consists of modeling horizontal 
pollutant fa te and h'ansport tllfough snh/rnted soils. The model is used to demonsh'ate 
that that tl,e VIC does not adversely impact groundwater users by delinea ting the "area 
where waste or material tl,at could become waste if released to the environment, is 
loca ted or has been located" [OAR 340-040-0010(1 9)]. In the contex t of s tormwater 
infiltration from a UTC, this area is tl,e loca tion where groundwater contains stonnwater 
pollutants above background levels (i .e., which is considered to be the method repor ting 
limit [MRLJ for non-metals) . 
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The City chose an unsalllralcd zone GVVPD to demonstrate growldwater protectiveness 
because almost all City UlCs have a significant Uuckness of unsaturated soils b etween U,e 
bottom of the UIC and groundwater table to attenuate pollutant concenh·ations. 

5. Unsaturated Zone GWPD Model 

This sec tion sununarizes the results of an unsa turated zone GWPD for UICs within water well 
se tbacks Ula t were identified as a part of U,e system-wide assessment (Section 3), and presents 
Alternate Action Levels for the City's UIC WPCF permit. The unsahlfated zone GWPD model 
is based on a conservati ve, analytical pollutant fate and transport equation that simulates one­
dimensional pollutant attenuation by dispersion, biodegradation, and retardation. The model 
output is pollutant concentra tions over time and distance based on user-provided input 
parameters (soil proper ties, pollutant properti es, and organic carbon content of the subsurface). 
The unsa turated zone GWPD model was used to demonsh'ate protec ti veness and develop 
Alternate Action Levels: 

• Protectiveness Demonstration. Protectiveness is demonstrated by showing the 
pollutant concentrations are a ttenuated to zero (i.e., below the MRL) before reaching the 
wa ter table. Pollutant fate and h'ansport ru'e simulated for orgruuc pollutants 
pentachlorophenol (PCP); di (2-ethyLllexyl)phthalate (DEHP); and benzo(a)pyrene; and 
lead . ThesE' pollutants are among the most mobile, toxic, ruld enviromnentally persistent 
in Uleir respecti ve chemica l classes (GSl. 2008). They will also be mOlutored under the 
City's UlC WPCF pernut, and are the most likely pollutrults in their respective chemical 
classes to exceed regulatory standards (Kennedy/Jenks, 2009). 

• Alternate Action Levels. The draft July 201 2 UIC WPCF pernUt template establishes 
Action Levels for pollutants in stonIlwater. Based on information from DEQ (B. Mason, 
personal conununication, October 5, 2012), monitoring of the following pollutants will 
be requiTed under municipal UIC WPCF perntits: benzo(a)pyrene, DEHP, PCP, 
antimony, lead, zinc, and copper. Action Levels will be established for each p ollutant in 
tile City's UIC WPCF permit. Exceedance of an Action Level is not a pernut violation. 
However, if a pollutant concentration exceeds an Action Level, then corrective action is 
requil'ed in accordance witil Conditions 3 and 4 of Schedule A. The City is perntitted to 
replace the Action Levels in tile draft permit witil Alternate Action Levels based on a 
GWPD model (Condition 2, Schedule A) . Alternate Action Levels are developed for zinc, 
copper, antimony, and DEHP because the existing Action Levels in the draft lull' 2012 
UTC WPCF permit template for tilese pollutants have not been adjusted on the basis of 
previous GWPDs (other Table 1 pollutants, lead, b enzo(a)pyrene, and PCP, already have 
been adjusted upward based on other municipalities' unsaturated zone GWPDs). 

The following section provides an overview of unsa turated zone GWPD model input 
parameters (Section 5.1) and results (Section 5.2). 'Detailed tedmical dOCwllentation for input 
parameters, the governing equations, ruld conserva tive assumptions in the unsatura ted zone 
GVl PD model are provided in Attachment B. 
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5.1 Input Parameters 
Pollutant attenuation in subsurface soils depends on the following variables: (1) soil properties, 
(2) organic carbon content of the subsurface, and (3) pollutant properties. These variables are 
input parameters for the. unsaturated zone GWPD model, and are based on local geologic 
conditions and stormwater dlemistTY in the City. The input parameters Me varied to evaluate 
two scenarios for pollutant fate and transport: (1) the average scenario, which is represented by 
the central tendency or expected mean value of the input parameter, and (2) the reasonable 
maximum scenario, whkh is represented by the worst case, upper bou.nd of the input 
parameter that potentiaLly could occur. The following sections summmize the .input parameters 
used in the unsaturated zone GWPD model for the average and reasonable maximum scenmios. 

Soil Properties 
Soil properties input into the unsatu.rated zone GWPD model are based on surficial geology in 
the Milwaukie vicinity. A surficial geology map of the City was obtained from Ule Oregon 
Depaj·tment of Geology and M.ineral Industries (DOGAlIl1) , Oregon Geologic Data Compilation 
(DOGAfvll , 2012), and is provided in Figure 4. Shallow geology in the City is composed of the 
catash'ophic flood deposits of U,e Missoula Floods. All but one of the City's VICs (44003) are 
loca ted in the fine-gTained facies of the Missoula Flood Deposits (Qf£), which are coarse sand to 
silt deposited by ponded floodwaters (Madul, 1990). The UTC that is not located in the fine­
grained facies of Ule Qff discharges directly to gl'Owldwater, and is not uKluded in the 
unsaturated zone G\'VPD model. Therefore, input paJ'ameters for the u.nsaturated zone GVVPD 
model are based on soil properties in the Qff. 

Soil properties used for the average and reasonable maxunum scenarios of Ule unsaturated zone 
GWPD model are surrunarized in Table 3. Porosity, bulk density, and the dispersion coefficient 
were taken from literature references based on the properties of the Qff. Average IUlea r pore 
water velocity was estimated from 11 infiltration tests conducted by the City at City UlCs in U,e 
Qff. The City conducted infiltration tests at the locations shown in Figure 4. Technical 
documentation for using infiltration tests to calculate average linear pore water velocity is 
provided in Attachment B. 

Organic Carbon Content of the Subsurface 
The organic ca rbon content of the subsurface that is inpu t Ulto the unsaturated zone GWPD 
model (i.e., /or, a dimensionless measure of organic carbon content in a soil [grams of carbon per 
grarns of soil]) is based on carbon loading of soil during stormwater infiltration. Organic carbon 
concentrations in slormwater vary durUlg the year, reaching the highest levels in the fall dW'Ulg leal 
drop and the lowest levels durUlg the winter. The toral organic carbon (TOC) concentration in 
stormwater was calculated from more than 100 stormwater samples collected at different times of 
the year in Milwaukie and nearby jurisdictions. Specifically, TOC data include samples fl'Om 61 
VICs Ul Gresham (collected by Ule City of Gresham), 15 VICs in Clackamas COWlty (collected by 
Clackamas COWlty Water Envu'onrnent Services), 12 VICs in Portland (collected by the City of 
Portland Bureau of Envu'orunentaJ Services), and 15 UlCs i.n Milwaukie (collected by City staft). 
The tmsaturated zone GVVPD model uses an foc of 0.0208 8,",bon/ &oil for the average scenario (based 
on mean TOC concentration in storm water) and an foc 0.0024 gc.,",n/ g",iI for the reasonable 
maxinmm scenario (based on minimum TOC concenh'ations observed in stormwater). Technical 
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documentation for calculating foc based on filtering of particu late matier in stormwater is provided 
in Section 2.2 of Attachment B. 

Pollutant Properties 
Pollutant properties used for the average and reasonable maxin1um scenarios of the 
unsa turated zone GWPD model are slunmarized in Table 4. Pollutant properties for organk 
chemjcals (i.e., PCP, DEHP and benzo(a)pyrene) are based on litera ture references, a.nd 
pollutant properties for meta ls (i.e., antimony, zinc, copper, a.nd lead) were calculated based on 
storm water samples collected in the ci ties of Milwaukie and Portland. Note that half-lives (i.e., 
the time required for the pollutant concenh'ation to decline to half of the initial concentration 
because of degrada tion) were not assigned to metals because they do not degrade in the 
subsurface, and organic partitioning coefficients were not assigned to metals because tl1ey do 
not sorb to organic ca rbon. Technical documenta tion for the pollutant properties is presented in 
Attachmen t B. 

5.2 Model Results 
This section presents the resu.lts of the unsaturated zone GWPD model, including the 
protectiveness demonstration and Alternate Action Levels. Results of tl1 (> unsaturated zone 
GWPD model apply to stormwater with pollutant concenb'ations typical of stormwater runoff 
from urban ROWs, and do not apply to releases of pollutants to the environment (i.e., spills) . 
The model results should be considered along with the City's internal risk management goa ls to 
develop polic), for stormwater management that is protective of the groundwater resomce. 

Protectiveness Demonstration 
Table 5 presents the minimum protective vertica l separation distances under the average and 
reasonable maximum scenarios of the unsatura ted zone GWPD model. The model calculations 
for these scenarios are presented in Table 1 of Attachment C. 

The average scenario represents most reasonably likely conditions, and is used for regulatory 
compliance. Under tl1e average scenal'io, the minimum protective vertical separation distances 
al'e less than 1 foot. The largest minin1u.rn protective separation distance is for PCP (0.47 foot 
protective separation distance is Significantly smaller than the protective separation distances 
ca lculated by other jurisdictions' unsatu.rated zone GWPDs, reflecting the fact tl1at Milwaukie's 
UICs are sited in relatively fine-grained sediments. When demonstTating groundwater 
protectiveness, we recommend using a protective separation distance of 1.0 foot for the 
minimum separation distance instead of 0.47 foot. Using 1.0 foot conservativelv accounts for 
uncertainties in the USGS (2008) depth to groundwater studY (which is the basis for calculating 
separation distance) . 

The reasonable maximum scenario represents the worst-case conditions., and is characterized by 
compounding conservatism of b1put variables. The purpose of the reasonable maximum 
scenario is to eva luate model sensitivity, a.nd it is not used for regula tory compliance. 

All of the UICs within water well setbacks identified in Table 2 have significantly more tha11 tl1e 
minimum pro tec tive vertica l separation distance of 1.0 Joot. Speci fical.l y, separation dista.nces 
for UlCs in Table 2 range from 31 feet to 92 feet. Therefore, the minimum vertica l separation 
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distances in Table 5 demonsh'ate that City UICs within watel' wen setbacks do not impaiJ' 
groundwater quality or supply based on an unsaturated zone GWPD, in accordance with 
Schedule A, Condition 6(b)(i) of the draft July 2012 UIC WPCF permit template. 

Alternate Action Levels 

Alternate Action Levels are shown in Table 6, and calculations for the Alternate Action Levels 
are provided i.n Table 2 of Attadlment C. Under the average and reasonable maximum 
scenarios, zinc, copper, antimony, and DEHP attenuate to below the MRL before reaching the 
water table when initial concentrations in influent stormwater are equal to the Alternate Action 
Level. The Alternate Action Levels were developed using the following assumptions: 

• Alterna te Action Levels are limited to maxi.mum concentTations of 10 times the existing 
Action Levels (antimony, zinc, and copper) or 5 times the existing Action Levels (i.e ., 
DEHP, to keep the Action Level within the published range for DEHP solubility in 
water). 

o The separation distance between the bottom of U,e UICs and the seasonal high 
groundwater is 1.0 foot so that the Alterna te Action Levels apply to aU but three City 
U1Cs (24027 and 44003 Ulat discharge directly to growldwater, and 24008, which has 
0.16 foot of vertical sepaJ'ation dist.,mce). 11le remaining UICs with known depths have 
vertical separation distances of more than 5 feet. 

o Pollutant concentl'ations at or below the Alternate Action Level measured at the end of 
the inlet pipe to the UIC are att'enuated to the MRL at or above the water table. 

6. Conclusions and Recommendations 
We make U,e following conclusions based on the lUlsaturated zone GWPD model: 

o The 33 UICs within permit-specjfied setbacks to water wells are protective of the 
groundwater resource, and, therefore, have been addressed in accordance with Schedule 
A, Condition 6 (b) (i) of the draft July 2012 UIC V"PCF permit template. These 33 UICs do 
not need to be retrofitted or decommissioned as a part of future crp projects, based on 
the conditions of the dl'aft luly 2012 UIC V"PCF permit template. 

o Thl'ee City UICs (44003, 24008, and 24027) have less than the minimum protective 
separation distance, Tbese UICs are outside of currently identified water well setbacks 
and require no action. However, if U,ese UICs become included within a water well 
setback because of identification of new water wells in the future, action will be 
required. Actions potentially include a saturated zone G\lVPD, demonsh'ation U,at the 
newly identified water well is not at risk from the UIC using hydrogeologic methods, 
structural retrofit (e.g., backfillin g), passive cont1'01, or decommissioning. 

o Action Levels for zinc, antinl0ny, copper, and DEHP can be adjusted to U,e levels ill 
Table 6 and still be protec tive of groWldwater for UICs with at least 1.0 foot of vertical 
separation distance. 

The conclusions of U,jS unsahlrated zone GWPD regarding UICs wiUlin water well setbacks are 
based on a preliminary inventory of water wells, and do not consider U1Cs wi th unknown 
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depths. We make the following recommendations so that the results of the unsaturated GWPD 
can be applied to alJ City UJCs as additional water wells are identified and/or all UIC depths 
a re rneasUTed . The following additional activities are required prior to completion of the 
system wide assessment and to comply with conditions outlined in the draft Jul), 2012 UIC 
WPCF perntit template. 

• The City will need to continue to identify water wells as a part of its system-wide 
assessmen t. As UICs are identified within setbacks to newl), identified water wells, the 
vertical separation distance at each UJC (Attaciunent A) must be compared to the 
minimum protective separa tion distance of 1.0 foot (as calculated as part of this GWPD). 
UICs aj·e protective of groundwater when tJle separation distaJKe is more than 1.0 foot. 

• The City operates 32 UJCs where tJle dep th is wlknown because the UIC is bUTied 
(A ttachment A). These UICs will have to be wKovered and depth measured as a part of 
the system-wide assessment and the vertical separation distance to seasonal high 
groundwater should be calculated. 

o Jf any of the 32 UJCs are identified as being witJlin newly identified water well 
setbacks (1 of the 32 UlCs with unknown depth rulC No. 34142] currently is 
identified as within a water well setback), compare the ve.rtical separation 
distance at each UIC to the minimum protective separation distance of 1.0 foot. 
UICs are protective of growldwater when the vertical separation dis tance is 
more than 1,0 foot. 

o Determine if the Alternate Action Levels can be applied to the UJCs by 
comparing the vertical separation distance at each UIC to the minimum 
protective separa tion distance of 1.0 foot. AJ ternate Action Levels can be applied 
to the UICs when the vertical separa tion distance is more than 1.0 foot. 
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FIGURE 3 
UIC Compliance Under 

July 2012 Permit Template 

City of Milwaulkie 

LEGEND 
UIC locations 

Well Setback Status 

• Inside Well Setback· 33 Total 

o Outside Well Setack· 163 Total 

Vertical Separation Distance Status 

• Wet Feet · 2 Total 

o 

o 

Ory Feet ·162 Total 

OrylWet Feel Unknown .. 32 Total 
(Buried UIC) 

Water Wells 

8 City of Milwaukie Water Supply Wells 

• Private Wells 
USGS (2008) Groundwater Depth 

Do. 10 feet 

D >10· 20 feet 

D >20 · 30 feet 

D >30· 40 teet 

D >40· 50 feet 

D >50·60feet 

D >60· 70 feet 

D >70· 80 feet 

D >80· 90 feet 

D >90·100 feet 

All Other Features o 2 Year Time of Travel Zones 

500 fool Setback from Private Wells 

(-;! Mitwaulkie City Limits 

A/ Major Roads 

Minor Roads 

Watercourses 

Waterbodies 

NOTE: 
Ules inside well setbacks are with in the 2 year time of 
travel zone of City of Milwaukie municipal wells or 
within SOD feel of private wells . 

o 1,000 2,000 3,000 

Feet 

MAP NOTES: 
Dale. No~mber 6. 2012 
Da1a $OlIC8S Crty 01 Milwoul1oe, OR DEO , USGS. 
METRO RliS WattrScMions, Inc. 
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FIGURE 4 
Surficial Geology Map 

City of Milwaulkie 

LEGEND 

o City of Milwaukie Water Supply Wells 

UI C Locations 

B) UIC Where Infiltration Test Was Conducted 

Vertical Separation Status 

• 
o 

o 

Wet Feet · 2 Tolal 

Ory Feel - 162 Tolal 

DryNVel Feet Unknown· 32 Total 
(Buried UIC) 

Surficial Geology from DOGAMI 

Quaternary Sedimentary Units 

Oal· Alluvium 

afe - Catastrophic flood deposns, 
coarse grained facies 

Qfch - Catastrophic flood deposits, 
channel facies 

• 
Qff - Catastrophic flood deposits, 
fine grained facies 

Miocene 8asalt 

Tcr - Columbia River Basalt Group 

Eocene Units 

Twh - 8asall of Waverly Heights and 
• associated undifferentiated sedimentary 

rocks 

All Other Features 

CJ Milwaulkie City limits 

/'V Major Roads 

Watercourses 

Waterbodies 

o ... ~=7i50 ..... 1,.5=OO====2=,250 

Feet 

MAP NOTES: 
Date. NovemberS. 2012 
Dala SOIlC8S: City of Milwaulk.e, DOGAMI. USGS, 
METRO RUS 

s 
Woltfr Solutions, Inc, 
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FIGURE 5 

UIC Compliance Under 
July 2012 Permit Template 

City of Milwaulkie 

LEGEND 

UIC Locations 

o Compliant whh Permit Conditions 

• Separation Distance < 1.0 feet 

D Depth Unknown 

Water Well s 

o City of Milwaukie Water Supply Wells 

• Private Wells 

All Other Features 

o 2 Year Time of Travel Zones 

500 foot Setback from Private Wells 

/'-,/ Major Roads 

Watercourses 

Walerbodies 

o ... ~=7i50 ..... 1,.5=OO====2=,250 
Feet 

MAP NOTES , 
Dale November 6, 2012 
Dala 50\¥tes City o! Mliwau\k!C MEl'RQ RUS 
USGS 

SI 
Wiltfr Solutions, Inc.. 
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Table 1 
Water Well Locations Within City of Milwaukie City limits 
City of Mit.vaukie, Oregon 

_~ater Rig!lt 10_ 
OWRDWell 10 . Certifica te . 

Pernut No. ClaIm No. 
No. 

WeU Owner 

CLAC312 

CLAC316 

CLAC317 

CLAC3]8 

C LAC354 - - -_.-
CLAC355 

CLAC 358 
- -- -
CLAC362 

CLAC364 

CLAC 366 

CLAC 367 

CLAC376 

CLAC378 

CLAC3979 

CLAC 3986 

CLAC 56001 

-I-----i-

_._-

---

G-1/6 24592 ---r---' 
G-251 29069 

G-304] 37507 
--- 1---- -

G-4276 37508 

G-2619 38040 --
G-4855 

-- 1--- - 1 
38217 

G-1609 32158 -

-

GR-2877 

GR-1478 

GR-1480 

G-2542 34010 
- - - ------'--1--"-'--'--

G-9953 56403 ----
G-9954 56404 --+----

G-10582 82571 

Noles: 

Robert Dwyer 

Dr. GCOI].e Corti 

Raymond Gitch 
---

0. L. Witson 

Zon Wells - ---
Ralph Elser 

OMARK Properties 

DOIli1ld Calderwood 

Wa lter Freeman 

J. E. Powers 
- ----

Ambrose Calcagno _ 

A rchie Timmons 

Union High Scl,:,~ District 

M. A, "Varner 

"Vater Environmental Services 

Clackamas ~ounty Sen'ice District "I 

OM ARK Industries 

Ralph Elser 

~mbrose Calcagno 

~~A~_K Properties 
OMA R K Properties 

Wilfred C. Wilhelm ---
Clinton C. Warren 

-
_ City of Milwauki~'ell No.2 

Cil)' of Milwaukie Well No~ 3_ 

City of Milwaukie Well No.4 

City of Milwaukie Well No.5 
--~--- --- -

City of Milwaukie Well No.6 

_ _ _ .s:il)' of Milwaukie Well No.7 

Cil)' of Milwaukie Well No, 8 

(5) 

(5)--

(5) 

--C-')--

!s)-- -

15) -

Well Type 

~rigalion __ 

Domestic 
Domestic 

Domestic 

Domestic 

Domestic 

Irriga tion 

Domestic 

Irrigation __ 

Data Source 

_OWRD Water Rights Database 

OWRD Water Rights Database 

(I) 

Il) 

(2) 

Location 
Accuracy {~) 

Property 

QQSection -----
QQSection 

'C .. 
OWRD Water Rights Database (2) Water Right -----= ---- -
OWRD Water Rights Database (2) \ Water Right 

I .Sl\~D Water Ri!:hts Database (2) : Water ~i.$ht 
l OWRD Water Rights Database Cl) Water Right - ----;;; - --

OWRD Water Rights Database I') Water Righ t ---+--::- ---- - --,,; -----
Municipal Cil)~~1u nicipal WeU Da tahase (3) Lat/LonjL 

Municipal _ C ity~~unicipal Well Database ~') __ Lat / Lon!; _ 

_MuniCipal 

Municipal 

Municipa~_ 

Municipal 

Municipal 

Cil)' Municipal Well Database (3) Lat/Long ---- --- -----;,- ---,----
City M'lJ1icipal Well Database (') Lat/ Long 

Cil)' ~~u~)icipal Well Database (.1) Lat/ Long 

I 
Cit)' Municipal Well Database (3) La.:LLonll. _ 

Ciij:-Municipal WeU Database I>lJ Lat/Long 

( I) Data provided by Cit)' in till' "p ri"alew(·"_ pl.o.;" shapefilc CLl9965 was excluded because Ih~ on-lim· O\'\'1\D w('11 tog search imlicales thai ilis 01 monitoring well. 

III D<1 fa provili (>d by City in thl' "wal!'r_righI.S_ wit lurd\·tilwdUkit!· shapefile Onl)' groundwalt!T righl~ were incl uded . 

(1) Dal3 provided. by the City in the "wclls ~ shapcfilc. 

(IJ LCK:a tion dccu ral')': 

Property : \\'ell~ located by nddrL'Ss. <lnd Iherefor(> arf' accurate to Uu~ prnpcrl)' on which I,h(' \\'ell is locll tpJ 

QQ SKI ion: wl'il!li(l(,.'aII'J 10 the nc,.lf(.OS! quarter ,-!uart('r S{'('t ioll basl'd on information from O VV!{I) ar(l.lccura te II' .. / . 1,320 Icet 

Waler Right wdls loca ted lIsing lega l dl'Scriplinn in the water righI, loc.ltioll is l:on'iidcn.>cI to be 11I~h ly accur"ll' 

1 .... 11/Long: wl' ll~ 10"-., led by latiluclcand long'ihldecoordin;'\tl"!. 

(~) \·Va IN Righi ID from We!'il Yost AssOCln les (2011) 

P;\Porlland\J74 - Srown & Caldwtll\OO3 C,ty of M i l",all~tI.' R .. ~t Modl!l\TillJln\ TA8n 1 . WATER W[ ll lO(ATIONS 



Table 2 
Active Utes Within Water Well Setbacks 
City of Milwaukie, Oregon 

I 
UICID Address Longitude Lati tud e 

I 
ADT 

24018 5844 SE HARRISON ST -122,602345 45.446119 <1000 ADT ---- 1 -- -::. ---
<1000 ADl--34138 5866 SE LLOYD 51' I -122,602303 45.439283 

- - _. -
34136 11576 SE 59TH A V -122.601816 45.439943 <1000 ADT 
'-' - '-- -

34141 5565 SE HARLOW ST -122.605514 45 ,438041 I <1000i\~ -
5838 SE MONROE s-r--- !-:}22.602094 24021 45.444602 >lOOOADT 

34034 4341 SE ROCKWOOD ST L -122.617913 45.453768 <1 000ADT 

45,453945 ! <1000 ADT 34140 4341 SE ROCKWOOD 51' -122,617924 -- .. - ----- -- - - ---- - - I 34135 , 11496 SE 59Tl:! A V -122,601738 45.439957 <1000 ADT , 
34013 4102 SE WAKE CT -122.621291 45.4.56756 <1000 ADT 

- -- - 1 - -
34137 11557 SE 60TH A V -122,600868 45,439578 <1000ADT 

- ._- -- -- - -- --,-,-
34139 11221 SE LINWOOD A V -122.599279 4.5.442087 <lOOOADT --- - -
34128 11114 SE60TH AV -122.600851 45.442936 <1000 ADT --- -- --- --- -
34036 9656 SE 44TH A V -122.617054 45.453077 <1000ADT -- -. 
34130 5965 SE DERDAN CT -122.601224 45.442342 <1 000ADT -- --

4402SE HOWE ST .-34037 -122.617067 45.452702 >1000 ADT 
- ----- ---- - -- --

34027 9405 SE 42ND A V -122.62021 7 45.454567 >1000 ADT ---
1--122,618559 . 34045 9665 SE 43RD AV 45.452972 >1000 ADT 

34035 -- -- 9616SE43RD AV ~2.617949 '45.453664 J >1000 ADT 
34131 

34129 
- -
34142 

34087 

34025 

34088 -- -
34029 

-
34176 --
34030 ---
34147 

-
34047 

34033 
---

34046 

34031 --
34032 

5922 SE DERDAN cr -122.601853 45.442174 <1000 ADT 

11114 SE 60TH AV -122,600810 45 .442947 <1000ADT 

5620 SE HA~LOW 5T -] -1 22605325 
-

45.437930 <1000ADT 

10205 5E 41ST CT -122.621115 45.449139 <1000ADT 
- ----

4145 SE OLSEN ST -122,620413 l 45.454822 >1000 ADT 
--- -

~22.620227 I 45.449127 10236 SE 41ST CT <1000 ADT 
.. --

9475 SE 40TH A V -122,622262 45.454301 >1000 ADT 

9918 SE 43RD A V -122,618401 45.451205 >1000 ADT 
- ----

9631 SE 42ND A V -122.620212 45.453502 >1000 ADT ._- -
<1000 ADT' 9523 SE 40TH A V -122.622262 45.454084 

9839 SE 43RD Av--1 -122.618569 45.451708 >1000 ADT 

'''35' HAR VEY ST _1-"'''''"'-"A","'- <WOO AOT ----
9660 SE 43RD AV -122.618429 45.452911 >1000 ADT 

9738 SE 42ND A V · -=122.620121 1 45.452766 >1000 ADT 

4207 SE HARVEY ST . 1 ::]22.619517 45.451329 1 <1000ADT 

Notes 

VIC ID '" Underground Inject jon Control D('vin~ Identification NmnLX' r 

ADl '" AVl'rag(' Daily Traffic Volumt' in Trips per Day 

W: Depth to Groundwater 

~~~~, I"" 

P'\Porlland\374 . Brown & Caldwell\OO3 . City of Milwaukie Risk Model\Tables\T ABLE 2 . Utes WITHIN SETBACKS 

VIC 

I 

Average DTW Season al High DTW Vertical Separation Distance Within 2 Year Ti me Within 500 fee t of Private 
Deplh 

(feel) (fee t) (Ieet) of Travel Well 
(feet) 

23.30 I 57.32 54,32 31.02 X 
- ----- - - - -_.- --- ---

25.00 61.25 58.25 33.25 X 
- -

21.00 65.02 62,02 34.02 X 
-- - r .-

=t= 18.00 58.26 55.26 37.26 X 
-- - -- - - - . -- - - -

29.50 j -- - 69,81 ---t 66.81 37,31 X 
- ---- -

35.50 77.52 74.52 1 39.02 X X 

:::~~----~=--- ------ - -- - - -
32.60 71.81 39.21 X X 

_22.00 _~ __ 
-- -

61.77 39.77 X --- -- - -
25.00 69.30 66.30 41 .30 

1 
X 

-- ., - -- .- - - --
19.50 I 64.77 1- 61.77 42.27 X 

--- -- ---
25,92 I 71,60 68.60 42.68 X 

- - - -- - ------ -- - - - --- -
24 .. 00 70,90 67.90 43.90 X 

- - - -- --
26.08 73.99 70.99 44.91 X 

.. --- - - - - ._----- - --
19.00 72.64 69.64 50.64 X 

- - - .-. _. 

19.58 73.99 70.99 51.41 X ---- - - - - - -

27.20 81,94 78,94 51.74. X .---- - - -
33.50 1 88.64 85.64 52.14 X X 

~-- -- ---- -- - -
21.80 77.52 74.52 52.72 X X 

-- --_. ---- _._- - .. ---
14,75 70.80 67,80 53,05 X -- - -

14,60 70.90 67,90 53,30 X -- - --- --- --
0.00 57.88 54.88 54,88 X --- - --

34,00 94,83 91.83 57,83 X 
- - -- -- - --- .- - -- ---- -

17.93 81.94 78,94 61.01 X 
.. - -- -- - -_. 

27,42 91.44 88.44 61.02 X 
.. -

28.1 1 92.29 89.29 61.18 X --
22.00 86.44 83.44 61.44 X -- - - -
29.50 95.29 92.29 62.79 X X 

26.20 -
-- - -- _. -- -

92,29 1 89.29 63,09 X - --- .. _-
20.00 86,44 83.44 63.44 X 

- -- - - -- .-
24.00 91.88 j 88.88 64.88 X X -- - - - _. ---- - --- -r-22.00 88.64 85,64 65.84 X X 
-- .. --- ---- --
23.30 94,32 91.32 68.02 X X 

---- -
23.00 I 94.96 91.96 69.96 X 



Table 3 
Model Input Parameters - Soil Properties 
City of Milwaukie, Oregon 

Input 
Units Average Scenario 

Parameter 

Total POJosity -
I 

0.375 
('I) 

Effective 
Porosity - 0.31 

(,,, ) 
Bulk Density I 

gl cm' 1.66 
(P h) 

Dispersivity 
I 5% of transport 

mid 
(al 

I 

distance 
I 

I 

Pore \1\1 ater 

Velocity mi d 0.365 
(v) 

Notes 

g/cm3 = grams per cubic centimeter 

01/ d "" meters per day 

95% UCL = 95% Upper Confidencf! LimH on the mean 

(-) = input parameter units are dimensionJess 

I 
Water ~lloItion $, Inc 

Reasonable 
Data Source and Location of Technical 

Maxim um 
Scenario 

Documentation 

Midrange porosity for a sand, Freeze and 
0.375 Cherry (1979) Table 2.4. Appendix B, 

s..'Ction 2.1.1. 
Effective porosity of Ule USA hydrogeologic 

0.31 unit (USGS, 2008) . Appendix B, Sections 
2.1.1 and 2.1 .4. 

1.66 
Calculated by equation 8.26 in Freeze and 
Cherry (1979). Appendix B, Sec tion 2.1.2. 

5% of transport Calculated based on Gelhar (1985) . 
distance Appendix B, Section 2.1.3. 

Based on 11 infilb'ation tes l' conducted by 
City staff. Average scenario us<'s the 

0.746 media.n veloci ty, reasonable maximum 

scenario uses the 95% UCL veloci ty . 
Appendix B, Section 2.1.4 and Section 4.0. 

p:\pon tand\374 · Brown & (a ldwelt\OO3 · City of Milwaukie Ri~k Model\Tabte ~\lA BLE 3 · SOi l PROPERTY INPUT PARM S 



Table 4 
Model Input Parameters - Pollutant Properties 
City of M#waukie, Oregon 

Input Parameter 

lni ti.1 
Concentration 

Orbranic Carbon 
Partitioning 
Coefficient 

(K,,, ) 

Distribution 
Coeffic ient 

(K J ) 

Half Life 
(II ) 

H('tardation f~actor 
(R) 

~-- - _.-

NO ll.."S 

J =- dil)'S 

s 
W~IC' Sol',lIiom.ill(. 

Units Pollutant 

I PO) 

flg/ L 
DEHP 

B(aJP 

Lead 

PCP 

L/Kg 
DEHP 

r B(a)P 

PC P I 

DEHP 

L/Kg B(a)P 

Antunony 

Zi.nc 

Copper 

Lead I 
PC I' 

d DEHP 

B(o)P 

PCP I 
DEHP 

B(o) I' 

- A ntimony 

Zinc 

sop~ 
Lead 

-

L/Kg :. Lite rs- per Ktl{)gmm 

ug/l '" ml(l'ogramli per liler 

OEt1F> ~ d"2 ·ethylf) ell'( ~ ) phlO;Jratc 

Average 
Scenario 

]Q 

60 
2 

500 
877 

12,200 

282,185 

18.3 

254 
-

5,870 
I 

25,000 I 
53,000 

"159,000 
"1,200,000 

3'1.4 
46,2 

533 
82 

'1,100 

26,000 
25,000 1 

53,000 

160,000 .1 
1,200,000 . 

Reasonable 
Maxi..mum Data Source and Location of Technical Documentation 
Scenario 

"10 Action LevE'l in JU-'~' 2012 permit template 

60 Action Level ill July 2012 permit template 

2 Ac tion Level in July 2012 permit template -
500 Action Level in July 20U pe rmit tem p la te 

703 I EPA (1996), assllm ing a pH of 6.4, Appendi., B, Section 2,3:L 

'12,200 
Ca lculated based on equations in Roy and Griffin (1985). Appendix B, 

282,185 Section 2.3.1. 

1.7 
Calculated lldsed on Equation 5.12 i.n Wa tlS (1998). Appelldix 13, Section 
2.3.2. 

29 
Ca lculated based on Equa tion 5.12 in Wa tts (1998). Appendix B, Section 

r ,3,2, 

670 
C:tlcu la ted based on Equation 5.12 in Watts (1998). Appendix B, Section 
2.3.2. 

9,700 Calculated (rom City of Portland storm water discharge monitoring data . 

22,500 Append.ix B, Seaion 2.3.2 

25,000 Ca icul(tled from Ci ty or Milwaukie slo rm waler discharge monitoring data. 

535,000 Appendix B, Section 2.3.2. 

49,9 Literature va lues. Appendh: B, Section 2.3.3. 

69.3 Literature values. ApEendix B, Section 2.3.3. 
2,_ Literature values. Appendix B. Section 1.3.3. 

8.4 

130 I 

;'ilu""'~"-'"" ~""., l''') m ,.'" .," G " ", )"'" 
9,/00 Appendix B, Section 2.3.4. 

22,500 . 

25,000 

550,000 

(-) :. inpu t p.Lrilmctcr units are dirnc nShlllless 

f'CP " pt'ntach!oropheno! 

a(sIP. benlo(a)p'(rene 

P ~\?ol1l;Jna\374 - Brown & Catdweh\OO3 . Ci t.y of Milw;,u" ie Risk Model\Tables\TABL£.Q . POLLUTANT PROP£RTY INPUTP~RMS 



Table 5 
Protective Vertical Separation Distances 
City of Milwaukie, Oregon 

Nul(>~ : 

MRL :: method reporting Linlll 

Ilg/ L = Dlicmgrmn,r; per lite.r 

Pollutant 

Lead 1 

Benzo(a)pyrene 

PCP 

DEHP 

MRL 

(~g/L) 

0.1 

om 
0.04. 

1 

Minimum Protective Vertical 
Separation Distance 

(feet) 

Reasonable 
Average 

Maximum 
Scenario 

Scenario 
0.00929 0.043 

0.00145 0.02586 

0.47 9.34 

0.029 0.52 

PCP"" pentach lorophenol 

DEHp :: di(2'l'thylhexyl)phtha latc 

I Meti-lls tTansport simu lations are longer than 13,75 days beca use metals do not biodegrade over time. Metals transport 

simulations assume 1000 years- of transport at '13.75 days per year= 13,750 days o( lransporl. 

2 The ve.rtica l sepiln:ltion distance in the unsa turated zonp ih,, ' is necessary (or poJ1u lanl concentratio ns to attenuate to 
below the method reporting limit. 

Wattr Solution), In(, 

P:\Por tland\ 374 . Brown & Caldwell\003 . Cily of M;lwaukie Risk Model\ Tables\TABl£ S - PROTECTIVE SO 



Table 6 
Proposed Alternate Action Levels (UICs ~ 1 Feet Vertical Separation Distance) 
Glly of Milwaukie, Oregon 

Existing Action 
Alternate Output Concentration ()lgl L) , 

Pollutant 
MRL 

(llg/L) I 

Antimony 0.1 

Copper 0.1 

ZUlC 0.5 

DEHP 1 

Notes: 

~Ig/L = micrograms pC!f Jiler 

UCL = upper confidpJlCt' limit 

MRL" OlC'thod r~porting limil 

DEHP = di(2-ethyUlcxyl)phlhalate 

Level 

(Ilgi L) 2 

6 

],000 

5,000 

60 

Action Reasonable 
Level Average 

Maximum 
(llg /L) 3 

Scenario 
Scenario 

60 ° I ° ]0,000 a 0 

50,000 a 0 

300 0 ° 

1 M(!thod Rl'porling Umit (MRL) ba5<'d on typically adue\'abJe MRLs during till' Gresham winter 2009 - 201(1 
slonnwalcr monitoring event. 

~ Existing Action Levels from th~ draft July 2012 ule WPCF permit template 

J A il(>rnaie Action Lc>vcls arC' bas€'d on th(' "i1VeT<lgC' transport ~cenmio" of Ule G \·VPD model ilnd u,~ 
assmnpti<.m that groundwater i!' rrotectl~d wlwn PQllut.'mt COJll-cntraUons just illx)\'c the water table are below 
the MRL. The Altema lt;> Actilln LC'vel is Ihe II1put concentra tion of Ul(~ pollutant enh'ring the UJC in U1C 
lUlsaturtlted zone GWPD model. 

~ Outpul concentration is till' concentration belel\\' Ule. UJC after 1 foot of tran!'port. 

SI 
Waler SolutIons, Illc. 
P:\Portland\37tl . Brown & Ca ldwelt\003 - CIty of Milwaukie Rj~k Model\Table~\TAOll 6 - ALTERNATE Au 
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Attachment A 
ule Preliminary System-Wide Assessment 
ulj 01 MilwJuk/c. OIegon 

ule 10 Address lOw"" Type 

~eI ICS 

N006 4725 5~iliOC'EST AV MIlW I TYPl 
NOD. 471B SE fI MIlW ITY" 
N009 389B SE WAKE 51 MIlW I TYPl 
N03J 9920SE~YAV 1 MfLW 1m 2 

."032 lCll'SE flEY AV I MIlW TY" 
2'Oll 5907S~ ORST ~ 34015 "89 SE MASON Hil 0, TVPl 
34016 45C8 SE MASON H." 0' MIlW TVPl 
34C19 ~2SE MIlW TVPl 

34020 'OS Sf, C, MIlW TVPl 
3404' 4674~Sl MflW TV" 

~ 
ORTHI MIlW TVPl 

5082 SE I MIlW TYPl 
3405' 4823 SE WllroW 51 MIlW TYPl 

.l'.o62 9802 SE 50TH AV MIlW lYPl 
34063 49C6 SE LEON' IN MIlW VPl 

~ 
lSfLEONElN MIlW TV" 

10276 Sf 56TH AV MIlW I TVPl 
34C18 1059' Sf 47TH AV I MIlW l TV" 
3409' "'55' '" I MIlW I TVPl 
14100 11015 Sf 54l1lAV I MIlW 
341C4 114005EWOOCAV ! MIlW TVPJ 
34117 5l515EELK 5T 

~ 
TYPl 

34118 ll107 SE 515T AV TVPl 
34120 110ll Sf 52NC AV MIlW lYPl 
3413; ~Sf 5UNCIAl er MIIW TYPl 
34141 lSE HARLOW 51 MIlW TVPl 
"149 107065[52NO AV MIlW TYPl 

~ 
4409S~ MIlW lYPI 
4661 5E EN ST MIlW rYPl 

10000 SE WICHITA AV MIlW 
"006 11973 SElJRO AV MIlW TVPl 
34186 J66"<ROSWEll51 Mil" TYPl 
2'008 5662 5' WILLOW: I MIlW lYPl 
3413< 5804 Sf SUNClAl I MIlW lTV" 
34167 
~:: 

I MIlW I TYPl 
34187 I MIlW I TYPl 
240" 4351 5E JACKSON 51 I MIlW I TYPl 
34129 11114 Sf 601H AV I MIlW I TYPl 
34131 5922 Sf OEROAN er , MIlW ITVPl 

~ 103l1S~ MIlW TVPl 
4710 Sf flElOC 0' MIlW TVPl 

341 IS S2J8 Sf PARK 51 MIlW TYPl 
34154 4703 5E MON'OE 51 MIlW TYP2 
"021 987" IAV MIlW TYPl 
lOC" 'llS SE MONROE 51 MILW rYP2 
lOClS '14S5E OLSEN 5T MILW IYPl 
34141 5565S~T MILW TYPl 
34146 4J 18 Sf ;ON 51 MIlW TYP1 
6400 '097 Sf RIO VISTA 51 MILW TVPl 
34010 426' SE , TCT MIlW YPl 
34181 11192 Sf 52NO [l MIlW TYPi 

fT.* 58405~CT MILW vPi 
4889 Sf TA t N MIlW TYPI 

34130 5965~ I MIlW YPl 
34lSB 4766 Sf ' ON Pl I MILW TYPl 
341" 5129 SE KING '0 I MIlW 
3416l ISE KING'O I MIlW TYP) 
3415: 111685E 52NC AV I MILW I TYPl 
34C54 5082 5E CT I MIlW IlYPJ 
340" SOll Sf KING RO i MIlW I TYP' 

... 
51 

Qualifier 

NOl 'AiSEC 'B'O"~ CH. 
NOT.AISED ESE MAPLL 

NOT .ArsEC 
WEEK 2 MO.E ON MArl!. SOUTH' 

WEE" 

__ NOT ,.,5ED 

NOT '''5EC UNDER SMAll ~ 
NOT 'ArsEO 5' .EHINC 

NOl . 
NOT 'ArsEO IN G.ASS YA,C BEHIND CA, CH 

I 
1 

• 
I 

NO~ 
NOT I 
NOT RAISED 

NOT 'AIS~~~' 

NO I RAIS~O~' 

NOT RAISED. 

~~~ 
NOT RAISEC 

NOT RAISEO 
NOTRAlSfC 
Ne I RAISEC 

NOT 'AISEO 
ON 50urn "0 Of f'ElC· MICCLE Of PA" CAN NOT ACm5 WITH VAerO' 

NORTH fASTSICE or PAl [AN NOT ACCESS WITH VAC OR 
ACROSS '"OM TH'S AOCRESS, AerUAll Y ON THE [HU'CH 

'NE£K 3 
COUNTY 

WEE" Of TH' P'OPERTV. ACTUAL CLOSER TO TH' CHURCH 

, N""'N[E, 
WEE" 

WEEK' , 
<3 

WEEK 

Rliised longitude latitude AOT 
Impervious Area 

Ule Depth 
Average Depth 10 Waler Seasonal High DTW 

Surface Elevation Vertical Sepilr.Jllon Distance 
Within 2 Yellr Within 500ft of 

jJquare h!Cl) (feel) tfeet ) Time onravel PrjV<lte Well 

Not ."I,d 1 .1 55370 SUS. 4B.15 157.36 ' B.15 
NoLR"I,d 53370 SUS 4B.15 15B.BO 48.lS 

No •• "Ied :::Tof 46114 70.19 67.19 158.SS 61 19 

1·1 8129 30.74 27 .74 C.OO 27.74 

I'"~ ~ ~ 
7248 

~~~ 43.66 4C.66 0.00 '0.66 
I .Jl1. 12351 38.91 35.91 0.00 35.91 

No. '''led 17483 50.9' 47.94 155.51 47.9' 
No. '"I,d ·.Ill.6l6,,1 : :::Tof 37483 50.94 47.94 155.46 47.94 

No. '''led I ·l 34400 72 .88 69.88 161.85 69.88 

No. ''''ed "~ ~ ~ 
40200 

~ 
SS. 52.17 15S,OJ 52.10 

No •• "Ied 1 ·122. 37010 5B.5C 55. 159.40 55.50 

No. '"Ied 

~ il* 51.86 '8.86 167.75 48.86 

No. ""ed 
I ::~Hiffii 

49.s. 46.57 171.04 46.51 
No. ,,,,,d 9452 57.7. 54.78 163.03 54.18 
Not Rasied 26782 SU4 51.34 174.58 51.34 
No. ',,;,d I ·122.61161 12776 56.2> 53.lS 17l.52 53.2S 
No. ,,,,,d 

:~ 
13776 5 • . " 55.49 173.81 55.49 

No. R"red 63.75 60.15 184.70 60.75 
No. ,,,1,. 65818 53.31 50.37 153,., 50." 
No. R"led .ll~ :~ ~ 6'." 61.Sl 172.9' 61.52 
NOI ,,,I,d ! ·122 .60; I .,000 AC 56,42 53 .<2 165.60. 5l.42 
No. ',,'ed 45.4~ 1<1000.0 -JJ1l SUS 51.15 153.92 51.15 

No. '"I,d Sl.92 '9.92 156.62 '9.92 
No, ,,,,,d I <1000 AC 27969 53." 5C.14 155.79 50.14 
No. ,,,,,d '12~ 45.4~ I "000 AD 67Jas 

~ 53." 50.51 157.74 50.S: 
·122.60l 45 .440 I <1000.0 41260 67.53 64 .53 185.01 64 .53 

NOI R"I,d 

~:~ ~ 
57.88 54.8' 158.57 54.88 Yes 

NOI R,,"d 57.98 54.98 169.37 54.98 
I <1000 AC n9ll 74 .29_ ~1.6J_ 

2~ I'~ I dOOOAC 
~ ~ 

58.50 SS.SO C.OC SS.50 

· lll" 145.450 I <1000 AC 14.41 ll .41 36.00 l.4: 

NOI R"I,d 

::~ 
I <1000 AC 8402 44.95 41.95 DOO 41.95 

I <1000 AC 0 9.83 59.lD 56.lD 0.00 46.21 
I <1000 AC 18068 10.92 14.08 11.08 140.75 0.16 
I <1000 AC 

~ 
/ .00 65.79 62.79 179.09 50.79 

I ',000AD ll.OO 59.19 162.50 44.19 

112 'ffiffi I <1000 AD 0 13.75 59 .10 56.10 0.00 42 .35 
122.61' I 45.445.' I <l000AC 7099 14.00 73 .86 70.86 186.75 56.86 

I dOOO AC 27731 14.6C 70.90 67.90 197.SS 53.30 Yes 

I <lOO'LAO,-

~ 
14.75 70.80 67 .80 195.36 53.05 Ye, 

I .,000 AC 15.60 56." 53.4l 15C.71 n ,81. 
I .,000 AD 16.08 SS.17 52 .11 158.94 36.09 

I dOOOAD 19138 16.08 54 .12 51. lSS.18 35.64 

122~ 14~ I >1000 AC 12811 16.18 56.2C SJ.20 164.86 17.C2 
- 122. I 45.45l I <lDOOAC 7037 16.80 19.74 16,74 154.71 ·6.00 

I ~AC ,,47 1700 7D.ll 67.32 lB5 .81 SO.32 
1>11 ) A01 482" 17.93 81.94 18.94 156.60 61. Y" 
I .,000 AC 35647 18.00 SS.26 .55.26 158.78 37),_ Ye, . 
I <1000 AC 51189 1 • . ll 67.85 64.85 lS1.65 46.74 

I 45.442355 I ,'000AC 5C47 lS.ll 16.97 23.97 114.05 5.80 

I <lOOO AD -wti 18.25 59 ,lT 56.37 157.35 38.12 

I · l I ,,000 AC . 18.50 54 .53 51 .53 l5l.41 33 .03 
I <1000 AC 207CS 18.83 67.53 64 .53 181.29 45,70 

1,,·452.06_ I <l000AO 40983. 19.00 61.71 SS. 162.50 39.71 

I <1000 AC l7lGl 19.00 72.64 69.64 195.16 50." Yes 

I <11 ) A01 117S 19.00 58.77 55 .77 169.6. 36.7] 

I · l IOOAC 29000 19.00 63.56 60.56 182.45 '1.56 

I'~ 24970 19.00 64 .97 61.97 192.ll 42.97 

I · 1ll.609773 145., I dOOOAC 19730 19.33 53,1l SO.ll 154.85 30." 

14~ 
I ~~~~ ~ 

19.50 49.57 <6.57 171.23 nC7 
17 145., 19.50 61 .50 58.50 175.95 39.00 



Attachment A 
ule Preliminary System-WIde Assessment 
C,fY of Mt/l'laukie. Oregon 

Ule 10 Address 

34""i SSOlSE '" li'l' 11557 SE 60TH AV 

340J) 4402 5[ HOWE 5T 

340," 4543 SE .OGU,"O 

34m 'C6675[49TH AV 

34066 990lS[49TH AV 

~ 
450lSE! 

mo 5E JACKSON ST 

34014 "2< ' HIl' 0' 
340<1 7 98395[4'"0 AV 

34065 4994 SE HARVEV ST 

3"74 481l 5[ "NG '0 
34095 5510 5E M~E5' 
34155 5732 5E1 1 ST 

34083 4585 IE WHITE LAKE RO 

2.402. 10112 IE 54TH C 

3<042 '5255E49TH AV 

3'050 4345 5E KING '0 

34068 4479 ' 

341" ))576 IE 59HI AV 

34168 4404 Sf "NG RO 

.34125 S092' 

34071 10143' 

34 159 4216 Sf "-L 

I 44Q(j' I Sf 54THAV 

I 44005 10" I Sf 54TH AV 

"'82 mo Sf KING '" 

34035 9616 SE 43RD AV 

3< 180 411'Sf '51 
3<046 9660 SEAlAO AV 

")7: 4745 Sf "-L 

14JlS Ll496 Sf 59TH AV 

34176 9918 5EAlRO AV 

34J05 10708 Sf HOME AV 

"OS, 4~ WHITE lAKE '0 
34124 " i Sf ADAMS ST 
34179 43 l4 " '51 

, 3400: 4205 Sf '05Wfll 51 

3403i 42075[ 

3418' 4572 Sf KING '0 

34044 4802SfAR~ 
34150 "86 5[ HARtl : IT 

• 44001 3206 IE WISTfR 51 

24OJ8 58" Sf ,IT 
34031 97385[4'"0 AV 

34058 5123 ' 

3411' 11102SfSl5T AV 

3418: 5880 Sf KING '0 

~ 
4243 Sf 

.828S1 1ST 

3410i 11003 Sf WOOD AV 

34128 1 lllASE60TH AV 

I 44003 26365[ GINO IN 

3'076 10508 IE 47TH AV 

13421 ' 8'8lS[ 41ST AV 

340J: 4102 Sf WAKE CT 

34051 4145 Sf KING '0 

34084 103175[ 4.rH AV 

3'086 lS15 5fSH",nN 

3"'8 5866 Sf llOVO 51 

3,1039 4629 Sf lSI 

(T SI 

Owner 

I MIlW 

I MllW 
. MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MILW 

MIlW 

MiLw 

MIlW 

MIlW 

MILW 

MIlW 

MllW 

MIlW 

MIlW 

MllW 

MILW 

MIlW 

MILW 

MIlW 

MILW 

MIlW 
MIlW 

MIlW 

MIlW 

MILW 

MIlW 

MIlW 

MllW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MIlW 

MllW 

MIlW 

MIlW 
MIlW 

"Type Qualifier Raised Longitude Latitude AOT 

I TVPl 12~ ~ ~:~~ l TV" WEE" 1 ·122. 

lTV" WEEK >1000AOT 

lTV" ·122.615'70 >1000 AOT 

TV" WEEK >1000 AOT 

TV" WEEK >1000AOT 

TVPl <1000AOT 

TVPl 1·1 , , 000AOT 

TVPl 2" SAND I 'BEHIND CATCH BASIN . 12~ :~ 
<1000 AOT 

TV" WEEK> I ·m. >1000AOT 

TVPl <1000AOT 

TVP2 
~: :~ 

>1000AOT 

TVP2 1.1 >1000 AOT 

TVPl <1000AOT 

TYP1 

I::~ :~ 
<1000AOT 

<1000AOT 

TVP2 W[" >1000AOT 

TVP2 
~~ :~ 

>1000 AOT 
TYP; 1 ·1 >1000AOT 

TV" Wff" <1000 ADT 

TV" W"'3 '11.~ :~ 
>1000AOT 

TYP; 1 ·122 . om <l000AOT 

TYP' WEE" >1000AOT 

lYP1 ·1126132" :~ ~~~~ TVP: 1 · 1 
TVPl 

TVP' wm3 >1000 AOT 

lYP' WEEK 1 ACTUAlt V ON ROCKWOOD AT 44TH COURT, IN THE SIDE (NORTH) YARD OF THIS ADDRESS ·122.617949 4S .4536€A >lOOOADT 

TVPI AC'0 55 THE ST~M THIS ADDRESS 45 .446"8 <1000 oT 

VP2 >1000 , oT 

TVPl "000 oT 

TVPi W[[" ·122 .601738 

~ 
<1000, Of 

'P' WEE" >1000 Of 

TVPl 

:~~ 
<1000AOf 

TVPI '10 <1000AOT 

1'PI <1000 AOf 

TVPI AC'OS5 r FROM THIS ADDRESS 

""'-~ 
<1000AOT 

TVPl <1000AOT 

TVe: IVff" <1000AOT 

TVPi wfEY.3 ~AOT 
TV" <1 JAOf_ 

VPl <1000 AOT 

TVPl .' <1000AOT 

<1000 AOT 
TVPi W"" >1000 AOT 

TVPl .~~ ~ VPl 45.' 

'P' W"'3 
TYPi wm I <1000A01 

VPl I <1000A01 

TVPI 

TYPI 

~ TYPI I 45.4" 
TVPl · 122.614755 
TYPI 145.4575' 0 

VPl 

TYPi wm3 1 4~ ~OOAOT 
VPI 1 45. OOOAOT 

TYPl 

TVPi W"" ."~ ~ YP2 I ·m. >1000 AOT 

Imperviou~ Area Ave rage Depth to Water Seasonal High DTW Within 2 Year Within 500ft of 
UIC Depth Surface Elevation Vertical Separation Distance 

(SQUall! feet) (feH) (feet) TIme of Trallcl Private W ell 

36475 19.50 (,'.51 61.S; 174.59 42.02 

85"6 19.50 64.77 61.77 174.07 42.21 V" 

33457 1958 73..9 70." 155.90 51 .41 V" 

~-ffi- " .60 67,3 54.'3 152.5' 45.33 

19.60 55.53 5'.53 164 .35 32.93 

lI520 19.67 59.59 56.59 168." 36." 

-ffi'Ws 19.83 65.B1 62 .81 151 ." 41.98 

19.92 61.64 ' .6<1 182.99 38 . 

19250 20.00 57.02 SUi 159.' 9S 
m485 . 10,00 '6.44 83.44 " 155.1 63 .44 Vo> 

19305 20.00 57.>5 54.55 174.1 55 34.55 

76314 20.00 58.01 55.oJ 15775 

26080 20.00 63.96 60.'6 184.27 40.'6 

20755 10.00 58.13 SIll 160.34 35.Il 

38490 20.60 61.85 58.85 150 .• ' 38.25 

Tlll 21.00 ".96 46.96 182.02 25.96 

14m 21.00 53.17 50.17 163.52 '29.17 

~ 
21.00 6a.25 65.25 165.26 44 .25 

21.00 71.08 6a .08 152.71 47.08 

26180 21.00 65.02 62 .02 174 .27 3'.01 Yes 
3978 2100 68.25 65.25 l62.4B 44.25 

44510 21.30 57.42 .163.27 36.12 

36113 lJ.ll 62.05 59.05 m ... 59.05 

4888 21.ll 58.n 55.71 17l.l7 3'.44 

200' n50 .36 51.36 191.32 29.86 

200' 21.50 54.l6 5l.l6 192.24 29.86 

ll796 21.5B 53.36 50.36 186.74 28.18 

32632 21.80 17.52 7'1 52 157."12 51.72 ,,, v" 

2782 11.91 74.68 1.68 184.73 

22.00 88.64 B5.64 157.61 OS.84 V" 

8439 22.00 58.?; S5 .n 167·0' ll.n 

1864' 22.00 64.1' 51.n 174.86 39.77 v" 
1880 22.00 86.44 8344 lSS.56 61.M Yes 

54775 12.08 5269 49.69 15' .19 27.61 

lSi 22.60 ".1I 6131 m .85 38." 

52161 22.63 ".61 61.61 m .Sl 39.01 

2782 22." 74.68 71.68 5.00 49.S: 

43509 23 .00 4537 4'.ll 150." 23.0. 

80170 23.00 94 .96 91.96 162.44 69.96 Yes 

7652 23.00 56." Sl.4J 152.Dl JO.41 

-¥.w.- 23.08 54.94 51.94 161.19 28.86 

23.11 599l 56.93 167.7. ll .82 

58127 23.17 46.38 "38 0.00 20.: 

1209ll 'l.l0 57 .ll 54.l' 183.8' 1l.02 Yes 

9092: 2l.30 94.31 91.li 

~ 
68.02 V" Yes 

1440 23 .50 56.l4 5l.l4 " .64 
21970 2350 Sl .41 50.41 154 .• 0 26 .91 

12744 ".s8 48.\4 45.54 177 .76 L96 

-'f.W- 24 .00 91.88 88.88 169.02 64.88 Yes Yo, 

LOO 57.78 54.78 16'.86 30.78 

36908 24.00 56.03 Sl.03 16 •. 79 29.03 

2mO 24.00 70.90 67.90 197.39 43.'0 Yes 

ssm 24.00 150.00 9.ll 0 .00 ... " 
70070 24 .30 53.07 50m 151.7.' 26. 

~ 
25.00 65.9J 62.9: 162.31 17.91 

25.00 66.30 158.72 4130 V" 

109' 21.00 68.25 65.25 164.26 40.25 

2B0915 25.00 59.16 56.16 149.90 43 .96 

24206 25.00 92.85 89.85 '.8.71 64 .85 

1614; 25.00 51.lS 5B." 168.68 33 .25 Yo, 

27111 25.25 61.08 6'.08 160.01 38 .8' 



Attachment A 
UIC Preliminary System-Wide Assessment 
Clly 0/ Milwaukie. Otegon 

UlelO Address Owne r Type 

"'64 4201" CT I MIlW Iml 
34185 46645~0 I MllW TV" 
34079 10593 SE 4: iAV I MIlW TVPl 
34101 51815' , I MIlW TVP2 
34126 11016 Sf 60TH AV . MIlW TVPl 
34]39 1122 I )AV MILW TVPl 
3405; 46" Sf KING RD M'"W VP2 
3419 10l,5 " MIlW 

I 3419 10144 Sf 49TH AV MILW I TYP; 
I 34036 9656 Sf 44TH AV Mllw VP: 
I 34j. 8 m5SE I MIlW ' TVPl 
I 24023 5404 SE .OGUSRD I MIlW TVP, 
I 34147 9523 5"OTH AV I MIlW I TYP; 
I 3'151 9667 SE 49TH AV I MIlIV 1m ; 

34107 10750SE [AV I MILW TVP2 
24011 9941 SE STANl£Y AV I MIlW I TVP' 
34060 ~SE I I MIlW m1 

I 34040 13SE I MILW TV'2 
3'0 lO593SE47TH AV I MIlW 
34110 10m SE 5STH AV I MIlW TVPl 
34173 97l2SE06TH AV I MILW I TVPl 
3402 9405 Sf "NO AV I MILW yp 

I 34088 10236 SE< ISTC I MILW I TVP. 
34098 5464 Sf NST , MILW LTVP1 

I 34075 104635"71H AV I MIlW I TYP 
I 34090 10m SE 44TH AV I MIlW I'v, 

~ ~5E4DTHAV I MIlW I TYP 
'SE OLSEN ST ! MILW I TVP2 

34m 4705 SE ' <51 MIlW 
34106 ' 993 SE MONRO' 51 MILW ",,2 
34061 9827 SE '91H AV MIlW TVP' 
34145 11192 S( 52 NDC 

~ 
TVPl 

I 44002 11855 SE "NO AV TVPl 
I 3'112 "" Sf HOME AV MILlY TVP, 

34009 8954 5E03RD AV MIlW TVP: 
3402 I MIlW TYPI 
24021 5838 Sf MONROE 51 MILl' TVP' 

~ 96315",ND AV I MII.W yp; 

4705 SE .cGUSRD I M'LW TVP; 
3402' 3739 SE OLSEN 51 I MllW YP' 
3.008 8929 5"2ND AV I MILW I TVP; 
3.099 11015 SE 54TH AV I MIlW I TVPl 

34067 9901 SE tl8TH AV MllW lVPl 

34169 ' 54S SE GA RREl I MILW I TVPl 
30: 1017 SE HOM' AV I MOlW TV .. 
3' 1100' SE 60TH AV I MILW TVPl 
341,-j " '110. SE HOM' AV I MIlW TVP2 

I 3401. m. SE LOGU5 RD I MOlW W 

I 34143 1116lSH.'H I MIIW TVPl 
34156 464 5 SE I ! MOlW TVP2 

I 34)03 11003 SE WOOD AV . MILW TVP1 
I 24014 1029' SE 36>H AV MIlW I lYPl 
I 3411' 11 12 SE HOM,.V MIlW VP. 
I 3'"6 5DOl SE PARK ST I MOl," I TVP, 
I 34OS0 4751~S1 I MIlVI I TVP 
! 34140 ' 34) SE 1000 ST I MILW I TVP 
I 34144 l119,SE S2 NO I MIlW I TVP 
1 240 5206 SE l( I MIlW I TVP. 
! 24003 3898 SE WAKE S I MIlW I TVP. 

" 045 9665 SE "RD AV I MIlW I TVP2 
34llS 134 SE HOME AV I MIlW I TVP; 

.. 
51 ....... ~ ... 

Qualifier 

WEEK 3 

WEE" 

WEE" 
.OCA· ,-"""P,,TV UN' 'ADDRESS. ON 

WEE" 

WEE" 

~. 
WEEK 

WEEK 

WEEK I NEED 
I 

I I. SOUT H Of USllD 

~: 
WEEK< 

-"""'-'-
/ HANG'NG POW'""N<S. HARD 10 ClEAN 

WEEK' 

WEEK 

--"""'-'-...w_"_' 2 IN I ) 8U5H ES 
WEEK 1 

-""" ON 

DRVWElllS DUPER THAN 30 Fl , BUl ONLY HAVE ENOUGH TUB£S ON VAClOR TO CLEAN TO 30 FT. 

WEE" 

. ",EE" 

w"" 
wm, 

--""-"'-'- ... ~ONHOMEAVE 
~"TH (1 TO TH' w[5T Of ADDRt SS 

--"""'-'-
8UlREO 

~ 
WEE" 

Impervious Area Avera,!! DeDlh 10 Water Susonal HIgh OlW Within 2 Year Within 500ft 01 
Raised lonlltude latitude ADT UIC Depth Surlace Elevation Vertical Separation DIstance 

ISQuare feel ) tleet) (feel) Time of Travel Private Well 

I <l OOOADT 2398 25.41 52 .15 49.15 155." 23.7-' 
1 ·1 I >1000A01 348: 56.4: 53 ." 4.00 27.99 

'12~ I <l oooAOT 65818 57.18 54 .18 155.39 " .68 
1 ·122 . I >loooA~ ~ 56.35 53 .35 " 7.18 "-85 

1 '12~ ~~ 
36296 73.17 70." 196.78 44.69 

I · 122, 105"- 71 .60 194.92 '2.68 Ye, 
I '1000 ADT 86816 56.4: 53.41 151.23 "-30 
I <1000 ADT 1190 '6.01 " .10 42.10 0.00 '2 .10 

I " .4"444 1 "oooADT ~91: 62 .OS 59.05 0.00 33 .05 

1 4~ ~~ 
65144 73.99 70.99 155. 44 .91 y" 

1 · , 145. ~ 57.98 54 .98 169.15 28.81 
I >loooADT 13618 45.43 '2.43 178.8' 16.23 

I, ~~~~ mOl '6. 92 .29 89.29 16' .16 63.09 ~ 
I " .<sm. 14153 53.17 50.17 164.71 23.97 

:;~ ~~ 
970: sue " .80 "'.23 23.50 

~ 37.19 3'.79 169.51 • . 46 
I <1000 ADl 9453 57.7. 54.78 162.92 28.20 

1 45.45324.' ~A01 18m 2W \7.59 54 .59 16' .3' 27.59 
1 < OADT 65818 \7.18 5U8 153.10 27.18 

12l .~ ::~ ~~ 
25752 63.34 GO.34 18'.1' 35.6' 

·122.6 ~9~ 68.78 65.78 161.20 38.78 
I >1000 AD1 150788 81 .94 78.94 156.61 51.7' y" 

~ 27.4 -".,,- 88.4-' 186.77 61 .0; y" 
I <1000 AOl 36177 27.6 59.03 56 .03 115 2 • . 36 

:~~ 
I 45.447576 70069 56.56 53.56 149.61 26.56 

...!~ 69.s( 66.80 179.34 38.80 

I I , ,000 ADl 

50464 92.29 89.29 161.16 61.18 V" 
1 ·1 -"'" 87.00 84.00 160.58 55 .83 
1 ,1 41" 62 .3' 59.34 174.26 31 .0' 

11047 28. : 52 .80 49.80 154.91 21 .47 

12l.6~ 45.452162 "~AD1 ~ 
S7.78 54 .78 166.03 26. 35 

I ·122.610 <10 ' A.<Jl: 5' .53 51 .53 153. 17 22.53 

I <l~ADT 9070 '3.07 40.07 0.00 11.01 
I ·122.611879 1 ' 10 ~ ~ 56.53 53.53 1&4,0'- --'!'.3. 

459" SO.71 47.71 158.31 l B.51 

,"~ ~ 
55.17 52.17 157.83 22.75 

I ·m. I >1000 AD1 69.81 66.8' 201.98 37.31 y" 

1 '12~ :~ ~ 
24901 95 .29 92 .29 157.09 62.79 y" Yo, 

I ·122 . ~ 66.1S 63.25 l GO .• ' _'_3.7_'_ 

: :::=lli 39900 87.00 84.00 161.01 54.'2 
•SA SS52 1mOl 29.1 55.38 52.38 153.26 22.58 

m 56 59.03 56.03 165.84 26." 
-122. 613172 45.451270 <1000 AOT 41711 30.00 63032 60.31 163.17 30.32 

I '"~ :~ ~ 
192.0 64 .98 61.98 177.59 31 .98 

1·122. ~ 56.53 53.53 161.08 13. 

36296 70.05 67." 198.03 36.75 

~ ~7 56.53 53.53 164.45 22.86 

'598: 6'.76 60.76 160.8; 29.76 
928, 3 . 62 .36 59.36 170.98 28.16 
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Attachment B - Technical Documentation for the 
Unsaturated Zone GWPD 

1 Pollutant Fate and Transport Processes 
An Underground Injection Conti'ol (UIC) device allows stormwater to Wiltrate into the 
unsaturated zone (i.e., variably satmated soils above the water table). The stormwater is 
transported downward by matl'ic forces that hold the water close to mineral gTain smfaces. 
During transport, pollutant concenh'ations are attenuated by the following processes: 

• Volatilization. Volatilization is pollutant attenuation by transfer from the dissolved 
phase to the vapor phase. Because soil pores in the unsaturated zone al'e only partially 
filled with water, chemicals with a high vapor pressure volatilize into the vapor phase. 
The propensity of a pollutant to volatilize is described by the Henry's constant. Because 
volatilization is not significant at depths below most UlC bottoms (USEP A, 2001), 
volatilization is not included in the unsahll'ated zone Grow)dwater Protectiveness 
Demonstration (GWPD). 

• Adsorption. Adsorp tion is pollutant attenuation by partitioning of substances in the 
liquid phase onto the surface of a solid substl'ate. Physical adsorption is caused mainly 
by Van del' Waals forces and electi'ostatic forces behveen the polluta.nt molecule and the 
ions of the solid substrate molecule's surface. For organic pollutants, the unsaturated 
zone GWPD simulates adsorption is a function of J", (fraction organic compound) and 
K", (organic carbon partitioning coefficient). For metals, the unsaturated zone GWPD 
uses stormwater analytical data to estimate adsorption. 

• Degradation. Degradation is POllutrult attenuation by biotic and abiotic processes. 
Abiotic degradation includes hydrolysis, oxidation-reduction, and photolysis. Biotic 
degradation involves microorganisms metabolizing pollutants through biochemical 
reactions. 

• Dispersion. Dispersion describes pollutant attenuation from pore water mixing, which 
occurs because of differences in subsurface permeability. 

2 Pollutant Fate and Transport Input Parameters 
The unsa turated zone GWPD consists of an analytical model that simulates the effects of 
adsorption, degradation, and dispersion based on user-specified input parameters from selected 
references and available regulatory gu idruKe. Input parameters to the w)saturated zone GWPD 
model include soil properties, o rganic carbon content in the su bsurface, and pollutant 
properties, as described ill tI)e following sections: 
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• Soil properties 
o Total porosity and effective porosity (Section2.l .J) 
o Soil bulk density (Section 2.1.2) 
o Dispersion coefficient and dispersivity (Section 2.1.3) 
o Average linear pore water velocity (Section 2.1.4) 

• Organic carbon content of the subsmface 
o Fraction organic carbon (Section 2.2.1) 

• Pollutant properties 
o Organic carbon partitioning coefficient (Section 2.3.1) 
o Distribution coefficient (Section 2.3.2) 
o Degradation rate constant and half life (Section 2.3.3) 
o Reuudation factor (Section 2.3.4) 

2.1 Soil Properties 
Soil properties include total porosity, effective porosity, soil bulk density, 
dispersivity/dispe.rsion coefficien t, and average linear pore water velocity. 

2.1.1 Total Porosity (77) and Effective Porosity (77.) 

Total porosity is the percent of pore space in a material . Porosities are correlated with soil type (e.g., 
sand, silt, gravel), and were estimated fIom Table 2.4 of Freeze and Cherry (1979). Specifically, the 
midrage porosity was used. Effective porosity is tJle percent of pore space through which flow 
occurs, as was estimated as 0.31 for the USA hydrogeologic unit from USGS (2008) 

2.1.2 Soil Bulk Density (Ph) 

Bulk density is the density of a soil, including soil particles and pore space. According to Freeze and 
Cherry (1979), bulk density is calculated from total porosity by the following formula: 

2.1.3 Dispersion Coefficient (~ and Dispersivity (a) 

Dispersion is the spreading of a pollutant plume caused by differential advection. The 
diSpt'l'sion coefficient, 0, Ls def.ined as: 

where: 

D =a v 

11 is average !.inea r pore water velocity (LIT ), and 
a is tongitudinal dispersivily (L). 

The dispersivity (and tJlerefore tJle dispersion coefficient) is a scale-dependent parameter. 
According to a review of tracer tests conducted under saturated conditions, dispersivily is 
estimated as (Gelhar et aI., 1992): 

,,,,here: 

L 
a $ -

10 

(B.1) 

(B. 2) 

(B.3) 

\5 IW Yamh,lI 511«1 \1I11~ 400 POll land. OR 9720~ P: 50J.lJ9.B799 f: ;U3 .119.89~O ,nfo~ 9;IV...,t~ l\ol"tion\'(O'1i I'Ml·/.gIilYaiNloluwm (Dill 



L is the length scale of rransport (i.e., sepa.ration distance) (L). 

However, according to a J"eview of tracer tests conducted in the unsahlrated zone, dispersivity 
can be significantly less than would be estimated by Equation (B.3) (CehIar et al., 1985): 

L L 
-$0$-
10 100 

Because the unsaturated zone under the UlCs is at near-saturated conditions, this technical 
L 

(B.4) 

memorandum assumes that a,= -, which is less than saturated dispersivity, but is on the high 20 . 
end of the reported range in unsaturated dispersivity. 

2.1 .4 Average linear Pore Water Velocity (11 
Average linear pore water velocity is the rate that water moves vertically through the unsaturated 
zone, and is directly proportional to soil moisture content (i.e., pore water velocity increases as soil 
moisture content ina·eases). Soil moisture content is the percent of water in soil, and is equal to or 
less than porosity. The unsaturated zone GWPD conservatively assumes that soils are fulJy 
saturated, which is likely representative of actual conditions because of tile near-constant infilhation 
of water dming the rainy season. 

Darcy's Law is (Stephens, J996) : 

I'=-K (avI + Oy) 
" C!v 0' 

(6.5) 

where: 
1) is specific discharge (LIT), 
K" is unsaturated hydraulic conductivity (LIT), estimated from infiltration tests, 

(~~ ) is the pressure gradient (L/L), and 

(:~) is the head gJadient (L/L). 

In the unsaturated zone, (:) ; 1. When the unsaturated zone is stratified and pressure head is 

averaged over many layers (which is tile case in Portland Basin sediments), (~~ ) ; O. Under 

these conditions, equation (U.S) reduces to (Stephens, 1996): 

(B.G) 
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Average linear pore water velocity is calcu lated by dividing Equation B.6 by 0.31, the effective 
porosity of the lJSA hydrogeologic unit (USGS, 2008). 

2.2 Organic Carbon Content in the Subsurface 
TIle organic carbon conten t in the subsurface is parameterized by haction organic carbon, a 
dimensionless measure of the quantity of organic carbon in soil (Le., gm,b." / g,<,;I). Carbon in 
unsaturated soil beneath a OlC is derived from two sources: 

• Organic carbon incorporated into sediments dming deposition 
• Particulate matter (e.g., degraded leaves, pine needles, p o'Uen, etc.) that is filtered out of 

stormwater and accumulates in unsaturated soil adjacent to V1Cs as stormwater discharges 
from theUIC 

Organic carbon incorporated into the Portland Basin sediments (i.e., Missoula Flood Deposits) 
during deposition is relatively low; therefore, the unsaturated zone GWPD only considers organic 
carbon that accwllulates in the wlsaturated zone soils due to filtering of particulate matter in 
stormwater. 

2.2.1 Fraction Organic Carbon (foc) 

Stormwater contains organic carbon from degraded leaves, pine needles, poUen, etc. As stormwater 
infilb'ates into the Wl~aturated zone sUITowlding the ·Ole, the organic cm·bon is filtered out of 
solution and the f,~ in soil um'eases over lime because of the ongoulg addition of organic carbon. An 
estimate of / "" based 011 the accumulation of carbon in unsaturated soil was derived by calculating 
the grams of organic carbon added to unsaturated materials SUITOWlding the UIC during a lO-year 
period. A 10-year accumulation period was selected because literature evalualulg the longevity of 
organic material in bioretention cells uldica tes that it lasts about 20 years before it begins to degrade 
(Weiss et ai, 2008). The foJlowing equations were used in the analysis: 

w here: 

1 = (AXpXl- e) 

CL=(lXCXJ 1 liter ) ( I gram ) 
\1,000 em' l ,OOO milligrams 

CL 
p,,,. = sv 

/oc = Po< 
Ph + PI>< 

J Average annual stormwater infiltration volume (cubic feet per year) 
A = Area of a typica l U IC catdlment (square feet) 
I' = Precipitation (feet per year) 
e = Evaporative loss fraction (dimensionless) 

(8.7) 

(B.8) 

(B.9) 

(B.I0) 

CL = Organic carbon loaded into the wlSatw-ated zone beneaUI a VIC during a 10·year 
period (gTams) 
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c = TOC concentration in stormwater (milligrams pel' liter) 
I = Time of carbon loading (years) 
p", = Organic carbon weight per unit w1Saturated zone material volume (grams per cubic 

centimeter) 
SV = Material volume into which the organic carbon would accumulate because of 

filtration and adsorption (assumed to be the volwne of soil fTOm 3 feet above the 
VIC bottom to 5 feet below the base of the UlC extending I foot from the radius of 
the U1C) (cubic centimeters) 

foe = Fraction organic carbon (dimeJ1Sionless) 
Po = Bulk density (grams per cubic centimeter) 

Calculations off"" based on the filtering of TOC for the average and reasonable maximum scenaIios, 
are shown in Tables B-1 tiuough B-4. First, tile average aIUlual precipitation was calculated from 
rain gages (Table B-1) aIld used to calculate tile volume of stormwatel' that infiltrates into a UlC 
(Table B-2) by Equation (8.7). Next, a time-weighted average total organic carbon concentration in 
stormwater was calculated (Table B-3) aIld was used to calculate the grruns of carbon added to the 
unsaturated zone surrounding the UIC during a IO-year period by Equation (B.8), mass of organic 
carbon per unit volunle of material surrounding the UIC (P~) by Equation (8.9), aIld convert Po, to foe 
by Equation (B.10) (Table B-4). 

2.3 Pollutant Properties 
Poilu taIlt properties include the organic carbon partitioning coeffjcient, distribution coeffici ent, 
degradation rate constant/hall life, and retardation factor. 

2.3.1 Organic Carbon Partitioning Coefficient (Koc) 

TI,e organic carbon p artitioning coefficient (Koe) is pollutant specific, and govems the degree to 
which the pollutant will paI·tition between the organic carbon aIld water phases. Higher Kx values 
indicate that the pollutant has a higher tendency to partition in the organic carbon phase, aIld lower 
K,,, values indicate that the pollutant will have a higher tendency to partition in tile water phase. 

K..< was assigned differently for PCP and other orgru,ic pollutants, according to the following 
criteria: 

• PCP. TheKoc for PCP is pH depet)dent, so KocS for the average and reasonable rnaximwn 
scetlarios were estimated on the basis of the range of ground,,,ater pH of shallow 
groundwater. 

• All Orgmic Pollutants except PCP. FOJ: tile average scenario, Kx was estimated from 
empirical regression equations rela ting K", to the octanol waterpartitiorung coefficient (K." ,,) 
aIld/ or pollutant solubility. For the reasonable maximunl scenario, Kx was assumed to be 
either tile lowest-reported litet'ature value or the K.o calculated by empiricaJ equations, 
which ever was lower (i.e., more COJ1Serva tive). 

2.3.2 Distribution Coefficient (Kd) 

For organic polJutaIlt:S, the distribution coefficient, Kd, was estimated from the following 
equation (e.g., Watts, 1998): 
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(B.11) 

For metals, KJ was estimated from equations in Bricker (1998). The most important solid phases 
for sorption of metals in environmental porous media are clays, organic matter, aJld 
ironl manganese oxyhydroxides (Langmuir et ai., 2004). The distribution of a trace metal 
between dissolved and sorbed phases is described by the following equation: 

where: 
Cs is the concentration of the metal adsorbed on the solid phase (MILo), and 
Cw is the dissolved concentration (?v1/L3). 

(B.12) 

The value of KJ for metals can depend on a nwnher of environmental factors, including the 
nature and abundance of the sorbing solid phases, dissolved metal concenb'a tion, pH, redox 
conditions, and wate.r chemistry. Measured K. values for a given metal range over several 
orders of magni tude depending on the envirorunental conditions (AlJison and Allison, 2005). 
Therefore, site-specific Kd values are preferred for metals over literature-reported Klls . Kd values 
can be determined empidcally for a particular sihlation from Equation (B.12) (Bricker, 1998). 
The partitioning coefficients were estimated from total and dissolved metals concentrations and 
total suspended soJjds (T55) data. Sorbed concentrations were calculated by normalizing the 
particulate metals conce.nh·ations to the concenb'ation of ISS. For each sample, an apparent K,/ 
value was calculated for eacll metal from the following equation: 

where: 
[Mel, is total metals conce.ntTation (M/L3), and 
[Mel, is dissolved metal concentration (M/L3) 

(B.13) 

Note that in Equation (B.13), metals concentTations are in micrograms per iiter, and ISS are in 
lIJ1its of milligrams per liter. 

Although the K"s are determined from systems containing lower concentTations of sorbing 
particle surfaces than is ty pical of storm water infiltrating through a soil coluum, this is 
considered to be conservative because (1) Ule low levels of suspended sol.ids in the s tormwater 
may result in nonlinear sorption J"egirne, in whicll case calculated KJ values may be. signifjcantly 
lower than would be expected in a higher surface area environment (i.e., the unsatura ted zone), 
and (2) site-specific KdS calculated in the staron-vater already aCCOllJ1t for the effect of dissolved 
orgartic carbon, whim could lower apparent Kd values by complexing with trace metals, and 
tllereby shifting the partitioning to the solution. 

2.3.3 Degradation Rate Constant (k) and Half Life (h) 

Degradation rate is a chemica l-specific, first-order rate constant, and depends on whetller tile 
unsaturated zone is aerobic or anaerobic. The organic pollutants evaluated in the lIJlsaturated 
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zone GWPD are biodegradable under aerobic condjtions (Aronson et aI., 1999; MacKay, 2006); 
therefore, it is expected that these compouqds will biodegrade to some extent within the 
unsa tu rated zone after discharging hom the DIe. Metals are not induded in this section 
because they do not undergo biodegradation. 

Aerobic biodegradation rate constants were compiled from a review of the scientific literature, 
ulcluding general reference guides as well as compound.specific studies. The review included 
degradation ill soiJs, surface water, groundwater, and sediment. Soil aerobic degradation rates 
were consideJed to be mos t representati.ve of DIC fie ld conditions and these ate summarized for 
each of the compounds of interest. First-order rate constants are generally appropriate for 
describing biodegradation under conditions where the substrate is limited and there is no 
growth of the microbial population (reaction rate is dependent on substrate concentration rather 
than microbial growth). Because of the low concentrations of the organic pollutants detected m 
stormwater, it is appropriate to consider biodegrada tion as a pseudo-first-order rate process for 
the UIC unsaturated zone scenario. 

The ranges of biodegrada tion rates representative of conditions expected to be encountered in 
the unsaturated zone beneath UICs are summarized in Table B-5. Summary statistics provided 
in Table 13·5 mclude n umber of measurements, mmmlum, m aximum, mean, 25th, and 50th 

percentile (median) values. For the average scenario, the median biodegradation rate was used. 
For the reasonable maximum, the 25th percentile biodegradation rate was used. 

The half-life of a pollutant is the time required for pollutant concentTati.on decli.ne to one half of 
its initial value. Half·life is calcula ted by the followi.ng formula: 

where: 

h = In 2) 
k 

k is the first·order rate constant ('[-1), and 
II is the half-life (T) 

2.3.4 Retardation Factor (R) 

(B.14) 

The retarda tion factor, R, is the ratio between the rate of pollutant movement and the rate of 
pore water movement. For exampJe, a retardation factor of 2 indicates that pollutants move 
twice as slow as pore water. The retardation factor is estimated by equation 9.14 of Freeze and 
Cherry (1979): 

,,,here: 

R =1+ (P;XKd ) 

I} 

PI> is soil bulk density (lvi/V), 
Koc is the organic carbon partitioning coefficient (L3/ M), 
fo< is fraction organic carbon (dimensionless), and 
11 is total porosity (dimensionless). 

(B.15) 
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3 Governing Equation for Unsaturated Zone GWPD 
A one-dimensional pollutant fate and b'ansport equation was used to estimate the magnitude of 
pollutan t attenuation during transport through the w1Saturated zone. This constant source 
Advection-Dispersion Equation (ADE) incorporates adsorption, degradation (biotic and 
abiolic), and dispersion to estimate pollutant concentra tion at the wa ter table (e.g., Watts, 1998). 
This equation is provided below: 

where: 

and : 

C~,t) =~[(eA' ~rfc(A, ) +(eB' ~rfC(B2 )l 
o 

, v 
V= -

R 

0'=£ 
R 

k' = ~ 
R 

Y is distance in the vertical direction (L), 
11 is average linear pore water velocity (LIT), 
o is the dispersion coefficient (UIT), 
/( is the retardation factor (dimensionless), 
k is the first-order degradation constant (T .J), 
t is average infiltration time (T), 
Cu is initial pollutant concentration (M/L3), 
C(y, t) is pollutant concentration at depth y and time f (M/L3), and 
erfc is complementary error function used in partial differential equations 

(B.16) 

Equation (1) is an exact solution to the one-dimensional ADE. The exact solution CiU1 be used for 
both short (i.e., less than 3.5 meters) and long b'ansport distances (greater than 35 meters; 
Neville and Vlassopoulos, 2(08) . An approximate solution to th e l-dimensional ADE has also 
been developed, and can only be used for long tTansport distances. The w1Saturated zone 
GWPD uses the exact solution to U1e ADE. 
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With the exception of infiltration time (I), the input parameters were described in Section 2. 
Infiltration time is the length of time during the year that stormwater discharges into a UlC and, 
therefore, mlgI'ates downward tll1'ough fue w1Saturated zone. For modeling purposes, the 
dmation of the rainy season is estimated to be 7 montl1S. Because stormwater discharges into UICs 
only when the precipitation rate exceeds a threshold value, the infiltration time is dependent on 
the occurrence of Tam events equal to or greater t1,an this amOWlt. The DEQ (2005) permit fact 
sheet for the City of Portland assigns a threshold precipitation rate of 0.08 inch/ hour for 
stormwater to discharge into UlCs. The unsaturated zone GWPD conservatively assumes that 
stonnwater discharges into U1Cs at: one-half of the threshold precipitation rate (i .e., 0.04 
inch / hour). Precipitation and infilh'a tion times from 1999 to 2011 in fue City are shown in 
Table B-1. 

The key assumptions in applying tlus equation include: 

• Trampor! is one-dimensional vertica lly downward from the bottom of fue UIC to the 
water table (Note: wa ter typically exfilh'ates from holes in the side of the UIC, as well as 
from the bottom). 

• The stormwater discharge ra te into the UIC is constant and maintains a constant head 
within the UTC to drive the water into the unsaturated soil. (N ote: s tormwater flows aTe 
highly variable, short duration, and result in va rying wa ter levels witltin the UlC 
dependent on the infilb'ation capacity of the formation.) 

• Poilu tant concenb'ations in water discharging into the UIC ru'e uniform and constanl 
throu ghout the period of il1filtration (Note: concentrations are variable seasonally and 
throu ghout storm events). 

• The pollutant u.ndergoes equilibrium sorption (instantaneous and reversible) followi.ng a 
!b,ear sorption isotherm. 

• The pollutant is assumed to undergo a first-order transformation reaction involving 
biotic degTadation. 

• The pollutant does not undergo transformation reactiOI1S in tlle sorbed phase (i.e., no 
abiotic or biotic degradation). 

• There is no portiOIung of the pollu tant to the gas phase in the Ul1Sa tu"a ted zone. 

• The soil is initially devoid of tlle pollutant. 

The unsatw'ated zone GWPD provides a conservative simulation of pollutant fate ruld transport 
for the following reasons: 

• Modem u rc s are constructed witl) a solid concrete bottom so stormwater is discharged 
horizontally through the sides of the U1C at up to 20 feet above the bottom of the UlC 
and then nugrates vertically downward. Thus, tile assumption that stormwater flows 
vertica lly downward from the base of the UIC un derestimates the travel distance of 
stormwater in fue w1Saturated zone. 
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• Stormwater now from the UIC is assumed to be constant with a uniform flow through 
the unsaturated zone, while in reaJity stormwater nows are highly vaTiable and short in 
duration resulting in vary1l1g water levels within the UIC depend1l1g on the infiltration 
capacity of the formation. Thus, the UIC periodically will fill with water and then drain. 
This will cause variable flow from the UIC. It is not feasible to simulate complex cycles 
of filling and drainage for each UIC. Thus, the simpJjfied approach is implemented 111 
which the anaJytical solution is used to predict concentrations at a time corresponding to 
the period over which the UIC likely contains water. This approach is conservative 
because it predicts the maximum lluiltration that would be expected at the water table 
sustained for the period during which the UlC contains water. 

• Pollutant concentrations are assumed to be constant, while in reaJity they are variable 
throughout storm evenL •. This likely over-predicts the concentration tlu-oughout the 
dW'ation of a storm event. In addition, the w1saturated zone GWPD does not take into 
account pollutant attenuation that occurs while'1l1 the UlC (i.e. through adsorption to 
sediment or organic matter in the UIC) before entering the surroW1ding soil, 

4 Infiltration Tests for Calculating Average Linear Pore Water 
Velocity 
Infiltration tests are conducted to estimate hydraulic conductivity (a proportionality constant 
that, under unsaturated conditions, is equivalent to specific discharge [see Equation 8.5]) , 
Pump-in tests consist of injecting water into a UIC at a known rate until the water level in the 
UIC stabilizes, Figure B-1 shows a conceptual diagram of a UIC during a pump-in test. 

D 

h 

L 
Tu r 

Figure B·1 . Pump·in test conceptual model. 

According to USDI (1993), horizontal hydraulic conductivity in the unsaturated zone is 
ca lculated from a pump-in test by the follow1l1g formulae: 

K = , 



where: 

27lh' 
if Tu ? 3h 

311l(~) 
---c~~r~ Q if 3h ? T" ? h 
J(h(i1+ 2T, , ) 

K, is saturated hydraulic conductivity (LIT), 
II is the height of the stable water level above the UlC boltom (L), 

D is the depth of the mc fro m. ground surface. to bottom (L) 

(B.17) 

(B.1S) 

T" is the separation distance between the water table and stable water level in the UIC (L), 

Q is the rate water enters the UIC when the water level is stable (l.,3/T), and 

r is the radius of the mc (L) , 

III the unsa tura ted zone beneath UICs, specific discharge is equivalent to unsa tu rated hydraulic 
conductivity (Ku), However, the fate and transport analysis uses saturated hydraulic 
conductivity (K,) in Equation (B.5) to ca lculate groundwater velocity, Because of the tortuosity 
of u.nsa tu1'ated flow paths, K" is always smaller than 1<. (usually by severa l orders of 
magni tude); therefore, using K, in Equation (13 ,5) is conservative. Because water is transported 
vertically through the unsaturated zone, the horizonta l hyd raulic conductiv ity ca lculated by the 
pump-in test must be converted to a vertical hydraulic conductivity, 
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Table B·1 
Precipitation, 1999 - 2011 
City of Milwaukie, Oregon 

Year 
Precipitation Precipitation 

(inches) (feet) 

I 
2011 47.40 i 4.0 

2010 53.73 ! 4.5 
- - -
2009 33.14 2.8 

2008 32.12 2.7 
- -- - ,-

2007 38.89 I 3.2 

2006 44.40 
, 

3.7 
- - -

2005 33.55 2.8 

2004 28.32 2.4 - - - - -- -
2003 38.96 I 3.2 

2002 30.55 2.5 - - - - - - -
2001 31.24 2.6 

2000 24.06 2.0 - - .-
1999 36.72 3.1 

MaxilllUIIl 53.73 4.48 - - ---
MinimulIl 24.06 '. 2.01 
Average 36.39 3.03 - - I Median 33.55 2.80 
Geolllenn 35.57 2.96 

Notes 

Hours With ::>. 0.04 I Days w ith ::>. 0.04 
inches/hr inten sity inches/hr int en sity 

(hours) (days) 

4.41 I 18.4 

482 20.1 
- - . - -

303 12.6 

283 11.8 
- --~- -
389 16.2 

417 17.4 
- - - -

291 12.1 

249 10.4 
.- - -

378 15.8 

284 11.8 
- --
299 12.5 

227 9.5 - . -
352 14.7 

482 20.1 -
227 , 9.5 
338 14.1 -- --
303 12.6 
330 , 13.7 

Data from Hilmey Street Rain Gage al 2033 SE Harney Street, iwailable online ilt the City of Portland HYDRA Rainfall Network: 
http://or. wil ler.usgs.gov / non-usgs/ bcs/ 
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Table 8·2 
Stormwater Infiltration Volume 
City of Mifwaukie. Oregon 

Impervious Annual Precipitation, P 
Area, A (Geom etric Mean, ] 999 - 20] 1) 

(ft2) (ft l yr) 

36,225 (I ) 2.96 

Notes 

Evaporative Infiltration 

Loss Factor, e Volume, I 

(-) (ft3/ year) 

0.26 (2) 79,468 I 

(1) An~rilgc impervious arc" base('1 on ctclmcatlOm lor 194 U1C dramage bas1Il.'S Ul the City 01 Milwaukll". 

(2) Evttpora lion Loss Factor from Snyder and olehrs (1994) 

(3) C.,kulatcd hy U l(~ f (llJ u\\'in~ <-"quat-ion: I :I: (A )(P)(l o£) 

em ::: centimete.rs 

51 
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Infil tration 
Volume, [ 

(cm3/yr) 
(3) I 2.25E+09 (3) 



Table B·3 
Total Organic Carbon in Storm water 
City of Milwaukie, Oregon 

A S
· Reasonable Maximum 

verage cenano s. 
TOe Concentrations (calculated using mean (I I dcenano.. 

TOC) ca cu ate USll1g mll1unum 
TOC) 

I M' I M M Weighted Weighted 
Time Period Months N m .~~) (m 7L) (m e;z) Weighting Mean TOC Weighting Mean TOC 

I ( g g g (mgjL) (mgj L) 

FaLL 10ct, Nov (1) 15 3.1 55.4 20.5 2 j 9 22% 2 / 9 22% 
1--'---1- -

Winter IDee, Jan, Feb, Mal" (2) 61 0.25 9.7 2.5 4/9 44 % 8.19 4/9 44 % 1.44 

Spring ~£r, May, June __ (~ 27 1.9 1 23.8 J 7.6_ :lj~,--33% 3/ 9 33% 

N,) te5 

(1) Data from Clackamas County \.VES 

(2) Data from City ofGn::sham 

(3) Data from City of Portland and Cit)' of Milwaukie 

mg/ L :: mlllil~rams per titer 

I 
WoltN" Solutloni. lnc. 
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Table 8·4 
Fraction Organic Carbon 
City of Milwaukie, Oregon 

Average Scenario 

Reasonable Maximum 
Scenario 

Noles 

rng; milligrams 

ug = micrograms 

g '" grams 

s 
W.Jter50huions, Inc. 

CL Calculation 

Infiltration 
Carbon ConcentTation 

Volume Time 
(mg TOC/IOOO em') 

(em' /y r) 
(ycars) 

2.2SE+09 8.19 10 

2.25E+09 1.44 10 

P:\Portland\374 . Brown & Ca ldwell\003 City of MilwaukIe Risk Model\ Tables\APPENDIX B TABLES 

SV Calculatioll 

UIC 3' Above 5' Below 
Total Conversion VIC 

radius + base base 
Volume Factor for CL radius 

1 foot volume volume 
(em3

) ugto g (em) 
(em) (cm3

) (em3
) 

1,000,000 184,195 60.96 91.44 1,333,723 4001170.42 5,334,894 

1,000,000 32,404 60.96 91.44 1,333,723 4001170.42 5,334,894 

Eqllatioll s: 

CL=(JXCX,1 lIiter , )( I gram J 
\ 1,000 em' 1,000 milligrams 

CL 
=-

sv 

CL = OrganiC carbon loaded into the lmsaturated zone benea th a UIC during a 10-year period 

J = Average annual s tormwatcr infiJtration volume 

C = TOe concentration in storm,,,atex 

t = time of ca rbon loading 

Poc = Organic ca rbon weight per lIItit unsa turated zone material volume 

Po, Ca /Clilatioll 

Po, 

(g TOC per cm3 

soil) 

0.034526425 

0.006073976 

l u. = ----,-P--"u,,----­
Ph + PUr' 

fo, Calculation 

Bulk 
Density fo, 

(g/ em3
) 

1.66 0.020375 

1.66 0.003646 

5\1 := material volume into which the organic carbon wou ld accumulate because of filtration and adsorption (assumed to be the soil from 

t1uee feet above the UIC bottom to fiv e feet below the base of the UIC, extending 1 iool from the radius of the UIC (equation not shown) 

f or =- fraction organic carbon 

Ph = bulk density 



Table 8·5 
Biodegradation Rates 
Cily of Milwaukie, Oregon 

Compound 

Benzo~):rcne I 

Oi-(2-e thylhexl'!2phthalate 2 

PCP 3 

Noles: 

~ 
38 

-I 34 

10 I 

First-Order Biodegradation Rate (da{l) 

A1edill1l Meml I Mm:il1llf1Jl 
25'" I Millillllllll 

petcel/fBi! 

0.0013 00021 I oms 0.00026 NO 

Om 5 0.021 0.082 0.01 0.004 

0.206 0.221 0.361 0.1695 0.139 

I Ra te cons tants under aerobic conditions in soil wen' compiled from AronStlll t'l ill. (1999) Ashok l' t a l. p 995); Bossart find Bartha 
(1 SlS6); Carmichael and pfil!:,ndcr (1997); Coover ilnd Sim~ (19Si); Desch ~ne:; elllJ . (199b); GTI)sser e\ a l. (1991)i Grosse r et {Ii. (199.5); 
HowlHd (~ I ill. (1991); Kl:rk e l a L (1 989); Mackay c t ilL (2LX)6); Mueller (' I (ll. (1991); Park eta l. (1990); and \Ni lci and Jones (l Y93) . 

2 Fmln Dor!ler l' t al. (1 996); E(TO),ll1Son and Alexander (1994); Fa irb<JJl ks (, I al. (1985); Fl.lgel t l ill. (1995); Maag and LOl'kk(> (1 ytJO); 
Mayer ilnd San ders (1973); Ruedd t~ t .11 . (199?"); Schmit;!:cr (' I a l. (1988); Schcuncrl £' \ a l. (1987) i:ll td Shanker e t £11. (1985). 

J Fnllll Schmidt 1;'1 al. (1999) <'lTld O\Anp,c lo "nd R\!ddy (2000) 

SI 
WolTer Solutions, In<. 
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Parameler Symbol 

Attachment C 
Table C-1 . Pollutant Fate and Transport 

Groundwater Protectiveness Demonstration 

Metals PAHs 

Unlt$ Lead B" nlo a rone 

Reasonable Reasonable 

PCP 

Average Allerage 
Ms)'imum Maximum Average SCerlarjo 

Scenario Scenario 
Scenario Scenario 

SVOCs 

dj:f2.ethVlhexvll phthalate 

Reasonable ReasollaDle 
Maximum 

Merage 

Scenario 
Scenario Maximum Scenario 

UIC Properties Dislance Needed to Reaen , m 0.00283 0.0130 O.()()().4 4 0.0079 0 . 14 2.85 0.0090 0 1589 
MRL:c. , , O .OO~29 O.1J.43 0 _OOl~5 0.02586 OA7 9.34 0.029 0.52 

Concentration C, mgll 0.50 050 
, 

0.002 
, 

0.002 
, 

0.01 
, 

0.01 
, 

0.06 
, 

0.06 

Inlilll aUon Time I , 13,750 
, 

13.750 
, 

13.75 
, 

13.75 
, 

13.15 
, 

13.75 
, 

13.75 
, 

13.75 
, 

Pollutent First·Order Rala Constan! , , .. I.JOE·03 · 260E·Q4 
, 

221E...o2 • 1.39E·02 1 1.50E-02 . 1.00E-02 
, 

Properties Half·Life " , 533.2 • 2666.0 • 31.~ • 49.9 
, 

46.2 
, 

69.3 • 
Physical and Soil PorOSity '1 - 0.375 • 0.375 • 0.375 • 0.375 

, 
0.375 

, 
0.375 

, 
0.375 

, 
0.375 • 

Chemica l Soil 5011 8ulk, ae/'lsily '" g/cm' 1.66 " 1.66 " 166 " 1.66 
., 166 " 1.66 " 1.66 " 1.66 " Properties 

Fraction Organic Carbon f~ " " " .. " " 0 .0206 00024 0.0208 0.0024 0.0208 0.0024 

OrganiC CarbOn Par1ition " I\,. U', 262 .165 " 282 .185 8" 
.. 703 .. 12.200 " 12.200 

Ii I) 
Coefficienl " 

DistributiOn Coefficient K, U', 1.203.70.; " 535.040 ~ 5.872 " ." n 18.3 
., 

1. 7 n 253.9 n 29.2 n 

Pore Wilter Velocity , mI' 037 " 0.75 " 0.:! 7 .. 0.75 " 0 .37 .. a 75 " 037 .. 0.75 .. 
Calculations Retardation Fattor R 5.316.360 2,363.094 25.937 2.960 816 a, 1.122 130 

Dispersion Coefftcient 0 m' 1t; 5.16E·05 4.65E-04 6.09E.()6 2.94E-04 263E+03 1.06E·(ll 1.64E -04 5_&3E·03 

Normalized Dispersion O· m'/d 971E·12 2.05E-l0 3.12E-l0 967E-08 3.22E-05 1.26E·02 1.46E-07 4.57E-05 

Normalizeo: Velocity " mid 6 .87E·08 3.16E-07 1.41E·05 2.50E-04 447E-03 8.86E-02 3.25E·(1.4 5.75E·03 

Normalized Degradation ,. d" o ooE ... oo o.ooe+oo 5.01E-08 a.73E·Oa 2.7 1E-04 1.65E·03 1.34E-05 7.nE-OS 

A, D 00E. .. 00 o.ooe+oo -1.58E-06 -2.7SE·06 ·8.71E-03 - 5.29E-02 -3.69E-04 -213E·03 

A, 2.58E +OO 2.58E+00 1.9 1e ... OO 1.91E·00 I.96E+OO 1.95£+00 1.59E+OO 1.59E+00 

," 1 ooE+oo I.ooe+oo 1.00e ... oo l .ooE-+OO 99 1E·Ol 9.48E-01 1.00E"'00 9.98E-Ol 

erfC(A,) 2.63E-04 2.63E·04 7.03E·03 7.04E-03 5.62E-03 5.89E-03 2.42E-02 2.43E-02 

S, 2.00E1'{)1 2.00E.Ol 2.ooE-+Ol 200E .. Ol 200E..-O l 2.0 1801 ~.OOE+Ol 2.00E +Ol 

S, 516e.+OO 5.16E"00 4.86E"'OO 4 .86E-+OO 4.B8E+OO 4.B9E+D0 4.75E+OO 4.75E+OO 

,"' 4.85E+08 4.85E+08 A.85E"'08 4,85e"'OO 4.B9E+08 5.12E+OB 4.85E+o& 4.B6E-tOS 

erlc(B]i 284E-13 2.64E·13 6 .20E·12 6.20E·12 4 .96E~ 12 4.73E·12 1.8~E-l1 1.89E-11 

Concentrarion Immed,arely 
C mg/l l.ooE·04 I.00E·()4 I .DOE-OS 1.DOE -05 400E-05 4.DOE·05 ' .OOE·03 I .OOE-03 

Above Water Table 
MRL C mgfl 1 .00E·~ , .OO6-Q.4 1.00E·05 1000·OS 4.00E-OS 4 .00E-05 I .DOE-03 1.DOE-03 

Action Level C mg/l 5 ODE·01 " 2.00E-03 " 1.00E·02 " 6.00E-02 ~ 

NOTES (SEE APPENDIX B FOR efTA nONS) 

SI 
\OJ''''ltIooltl-'''~~ 

, Equal 10 the action level In Table 1 or Table 2 of Iha July 2012 dral! Ute ~eF perl"" lemplate 

~ InfiUral.on time lor lead IS 1.000 years (1 .000 years at 13.75 days per year ~ 13.750 days) 

Infiltration lime Is Ihe m.lmber of hours (convened 10 oays) during Ihe year thai stormw31er Infillrales Inlo the UtC Slormwaler inMral ton IS conservatively 3ssumed 10 occur wnen the preclpllatlan rate l!i~ 0 04 Inchesfhouf, PrecipitatIOn dala source IS fhe Harney Streel r~lIn gage at ]033 SE Harney SlIeet (HVDRA. 2012) Annual preCipitat ion from 199910 201 1 were 

1 used in Ine analySIS. and were averaged ustng lhe geometric mean 

• Median bJodegrada!1on rale from a review of scientific literature (see Table a ·5ior reference!'). 

~ 25th percenUle biodegradation rale from a review of scientific l i!eralure (seeTable a·s for re1erences) 

~ 10 percenl of 1M average biodegradation rate of PCP under aerobic conditions (see Table 8·5 101 referenceS) 

7 10 percent 01 lhe minimum biodegradalion rale 01 PCP under aerobic condiliOns (see Table B-S lor references) 

e Calculated from the. follOWing formula' C, :: CGe·t-. . 'N'here C1 Is concenlratlon al l ime 1. Co is in~ial concentralion. l iS l ime . and k IS blooegradallon rate 

Q Madln (1990) idenlifias the at! a8 a coarse sand to !o il! Therefore , Ihe m idrange poros~y ofa sand from Freeze find Cherry (1979). page :'ii . la.OIe 2.4 IS used IfIlhi-s analysis (range:: 0.2S to 0 .50) 

' D Calcutated Oy lonnula 8.26 irl freeze and Cheny (1979): 0.,. 2,65{1-II) 

11 ESllmale of f .... based on loading 01 TOC in slormwater. see Append~ B lor delails . 

1< Calculated from the equation of Roy and Grifflf'l (19B5). whie,h relates K.x. (soli organic carbon-waler partiliOrling coeffICient) 10 water solubUily and K"", (aclanol-water parfilioning coemelenl) as presenled in Feller 11994} 

" Because the K..e-s reponed In Iletd studieS were all tllgher than K.o.s calculaled Ilof'! K,,",(l.e .. fiekl·study K...-s wertlless conservatlvtl ). Ille reasooable maximum scenario uses lhtl t<.xcatculated by Roy and Guffin (1985) 

It The K..., lor Pet"llactJlorOphenOI i& pH.dependent Soli and groundwater pH are In equilibrium. IherelOfe. soli pH can D~ eSlimated from groondwater pH Ph has been me-asured a: twelve USGS wells s(;leet"led at or near the waler lahle III Ponland on Ihe easl slOe of me Wllameltr: River ftOOl 1997 10 200i. ThE: average groundwsler 

pH Gllhe wells Is 6 4. and was used lor the -Average Scenario" ThiS pH IS consistenl with shallow SOil pH In Multnomah County (Grl!en. 1983) Tne PCP organiC carbon panitionlng coeff lc,enl w!'Ien pH " 64 is 877 V~.g IEPA (1996) - Appendl)' l Koc Value! for IoniZing Organics uS a Function of pHI Because PCP is more mobile al 

h igher pH. l<oc lor tne "Reasonable Mal(lmum Scenano- IS based on the average maximum groundwater pH al the USGS wells ( i.e , 6.6) This pH is conslstenl With shallow soli pH In Multnomah COllnty (Green . \ 9831. The PCP organic carbon par1i1ionlng coeffiCient .... nen pH:: 6 .615 7~ Ukg 

I~ Meoian K" lor lead. calculated uSing stormwaler ana1ylical data coliecteO by thE: City 01 Milwaukie in spring 01 2012 and an equalion Irom BrICkner (t998) 

'f. 10th percentile K.t lor lead . calCUlate:o using stolTllWaler analytical dala collected by tile Cily 01 MilWaukie In spring of 2012 and an equation from BrICkner I 1998) 

11 K." calcuialeCl rfom Ihe 1011OV/ing eqllslion: Kd '"' (f"")(K,,,j (e .g .. Walls. pg. 279. 1998) 

'~ The med ian average linear velod!" calculale(l uSing Ihe pump-In melhod al11 City 01 Mltwaul\ie Ules The pump· In fTlett,CICIIS oulllnad In USDI (pgs. 83 - 95. 1993) 

I ~ Tne 95% UCl on the mean Of average Ilflear velocity baseo on 11 pump·m tests at Crt)l o f Milwaukie: UICS. The pump·ln method is OlJllineo: In USDI tpg,!, . 63 . 95, 1993). 95% UCl was ealculaleo using ProLJCl Software Version .( 0005 and Ihe 95% Stu(:leni's-I UCL 

~o Action levels Irom Table 1 a."lo Table 2 of the July 2012 draft UIC WPCF permillemplale 

P'IJ>O" I~"CI\37 • . 6,1IW1'I'\ C~kI"'t!lr.oo3 Cny 01 MlM'all~~ R,s' Moodw.oollliflNAL G~O Mouel 
on !',OJ_CIIVI! SCI 



ABBREVIATIONS 
PAHs "" Polynuclear ArOfllalic HydrocarbOns 

SVOCs ,. Seml-VolaWe Organic Compounds 
VOCs '" Vola1ile Organic Compounds 

PCP.., Penlachlorophenol 
USGS", Uf)itad Stales Geological Survey 
Vel '" Upper Confidence level 
MRl .., Melhod Reporting limit 
UIC " Underground Injection Control 

I.o\IPCF :. Water Pollution COflt(ol Facilit ies 
Ornl ,.. Quaternary Missoula Flood Deposits 
EPA" Environmental Protection Agency 
TOC ::. Total Organic Carbon 

d " days 
glcm'J '" grams per C1Jblccenhmeter 

ft = feel 

51 

l ". liters per kilogram 
m = meters 

mid '" meters per day 
m: Ie! ". square meters pet oay 
rngll =. milligrams per liler 

P 'Portl&1'IC1137( -8to..o ~ C~ltI"chI()O~ Clly 1)1 MII ... "u~'O 1:\ •• " MO(Ie l'MOlla'IFI:~L GY\Pi) 101.0111.'1 
011, Prole;;l, ~e so 
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Pan.mete r Symbol 

Attachment C 
Table C-2. Pollutant Fate and Transport 

Alternate Action Levels 

Metals 

Units Zinc Co " Antimony 

Average 
Reasonable 

Average 
Reasonable 

Average 
Reasonable 

Scenario 
Maximum 

Scenario 
MaKimum 

Scenario 
Maximum 

Scenario ScenarIO Scenano 

SVOCs 

di-(2.elh Ihex I hlhalato 

Average Reasonable 
Scenario Maximum Scenario 

LlfC PropenJe5 
Transport Distance 

, m 0.31 031 0.31 0.31 0.31 0.31 031 0.31 , " 1.00 100 1.00 1.00 1.00 1.00 100 1.00 
Concentration C, rng/L 500 SO.O 

, 
10,0 

, 
10,0 

, 
0,060 

, 
0.060 

, 
0.30 

, 0.30 
, 

Infiltration Time I d 13,750 
, 

13.750 
, 

13,750 
, 

13,750 
, 

13,750 
, 

13,750 
, 

13.75 
, 

13.75 
, 

Poflutinl First-Order Rate Constant , d" I .S0E-02 · 1.00E·02 
, 

Properfi OS Hall-life h d '.2 • 69,3 • 
PhysIcs/and Soil Porosity n 0.375 

, 0.3; 5 , 
0.37S 

, 
0.37S 

, 
0.37S 

, 
0.37S 1 0.375 

, 
0375 

, 
Chern/cal Soil SOil Bulk density " gfcm) 166 • 166 • 166 • 1,66 • ~ .66 • 166 • 166 • 166 • 
Properties 

F racUon OrganIC CarbOn I~ 0 .02OS 
, 

O .002~ • 
Organic Calbon PartJlion 

K., U'. 12,200 " 12,200 II)" 
CoelflCtenl 

OISlribulion Coetticienl K, Uk. 53.263 " 22.542 " 159.310 .. 24 ,801 " 24.927 " 9,675 " 253.9 .. 29.2 ' . 
POle Water Ve!ooly , mid 0:37 " 0.75 " 0.37 " 0.75 .. 0.37 " 0.75 " 0,37 " 0.75 " 

Calculations Relardalion Factor R 235.246 99,562 703,620 109,539 110.095 42 .732 1,122 130 
Dispersion CoeHicient 0 m1fd S.57E..Q3 t 14E-02 5.57e..Q3 1.14E·02 5.S7E-03 1 14E·02 5 .57E-03 1.14E·02 

Normalized Dispersion 0' m11d 2.37E ·OS I 14E·07 7.91E-09 1.04E· 07 S.06E·08 2.66E-07 4.96E-06 B.77E·05 
Normallzcd Veloci1y " mid 1.55E -06 7,49E-06 5.19E-07 6.B1E·OS 3.32E-06 1.75E·05 3.25E·04 5.75E-03 

Normalized Df.!gradaHon ,. d" o.ooe+oo o.ooe·oo oooe ... oo O.ooE+oo o ooe+oo O.OOE+OO 1,34E·05 7.71E-05 

A, O.OOE·OD o.ooe·oo OOOE·OO o.ooe+oo o.ooe ... oo o.ooe ... oo -1 .25E"()2 ....4 09E·03 

A, 7.86E..;.00 2,55E+00 1.43E+Ol 2.80e+00 4.92E+OO 5 .37E-Ol 1.62E+Ol 3 25E ~OO 

." I ,OOE+oo 1.00E+OO l.ooE+oo 1.00E+00 l .ooE +oo l .ooE+OO 9.68E·Ol 9.~6E·Ol 

erfc(A:-J 9.98E· 29 3.15E-\}4 1.0eE·go 7.66E-OS 3 . .ol7E- 12 4A8E-0! 5.03E-146 4.19E·06 

S, 2.ooE+Ol 2.00e+Ol 2.ooE+Ol 2ooE+Ol 2.ooE+Ol 2.ooE+01 2.ooE+Ol 2.00E+Ol 

'" 9.05e. ... OO 5.15E+00 1.50801 5.27E+00 6.65E+00 <.5012-+00 1.87E+Ol 5.53E+OO 

• , ..: 85E+08 4.85E·oa 4.B5E+08 4.85E +08 4.8SE+08 4.85E+08 4.9IE+08 4.87E+08 

erfc(B,) 1.79E-37 3.37E·13 2.13E·99 8.70E· 14 5.34E-21 189E-l0 9.82E-155 5.18E- 15 

ConcentratIon Immetlislely 
C m.g/l 467E-2 7 119E-OZ I .OSE·89 5.94E·04 1.82E· 13 1.S2E-02 1.47E-1 46 1.00E-OS 

Above water Table 
MRL C mg/l 5.00E·04 5.00E-04 l00E·04 l00E·04 1.00E.Q.4 1.00E-04 1.00E-03 1.00E-03 

Action Level C mgfl 500E.+OO " 5 .00E ·o.3 '. 6.00E-03 " 6.00E·02 " 
NOTES (SEE APPENDIX B FOR CITATIONS) 

U' SI 
1\·.I .. J.Mo .... ~I"< 

1 Equal 10 Ihe lOX tne acllOl1level in Table 1 01 the July 2012 draft UIC IfoJPCF" permit template lor zinc. antimony, copper . and cadmium, equal to 5X th(: action level in Table 1 for DHiP 

~ Infiltra1ion lime for melals is lor 1,000 years (1,000 yesrs at 1375 days per yesr -= 13,750 days) 

~ Inflltralion lime is the number of hOlJrs during the year (convened to days) thai SIOfmwater inrillrales inlo the ulC $Iormwater ,nfiltration is conservatively assumed 10 occur when the preCIpitation rale it; :: 0 .04 incheslhour Precipl!aHon dala 
source 15 the Harney Street rain gage al 2033 SE Harney Street (HYDRA, 2012) Annual preCipitalion from H199 10 201 1 were useo In Ihe analysis, and were averaged using tile geomelnc mean 

• Median biodegradation rate Irom a review 01 scientifIC literature (see Table 8·5 for references). 

~ 25th percenllJe biodegradation rale from a review of sclentiftc literature (see Table 8·5 for references). 

l< CalculaleCl flom the fOllowing formula ' C, ;;: Coe' '', wtlere C, is concentrallon at time t, Co is ini!ial con~nlfatlon , lls l ime. and Ii Is biodegradation rale . 

1 Madln (1990) identifies the Of! as a coarse sand 10 silt . TherefOfe, the midrange porosilyor a sand Irom Freele and Cherry (1979), oage 37. Table 2 .4 is used In Ihlf> analysis (range E 0 2510 0 .50) 

a CalCulated by formula 8.26 in Freeze alld Cherry (1979). "" '" 2,65(1-0) 

i Estimate of loe based on loading of TOC In stormwater, see Appendix B lor details . 

' 0 Calculated from Itle equation 01 Roy aM Gliffin (1965). which relates K...t.(sol1 organic carbOn-water panitfonlflg coeHlcienl) 10 waler solubility and K_ (octanol·water par1!tloning coeffICient) as presenled in Feller (1994) 

" Because lhe K.,...s reported in field slt ldles were all higher lhan K~ calculated lrom K_ (i e ., held-sludy K",s were less conservatIVe). the reasonable maXiJT1um scenarIO uses the K". calculated by Roy and Gritfm (1 985) 

Ii Median K .. , calculated uStng slormwatel discharge monitoring data from Ihe City of Portland al"\O an equation from BrieXner (1998) 

u 10th percenme K ... calculated using siormwatel disCharge rnon i1onng data from the City 01 ponlano and an equation from BriCkner (1998) 

U Median K., lor copper. calCulated us,ng slormwater analytical aata colleded by the Cily 01 MilWaukie in spring of 2012 and an equation from Bnekner (1998) 

'! 10th percentile K" lor copper. calculated uSIng slormwater analytical data COllected by the City 01 M,lWaukie 1/1 sp!' ing 01 2012 and an equallon Irom BrICkner (1998) 

,,~ K.:,. calculated from the follOWing equatiofl: Kd "" (f..:){Koc ) (e .g , WailS, pg 279, 1~98) 

' 1 The median average linear velOcny calculaled using Il\e pump,," melhod at 11 City 01 MllWaul\i(:: Ules The pump'ln methOd 16 outlined in USDI (pgs. 83 - 95 . 19931 
•• The 95% UCl on the mean 01 average linear velOCity based on 1 j pump-in tests al City of Mllwauk.e UICs The pump-In method 16 ou\l inea In USDI (pgs S:-S - 95, 1993} 95% UCl was calculated uSing ProUCL Sol\W;;fe VerSIOf' 4.00 05 and the 95%· Studenr,,·! Vel 

I ~ AChon leve!slrom Table I and Table 2 of Ihe July 2012 draft UIC ItoIPCF permit template 

P \Po" I~ n<!\J1 ~ . B1I1Wf1 & Clllo ... .. 1M03 . Clt v of M .I"· ~II~1e 1'i"5~ IAnutl\MOIlel\fINAi G\\PO MOO~I 
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ABBREVIATIONS 

• 

PAHs " POI)'nucteaJ Aromatic Hydrocart>ollS 
SVOCs '" Semi-Volatile Organic CompoundS 

VOCs ::: Volatile Organic CornpoumlS 
PCP ~ Pentachlorophenol 

USGS=: United Stales Geological Survey 
UCL "Upper Confidence Level 
MRL = Method Reponing Llmli 
Ute" Underground Injection Control 

wPCF = Waler PoUutiOfl Canlrol Facilit ies 
Oml "Quatemary Missoula Flood DepOSits. 
EP,A " Environmellia l Protection Agency 
TOe" Total Organic Carbon 

d " Clays 

g/cmJ 
" grams per cubic cenlimeler 

fI = leel 

51 

l = liters per kilogram 
m "melers 

mId = melers per day 

m~fd = square melers per day 
mg/L " milligrams per liter 

II j l .. kW\liotI~ l"'-

P'\Po,11"I\G1J7~ . Erown 6. C~kJwt 1l1(l{l3 . Clly II I M 'lw~"k .e RI~I( I.! ooeMlo;ll'lnr,N.<ol G'IVPD 1"',XIe I 

Of!, N\orn ~:e AL .s 
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Capital Project Fact Sheet Priority Ranking No. 10 
Proj ect Name: Willow Detention Pond Retrofit 

Associated Subbasins JCD80, JCD90, JCD91 

The existing Willow Detention Pond is located at the end of 55th Avenue, south of Firwood Street. By topography, the 
pond appears to dra in approximately 15 acres of residentia l area in subbasin JCD80, located in the northeastern 
portion of the City. As-built information on the pond inlet and outlet structure was not available at the time of this 
study; however, it is assumed that the pond was designed for flood control and was not constructed with water quality 
features. During design, the extent and feasibi lity of this CIP should be evaluated based on survey information. 

This CIP includes amendment of the pond bottom with drain rock, and amended soil and vegetation to enhance the 
existing pond treatment capabilities. 

• This cost estimate does not include piping modif ications to collect and convey runoff to and from the faci li ty 
or upsizing to provide additidnal storage volume. 

existing 8fld future land use scenarios. This value is used co assign a dollar value 10 the portion of chis CIP which can be attributed to 
growth. 



Ca pita I Proj ect Fact Sheet Priority Rank ing No. 12 
Project Name: Stan ley-Willow UIC Decommissioning 

Project Name Stanley-Willow UIC Decommissioning 

Project ID 1-2 
Modeled System No. 1 

Associated Subbasins JCD90. JCD91 (developed for CIP) 

JCD90(24008_25223) 
Associated Modeled Pipes/ Conduits JCD91 (24027 24008) 
Objectlve(s) Addressed Water Quality - UIC Decommissioning 

Project Description 

The risk that UICs pose to known drinking water sources within the City was evaluated as a part of this project. It was 
found that UICs with less than 3 feet of vertical seperation between the bottom of the UIC and the ground water table 
may pose a risk of PCP contamination if located within the 2-year time of travel from a drinking water well. UIC 24027 
has less than 3 feet of vertical seperation between the ground water table and the bottom of the UIC. UIC 24008 has 
less than 5 feet of vertical seperat ion between the ground water table and the bottom of the UIC. Though UIC 24027 
is not known to be within the 2-year time of travel of a drinking water well . it would require decommissioning in the 
future if a new well was installed or if it is found to be within a drinking water wel l that is not currently identif ied. 

This CIP includes replacement of UICs 24027 and 24008 and the associated four catch basins with three new 48 inch 
manholes and four new catch basins to convey drainage captured by the existing catch basins along Hill Street and 
Wil low Street from Stanley Avenue to Hollywood Avenue. The flow wil l be conveyed in 425 feet of new 12 inch HDPE 
pipe to outfall 25223. which enters the Ball-Mitchell Stormwater Faci lity at Ball-Mitchell Park. 

This CI P also includes planting native vegetation on the bottom of the stormwater faci lity at Ba ll-Mitchell Park to 
promote infiltration and improve water quality benefit. Cost to plant 2,000 square feet of native water qua lity facility 
plants is included. Appendix F4 of the City of Portland Storm water Management Manual provides templates and 
facility plant lists that provide guidance on appropriate plant types for stormwater facilities. 



Capital Project Fact Sheet Priority Rank ing No. 12 
Project Name: Stanley-Willow UIC Decommissioning 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $56.30r 

Construction Contingency (30%) $16.9( - - . $73,26(; Sub-total 
Engineering and Permitting (25%) 

--.-
---- ~ ~i~:~ Construction Administration (5%) 

UIC Closure Report -
Capital Project Implementation CostTotal $100,200 

Site Acquisition $0 

Annual Maintenance Costs 
Existing to Future % Flow Increase1 NotApplicable 

Design Assumptions 

• The drainage area captured by this project is 3.92 acres, of which 35% is assumed to be impervious. The 
peak 25-year flow in JCD90 associated with runoff from the 3.92 acres IS 0.9 cfs. 

• The Bali-Mitchell Stormwater Facility has sufficient capacity to accept additional drainage as a result of this 
CIP. 

• All UICs must be closed in a manner that complies with the federal prohibition of fluid movement, as outlined 
in 40 CFR 144.12 and 144.82a. Current guidelines for UIC decommissioning can be found on the Oregon 
DEQ website. 

, 1. ExlslIng (0 future percentflo\\ increase IS based on the 25-year percent flow Increase from the contflbutmg draInage area between Ule 
existing and future land use scenarios. This value Is used to assign a dollar ""Blue to the portion of,this CIP which can be atfributed ro 
growth. 

I 



Capital Project Fact Sheet Priority Ranking No. 16 
Project Name: Main Street at Milport Road 

Project Name Main Street at Milport Road 

Project ID 4-1 
Modeled System No. 4 

Associated Subbasins JCB10 

JCB10d (21265-21059) 
Associated Modeled Pipes/ Conduits JCB10c (21059-0DMH017) 
Objective(s) Addressed Flood Control - Pipe Capacity Deficiency 
Project Description 

The l2-in x 24-in elliptical CMP associated with modeled conduit JCB10d (21265-21059) and the l8-in concrete pipe 
associated with modeled conduit JCB10c (2l059-ODMH017) are under capacity. causing predicted flood ing along 
JCB10d between SE Main and SE Omark and in the parking lot between an industrial building and SE Main St. 
Flooding is predicted during the 10 and 25-yr existing and future land use scenarios. 

This CIP includes replacement of JCBlOd and JCBlOc from manhole 21265 to manhole ODMH017 wi th 380-ft of 30-
in concrete pipe uSing the same upstream and downstream invert elevations. Replacement of model conduits JCB10d 
and JCB10c (defined by the upstream node to downstream node number) includes replacement of 7 manholes. 

This pipe is aligned in private property. Ownersh ip of the pipe is listed as City of Milwaukie in the City's GIS. however 
the easment for this pipe is unknown in GIS. 



Capital Project Fact Sheet Priority Ranking No. 16 
Project Name: Main Street at Milport Road 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $142,70r 

-
Construction Contingency (30%) $42,80 
Sub-total - ..!185,5~~ 
Engineering and Permitting (25%) - $46,400 
Construction Administration (5%) 

-
$9,300 

Capital Project Implementation CostTotal $241,200 

Existing to Future % Row Increase' 43% 
Design Assumptions 

• Site acquisition is not included in the cost for this project. 

• ODMH017 is owned by the Oregon Department of Transportation (ODOTM017). It is assumed that this 
manhole Will need to be replaced as a part of this project. Installation of manhole ODMH017 will require 
closure of one northbound lane of McLoughlin Boulevard. Traffic control was increased from 2% to 5% of the 
capital expense total for this project. 

1. ExIsting to future percenr flow Increase IS based on the 25 year percent flow Increase from the contrlbutmg drainage area between the 
exisring and future land use scenarios. Ttlls value is used to ass/gil a dollar value [0 the l1orf.ion of th is CIP wh/ct) can be attrlbufed to 
growth. 

I 



Capital Project Fact Sheet 
Project Name: Meek St reet 

Priority Ranking No.4 

Project Name Meek Street 
Project ID 5-1 
Modeled System No. 5 

Associated Subbasins JCC94, JCC93, JCC92. JCC91, JCA60. JCA52. JCA51, 
JCA50, JCA41 

Associated Modeled Pipes/ Conduits Multiple 

Objectlve!s) Addressed Flood Control - Pipe Capacity Deficiency 
Project Description 

System wide flooding is predicted during the existing and future 10 and 25-year events. CIP 5-1 addresses the 
majority of the flooding via the Meek Street bypass. which re-routes flows from subbasins JCA41, JCA50. JCA51, 
JCA52 and JCA60 away from the Harrison Street system to the north. 

A similar CIP to address flooding in System 5 was proposed in the 2004 plan. Since completion of the 2004 plan, the 
City completed design for a 36-in pipeline to convey flow from 32"" Ave, along Meek Street and north along the 
railroad tracks to the west end of Balfour Street. In 2005, the portion of this pipeline along Meek Street, west of 32"' 
Avenue was constructed. However, the Meek Street pipe system was constructed with inadequate slope to maintain 
the existing concept per CIP-2 from the 2004 MP. This CIP proposes to incorporate the recently constructed pipeline 
along Meek Street into the design. 

The portion of this CIP along Monroe Street includes replacement of the existing 12-in concrete pipe with 18-in HOPE 
from manhole 21185 to 21184. This pipe discharges into a new detention fac ility between Oak and Railroad, which is 
necessary to maintain use of the recently constructed 36-in pipeline on Meek Street. The detention faci lity is 
proposed on tax lot llE36AB03000, which is currently undeveloped private property. 

1,560-ft of new 36-in HOPE pipe is proposed from the discharge of the Oak and Railroad detention facility at 21183 to 
Meek Street at manhole 21542. Approximately 630-ft of the pipeline is aligned on private property along an existing 
12-in pipe owned by the City. 



Capital Project Fact Sheet. 
Project Name: Meek Street 

Priority Ranking No.4 

The existirjg 36·in pipe on Meek Street from manhole 21542 to manhole 21543 will be protected in place. At 
manhole 21543, 985-f\ of new HOPE is proposed per the 2006 Meek Street Storm Improvements Pllase II design, 
completed by Century West Engineering Coorporation. This pipeline is aligned on the east side of t he rai lroad tracks. 
The new 36-in pipeline will discharge to a detention facility at Balfour, which is sized to uti lize the available open 
space and provide necessary storage to maintain capacity in System 3, downstream of manhole 25019. 

From the Ba lfour detention facility, l,800-f\ of 36-in HOPE is proposed to the connection at manhole 25019. Open 
channel flow may be an option for this reach , but this CIP was estimating using pipe because information on the 
available width between the railroad tracks and the toe of the existing slope was unknown. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub·total (See Appendix X for details) $1,827.300 
Construction Conungency (30%) $548,200 
Sub-total $2,375,500 
Engineering and Permitting (25%) $593,900 
Construction Administration (5%) $118,800 
Capital Project Implementation Cost Total $3,088,200 
Existing to Future % Flow Increase 56% 
Design Assumptions 

• Site acquisition is not included in the cost of this project. The proposed Oak and Railroad detention facil ity 
has been sited on private property. 

• The City has an existing easement for use of the Balfour site. 
0 Cost of asphalt surface restoration was removed on pipe unit costs from Meek Street to manhole 2501.9. 

• 1..000 cubic yards of excavation and 1,000 CUbic yards of embankment was assumed to estimate earthwork 
costs for the Bal four facility. Detailed design with survey information should be completed to estimate actual 
earthwork quantities and evaluate slope stability In this area. The eastern portion of the Balfour facility Is 
located near the toe of a steep slope. 

0 Tile vertical datum on the Meek Street Storm Improvements Phase II design, completed in 2006 by CentUlY 
West Engineering Coorporation does not match NGVD29, which was the datum used for this master plan. 
Elevations were adjusted relatively to the NGVD29 datum for modeling and reporting purposes. 

I 

I 



Capital Project Fact Sheet 
Project Name: Meek Street 

Construct O.B acre 
detention facilily 
between Balfour 
and the railroad 

Priority Ranking No.4 

Protect existing line between 
Oak and Railroad to maintain 

~~~~~~~ existing drainage. 

Construct 0.26 acre detention 
facility 



Capital Project Fact Sheet Priority Ranking NO.5 
Project Name: Harrison Street Outfa ll 

Project Name Harrison Street Outfall 
Project 10 5-2 
Modeled System No. 5 

Associated Subbasins JCAlO. JCA20, JCA30, JCA40 

Associated Modeled Pipes/ Conduits JCA10a(21364_2521 ' 

Objective(s) Addressed Flood Control - Pipe Capacity Deficienc, 

Project Description 

System wide flooding is predicted during the existing and future 10 and 25-year events. CIP 5-2 addresses the 
predicted flooding down Harrison Street not addressed with installation of CIP 5-1. Following installation of CIP 5·1 in 
the model, flooding is predicted on 21" Street along modeled conduit JCA20 (21094_21364) and along Harrison 
Street along modeled conduits JCA30a (21239_21364) and JCA30b (C5-2_21239). JCA30b represents recent 
improvements from 23" Street to 26th Street along Harrison Street. which were completed as a part of the Trimet 
Light Rail Project (and not included in this cost estimate). The predicted flooding is due to a constriction in the outfall 
conduit JCA10 (21364_25213). 

This CIP includes replacement of 696·feet of existing 24·in concrete pipe wi th 696·feet of 36·in along JCAlO, from 
manhole 21364 to the outfall at Johnson Creek, which extends 40·feet from manhole 25213. 
Estimated Planning Cost (2012 dollars) 
Construction Cost Sub·total (See Appendix X for details) $366,500 
Construction Co~~ngencri30%) . _~1~oo6 
Sub·total $476,500 
Engineering and' Permitting (25%) 

. 
----$119,160 

Construction Administration (5%) 
_. 

$23.800 
Capital Project Implementation Cost Total $619,400 
Existing to Future % Flow Increase

' 
45% 

Design Assumptions 

• If the outfall is located within the ordinary high water mark, additional permitting may be required . 

1. EXlstmg to future percent flow Increase IS based on the 25-year percent flow Increase from the contnbulmg dramage area between the 
existing and future land use scenarios. This value is used to assign a dollar value to the portion of this CIP which can be allributed Co 
growth. 
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Capita l Project Fact Sheet Priority Ranking No. 12 
Project Name: Washington Street 

Project Name Washington Street 

Project ID 6·1 
Modeled System No. 6 

Associated Subbasins KC10, KC30, KC40, KC50, KC60 

Associated Modeled Pipes/Conduits 
KC30b (41029_41109), KC30a (41109_21101) 
KC10b (21101 41005), KC10a (41105_41006) 

Objectlve(s) Addressed Flood Control - Pipe Capacity Deficiency 

Project Description 

The 21-in pipe KC10a on Main Street near Kellogg Lake and the 18-in pipes KC10b and KC30a along Washington 
Street are under capacity, which is causing predicted flooding along Washington Street between Main Street and Hwy 
224 during the 10 and 25-yr existing and future land use scenarios. 

This CIP includes replacement of 239-ft of existing 21-in concrete pipe with 30-in pipe along KC10a from manhole 
41005 to 41006. This CIP also includes replacement of 3,312 feet of existing 18-in concrete pipe with 24-in concrete 
pipe along KClOb from manhole 41109 to 41005 and KC30a from manhole 41029 to 41005. 

estimated Planning Cost (2012 dollars) 
Construction Cost Sub·total (See Appendix X for details) $1,156,400 
Construction Contingency (30%)---- ----$347,000 

--, --_ .. _._------------------ -------_.- ---U]03,466 . Sub-total 
Engineering and Permitting (15%)--

--
$225,500 

Construction Administration (5%) $75,200 
Capital Project Implementation Cost Total $1,804,100 

Existing to Future % Flow Increase' 17% 

Design Assumptions 

• A segment of this CIP will be installed by Trimet during the construction of the max light rail line between 21" 
and 25\h along Washington Street. However, funding of this segment is still in progress and was included in 
the cost estimate for this CIP. 

1. EXIsting to future percent flow Increase IS based on the 25 year percent flo .... Increase from the conrflbUlIng drainage area between the 
exisring and future land use scenarios. This value is used to assign a dollar value to (he portion of this CfP which can be arrribured to 
growth. 



Capita l Project Fact Sheet Prior ity Ranking No. 12 
Project Name: Washington Green Streets 

Proposed Washington 
Green Street Extension 1n·· • .,-'iI 
(23rd to Oak) 

Project Name Washington Green Streets 
Project 10 6-2 
Modeled System No. 6 

Associated Subbasins KC30, KC40, KC50, KC60 

Associated Modeled Pipes/ Conduits KC30b (41029_41109), KC30a (4 1109_21101 ' 
KC10b (21101 41005), KC10a (41105 4100 

Dbjectlve(s) Addressed Water Qualil, 
Project Description 

The contributing area from Washington Street is a high pollutant load generating area. Currently, the Trimet light Rail 
Project is install ing green street features to provide water quality treatment from Main to 23'· along Washington 
Street. 

This CIP includes an extension of the green street features being installed by Trimet, from 23" to Oak along 
Washington Street. The installation of CIP 6-1 wi ll involve pipe replacement and repaving a portion of Washington 
Street, which provides an opportunity to complete green street fea tures while the pipe replacement construction is 
occuring. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appen<:lix X~()~.Eetails) $271.200 
Construction Contingency (30%) 

- ---- ------------$81,400· 
---- - ---

Sub·total $352,600 
Engineering and Permitting (40%) -----$141,100 

Construction Administration (5%) 
-- ._- - -- - -- - - $17,600 

Capital Project Implementation Cost Total $511,300 
Existing to Future % Flow Increase' Not applicable 
Design Assumptions 

• The cost of this CIP may be reduced if construction is completed in conjunction with CIP 6-1. Potential 
efficiencies include mobilization/ demobilization, traffic control, pipe connections, and erosion control costs. 

- . 1 . Exlstmg to future percen! (/01'1 Increase 15 based on the 25 year percent flow Increase from the contrtbutmg dramage area between til( 
existing and fuwre land use scenarios. This value ;s used to assign a dollar value to the portion of this CIP which can be attributed fa 
growth. 



Capital Project Fact Sheet Priority Ranking No. 17 
Project Name: International Way and Wister 

Project Name Internationa l Way and Wister 
Project ID 12-1 
Modeled System No. 12 

Associated Subbasins MSB20, MSB21 
, 
) Associated Modeled Pipes/ Conduits MSB20d(61010_61028) 

Objective(s) Addressed A Flood Control 
Project Description 

The 24-in MSB20d at International Way is negatively sloped and MSB20e and MSB20d is under capacity, resulting in 
predicted flooding along MSB20e. According to elevations in the model. the invert elevations of nodes 61105 and 
61028 are 80.8-ft. 

This CIP includes replacement of 80-ft of existing 24-in pipe with 48-in pipe along MSB20d from manhole 61010 to 
manhole 61028 to reduce expected flooding. Flooding of 0.28 cfs is still predicted in the model at the 25-year future 
scenario following the installation of this CIP. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $57,700 
Construction Contingency (30%) - "--- .. _ ._- -_._---- - - -_. 

$1i,~~ - . ----.---.- -----
Sub-total $75,000 

. Engineering and Permitting (25%) --
$11-;-300 

Construction Administration (5%) 
----- -- --$3,700-

Capital Project Implementation Cost Total $90,000 
Existing to Future % Flow Increase 74% 

Design Assumptions 

• Invert elevations were unable to be verified during this study at this location. Verification of the inverted slope 
is recommended prior to moving forward with this CIP. 



Capital Project Fact Sheet Priority Ranking No.1 
Project Name: UIC Decommissioning on Lloyd 

Project Name UIC Decommissioning on Lloyd 
Project ID 13-1 
Modeled System No. 13 

Associated Subbasins MSA22,MSA23,MSA24,MSA25, MSA26,MSA27 

MSA23a (34137_34138), MSA22a (34138_62050' 
MSA25b (62056_61047), MSA25a (61047_6119 
MSA27d (61195_62305), MSA27c (62305_62304,. 

Associated Modeled Pipes/ Conduits MSA27b (62304 62297), MSA27a (62297 62296) 
Objective(s) Addressed Water Quality - UIC Decommissioning - Flood Control 

Project Description 

UIC 34155 (west of Stanley Avenue) and UIC 34137 (intersection of 60'" Avenue and Lloyd Street), are not 
operational. as reported by City maintenance staff. The City has attempted to retrofit these UICs, however, the UICs 
are still not functioning properly and flooding has been reported at the intersection of Lloyd Street and Stanley 
Avenue. UICs 34167 and 34138 are also included in this CIP due to their location along Lloyd Street. 

This CIP includes decommissioning of the four UICs described above and installation of 787 feet of new 12-in HDPE 
pipe along Lloyd Street from 60lh Avenue to Stanley Avenue. Along Stanley Ave. (from Lloyd St. to Railroad Ave.) this 
CIP also includes replacement of existing concrete pipe with 1,314 feet of new 12-in HDPE pipe and 499 feet of 18-in 
HDPE pipe. 

To address water quality of new contributing area previously captured by UICs, this CIP includes installation of a 
bypass manhOle at the Stanley Avenue entrance to Linwood Elementary School, which would divert flow associated 
with the water quality storm to a newly constructed rain garden. The rain garden would be installed in the existing 
channel. The channel currently runs east-west along the school driveway from the an existing rain garden located on 
the school grounds to Stanley Avenue. The existing rain garden was sized to treat runoff associated with a building 
expansion at the school. 

CIP 13-2 includes pipe improvements and a planning study for the conveyance system on Linwood Elementary School 
grounds. 

CIP 13-3 addresses the conveyance system downstream of CIP 13·1, starting at Railroad Avenue and extending to tI 
system outfall at the Railroad Avenue channel. Construction of CIP 13-3 should be scheduled in accordance with CII 
13·1. 



) 

Capital Project Fact Sheet Priority Ranking No.1 
Project Name: UIC Decommission ing on Lloyd 
Estimated Planning Cost (2012 dollars) 
Construction Cost Sub·total (See Appendix X for details) $463,800 
Construct ion Contingency (30%) $139,100 
Sub-total $602,900 
Engineering and Permitting (25%) $150,700 
Construction Administration (5%) $30,100 
UIC Closure Report $10,000 
Capital Project Implementation Cost Total $793,700 
Exlsting to Future % Flow Increasei 55% 
Design Assumptions 

0 This CIP introduces additIOnal f low to the pipeline along Stanley Avenue. CIP 13·3 should be completed prior 
to or in conjunction with this CIP. 

0 It Is assumed that the City would not acquire additional property for the water quality portion of this CIP; 
coordination with the school district will be conducted to ensure construction and maintenance easements on 
the school grounds. An alternative Water quality facility may be considered on the southwest side of the City's 
well and storage tank site Which is south of Kent Street. 

0 All UICs nwst be closed in a manner t\1at complies With the federal prohibition of fluid movement, as outlined 
in 40 CFR 144.12 and 144.82a. Current guidelines for UIC decommissioning can be found on the Oregon 
DEQ website. 

1. Exlsllng to future percent now Increase Is based on the 25 year perce{l! (low ",crease from ~he contnbuling drainage area between lhe 
exiSting and future land use scenarios. This value is used to assign a dol/ar value to fhe portion of this CIP which can be attribured to 
growth. 
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Project Name: UIC Decommissioning on Lloyd 
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Capital Project Fact Sheet 
Project Name: Linwood Elementary 

o 

Priority Ra nking NO.8 

Existing Linwood Elementary 
School Rain Garden 

- 1~ -o 
Project Name linwood Elementary 
Project 10 13·2 
Modeled System No. 13 

Associated Subbasins MSA90, MSASO,MSA70 

MSASOb (61148_61179), MSA80a (61179_61151). 
Associated Modeled Pipes/ Conduits MSA 70d (61151 6502S) 
Objectlve(s) Addressed Flood Control 
Project Oescrlption 

The 15·in concrete pipe associated with modeled conduit MSASOb (6114S_61179) and the lS-in concrete pipes 
associated with modeled conduits MSA80a (61179_61151) and MSA 70d (61151_65028) are under capacity. 
Flooding is predicted along this reach, which is located between Linwood Avenue and Stan ley Ave on the linwood 
Elementary School grounds. Capacity limitations are caused by undersized piping along MSASOb , MSASOa and 
MSA70d. 

The cost for this CIP was developed as a pipe replacement with the option to conduct a planning level study to 
evaluate additional options for flood mitigation. 

The pipe replacement includes replacement of 243-ft existing 15·in pipe with 24-in pipe along MSASOb, lS6-ft of 
existing lS·in pipe with 24-in pipe along MSASOa, and 6S3·ft of existing lS·in pipe with 30-in pipe along MSA 70d. 
There is also a backslope on MSASOc (61177 _6114S) along linwood Avenue, however with improvements made to 
downstream piping from 6114S to 6502S, the model does not predict flooding during the future 25-year event along 
Linwood Avenue. Modeled condu it MSASOc is associated with approximately 250-ft of 24·in concrete pipe. 

The planning level study would consider partial pipe replacement from linwood Avenue to the west side of the school 
rain garden. At this point, the feasibi lity of daylighting the eXisting pipe to a channel for water quality and flood control 
would be eva luated. This option would be an al ternative to full pipe replacement. The rain garden proposed at for CIP 
13-1 would be considered as a part of the pipe replacement option for CIP 13-2. The planning study would also 
include an evaluation of grant funding opportunities for the school district to expand eXisting rall1gardens. 

See CIP 13·1 for pipe and water quality improvements on Stanley Avenue. 



Capital Project Fact Sheet Prio rity Ranking No, 8 
Project Name' Linwood Elementary 
Estimated Planning Cost (2012 dollars ) I 
Construction Cost SUb-total (See Appendix X for details) $248,400 I 
Construction Contingency (30%) , $74,50 
SuMotal . --~--=-::.~{~~:~~o Planning Level Study 
Engineering and Permitting (25%) $80,700 
Construction Administration (5%) $16,100 
Capital Project Implementation CostTotal $469,700 
Existing to Future % Flow Increase1 23% 
Design Assumptions 

• It is 'assumed that the City currently has an easement for the stormwater pipe on the Linwood Elementa ry 
School property, 

1. ExlSllng to future percent flow Increase ,s based on the 25·yeiH percent flow mcrease from lhe comnbul1ng drainage area befy.een the 
ex;stlng and fUWre land use scena/los. This value Is used to assign a dollar value fO the ponlon of this C/P which can be att.r1bured to 
growth, 



Capita l Proj ect Fact Sheet Priority Ranking No.2 
Project Name: Rai lroad Avenue at Stan ley 

} 

Project Name Railroad Avenue at Stanley 
ProjectiD 13·3 
Modeled System No, 13 

MSA22, MSA23, MSA24, MSA25, MSA26, MSA27, 
Associated Subbasins MSA31, MSA70, MSA71, MSA72, MSA80, MSA90 

MSA31a (C13·4_C13·5), MSA31b (C13·3_C13·4), 
MSA31a (C13·2_CIP13·3), MSA31d (C13·1_C13·2), 

Associated Modeled Pipes/ Conduits MSA31e (62296 C13·1) 
Objectlve(s) Addressed Flood Control 
Project Description 

The 18·in culvert associated with modeled conduit MSA20a (66023_65033) IS under capacity, causing predicted 
f looding along MSA20a over Rai lroad Avenue. Flooding is predicted during the 25·yr existing and 10 and 25·year 
futu re land use scenarios and was also observed during a storm event on November 19th and 20th , 2012. 

This CIP includes abandoning the existing culvert under Stanley Avenue at Rai lroad Avenue, which is associated with 
modeled conduit MSA20c (62296_65011). Flow from the channel on the west side of Stanley is routed through two 
new 18·in 60·ft para llel reinforced concrete culverts under Rail road Avenue on the west side of Stanley. Cover depth 
at this location limits pipe height to 18·in. Flow from Stanley as described in CIP 13·1 is routed through a new 670·ft 
18·in HOPE pipeline on the north side of Ra il road Avenue from a new manhole at 62296 to a new manhole at C13-4. 
Intermediate manholes are placed to accept flows from Maple Street, Ash Street, and Grove Loop. At new manhole 
C13·4 , flow is routed through a new 60·ft 18·in reinforced concrete culvert , where this CIP outfalls to the channel 
located to the south of Rail road Avenue, associated with modeled conduit MSAll0a (C13·5_61107). 

There is currently no information available regarding an existing pipe from Stanley Avenue to 60'" Court, along the 
north side of Railroad Avenue, however given the location of pipes which appear to accept drainage from Maple, Ash 
and Grove, it is assumed that there is an existing pipe at this location. This CIP replaces that pipe segment and 
creates a new outfall at C13·5. 



Capital Project Fact Sheet Priority Ranking No.2 
Project Name' Railroad Avenue at Stanley 
Estimated Planning Cost (2012 dollars) I 
Construction Cost SUb·total (See Appendix X for details) $211.400 I 
Construction Contingency (30%) $63.40 
Sub-total $274,9l 
Engineering and Permitting (25%) $68,700 
Construction Administration (5%) $13,700 
Capital Project Implementation Cost Total $357,300 

Existing to Future % Row Increase' 33% 
Design Assumptions 

• This CIP alleviates exist ing flooding and also re·routes flows from Stanley Avenue, and should be constructed 
prior to installation of CIP 13-1. 

1, Exlsrfng to fwure percent. flo .... Increase tS based on [he 25 year percent flow Increase from (he contributIng draInage area between the 
exisLing and futu(e land use scenarios. This value is used fO assign a dollar value (0 the pDrtfon of this CIP which can be attributed to 
growth. 



Capital Project Fact Sheet Priority Rank ing NO.3 
Project Name: Railroad Avenue Channel 

~~~~~~~~-;~~------~ 

Project Name Railroad Avenue Channel 
Project 10 13-4 
Modeled System No. 13 

Associated Subbasins MSA250, MSA230, MSA220, MSA215. MSA210 

) Associated Modeled Pipes/Conduits MSAll0d, MSA110c 

Objectlve(s) Addressed Water Quality - Targeted Maintenance 
Project Description 

The existing channel along the north side of Railroad Avenue receives drainage from a large portion of the City. 
Lim ited maintenance appears to be conducted, which is limit ing the ability of the channel to convey stormwater and 
provide water quality benefit. 

Conduct targeted maintenance activities including hand removal of non-native vegetation, sediment removal, and 
replanting activities. Maintenance activities to focus on approximately 2,000 linear feet of channel between Wood 
Avenue and Grove Loop. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $33,900 
Construction Contingency (30%) $10,200 
Sub-total $44,100 
Engineering and Permitting (15%) $6,600 
Construction Administration (5%) $2,200 
Capital Project Implementation Cost Total $52,900 
Existing to Future % Flow Increase Not Applicable 
Design Assumptions 

• This CIP alleviates existing flooding and also re-routes flows from Stanley Avenue, and should be constructed 
prior to insta llation of CIP 13-1. 



Capital Project Fact Sheet Priority Ranking NO.6 
Project Name: Plum and Apple Street 

Project Name Plum and Apple Street 
Project ID 14·1 
Modeled System No. 14 

Associated Subbasins MSA61 

Associated Modeled Pipes/ Conduits MSA61c (C14-2 623161 

Objectlve(s) Addressed Flood Control - Pipe capacity Deficien 
Project Description 

This capital project will provide increased capacity to alleviated observed local flooding problems, as reported by City 
maintenance staff. 

This CIP includes 780 feet of new 12 inch HDPE pipe from new manhole C14·2 to manhole 62316, at the intersection 
of Jun iper and Aspen Street. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $106,600 
Construction Contingency@s>~) - .. 

-. -----$32,000· 

Sub·total $138,600-' 
- Engineering andPermitiiii'g (250/0]---------- - ---- $34,600· 
C-Construction Administration (5%) ------_.-

$6,900 
Capital Project Implementation CostTotal $180,100 
Existing to Future % Flow Increase 43% 

Design Assumptions 
• CIP sizing and design is based on assumptions contained in the 2004 Master Plan and per communication 

with City staff. No downstream flooding is predicted as a result of this CIP. 



Capital Project Fact Sheet 
Project Name: Hemlock Street 

Associated Modeled Pipes/Conduits 

Project 

Priority Ranking No. 15 

MSA100f (61115_CIP15-2), 
MSA100e (CIP15·2_CIP15·1), 

MSA100d (CIP15·1_CCCB146). 
MSA100c (CCCB146_CCCB159) , 
MSA100b 

The 15·in pipe segments associated with model conduits MSA100f (61115_61118), MSA100e (61118_CCCB154), 
and the 18-in pipe segments associated with model conduits MSA100d (CCCB154_CCCB146), MSA100c 
(CCCB146_CCCB159), and MSA100b (CCCB159_CCCB161) are under capacity, causing predicted flooding during 
existing and future land use scenarios from Hemlock Street, through private property to Harmony Way. 

This CIP includes replacement and realignment of this pipeline, which is currently located in private residential 
backyards from from Hemlock Street to Harmony Way. When constructed, this pipeline will replace a portion of the 
pipeline along Cedarcrest Drive, from Hemlock Street to Harmony Way. The diameter and elevation of this pipe is 

unknown, and should be identified in the 

- .... -- - -.-·----.----·-----'-;~·~.;;-I 

• Currently, 17.5 acres of subbasin MSA100 and 39.6 acres of subbasin MSA110 are undeveloped and 
outside of the City limits. This CIP IS sized to capture drainage from this area if developed into low density 
residential land use (assuming 35% impervious coverage). 



Capita l Project Fact Sheet Priority Ranking No. 10 
Project Name: 47th and Llewellyn 

Project Name 47'" and Llewellyn 
Project ID Gl 
Modeled System No. Not Applicable 

Associated Subbasins Subbasin delineated for CIP 

Associated Modeled Pipes/Conduits Not ApplicabV 
Objective(s) Addressed Flood Control - UIC Deficier. 

Project Description 
The City reports flooding at the intersection of 47'" and Llewellyn, near UIC 34076. The existing UIC is functioning, but 
is undersized for the contributing drainage area. The total contributing area est imated in ArcGIS is approximatley 8.0 
acres. According to the City's UIC database, 70,070 square feet of impervious surface contribute to this UIC. 

Due to the existing grade and lack of a nearby piped drainage system, this CIP includes the installation of additional 
UICs and associated inlets and inlet lead lines to alleviate flooding at 4 7'" and Llewellyn. According to Exhibit 2-31 in 
the 2010 City of Portland Storm water Management Manual, an additional 5 UICs are required to accommodate the 
70,070 square feet of impervious surface. 

Estimated Planning Cost (2012 dollars) 
Construction Cost Sub-total (See Appendix X for details) $81,200 
Construction Contingency (30%) $27,600 
Sub-total fi19,700 
Engineering and Permitting (25%) - .-- -- -- $29;900 
Construction Administration (5%) $6,000 
Capital Project Implementation Cost Total $155,600 
Existing to Future % Flow Increase Not Modeled 
Design Assumptions 

• The drainage area captured by this project was estimated to be 8.0 acres, which is based on aerial 
photography, ArcGIS contour lines, taxlots and existing stormwater infrastructure. 

• Additional UICs are assumed to be 48-in in diameter and 20-ft deep. 

• The cost for registration of new UICs with DEQ is included in the engineering and permitting estimate. The 
current fee for UIC registration with OEQ is $300 per UIC. 



....... 
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Capital Project Fact Sheet 
Project Name: 36'" near King 

Project Name 
Project ID 
Modeled System No. 

Associated Subbasins 
Associated Modeled Pipes/ Conduits 
Objective(s) Addressed 
Project Description 

Priority Ranking NO. 7 

36th near King 
G2 

Not Applicable 

Not Applicable 

Not Applicable 
Water Quality· Fl ood Control - UIC Deficiency 

The City reports flooding between King Road and Harvey Street, at UIC 24014. This UIC is located at a low point in 
elevation along 36'" Avenue, between Harvey and King. 

Due to the existing grade and lack of a nearby piped drainage system, this CIP includes installation of a raingarden or 
other stormwater featu re to minimize flow into the UIC and provide water quality treatment of contributing impervious 
area within the ROW. This CIP includes installation of 4 new catchbasins will capture drainage from 26th and direct 
flow to the rain garden until has reached capacity. Overflow enters UIC 24014. This configuration wi ll ensure that the 
stormwater planter recieves stormwater first, which will help with surviva l of the facility plants. 

This facility is located on the existing vacant parcel to the west of UIC 24014. As an alternative to purchasing the 
vacant parcel, the City could also locate multiple small stormwater planters along SE 36th to capture roadway 
drainage prior to discharge to the UIC. 



Capital Project Fact Sheet 
Project Name' 36'" near King 
Estimated Planning Cost (2012 dollars) 

Priority Ranking NO.7 

I 
Construction Cost Sub·total (See Appendix X for details) $6!,900 I 
Construction Contingency (30%) 

- $18,6~ 
Sub·total $80,56 
Engineering'and Permitting (25%) 

---- -, 
'---$26;100 

- ._-- -
Construction Administration (5%) $4,000 
Capital Project Implementation CostTotal $104,600 
Existing to Future % Flow Increase Not Applicable 
Design Assumptions 

• The total contributing area for this UIC was estimated to be 3.5 acres (152,460 square feet), using 
topographical information in GIS. The contributing impervious area from ROW was estimated to be 28,500 
square feet. To size the stormwater facility, a 6% sizing factor was applied to the contributing area, which 
results in a 1,710 square foot facility. 

• The vacant parcel to the west of UIC 24012 has a tax lot 10 of llE250C04900, is 0.19 acres in size, and is 
valued at $73,272 according to the current METRO tax lot GIS database. The above cost does not include 
property acquisition. 



Capital Project Fact Sheet 
Project Name: 55 th near Monroe 

Associated Subbasins 

Priority Ranking NO.8 

Subbasin delineated for CIP 

The City reports flooding onto private property near the corner of 55t" Avenue and Monroe Street. According to the 
City's GIS, UICs 34094 and 34110 are providing drainage to this area. UIC 34094 serves an impervious area of 
13,853 square feet and UIC 34110 serves an impervious area of 25,752 square feet. These UICs are not providing 
adequate capacity and therefore, the City is proposing an additional 125-ft of soakage trench to be insta lled at the 
catch basins which convey drainage to the UICs, The soakage trench provides additional surface area for infi ltration 
without being designated as a UIC as long as they mainta in a depth of less than 5-ft, 

• The City of Portland Stormwater Management Manual was referenced for design criteria. 

$4;206 
$18,400 
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C it~' Of Milwaukie Stormwater Master Plan 

Appendix E: CIP Detailed Cost Estimates 

I Brown "" Caldwell : 



C it), of Milmtukir - Storm wain Master rlan 
ClI I.ilallmllrO\'Cmcnt ilrojcct 

Prtlirninary Engineering Unit CO.H 
Ta ble E I -

ITEM I UNIT 
Water QURlily Facility Insl lA liation 
General Eanhworkl Excavation CY 
Embankment CY 
Clearing Brush AC 
Clellf and Grub hrush including 51111nps AC 
Amended Soils and Mulch CV 
Jute MUlling, Ri(ldcgrndcablc SY 
Geo ll1cn,brane SY 
Energy rlissapation pad· Rlp·Rap, ClflSS 50 CY 
Rock Weir - Rip-Rap, Class 50 CY 
Drain Rt1Ck CY 
Pond OutflQW Cuntrol Stmc\lIIe EA 
Pond Inlet Structure EA 
l:.mcrgc llcy Ovcrnow Weir LF 
Wnler Quality Facility PlullIlngs SF 
Rain Garden SF 
Stormwatcr Planter SF 

Structurr Installatiun 
Precast Concreu: Manhole (48" , 0-8' deep) EA 
Precast COIlc.rete Manhole (48", 9-12' deep) EA 
Precast Concrete Manhole (4~" , 13·20' deep) EA 
Precast Concretl' Manhole (flO", O·R' deep) EA 
Precast Concrete Manhole {(lO" , 9· 12' deep) E,~ 

Precast Concre·lc Manhole (72", 0-8' deep) EA 
Drywclr (48" , 20-25' deep) loA 
Curb Inlel foA 
Concrcle rnlct, T}1)c 0 10-8' deep) EA 
Concrete Inlet, Type G-l EA 
ConcrelC Inlet, Type 0-2 EA 
Concrete Fill - UlC Decomlssionmg CY 
Connection to .Existing SlnlChHC EA 
Abandon E.xisting M.mholc EA 
Plug E.:dsting Pipe EA 
Remove Existing Pipe ( 15-18 ~) FT 

Restorntionl Restlll:tcing 
Non-W .. ter Quality Fuc ility Landscaping AC 
4-foOI ClHlin Link Fence U-
I-/ydrosecd At 

J'rujec:1 TO luls 
Project Slln·Tota] 
MobiJiz4ltlon/Del1 lObiliz3liorl (10%) LS 
EroSIOn Control (2"M LS 
Construction CUl ltingcncy (30%) LS 

Construction Cost Estimate 

Engineering and Pennilljng (%) LS 
Construction Adnl;nislTation (%) LS 

Tota l Pruject Engineering and Construclion COSI 

1 011 

UNIT COST ($) 

SI2 
$8 

$1,850 
56,500 

$26 
$2 

$25 
S60 
$(1) 

S31 
$5, 100 
$4,100 

$2 1 
53 
$25 
$37 

$2,100 
S5,800 
$8,900 
;4,300 

58,200 
55,500 

SI O.OOO 
5 1,900 
S2,000 
$1.300 
$1_900 
$I~O 

S I ,000 
254 

S500 
527 

$20,600 
$21 

52.300 

10% 

,,' 
30% 

Varies by proje<t j2S·40%) 

5% 



Cover Depth (feet) 12 
2-5 $78 

5-10 $J 07 
10- J 5 $135 
J 5-20 $163 

Depth of Cover (ft) 12 
Sub Task 

Pipe + Bed (ft) 2 
Width (ft) 2 

Bedding (ft) O. J 
Shoring (11) $ 4.0 

SawcuniDg and Asphalt Removal (11) $ J 7.0 
Trench Excavation (CY) $ 25.0 

Trench Backfi ll (CY) $ 40.0 
HDPE Piping unless noted concrete (If) $ 12 .8 

Asphalt Restoration (11) $ 13 .4 

Cover (CY) 

2-5 0.5 
5- 10 0.9 

10-15 1.2 
15-20 1.6 

Cost (S/LF) 
2-5 $78 

5-10 $107 
10- 15 $135 
15-20 $163 

City of Milwaukie - StOl-mwater Master Plan Costs 

PIPE INSTALLATION with Asphalt 
Table E-2 

Storm Drain Pipe Construction Cost per Linear Foot 
Diameter (incbes) 

IS-Reinf Cone 18 24 30 30-Reinf Cone 
$144 $122 $161 $209 $271 
$184 $162 $2 13 $273 $335 
$224 $202 $265 $337 $400 
$264 $242 $3 17 $401 $464 

Breakdown of Linear Foot Cost 

18 18 24 30 30 

2.0 2.0 2.5 3.0 3.0 
3 3 4 5 5 

0.1 O. J 0.1 0.2 0.2 
$ 4.0 $ 4.0 $ 4.0 $ 4.0 $ 4.0 
$ 24.0 $ 24.0 $ 31.0 $ 38 .0 $ 38.0 
$ 25.0 $ 25.0 $ 25.0 $ 25.0 $ 25.0 
$ 40.0 $ 40.0 $ 40.0 $ 40.0 $ 40.0 
$ 45.5 $ 23.0 $ 27.0 $ 37.0 $ 99.5 
$ 20. 1 $ 20 .1 $ 26.8 $ 33 .5 $ 33.5 

0.8 0.8 J.] 1.5 1.5 
1.3 1.3 1.9 2.4 2.4 
1.9 1.9 2.6 3.3 3.3 
2.4 2.4 3.3 4.3 4.3 

$144 $ 122 $ 161 $209 $27 J 
$1 84 $162 $2J3 $273 $335 
$224 $202 $265 $337 $400 
$264 $242 $3 I 7 $40 1 $464 

36 42 48 54 60 
$259 $3 16 $370 $470 $556 
$336 $404 $470 $582 $680 
$412 $492 $57 1 $695 $805 
$488 $580 $67 J $807 $929 

36 42 48 54 60 

3.5 4.0 4.5 5.0 5.5 
6 7 8 9 10 

0.2 0.3 OJ 0.3 0.4 
$ 4.0 $ 4.0 $ 4.0 $ 4.0 $ 4.0 
$ 45 .0 $ 52.0 $ 59.0 $ 66.0 $ 73.0 
$ 25.0 $ 25.0 $ 25.0 $ 25.0 $ 25 .0 
$ 40.0 $ 40.0 $ 40.0 $ 40.0 $ 40.0 
$ 47.5 $ 61.0 $ 70.5 $ 123.0 $ 159.0 
$ 40.2 $ 46.9 $ 53.6 $ 60.3 $ 67.0 

1.9 2.3 2.8 3.3 3.9 
3.0 3.6 4.3 5.0 5.7 
4.1 4.9 5.8 6.7 7.6 
5.2 6.2 7.3 8.3 9.4 

$259 $316 $370 $470 $556 
$336 $404 $470 $582 $680 
$412 $492 $571 $695 $805 
$488 $580 $67 1 $807 $929 

4 



CIP 1-1: Willow Detention Pond Retrofit 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

CS!gits.:! 1 EXQ~n~~§! 

Excavation 442 CY $ 12 $ 5,307 

lS" Amended Soils and Mulch 221 CY $ 26 $ 5,749 

18" Dra in Rocl< 221 CY $ 31 $ 6,854 

Water Quality Facility Plantings 3,980 SF $ 3 $ 11;940 

Capital Expense Sub-Total $ 29,850 

Mobilization/Demobilization 10% LS $ 2,985 

Traffic Conlrol/Ut ility Relocation 2% LS $ 597 

Erosion Control 10% LS $ 2,985 

Construction Cost Sub-Total $ 36,417 

Construction Contingency 30% LS $ 10,925 

Capital Expense Total $ 47,342 

AdmiDi§tralivg ~Qeosg~ 

Engineering and Permitting 40% LS $ 18,937 

Construction Administration 5% LS $ 2,367 

Administrative Expense Total $ 21,304 

Capital Implementation Cost Total $ 68,646 



CIP 1-2: Stanley - Willow UIC Decommissioning 

Unit Cost 

Descnption Quantity Unit (2012) 2012 Cost 

QiiH~i121 E~Q~n~~ 

Concrete Fill " UIC Decommissioning 8.4 CY 140 1173 

Remove Remainder of UIC 2 EA 500 1000 

Precast Concrete Manhole 
(48 ",0·8' deep) 3 EA $ 2,100 $ 6,300 

Concrete Il1let, Type G-2 4 EA $ 1,900 $ 7,600 

HOPE Pipeline 

(12',0·5' deep) 425 FT $ 78 $ 33,340 

Water Qua lity Facility Plantings 2,000 SF $ 3 $ 6,000 

Capital Expense SUb-Total $ 49.413 

Mobilization/Demobilization 10% lS $ 4.941 

Traffic Control/Utility Relocation 2% lS $ 988 

Erosion Control 2% lS $ 988 

Construction Cost SuI>-Total $ 56,330 

Construction Contingenc~1 30% LS $ 16,899 

Ca prtal Expense Tota l $ 73,229 

Adminili21r"ljv~ ~Q~n~~s 

Engineering and Permitting 25% lS $ 18,307 

Construction Administration 5% LS $ 3,661 

U1C Closure Report LS $ 5,000 

Administrative Expense Total $ 26,969 

Capital Implementation Cost Total $ 100,198 



elP 4-1: Main Street at Milport Road 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

QaQit§1 E2meOS~S 

Precast Concrete Manhole 
(4S", O-S' deep) 6 EA $ 2,100 $ 12,600 

Precast Concrete Manhole 
(60' , O-S' deep) 1 EA $ 4,300 $ 4,300 

Connection to Existing Structures 2 EA 1,000 $ 2,000 

Reinforced Concrete Pipeline 

(30", 2-5' deep) 3S0 FT $ 271 $ 103,093 

Gapital Expense Sub-Total $ 121,993 

Mobilization/Demobilization .10% LS $ 12,199 

Traffic Conlrol/Utility Relocation 5% LS $ 6,100 

EroSion Control 2% LS $ 2,440 

Construction Cost Sub-Total $ 142,731 

Construction Contingency 30% LS $ 42,S19 

Ca pital Expense Total $ 185,551 

~"mjnjfilr~ljv~ ~I.u~n~ 

Engineering and Permitting 25% LS $ 46,388 
-

Construction Administration 5% LS $ 9,278 

Administrative Expense Total $ 55,665 

Gapitallmplementation Cost Total $ 241,216 



CIP 5-1: Meek Street 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

caQil~1 fXQen5~S 

MQnrQ!illQ M~ek PiQ!i ImQrQv{lmgn l~ 

Precast Concrete Manhole 
(48",0-8' deep) 5 EA $ 2,100 $ 10,500 

Precast Concrete Manhole 
(60",0-8' deep) 4 EA $ 4,300 $ 17,200 

Precast Concrete Manhole 

(72",0-8' deep) 2 EA $ 5,500 $ 11,000 

Plug Existing Pipe 2 EA $ 500 $ 1,000 

Connection to Existing Structures 2 EA $ 1,000 $ 2,000 

HOPE Pipeline 

(18", 5-10' deep) 826 FT $ 162 $ 133,619 

HOPE Pipeline 

(36", 5 -10' deep) 1,560 FT $ 336 $ 523,692 

Monroe to Meek Pipe Improvements Sub-total $ 699,011 

Q~k a!J~ BailrQRQ Q~tenl1Qn 

Pond Inlet Structure 1 EA $ 4,100 $ 4,100 

Pond Outflow Control Structure 1 EA $ 5,100 $ 5,100 

General EarthworK/ Excavation 1,588 Cy $ 12 $ 19,060 

Amended Soils and Mulch 331 Cy $ 26 $ 8 ,610 --
Energy dissapatlon pad - Rip-Rap, Class 50 4 CY S 60 $ 222 

Hydroseed 0.26 AC $ 2,300 $ 598 

Non-Water Quant)' Facility Landscaping 0_11 AC $ 20,600 S 2,365 

Oak and Railroad Detention Sub-total $ 40,056 

Ms;:~!s 112 6al{Qur PiQ!i ImQrQvemenl~ 

Precast Concrete Manhole 
(60', '0-8' deep) 3 EA $ 4,300 $ 12,900 

Precast Concrete Manhole 
(60',9' 12' deep) 2 EA $ 8,200 $ 16,400 

Connection to Existing Structures 1 EA $ 1.000 $ 1,000 

HOPE Pipeline 

(36", 5-10' deep) 985 FT S 219 $ 215,989 

Meek to Balfour Pipe Improvements Sub-total $ 246,289 

~lrQY[ Q~l~nlIQD PQOg 

Pond Inlet Structure ~ EA $ 4,100 $ 4,100 

Pond Outflow Control Structure 1 EA $ 5,100 $ 5,100 

Clearing Brush 1 AC $ 6,500 $ 6,500 

General Earthwork! Excavation 1,000 CY $ 12 $ 12,000 

Embankment 1.000 CY $ 8 $ 8,000 

Amended Soils and Mulch 1,128 CY $ 26 $ 29,335 

Energy dlssapation pad - Rip-Rap, Class 50 20 CY $ 60 $ 1,200 

Hydroseed 0.69 AC $ 2,300 $ 1,576 



CIP 5-1: Meek Street 

Unit Cost 

Description Quantity Unil (2012) 2012 Cost 

Non-Waler Quality Facility Landscaping 0.11 AC $ 20.600 $ 2.365 

Balfour Detention Pond Sub-total $ 70.116 

6~ I[QU[ 12 MH 25Q19 PIQfllmQrQ~~ment§ 
Precast Concrete Manhole 
(60',0-8' deep) 4 EA $ 4,300 $ 17.200 

HDPE Pipeline 

(36', 2-5' deep) 1.800 FT $ 213 $ 382,640 

Connection to Existing Structures 1 EA $ 1,000 $ 1,000 

Precast Concrete Manhole 
(72' . 0-8' deep) 1 EA $ 5,500 $ 5.500 

Balfour to MH 25019 Pipe Improvements Sub·total $ 406,340 

Capital Expense Sub-Total $ 1,461.871 

Mobilization/Demobilization 10% LS $ 146,187 

Traffic Control/Utility Relocation 10% LS $ 146,lB7 

Erosion Control 5% LS $ 73,094 

Construction Cost Sub-Total $ 1.827,339 

Construction Contingency 30% LS $ 548,202 

Capital Expense Total $ 2.375.541 

Agminl~rative ExQ~n~~~ 

Engineering and Permitting 25% LS $ 593.885 

Construction Admin istration 5% LS $ 118.777 

Administrative Expense Total $ 712,662 

Capital Implementation Cost Total $ 3,088,203 



CIP 5-2: Harrison Street 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

Ca~itS!1 Exgen~!is 

Precast Concrete Manhole 
(48", 9-12' deep) 3 EA $ 5,800 S 17,400 

Precast Concrete Manhole 

(60' , 9-12' deep) 2 EA $ 8,200 $ 16,400 

Connection to Existing Structures 1 EA $ 1,000 $ 1,000 

HOPE Pipetine 
(36' , 10-15' deep) 696 FT $ 412 $ 286,698 

Capitat Expense Sub-Total $ 321,498 

MObilization/Demobilization 10% LS $ 32,150 

Traffic Control/Utility Relocation 2% LS $ 6,430 

Erosion Control 2% LS $ 6,430 

Construction Cost Sub-Total $ 366,508 

Construction Contingency 30% LS $ 109,952 

Capital Expense Total $ 476,460 

AdmioiSlr"t iv~ E1;Q~O§~s 

Engineering and Permitting 25% LS $ 119,115 

Construclion Administration 5% LS $ 23,823 

Administrative Expense Total $ 142,938 

Capital Implementation Cost Total $ 619,398 



CIP 6-1: Washington Street 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

Caeit", E~ceo~e~ 
Precast Concrete Manhole 
(48", 0-8' deep) 4 EA $ 2,100 $ 8,400 

Precast Concrete Manhole 
(48", 9-12' deep) 10 EA $ 5,800 $ 58,000 

Connection to Existing Structures 4 EA $ 1,000 $ 4,000 

HDPE Pipeline 

(24 ",10·15' deep) 3,312 FT S 265 S 878,735 

HDPE Pipeline 
(30", 5·10' deep) 239 FT $ 273 S 65,243 

Capital Expense SUb-Total S 1,014,378 

Mobilization/Demobilization 10% LS $ 101,438 

Traffic ControljUtilrty Relocation 2% LS S 20,288 

Erosion Control 2% LS $ 20,288 

Construction Cost Sub-Total $ 1,156,390 

Construction Contingency 30% LS $ 346,917 

Capital Expense Total $ 1,503,307 

8Qrnloi::ilri:.'!l ive ExQ~[]S~S 

Engineering and Permitting 15% LS $ 225,496 

Construction AdminIstration 5% LS $ 75,165 

Administrative Expense Total $ 300,661 

Gaprtallmplementation Cost Total $ 1,803,969 



CIP 6-2; Washington Green Streets 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

CaQ it~1 ExQen~~s 

Stormwater Planter 4,540 SF $ 37 $ 167,980 

Concrete In let, Type G-2 20 EA $ 1,900 $ 38,000 

HOPE Pipeline 

(10·,5-10' deep) 300 FT $ 107 $ 31,956 

Capital Expense Sub-TaIB I $ 237,936 

Mobilization/Demobilization 10% LS $ 23,794 

Traffic Control/Utility Relocation 2% LS $ 4,759 

Erosion Control 2" " LS $ 4,759 

ConstrUctioh Cost SUb-Total $ 271,247 

Construction Contingency 30% LS $ 81,374 

Capital Expense Total $ 352.621 

Adminis:tralive ~)(I2~n~~~ 

Engineering and Permitting 40% LS $ 141.049 

Construction Administration 5% LS $ 17,631 

Administrative Expense Total $ 158,680 

Capital Implementation Cost Total $ 511,301 



CIP 12-1: International Way and Wiste r 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

CaQitgl ~~~D~~S 

Precast Concrete Manhole 
(72",0-8' deep) 2 EA $ 5,500 $ 11,000 

Connection to Existing Structures 2 EA $ 1,000 $ 2,000 

HDPE Pipeline 

(48",5-10' deep) 80 FT $ 470 $ 37,629 

Capital Expense Sub-Total $ 50,629 

Mobilization/ Demobilization 10% LS $ 5,063 

Traffic Control/Utility Relocation 2% LS $ 1,013 

Erosion Control 2% LS $ 1,013 

Construction Cost Sub-Total $ 57,7 17 -
Construction Contingency 30% LS $ 17,315 

Capital Expense Total $ 75,032 

8Qmjo ist[iati~'~ Exg~n~es 

Engineering and Permitting 15% LS $ 11,255 

Construction Administration 5% LS $ 3.752 

Administrative Expense Tota l $ 15,006 

Capital Implementation Cost Total $ 90,038 



CIP 13-1: UIC Decommissioning on Lloyd 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

~gi1al Exgens~ 

Pig~ !ruQ[Qv~menl~ 

Concrete Fill - UIC Decommissioning 20.7 CY 140 2900 

Remove Remainder of UIC 4 EA 500 2000 

Precast Concrete Manhole 
(48", 0-8' deep) 8 EA $ 2,100 $ 16,800 

Precast Concrete Manhole 
(48", 9-12' deep) 4 EA $ 5,800 $ 23,200 

Concrete Inlet, Type G-2 20 EA $ 1,900 $ 38,000 

Connection to Existing Structures 3 EA $ 1,000 $ 3,000 

HDPE Pipeline 

(10",2-5' deep) 300 FT $ 78 $ 23,534 

HDPE Pipeline 
(12", 2-5' deep) 1,309 FT $ 78 $ 102,686 

HDPE Pipeline 
(12",5-10' deep) 787 FT $ 107 $ 83,832 

HDPE Pipeline 
(18",2-5' deep) 499 FT $ 122 $ 60,755 

BIJI[) ~SlrfJ~n 
General Earthwork/Excavation 500 CY $ 12 $ 6,000 

Amended Soils/Mulch 500 CY $ 26 $ 13,000 

Water Quality Facility Plantings 9,000 SF $ 3 S 27,000 
Precast Concrete Bypass Manhole 
(48",0-8' deep) 1 EA $ 2,100 S 2,100 

Ditch Inlet 1 EA $ 2,000 $ 2,000 

Gapital ""pense Sub-Total $ 406,806 

MObilization/Demobilization 10% LS $ 40,681 

Traffic Control/Uti lity Relocation 2% LS $ 8,136 

Erosion Control 2% LS $ 8,136 

Construction Cost Sub·Tota l $ 463,759 

Construction Contingency 30% LS $ 139,128 

Gapital Expense Total $ 602,886 

8QmiQjSlrall~e Exgen§~§ 

Engineering and Permitting 25% LS $ 150,722 

Construction Administration 5% LS $ 30,144 

UIC Closure Report LS $ 10,000 

Administrative Expense Total $ 190,866 

Ca pital Implementation Cost Total $ 793,752 



CIP 13-2: Linwood Elementary 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

Ca~il'QI EXQgO~§ 

PiD~ JmRrQve:m~nlS: 

Precast Concrete Manhole 

(48', OB deep) 6 EA $ 2,100 $ 12,600 

Connection to Existing Structure 1 EA $ 1,000 $ 1,000 

HDPE Pipeline 
(24", 5-10' deep, no pavement) 429 FT $ 155 $ 66,654 

HOPE Pipeline 
(30' ,5-10' deep, no pavement) 683 FT $ 201 $ 137,612 

Capital Expense Sub-Total $ 217,866 

Mobilization/Demobilization 10% LS $ 21,787 

Traffic Control/Utility Relocation 2% LS $ 4,357 

Erosion Control 2% LS $ 4,357 

Construction Cost Sub-Total $ 248,367 -
Construction Contingency 30% LS $ 74,510 

Capita l Expense Total $ 322,877 

A~mini~lr2 1ive ExQenses 

Planning Level Study LS $ 50,000 

Engineering and Permitting 25% LS $ 80,719 

Construction Administration 5% LS $ 16,144 

Administrative Expense Total $ 146,863 

Capital Implementation Cost Tota l $ 469,740 



CIP 13-.3: Railroad Avenue at Stanley 

Unit Cost 

Description Qua ntity Unit (2012) 2012 Cost 

~~(2jlfil ~~~n~e!2 

Precast Concrete Manhole 
(48", 0-8' deep) 5 EA $ 2,100 $ 10.500 

Concrete Inlet, Type D (0-8') 1 EA $ 2,000 $ 2,000 

Connection to Existing Struclu ~~ 3 EA $ 1,000 $ 3,000 

Remove Existing Pipe (15-18") 56 FT $ 27 $ 1,512 

Reinforced Concrete Pipeline 
(18' , 0-5' deep) 180 FT $ 144 $ 25,948 

HDPE Pipeline 
(18' , 5-10' deep) 660 FT $ 202 $ 133,239 

Gapital Expense Sub-Total $ 176,199 

Mobilization/ Demobilization 10% LS $ 17,620 

Traffic Control/Utility Relocation 8% LS $ 14.096 

Erosion Control 2% LS $ 3,524 

Construction Cost Sub-Total $ 211.439 

Construction Contingency 30% LS $ 63.432 

Gapltal Expense Total $ 274,871 

AdlIl i n l~Ui!live: ~gens~~ 

Engineering and Permitting 25% LS $ 68,718 

Construction Administration 5% LS $ 13,744 

Administrative Expense Tota l $ 82.461 

Gapitallmplementation Cost Total $ 357,332 



CIP 13-4: Railroad Avenue Channel 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

~Qi12 1 ~tH.m~~~ 

General Earthwork/Excavation 296 CY $ 12 $ 3,556 

Clea ring Brush 0.2 AC S 1,850 $ 340 

Energy dissapation pad · Rip·Rap, Class 50 6 CY $ 60 $ 360 

Water Qua lity Facility Plantings 8,000 5F $ 3 $ 24,000 

Capital E'pense Sub·Total $ 28,255 

Mobilization/Demobilization 10% l.S $ 2,826 

Traffic ContrOl/Utility Relocation 8% LS $ 2,260 

Erosion Control 2% l.S $ 565 

Construction Cost SuI). Total $ 33,906 

Construction Contingency 30% l.S $ 10,172 

Capital Expense Total $ 44 .078 

8~l!l fni~lr~li~e ~Q~ns~ 

Engineering and Permitting 15% LS $ 6,612 

Construction Admlnistra tion 5% LS $ 2,204 

Administrative Expense Total $ 8,816 

Capltallmplemenlatlon Cost Tolal $ 52,894 



CIP 14-1: Plum Street 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

Cal1ilal ExrJ~n~g~ 

Precast Concrete Manhole 
(48".0-8' deep) 4 EA $ 2.100 $ 8.400 

Connection to Existing Structure 2 EA $ 1.000 $ 2.000 

HDPE Pipeline 
(12". 5-10' deep) 780 FT $ 107 $ 83,086 

Gapita l Expense Sub-Total $ 93.486 

Mobilization/ Demobilization 10% LS $ 9.349 

TraffiC Control/Utility Relocation 2% LS $ 1.870 

Erosion Control 2% LS $ 1.870 

Construction Cost Sub-Total $ 106.574 

Construction Contingenc}1 30% LS $ 3 1.972 

Gapital Expense Total $ 138,546 

~dminiliHr21ive EJst2!i~ns~~ 

Engineering and Permitting 25% LS $ 34.637 

Construction Administration 5% LS $ 6.927 

Administrative Expense Tota l $ 41.564 

Gapnallmplementation Cost Total $ 180.110 



CIP 15-1: Hemlock Street 

Unit Cost 

Description Quantity Unit (2012) 2012 Cost 

QaQilfJJ ~QgnSe~ 

Precast Concrete Manhole 
(48", 0-8 ' deep) 2 EA $ 2,100 $ 4,200 

Precast Concrete Manhole 
(48",9-12' deep) 3 EA $ 5,800 $ 17 ,400 

Precast Concrete Manhole 
(60",0-8' deep) 2 EA $ 4 ,300 $ 8,600 

Connection to Existing Structure 4 EA $ 1 ,000 $ 4,000 

Abandon E><isting Manhole 2 EA $ 254 $ 508 

Plug E><isting Pipe 2 EA $ 500 $ 1,000 

HOPE Pipeline 

(24",2-5' deep) 188 FT $ 161 $ 30,272 

HOPE Pipeline 

(24",5-10' deep) 38 FT $ 265 $ 10,082 

HOPE Pipeline 

(24", 10-15' deep) 810 FT $ 265 $ 214,908 

Capita l E><pense Sub-Total $ 290.970 

Mobilization/Demobilization 10% LS $ 29,097 

Traffic Control/Utility Relocation 2% LS '$ 5,819 

ErosiOn Control 2% LS $ 5,819 

Construct ion Cost Sub,Total $ 331,706 

Construction Contingency 30% LS $ 99,512 

Capita l Expense Total $ 431,218 

~!;!min jSl(~lIVe ExgenseS 

Engineering and Permitting 25% LS $ 107,804 

Construction Administration 5% LS $ 21,561 

Administrative Expense Total $ 129,365 

Gapltallmplementat ion Cost Total $ 560,583 



CIP Gl: UICs on Llewellyn 

Unit Cost 
Description Quantity Unit (2012) 2012 Cost 

ca Qil~ I E,'SQ~n~~~ 
Orywell (UIC) 
(48",20-25' deep) 5 EA $ 10,000 $ 50,000 

Concrete Inlet, Type G-2 10 EA $ 1 ,900 $ 19,000 

HOPE Pipeline 
(10",0-5' deep) 150 FT $ 78 $ 11,767 

capital Expense Sub-Total $ 80,767 

Mobilization/Demobilization 10% LS $ 8,077 

Tra(fic Control/Utility Relocation 2% LS $ 1,615 

ErOSion Control 2% LS $ 1,615 

Construction Cost Sub-Total $ 92,074 

Construction Contingency 30% LS S 27 ,622 

capital Expense Total $ 119,697 

AdmiQi~tr" li~~ e;;s(2~n~~:;z 

Engineering and Permitting 25% LS $ 29,924 

Construction Admin istration 5% LS $ 5,985 

Administrative Expense Total $ 35,909 

capital Implementation Cost Total $ 155,606 



CIP G2: 36th near King 

Unit Cost 
Description Quantity Unit (20~2) 20~2 Cost 

Qsmil~l EXQe[)se:2 

Concrete Inlet, Type G-2 4 EA $ 1,900 $ 7,600 

HDPE Pipeline 

(10",0-5' deep) 50 FT $ 78 $ 3,922 

Stormwater Planter 1,710 SF $ 25 $ 42,750 

Capital Expense Sub-Total $ 54,272 
-

Mobilization/Demobilization 10% LS $ 5,427 

Traffic Control/Utility Relocation 2% LS $ 1,085 

Erosion Control 2% LS $ 1,085 

Construction Cost Sub-Total $ 61,870 

Construction Contingency 30% LS $ 18,561 

Capital Expense Total $ 80.432 

~Qmini~tralive ExQen§e:~ 

Engineering and Permitting 25% LS $ 20,108 

Construc.rtion Administration 5% LS $ 4,022 

Admin·lstrative EJr:pense Total $ 24 ;~29 

Capital Implementation Cost Total $ 104.56~ 



CIP G3: 55th near Monroe 

Unit Cost 

Description Quantity unO (2012) 2012 Cost 

Qsu~il~1 EXC!,;ln~e~ 

HDPE Pipeline 
(10",0-5' deep) 125 EA $ 78 $ 9,806 

General Earthwork/Excavation 29 CY $ 12 $ 347 

Drain Rock 17 CY $ 31 $ 538 

Geomembrane 69 SY $ 25 $ 1,736 

Capital Expense Sub-Total $ 12.427 

Mobilization/ Demobilization 10% LS $ 1,243 

Traffic Control/Util ity Relocation 2% LS $ 249 

Erosion Control 2% LS $ 249 

Construction Cost SUb-Total $ 14,167 

Construct ion Contingency 30% LS $ 4,250 

Capital Expense Total $ 18,417 

htlmi n i~1[,ui¥:{;l: ~g~nse~ 

Engineering and Permitting 20% LS $ 3,683 

Construction Admmistration 5% LS $ 921 

Administrative Expense Total $ 4,604 

Capital Implementation Cost Total $ 23,022 
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Table f. t: City of MilwaukIe MaIntenance StaffingAssessmenl 

Maintenance staff cost schedule Maintenance staff 
Stormwater program implementation (post-2012) Pre·2012 activities (annual)' cost schedule 

Cost tracking (FTE) (annual)' (hr) 
acti~ty I Increase in effort Implementation Material BMP 

category' I BMP/ CIP name Description 

I 
from pre-2012 Cost assumptions (staff or costs Activity description 2013 2014 2015 2016 2017 Annual average 
acti~t1es (y/ N) consultant) (Y/ N) 

NPDES Program I I Oevelop and update an lODE SOP y lODE SOP developed in November 2012. Assume 10 hrs/ year for updating. staff N I Track updates/ modifications to 0.005 0.005 0.005 0.005 0.005 10 
Activities Implement the illicit I inspection procedures 

lODE discharges elimination I -
I (per 2012 

/ 

Conduct source identification tracking, testing, I Assume 50% of inspected priority outlalls (- 9 outlallsl require some type of Y -lab I Conduct outfall inspe.ctions annually 
0.04 / 0.04 SWMP) program and follow up during the dry weather field Y staff costs I :e:~~~cord results of investigation 0.04 0.04 0.04 72 

screening acti~ties (perthe lODE SOP) I I investigation and follow up. Assume 8 hrs/ outfall follow up. 

I 
I Conduct annual inspections of priority outfalls I I Eighteen priority outfalls identified per2012 lODE SOP. I 

Conduct annual inspections of priority Conduct annual dry N staff N lODE , 
weather field screening outfalls 

Annually maintain a map of priority outfalls 
I Y : Map developed in November 2012. Assume 10 hrs/ year for updating. I staff N NA 0.005 0.005 I 0.005 0.005 i 0.005 , 10 

Respond to all non-hazardous material spills N No change in activities. I staff Y I Respond to all spills reported to 

lODE I Implement the spill I Public Works 
I response program Document sources, causes, and resulting water 

I I I quality problems from spills N I No change in activities. staff Y I Document results 

ICO Screen new and existing Document facilities requiring 1200Z pennits for I Conduct review during 2014. Assume 40 hrs for review. 
\ I I 

I 
industrial facilities DEQ once overthe permit term 

y staff N NA 0.02 
I 

8 
I , 

I I Assumes five 1200Z permittees. One inspection effort conducted in 2012 (renected in I I I Inspect all facilities with 1200Z permits twice current staffing); one additional inspection effort to be conducted in 2015 (for the Track, inspect, and report results of 
over the permit term 

y 
2012-2017 permit term). Assume 8 hrs per permittee (40 hrs total for inspection staff N 

inspections olthe 1200-Z facilities 0.02 8 

ICD Conduct industrial and effort). 

commercial inspections Inspect aU commercial and industrial food I Y Per 2011 -20 12, a total of 352 inspections conducted. However, effort is funded out of \ staff N NA I 
service industry facilities semi-annually wastewater, not stormwater. No cost assumed forthis activity. I , 
Inspect other high priority facilities 

I 
y Assume a total of 10 high priority facilities to be Inspected and documented annually 

\ 

staff N NA 0.04 0.04 0.04 0.04 0.04 80 , and 8 hrs/inspection. 

I Require erosion control for development I I Require erosion control for 
> 500 sf I 

N No change in activities. I staff N 
development> 500 sf 

CON I Implement erosion I I Assume 10% increase in erosion control plan review activities annually with increase 
0.003 \ 0.004 0.004 1 0.004 

control Conduct site plan review for applicable I y I in development. Per2011-2012, there were 15 erosion control plan reviews staff N Conduct erosion control plan review 0.003 8 
I 

developments 
conducted (reftected with current staffing). Assume 4 hrs/ plan re~ew. 

I 
Provide education to 

Provide Erosion Control Certification CON construction site Provide erosion control certification programs N No change in activities. staff N 
operators Programs 

I 
I Conduct erosion control Assume increased effort associated with 2 Inspections instead of just one. Per 2011- Conduct initial erosion control 

\ 

I 0.05 

I 
Inspect aU sites with> 500 sf impervious area a 

0.06 1 0.06 1 
CON 

I inspections minimum of twice Y 2012, a total of 80 hrs spent on erosion control inspections, Assume an additional staff N inspections for aI/ new and 0.04 0.05 100 
I 80 hrs/ yr + 10% increase with increase in development. redevelopment sites 

I 
Promote public awareness through pamphlets, y - Promote public awareness through 

I I Provide public newsletter, and handouts N No change in activities. staff 
printing 

pamphlets, newsletters, and 

PE education and outreach handouts 

I 
materials Assume 10% increase in effort annually to continue implementation and ensure 

0.007 / 0.007 Conduct annual catch basin stenciling/marking Y coverage of all catch basins in the City. Per 2011-2012, approximately 100 hrs was staff Y - bunons Continue stenciling catch basins 0.005 0.006 0.006 12 
I spent on stenciling activities (reflected in current staffing). 

I 
/ Participate in a public 

Coordinate on a public education effectiveness I Assumes cost share with ACWA and Clackamas co-permittees. Cost not reflected in PE education effectiveness Y staff/ consultant N NA evaluation, to be completed by July I, 2015 I staffing assessment but staff time may be needed to participate in the project. evaluation ! 
Provide City storm crews with 40 hrs of training I Y Assume an additional 32 hrs of training for each existing staff (5.25 FTE). staff N 

Provide spill response training to staff 
0.08 0.08 0.08 0.08 \ 0.08 168 

PE Conduct annual staff annually I once per year 
training Conduct regular stormwater staff meetings one 

I 0.01 om I om 0.01 I 0.01 20 to four times per year I 
Y Assume 2 staff meetings annually at 2 hrs/ meeting for existing staff (5.25 FTE) staff N 

I 

Conduct street sweeping I 

I PP and roadway repair Sweep curbed streets once per month I Y I Street sweeping funded out of road/ transportation fund. Cost not reflected in 
Staff 

Y- I Conduct ongoing street sweeping 

activities I stormwater staffing assessment. sweeper ! activities , I Minimize water quality Use the Portland IPM as a guide for i Assume increase (double) in effort associated with use of IPM over standard practice_ ! Conduct pest management at public 
I 

Oo~l~·oJ _ 

I PP j impacts from landscape pesticide/ fertilizer application and landscape , Y staff N 0.02 J 0.02 I 0.02 40 
maintenance maintenance Per 2011 -2012, approximately 40 hrs spent on shoulder maintenance. I properties 

I .- --- - - -- ----- --- -- - - --- -- ----- -- -- - - - - - - - - ----- .- - I ---- ----L -, -
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Table F·l: City 0' Milwaukie Maintenance Staffing Assessment - -I 

Maintenance staff cost schedule Maintenance staff 

Storrnwater program implementation (post-2012) Pre-2012 activities (annual)' cost schedule 

Cost tracking (FIE) (annual) ' (hr) 

activity 

I 

, 

~014 BMP 
Increase in effort Implementation Material 

categorya BMP/CIP name Description from pre-2012 Cost assumptions (staff or costs Activity description 2015 2016 2017 Annual ave. 
activities (y/N) consultant) (y/N) 

NPDES Program Reduce stormwater Develop procedure for storage/disposal of 
Procedure developed in 2012 (under current staffing). Assume 10 hrs/ year to inspect 0.005 I 0.005 Activities PP impacts from municipal I street wastes in conjunction with operation of Y staff N NA 0.005 0.005 0.005 10 

(per2012 
, facilities I covered, on-site Decant Facility 1 facility and update procedure. 

I 1 
SWMP) r--

I Control infiltration and Investigate sanitary lines for damage j Cost reflected in City's Wastewater Program, not separately under the stormwater Track cross connections through the I 1 
PP , Y staff N (continued) cross connections approximately every 5·6 years 1 I program illicit discharge program 

PP 
Implement Master Plan I Annually contribute to the reserve fund for CIP 

y See cost tracking activity "Stormwater Master Plan Implementation" for associated 

I 
staff N 

Map location and drainage area of 
CIP projects des.lgn and construction; track IDeation and 

I dramage area of CIPs ! 
staff cost estimates. CIPs 

I City's current assets include: 123 sediment manholes, 549 manholes, 8,859' of 
, 

I ditches, and 875' of culverts. Not all assets inventoried yet. Assume current 

I 
( inspection and maintenance frequency is once per permit term. Revised frequency is 

Conduct stormwater Inspect stormwater conveyance system 
l two times per permit term. Therefore, one additional inspection and maintenance 

OM I system cleaning and components every two years and perform 

I 
y ! rotation for all recorded assets once over the permit term. Assume inspection/ 

staff Y - vactor 
Inspect the stormwater conveyance 

0.09 0.09 0.09 0.09 0.09 188 
maintenance maintenance maintenance requires 1 hr/sediment manhole (additional 0.14 FTE over 5-yearterm system as needed 

or 0.03 FIE annually); 0.5 hr/ manhole (.02 FIE over the 5-year permit term or 0.004 I FIE annually); 20'/hr for culvert/ ditch maintenance (0.24 FIE over the 5-year permit 
term or 0.05 m annually); and 191 '/hr for culvert/ ditch inspections (0.03 FIE over 

, i the 5-year permit term or 0.01 FIE annually). 

OM 
Conduct catch basin 

Clean 50% of catch basins annually I N I No change in activities. staff Y-vactor Clean 50% of catch basins annually 
1 cleaning 

I Private water quality 
Conduct annual inspections often private I I Assume inspections and documentation require 8 hrs/facility with ten facilities 

I 

I OM facility maintenance y staff N NA 0.04 

I 
0.04 0.04 0.04 I 0.04 80 

program 
facilities I requiring inspection annually. 

I . i Traditional BMPs maintained prior to 2012.ln 2011-2012, 260 hIS oirain garden I 10
.
31 OM 

Pubhc structural control Inspect and maintain public water quality y I maintenance conducled (0101 renected in currenl slaffing). City currently has a total of 
staff Y -vactor 

Inspect and maintain public facilities 0.21 0.23 0.25 500 
maintenance facilities 40 public rain garden facilities. Assume 10% increase in facility installations with (storm filtelS, ponds, swales) 

I increased development plus 4 hrs per facility for inspection. , I , 
Subtotal NPOES program costs 0.60 0.64 0.67 0.68 0.72 1314 

Determine depths to covered UICs I y Assume permit issuance in 2014. System-wide assessment to be completed in 2015. 
staff 

y-
NA 0.26 256 

32 UICs to be uncovered. Assume 16 hrs/UtC. excavator 
I Assume permit issuance in 2014. System-wide assessment to be completed In 2015. 

I Complete system-wide Identify additional wells I Y staff N NA 0.02 40 
OM 

assessment Assume 40 hrs to research additional well locations. 
-

I 
Evaluate depth to groundwater for uncovered I 

Assume permit issuance in 2014. System-wide assessment to be completed in 2015. 
UIC WPCF Permil UICs and any UICs within new well setbacks and Y staff N NA 0.02 40 

document findings 1 
Assume 40 hrs to complete assessment and document. 

Issuance and , -
O.O~ 0.005 1 0.005 1 

Compliance 
OM 

1 
Update UICMP 

Refine current UlCMP per requirements of the 
I y Assume permit issuance in 2014 and submittal of UICMP to OEQ in 2014. Assume 

staff/ consultant N 
I 

NA 0.04 30 
new UIC WPCF permit 80 hIS to update (in 2014) and 10 hlS/yearto refine. 

OM 
I Update UIC stormwater Refine current monitoring plan per requirements y Assume permit issuance in 2014 and submittal of monitOring plan to DEQ in 2014. 

staff/ consultant N NA 
1 

0.02 I 0.005 G·005 1 0.005 1 24 
monitoring plan of the new UIC WPCF penmit Assume 40 hIS to update (in 2014) and 10 hlS/yearto refine. 

OM I Prepare annual reports Prepare annual reports per requirements afthe 1 y Assume permit issuance in 2014 and submittal of annual reports to DEQ starting in 
Staff N NA 0.02 0.02 1 0.02 0.02 40 

new UIC WPCF permit ! 2014. Assume 40 hIS/year to prepare. ---
Subtotal WPCF permit implementation costs 0.00 0.08 0.33 0.03 0.03 930 

. . - --

I OM 
CIP I-I: Willow Retrofit existing detention pond for water quality , y Existing Willow lake Pond not currently maintained under current staffing. Assume 16 

staff Y - vactor NA 16 , detention pond retrofrt enhancement hrs/yearfor inspection and maintenance. 
I Retrofit existing Ball-Mitchell Pond for water Existing Ball-Mitchell Pond not currently maintained under current staffing. Assume 

Stormwater quality enhancement 
y 

16 hrs/yearfor pond inspection and maintenance. 
staff Y • vactor NA 

Master Plan 
Implementation OM 

CIP 1-2: Stanley-Willow Install four new catch basins Y Assume 0.5 hr/catch basin for maintenance. staff V - vactor I NA 24 
UIC decommissioning Assume 60 ' /hr for pipe cleaning and 191'/ hr forTV inspections. Inspection and I 

Install 425' of new pipe y : maintenance occurs biannually. Total average annual maintenance time for new pipe staff I Y - vactor 1 NA 

1 I- 4.5 hIS. -1 
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Table F·1: City of Milwaukie MaIntenance Staffing Assessment 

Maintenance staff cost schedule 
Stormwater program implementation (post-2012) Pre-2012 activities (annual) , 

Cost tracking (FIE) 
activity I Increase in effort Implementation Matenal BMP 

categoryl I 
BMP/CIP name Description I from pre-2012 Cost assumptions (staff or costs Activity description 2013 2014 2015 2016 2017 

I activities (Y/ N) consultant) (y/N) 

Install two new detention facilities. , Y Assume 16 hrs/ year for pond inspection and maintenance. , staff y. vactor I NA 
Stormwater 

, 
I I -

I Assume 0.5 hr/ manhole for maintenance. MasterPlan Install 10 new manholes. I Y I staff Y • vactor I NA 

Implementation I 
OM I CIP 5-1: Meek Street 

i Assume 60' I hrfor pipe cleaning and 191'/ hrforlV inspections. Inspection and 
(continued) Install a total of 3,940' of new pipe. 

I Y maintenance occurs biannually. Total average annual maintenance time for new pipe staff Y - vactcr NA 

~ 
• 45 hIS. 

I Assume 50 sf/hr for maintenance'" 4 hrS forvegetation inspection. Total annual CIP 6-2: Washington Install 4,540 sl of rain garden. I Y staff Y • vactor NA OM 
Green Streets 

I maintenance time for rain gardens - 94 hrs. 

Install 20 new catch basins. , Y Assume 0.5 hr/catch basin for maintenance. staff y. vactor NA 
r 

I ~staIl9,000 sf 01 rain garden. Y I Assume 50 sf/hr for maintenance + 4 hrS for vegetation inspection. Total annual 
staff y. vactor NA , 

maintenance time for rain gardens- 184 hrs. 
CIP 13-1: UIC ~stall one new bypass manhole. Y I Assume 0.5 hr/ manhole for maintenance. I staff y. vactor NA OM Decommissioning on 

lloyd Install 20 new catch basins. Y I Assume 0.5 hr/cat_ch basin for maintenance. . _ staff Y - vactor NA 

I Insta ll 787' of new pipe. Y ! Assume 60' /hrfor pipe cleaning and 191 'jhrforlV inspections. Inspection and 
staff Y - vactor NA 

Install five new manholes. Y 

I maintenance occurs biannually. Total annual maintenance time for new pipe- 9 hrs. 

I staff y. vactor NA . Assume 0.5 hr/manhole for maintenance. 
OM CIP 13-3: Railroad , - , 

Avenue at Stanley Install a total of 850' of new pipe. I Y I Assume 60' / hr for pipe cleaning and 191 'jhrforlV inspections. Inspection and 
staff Y - vactor NA 

maintenance occurs biannually. Total annual maintenance time for new pipe-13 hrs. 

OM I 
CIP 13-4: Railroad 

Maintain 2000' of open channel . I I Assumes 20'/hr for ditch maintenance. Assumes maintenance required once every 
staff Y • vactor NA Y Avenue Channel I 5 years. Total annual maintenance time for channel is 20 hrs. 

OM I CIP 14-1: Apple Street Install 650' of new pipe I Y I Assume SO' / hr for pipe cleaning and 191' / hrlorTV inspections. Inspection and 
staff Y-vactor I NA I maintenance occurs biannually. Total annual maintenance time for new pipe-8 hrs. 

CIP 15-1: Hemlock 
Install two new manholes. I Y I Assume 0.5 hr/ manhole for maintenance. staff y. vactor NA 

! 
OM I 

I I Street Install a total of 986' of new pipe. Y 1 __ ' 00'/ 0" " .. ~ .. ", •• '" ',","" ;"~ •• "' ,."" .... staff y. vactor NA maintenance occurs biannually. Total annual maintenance time for new pipe- II hrs. 

OM I 
CIP G1: 47th and 

Install five new UICs. 
I 

I I llewellyn Y Assume 1.5 hrs/drywell for inspection and maintenance staff Y-vactor NA 
I , 

I 
I 

Install 1, 710 sf ofrain garden. Y Assume 50 sf/ hr for maintenance ... 4 hrS for vegetation inspection. Total annual 
staff Y·vactor NA I f--. maintenance time for rain gardens · 38 hrs. 

OM CIP G2: 36th near King Install four new catch basins. I Y Assume 0.5 hr/catch basin for maintenance. staff Y·vactor NA 

I I Assume 60'/hr for pipe cleaning and 191' / hr forTV inspections. Inspection and 

I Install 50' of new pipe. Y I maintenance occurs biannually. Total annual maintenance time for new pipea 0.5 hr. 
staff Y-vactor NA 

I 

CIP G3: 55th and 
I 

I Assume SO'/hrfor cleaning and 191' / hrlor inspections (conSistent with pipe 
OM 

Monroe Install 125 ' of soakage trench. Y cleaning requirements}. Inspection and mairrtenance occurs biannually. Total annual staff Y·vactor NA 

I maintenance time for soakage trench- 0.5 hr. -- -----
Subtotal Master Plan implementation costs (average annual staff time) (FT£/ hlS) 0.25 

I 
, . 

NPDES maintenance staff cost (by implementation year) 0.60 0.64 0.67 0.68 I 0.72 
---r - -' 

UIC WPCF maintenance staff cost (by implementation year) 0.00 0.08 0.33 I 0.03 : 0.03 

Total maintenance staffing Master Plan implementation staff cost 0.25 0.25 0.25 0.25 I 0.25 

Staffing contingency (estimated at 40% to account un5theduled maintenance and response) ~0.56 
Total staff cost (FT£ and hourty) I 1.41 

I 

-t-

"BMP Categories are documented in the City 2012 Storm water Management Plan. 

'FTE is 2080 hrs; 0.02 FTE is 40 hrs; NPDES and WPCF program cost schedule based on implementation over a 5-year permit term (2012-2017); Stormwater Master Plan Implementation projected on an annual basis and assumes a la-year CIP. 

'1breviations: 

0.65 0.83 

1.62 2.08 

0.64 0.66 
l--

1.60 1.66 

JE = Illicit Discharge Detection and Elimination PE = Public Education PP = Pol/ution Prevention ICD = IndusuiaVCommercial Development PC = Post Construction Site Runoff Control OM = Operation and Maintenance CON = Construction/Erosion ConUal 

Brown "NO Caldwell 

Maintenance staff 
cost schedule 
(annual)' (hr) 

Annual average 

66 

104 

204 

16 

20 

8 

12 

8 

40 

0 

518 

1314 
----

430 

518 

1508 

3770 
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Table 1'-2: Cltyof Milwaukie Engtneellng Staffing Assessment 

Engineering staff cost sched~le (annual)c 
Engineering staff 

Stormwater program implementation (post·2012) Cost calculationsb cost schedule 

Cost tracking 
(FT£ by year or lump sum) 

(annual)' (hrl 

activity Increase in effort .~ 
BMP Implementation 

BMP/ CIP name Description from pre·2012 Cost assumptions Description 2013 2014 2015 2016 2017 I Annual a ... category' (staff or consultant) 
. 

activities (y / N) 

Conduct Industnal 
IIDeveioP a high pnonty pollutant O.oJ I I NPDES Program I ICD and commercial Y Assume 40 hrs for development. Twenty hrs/yearfor updating. staff NA 0.02 0.01 O.oJ O.oJ 28 

Activities inspections facility inspection program (SOP). 
I 1 

(per2012 I 
0.005 I 0.005 

SWMP) Review"new and redevelopment 1 Per 2011-2012, four applications were reviewed (with 

I I I a pplications for stormwater controls Y Assume 10% increase in plan review activities annually with increased development. staff current staffing). Assume 10% annual Increase in 0.004 I 0.004 0.006 16 , 
Implement municipal and standards. effort at 20 hrs per application. I , I 

PC , development codes : Review and revise design storm and 
Assume update conducted in-house. Update conducted in 2014, I I I 

I 
design manual to comply with permit Y staff NA 0.06 I 24 

I conditions by November 1, 2014. Assume update requires 120 hrs of staff time, I I I 
I Develop procedure for !. I I I 

Reduce stormwater 
storage/disposal of street wastes in Procedure developed in 2012 (under current staffing). I PP impacts from Y 

I· 
staff NA 0.005 0.005 0.005 I 0.005 0.005 10 

municipal facilities conjunction with operation of Assume 10 hrs/yearto inspect facility and update procedure. I 
covered, on-site Decant Facility. I 

Private water quality 10 I ' r f T SOP developed In 2012. 

I 
OM f Tty 'nt eve op pnvate water qua Ity aCllty y staff NA 0.01 0.01 0.01 

I 
0.01 0.01 20 I aCIl mal enance SOP b )ul 1 2013 

I ' program I y y , . 
. Assume 20 hrs/yearfor updating. I --

Subtotal NPOES program costs (fTE) 0.04 0.09 0.03 0.03 0.03 98 

I I Engineering and permitting costs estimated at 40% of the construction cost. I. Stormwater I CIP 1· 1: Willow ! Retrofit existing detention pond for Construction administration estimated at 5% of the constlUction cost. 
Engineering and permitting cost (total): $18,900 

Master Plan CIP detention pond Y staff/consultant I· Construction administration (total): $2,400 4 
Implementation I retrofit I water quality enhancement. Assume engineering and permitting costs for consultant and 100% of the construction 

Total (City cost): $2,400 (or 0.02 fTE) administration cost would be required for internal staff. I· -
CIP 1·2: Stanley· Decommission two UICs. Retrofit Engineering and permitting costs estimated at 25% of the construction cost. I. Engineering and permitting cost (total): $18,300 

existing Ball·Mitchell Pond for water Construction administration estimated at 5% afthe construction cost. 

I: 
CIP WillowUIC Y staff/consultant Construction administration (total): $3,700 8 

decommissioning quality enhancement. Install four new Assume engineering and permitting cost for consultant and 100% of the construction 
Total (City cost): $3,700 (or 0.04 fTE) catch basins and 425' of new pipe. administration cost would be required for internal staff. 

CIP 4·1: Main Street I Replace 380' of pipe and 7 

. 
I 

I I· Engineering and permitting costs estimated at 25% of the construction cost. I· Engineenng and permitting cost (tolal): $46,400 
Construction administration estimated at 5% of the construction cost. 

CIP y staff/consultant Construction administration (total): $9,300 19 
at Milport Road I manholes. '. Assume engineering and permitting cost for consultant and 100% of the construction 

I administration cost would be required for internal staff. · Total (City cost): $9,300 (or 0.09 fTE) , 

Install two new detention facilities, 
Engineering and permitting costs estimated at 25% of the construction cost. 

I: 
Engineering and permitting cost (total): $593,900 

Construction administration estimated at 5% afthe construction cost. 
CIP CIP 5·1: Meek Street ten manholes, and 3,940' of new Y staff/consultant Construction administration (total): $118,800 248 

pipe. I Assume engineering and permitting cost for consultant and 100% of the construction 
Total (City cost): $118,800 (or 1.19 fTE) administration cost would be required for internal staff. I 

I ! Engineering and permitting costs estimated at 25% of the construction cost. Engineering and permitting cost (total): $119,100 
I 

CIP 
1 CIP 5·2: Harnson I Replace 696' of pipe. 

Construction administration estimated at 5% of the constlUction cost. 
staff/consultant Construction administration (total): $23,800 I 50 

I 
Street Outfall 

y 
Assume engineering and permitting cost for consultant alld 100% of the construction 
administration cost would be required for Internal staff. Total (City cost) : $23,800 (or 0.24 fTE) 

--
Engineering and permitting costs estimated at 15% of the construction cost. Engineering and permitting cost (total): $225,500 

CIP 6·1: Washington Construction administration estimated at 5% Of the construction cost. 
CIP Replace 3,551' of pipe. Y staff/consultant · Construction administration (total): $75,200 156 

Street Assume engineering and permitting cost for consultant and 100% of the construction 
administration cost would be required for Internal staff. · otal (City cost): $75,200 (or 0.75 fTE) 

. Engineering and permitting costs estimated at 40% of the construction cost . Engineering and permitting cost (total): $141,100 

CIP 
CIP 6·2: Washington Install 4,540 sf of rain garden and 20 y 

Construction administration estimated at 5% ofthe construction cost. 
staff/consultant Construction administration (total): $17,600 37 

Green Streets I new catch basIns. Assume engIneering and permitting cost for consultant and 100% of the construction 
administration cost would be required for internal staff. 

Total (City cost): $17,600 (or 0.18 fTE) 

I 

I· Engineering and permitting costs estimated at 25% of the construction cost. Engineering and permitting cost (total): $11,300 I CIP 12·1: I Construction administration estimated at 5% of the construction cost. , 
CIP Construction administration (total): $3,700 8 International Way Replace 80' of pipe. Y staff/ consultant 

and Wister J Assume engineering and permitting cost for consultant and 100% of the construction 
Total (City cost): $3,700 (or 0.04 fTE) 

-~ - I administration cost would be required for internal staff. 

Brown ""Caldwell 4 



Table F·2: City of Milwaukie Englneerlngstaffing Assessment 

,.,~.~;'" ~---
Engineering staff cost schedule {annual}C 

Engineering staff 
Slormwaler program Implemenlalion (post-2012) Cost calculationsb cost schedule 

(FTE by year or lump sum) Costtracking (annual)' (hr) - --- - --------- - -- --.-activity 
BMP Increase in effort 

BMP/ CIP name Description from pre-2012 Cost assumptions Description 2013 2014 2015 2016 2017 I Annual average I categorya 
activilies (Y/ N) (staff orconsullanl) I 

I 
Stormwater 

, 
CIP 13-1' ule : Decommission four UICs. lnstall Engineering and permitting costs estimated at 25% of the construction cost. 

I: Engineenng and permitting cosl(lolal): $150,700 Master Plan I CIP I decommissi~ning on I 9,000 sf of rain garden, one_ bypass Construction administration estimated at 5% of the construction cost. 
staff/ consullanl Construction administration (total): $30,100 62 Implementation : U d manhole, 20 new catch basrns, and 

y 
Assume engineering and permitting cost for consultant and 100% of the construction 

(continued) I oy 787' of pipe. Replace 1,813' of pipe_ administration cost would be required for internal staff. Tolal (Cily cosl) : $30,100 (or 0.30 FTE) 

I 
Engineering and permitting costs estimated at 25% of the construction cost. 

I CIP 13·2: Linwood Replace 1,112' of pipe and conduct a Construction administration estimated at 5% of the construction cost. 
Engineering and permitting cost (Iolal): S80,700 

CIP 

1 

y staff/ consultant Construction admlnislralion (Iolal) : S16,100 33 I Elementary planning study. Assume engineering and permitting cost for consultant and 100% of the construction , 
TOlal (Cilycosl): $16,100 (orO,16 FTE) 

I administration cost would be required for internal staff. 

I 
1 I, Engineering and permitting costs estimated at 25% of the construction cost. Engineenng and permitting COsl(lolal): $68,700 I 

OM I CIP 13-3: Railroad Install five new manholes and 850' of Construction administration estimated at 5% Of the construction cost. 
slaff/ consullanl Construction administration (total): S 13, 700 29 

I 
Avenue at Stanley new pipe. 

y 
Assume engineering and permitting cost for consultant and 100% of the construction 

I administration cost would be required for internal staff. I 
TOlal (Cily cost): $13,700 (or 0,14 FTE) 

I 

I 
I 

Engineering and permitting costs estimated at 15% of the construction cost. I I 
Construction administration estimated at 5% of the construction cost. Engineering and permitting cosl (tolal): $6,600 

I OM 

I 
CIP 13-4: Railroad 

. Maintain 2000' of open channel. y Assume engineering and permitting conducted internally. 100% of engineering! staff Construction administration (total): $2,200 19 Avenue Channel 
permitting and the construction admInistration cost would be required for internal I' Total(Cily COSI) : $8,800 (or 0_09 fTE) 
staff. 

I 

1 I 
. , 

Engineering and permitting costs estimated at 25% of the construction cost. I Engineering and permitting cosl (Iolal): $28,400 
OM CIP 14-1: Apple 

l 'nslaIl650' of new pipe. 
Construction administration estimated at 5% ofthe construction cost. 

staff/ consultant I: Construction administration (total): S5,700 12 I Y 

I 
Street 

I 
Assume engineering and permitting cost for consultant and 100% of the construction 

Total (Cilycost): $5,700 (or 0.06 fTE) administration cost would be required for internal staff. 

! I Engineering and permitting costs estimated at 25% of the construction cost. 

I: Engineering and permitting cost (total): $107,800 
OM CIP 15-1: Hemlock Install two new manholes and 986' of 

y 
Construction administration estimated at 5% of the construction cost 

staff/ consullant Construction administration (total): $21,600 46 Streel I new pipe. Assume engineering and permitting cost for consultant and 100% of the construction 
Tolal (Cily cosl): $21,600 (or 0.22 fTE) 

I administration cost would be required for internal staff. I 
I I , 

1 

Engineering and permitting costs estimated at 25% of the construction cost, 
Engineering and permitting cost (Iolal): $29,900 

CIP Gl: 471h and Construction administration estimated at 5% of the construction cost. I ' 
OM 

Llewellyn Install five new UICs. y Assume engineering and permitting conducted internally. 100% of the slaff I: Construction administration (total): $6,000 75 

1 

engineering/permitting and construction administration cost would be required for Total (Cilycost): $35,900 (orO.36 fTE) 
internal staff. 

r--
l ,nstaIl1, 710 sf of rain garden, four 

Engineering and permitting costs estimated at 25% of the construction cost. 
CIP G2: 36th near Construction administration estimated at 5% of the construction cost. 

Engineering and permitting cosl(lolal): $20,100 

1 

OM new catch basins, and 50' of new y staff/ consultant Conslruction administration (Iolal) : $4 ,000 8 King 
1 pipe_ Assume engineering and permitting cost for consultant and 100% of the construction 

Tolal (Cily cost): $4,000 (or 0.04 fTE) I administration cost would be required for internal staff. 

I Engineering and permitting costs estimated at 25% of the construction cost. 1 
I 

l 'ostaIl125' of soakage trench. 
Construction administration estimated at 5% of the construction cost. Engineenng and permitting cosl (tolal): S3,700 

OM CIP G3: 551h and 
y staff l Conslruction administralion (lola I): $900 10 

1 

Monroe Assume engineering and permitting conducted internally. 100% of the 
engineering/permitting and construction administration cost would be required for ' Tolal (City cost): $4,600 (or 0,05 fTE) 

I internal staff, 

Sublotal Master Plan implemenlalion costs (Iolal slaff lime over 10-year CIP) (fTE/ hrs) 3,97 I 8258 

Sublotal Master Plan implemenlalion costs (average staff time over 10-year CIP) (FTE/ hrs) 0040 
I 

822 

NPOES engrneenngstaff cost (by ImplementallOn year) 0_04 0_09 0_03 0.03 0.03 98 

Total engineenngstaffing 
Master Plan Implementalion staff cost (Iolal) 0,40 0,40 0_40 0040 0_40 822 

Staffing Contingency (to account for project overrun or internal design) 0,25 0_25 0,25 0_25 0_25 520 

Tolal staff cost (m and hou~y) 0_69 0.74 0.68 0_68 0,68 1440 

\tip Categories are documented in the City 2012 Stormwaler Managemen! Plan . 

.-or purposes of calculating an equivalent FTE per cost estimate, an annual FTE sala ry was assumed at $100,000/year. 

cFTE is 2080 hrs; 0.02 FTE is 40 hrs; NPDES and WPCF program cost schedule based on implementation over a 5-year permit term (2 012-201 7); Stormwater Master Plan Implementation based on implementation over a lO-year CIP. 
Abbreviations: /DOE = Illicit Discharge Detection and Elimina tion PE = PubliC Education PP = Po/lulion Prevention ICD = Industrial/Commercial Development PC = Post Consfruclion Site Runoff Con trOl OM = Opera tion and Maintenance CON = Construction/ Erosion Control 

Brown ...,Caldwell 
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City ot Milwaukie Stormwater Master Plan .:;> I ', ~ GROU P 

STORMWATER FINANCIAL PLAN 

C ITY OF MILWAUKIE 

Introduction 
This technical memorandum provides a financial plan that will allow the City to implement its capital 
improvement program while meeting its other financial obligations, including policy objectives. The 
two main components of thi s plan (I) the c.omputation of a system development charge (SDC) and 
(2) a revenue requirement analysis. However, since these components include analysis of multiple 
levels of serv ice, we begin with defining each level of service used in this plan. 

Levels of Service 
In collaboration with Brown and Caldwell and City staff, we developed four levels of service that 
represent different trade-offs between the serv ice that a stormwater program can provide and the cost 
of that service. Exhibit 1 summari zes the key features of' each level of service: 



City of Milwaukie Starmwater Master Plan 

l evels of Service Exhiblll 
System Vehicle 

Levet Staffing Capitol Projects Maintenance TMDL/ NPOES Replacement Replacement 
.veel hls!otlC 

Proactive 

For three of the. four levels of service, we present tlVO scenarios. One scenario finances capital 
improvements with a combination of debt and rate revent.es. The other scenario finances capital 
improvements with rate revenue alone. Rate increases are naturally higher for those scenarios that 

2 
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rely exclusively on rate revenue. For the current level of service, we do not prcsent a scenario that 
includes debt. SDCs differ for some leve ls of service, because some levels of service require a 
different set of capacity-increasing projects . 

System Development Charges 
SDCs are one-time fees imposed on new and increased development to recover the cost of system 
facilities needed to serve that growth. This sect ion provides the rationale and calculations for a 
proposed storm water SDC. 

Melhod of Col ulo tlol! 

An SDC can include two component s: a reimbursement fee. and an improvement fcc. 

The reimbursement fee is the cost of available capacity per unit of growth that such avai lable 
capac ill' will serve . In order for a reimbursement fee to be calculated, unused capacity must be 
available to serve futmc growth. For facility types that do not have available capacity, no 
reimbursement fee may be charged. 

The improvement fee is the cost of capacity-increasing cap ital projects per unit of growth that those 
projects will serve . In reality, the ca pacity added by many projects serves a dual purpose of both 
meeting existing demand and serving future growth . To compute a compliant improvement fee , 
growth-related costs must be isolated, and costs related to cUffeor demand must be exc luded . 

We have used the "capac ity approach" to allocate costs to the improvement fee basis. Under this 
approach , the cost of a given project is allocated to gro,,1h in proportion to the growth-related 
capacity that projects ofa similar lype will create. 

Growth should be measured in units that most directly reflect the source or demand. For the City's 
stormwaler utility , growth is measured in equivalent service units (ESUs). One ESU represents tllC 
stonnwater se rvice needs of an average si ngle- family residence .. 

ORS 223.307(5) authorizes the expenditure of SOCs on "the costs of complying with the provisions 
of ORS 223 .297 to 223.314 , 'including the costs of developing system development charge 
methodologies and providing an annual accounting of system development c.harge expenditures." To 
avo id spending monies for compliance that might ot herwise have been spent on growth.related 
projects, the City should include an estimate of compliance costs in its SDC ratcs. 

Growth 

The C ity's current stonnwater customer base is 14,269 ESUs. Brown and Ca ldwell estimates that the 
amount of impe.rvious area discharging to the City 'S stormwater collee.tion system will increase by 30 
percent between the present and buildoul. Half of the increase in discharge will be auributable to 
increased connectivity of the slormwater system from redevelopment. The other half of the increase 
in di sc harge will be attributable to new impervious area added as a result of new development. Only 
the latter half will result in an increase to the customer base. We therefore estimate that the City ' s 
SlOrmwater customer base will be 16,457 ESUs at buildout. This estimate implies growth of 2 188 
ESUs between the present and buildout. 

Eligib le Cmf, 

Having determined the anticipated growth that constitlltes the denominator of the SOC calculation, 
we turn to the eligible costs that constitllte the numerator. 

Because t.he· City 's stormwater infrastructure has no excess capacity that is available to serve growth , 
the Ci ty cannot charge a reimbursement ree as part o f its storm water SOC. 
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Based on th e capita l improvement plan developed by Brown and Ca ldwell for the recommended and 
proactive leve ls of service, (he City wi ll conS(Tuct the complete li st of siormwater facilities with an 
est imated cost of $9,220,500 between th e present and buildout. However, none of tbese projects wil l 
serve growth of the City's stann water customer base exclusively. We have idel1tified those projects 
that wi ll serve development (increased impervious area) . Of those, on ly the gTOwth-re lated portion 
of each project can be co ll ected as the improvement fee component of an SOc. Exhibit 2 shows the 
growth-related porti on of the planned storm water projects for the recommended and proactive le ve ls 
of service: 

. t F 
Oe'lo'elopmen1 Growth 

Related Portion of Improvement 
Project Total Cost Portion Development fee Cost Bosis 

1· 1 Willow Detention Pond Retro fit 

1-2 Stanley-Willow UIC Decommhsioning 
4-1 lv'Oin Streel 01 Mlporl Rood 

5·IA /Y'Ieek. Street Phose I 
5·16 .v.eek Sltee! Phose 2 
5-I C /,'leek Street Phose 3 

5-2 HorriSOll Street Outfall 
6·1A Wml1inglon Street Phme I 
6-28 Washington Street Phose 2 
6·2 Washington Green Sireeis 
12-1 Injernalionol Way ond Wisler Slreel 
13·1 we decommissioning on lloyd 
13-2 linwood Avenue 
13-3 Rajlroad Avenue 01 Stanley 
13·.: Railroad Avenue Cnonnel 
14-1 Plum ond Appte Stleet 
1 s. I Hemfock. street to Harmony Rood 

G I 47th ond Llewelyn 
G2 36t/1 neal King 
G3 Flooding on 55th Ave between King Street and /IAonroe Street 

Growth fn ESUs 
Improvement fee per ESU 

1> 68.600 0 .00'); 
100,200 0.00% 
2.41 ,200 43.CXJ'Po 
593,900 56 .00'); 

1,233,300 56.().'l% 
1,261 ,000 56'cX)% 

619,.400 45.03% 
225.500 17 .00% 

1,578,600 17 ,00% 
51 1, 300 0.00% 
90.000 74.00% 

793.700 55.00'); 
469.700 23.00~c 

357.300 33._ 
52.900 O.OO'!c 

100,100 43.00% 
560.600 16.00% 
15S.6OO 0.00% 
10..600 0.00% 
23.DOO 0.00'); 

$ 9.220.500 

5O.<X:l'7o $ 
50.00'); 
SO.()()% 
50.00% 
50.00'); 

50.00% 
5O.(l()'f" 
50.00'); 

50.00% 
50.00% 
50.00'); 

50.00% 
50.00% 
5O.():)% 

50.00'); 

50.00% 
50.00'); 
50.00% 
50.00% 
50.00% 

$ 

$ 

51,858 
166,292 
345,324 
353,080 
139,365 

19,168 
134, 181 

33.300 
218,268 
54;01 6 
58.955 

38.72'1 

44.848 

1.657.375 

2,188 
758 

Source Brown and Co/dwotl 

When the SDC-eligib le cost of$I ,657,375 is divided by the expected growth of2, 188 ESUs, th e 
resuiting improvement fee is $758 per ESU. 

AdJustmenls 
Based on our experience with cities of s imilar size, we est imate that recoverable costs of compliance 
wi ll be 0.96 percent of th e improvement cost basi s. In cl udin g these costs in the SOC adds $7 per 
ESU. 

SDC Co lpollenfs 

Exhibit 3 summarizes the components of th e proposed storm water SDC of$765 per ESU for the 
recom mended and proactive leve ls of service. The proposed SOC represents a decrease from the 
current SOC of $ I, ) 84 per ESU . 

SOC Components 
1t14i4···JII·I, 
Reimbufsemenl fee 
Improvement fee 

Adjustment 
Totol fee per ESU 

exhibit 3 
Amoun' 

758 
7 

765 
Source Plevlou~ elfhfbill 
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City o f Milwaukie Stormwater Moster Plan 

Olhe l Level~ of SelVlce 

Although the growth assum pti on of 2, 188 new ESUs is va lid for all leve ls of service, the current and 
minimum levels of serv ice use short er project lists than the recommended and proactive leve ls of 
serv ice. Lower eli gible costs resu lt in lower SDCs. For the current level of service, the pro posed 
SOC is $502 per ESU. For the minimum leve l of service. the proposed SDC is $529. 

Inde~lng 

ORS 223.3 04 all ows for the periodic indexi ng of system development charges for inflation, as long 
as the index used is: 

(A) A relevant measurement of the average change in prices or costs over an ident ified ti me 
period for materials, labor. real property or a combination of the three; 

(8) Published by a recogn ized organ ization or agency that produces the index or data so urce 
for reasons that arc independent of the system deve lopment charge meth odology; and 

(C) Incorporated as pan of the establ ished methodology or identified and adopted in a 
separate ordinance, resolut ion or order. 

We recommend that the Ci ty index its charges to the Engineering News Record Constructi on Cost 
Index fo r the City of Seattl c and adjust its charges annua ll y. There is no comparab le Oregon-spec ific 
index. 

Revenue Requirement Analysis 
This section presents a financi al analys is that revea ls how milch rate revenue would be required to 
mect operational and capi tal needs within contractual and po li cy constra ints ove r the next ten years. 

Cll ierr o 

I\ t least two separate condit ions must be sati sfi ed in order fo r rates 10 be sufficient. First, the 
storm water uti lity must generate revenues adequate to meet cash needs. Second, revenues must 
sati sfy bond coverage requirements (if any). 

Revenues should be sufficient to satisfy both tests. If revenues are found to be defi cient by one or 
more orthe tests. then the greater deficiency dri ves the rate increase. 

The cash now test identifi es all cash requireme nt s as projected in each given year. Cash requirements 
include operations and maintenance expenses, debt se rvice payments. policy-dri ven additions to 
working capital, and capital im provement costs. If the stormwater service co llected replacement 
funding, it would also be included in the test as an ex pense. These expenses are compared to the total 
projected annua l revcnues. including intcrest on fund balances. Shortfall s are then uscd to estimate 
the necessa ry rate. increases. 

The bond coverage test Illeasures the ab ility of rate revenucs to meet contractual ob li gations. For 
thosc scenarios that include the issuance of debt, we have based the bond coverage test on the 
common requirement that net revenues lllu St equal or exceed 125 percent of an nual bond debt service 
over the life of the bonds. 

PrOJl~cl ion5 

We created a spreadsheet mode l to fo recast cash fl ows for the City's stormw3ter utility over a period 
of ten years. We used thatmodcl to determ ine the timing and magnitude of required rate increases 
un der seven scenarios covering the four leve ls of service defined above: 

5 
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Exhibit 4 summarizes the model's outpul for a ten-year period under the currenllevel of 
service . Although this scenario represent s the least ambitious level of service, the utility still 
requires six years of rate increase of four percent per year or morc. 

• Exhibit 5 summarizes the model 's output for a ten-year period under the minimum level of 
service with no debt. This scenario requires six years of rate increases at or near 7.7 percent 
per year. 

• Exbibit 6 also reflects the minimum level of service, but this scenario incl\ldes $2.5 million 
in revenue bonds to be issued in fiscal year 2017- 18 . This change cuts the required rate 
increases nearly in half. 

i Exhibit 7 summarizes the model 's output for a ten-year period under the recommended level 
of service with no debt. This scenario requires seven years of rate increases above ten 
percent per year. 

• Exhibit 8 also reflecls Ihe recommended level of service, but this scenario includes $3.5 
million in revenue bonds to be issued in fiscal year 2017-18. This debt does mitigate the 
required rate increases. However, more debt means higher coverage requirements . 
Therefore. the drop in required rate increases is not as dramatic as under the minimum leve l 
of service. 

• Exhibit 9 summarizes the model 's output for a ten-year period under the proactive level of 
service with no debt. This scenario requires seven years of rate increases at Or above 14 
percent per year with additional double-digit increases after that. 

• Exhibit 10 also reflects the. proactive level of serv ice, but this scenario includes $4.0 million 
in reve·nue bonds to be issued in fiscal year 2017-18. This debt does mitigate the required 
rate increases. However. more debt means higher coverage requirements. Therefore. the 
drop in required rate increases is not as dramatic as under the minimum level of service. 

6 
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Current Level 01 Service with No Debt Exhib it 4 
Description FY 2012·13 FY 201l·14 fY 2014·15 FY 2015.14 fY 2016·17 FY2D17.18 FY 2018·19 FY 201'9,20 FY 2020-21 FV 20~1·22 
Revenues: 

Stormwolerroles 
Ofhef reve(lues 
Bond proceeds 

iolal revenues 
Expenditures: 

Personnef :'erYices 
NiOlefioJs cnd services 
Copilor outlay 
Tronsfers 
Debt sefv ice 

franChise fee 
10101 e"cpendifures 

Increase [decrease) in fund balance 
Slorrnwoierlote 
Annual Change In stormworer rote 
Syslem developmeni chorge pet ESU 

$1.~70.ooo $2.057 .091 $ 21 48.033 $2. 242.~95 $2.339.911 .2.441 .016 $ 2.539.164 $ 2.539.672 $ 2.5'0.100 $2.540.688 
323.454 7/1.829 15.102 13.500 13.676 13,823 13,975 13,982 14,304 14.479 

$2.293.<54 $2.714.920 $2.163.135 $ 2.256.495 $2 .. 353.588 $ 2.454.1138 $ 2.553.139 $ 2.553.654 $ 2.554.484 $2.555.167 

; 433.000 I 471 .000 $ 488.000 $ 520.000 $ 539.000 $ 558.000 $ 587.295 $ 618.128 $ 650.580 $ 684.735 
129.000 
350.000 
770.000 

151.600 
$ 1.839.600 

$ 453.854 

183.000 
754.<XX} 
790.000 

164.561 
$2.362.567 

$ 412.353 
$ 11.94 

188,000 194,000 

900,231 50.000 
822.000 855.000 

171.843 179.440 
.$2.570.074 .$1,798, .4 40 

$ (406.9391 $ 458.055 
$ 12,-47 $ 13.0:2 

200.000 
744.n9 
889.000 

181.193 
$2559.972 

$ (206.384) 

$ 13.58 

206.000 
\,550,498 

925.000 

195.281 
$ 3. 434.779 

$ (979.9"1 
$ 14.16 

4.30'r., 

212, 180 
1,647 ,067 

952.750 

203. 133 
$ 3.602.425 

$11.049.286) 
1. 14.73 

2 18 ,545 
53.045 

981.333 

203,174 
$ 2.074.225 

$ 479.429 

225.102 
54.636 

1.010]72 

203.214 
$ 2.144.305 

$ 410.180 
$ 14.73 

231 ,855 

56.275 
1.041.096 

203.255 
$2.217.216 

$ 337.95 1 
~ 14.13 .$ 11.4.4 

O.~ 

502 $ $ 
'1.40% 

502 $ 
4.40% 

502 $ 
4.4<m 

502 $ 
4.30'% 

502 $ 502 $ 

$ 14.73 

0.00% 
502 $ 

4.<JO% 
502 $. 

O.~ 

502 $ 
0.00% 

502 
SoutCC; fC$ GROUP 

Minimum level of Serv ice with No Debt ExhibitS 
OescrlpUon FY 201'2·13 FY 2013·14 fY 2014·15 FV 2015·16 FY 2016·17 FY 2017·18 tv 2018·]Y FY 2019·20 FY 2020·21 fY202t·22 
Revenues: 

Sformwoter rotes 
01 her rBv€:nue~ 
Bond proceeds 

To i ol revenUe5 

Expenditures: 
Personnel services 
N'OtenaJ~ and 5ervices 
Copllaloutlay 
fromfers 
Debl service 
Franchise fee 

Tolol expendiiures 

Increase (decrease) In funa balance 
Slormwaler rate 
Annual chonge in stormwole(rate 
S)-'3tem development charge per ESU 

$1 ,970.0c0 ~2. 122, 114 $2.285.974 
323.454 711.829 15.102 

\2.293.454 $ 2.839.943 $2.301.016 

1 433.000 $ 471.000 ~ 684. 121 
129,000 183.000 188.000 
350.000 754,000 900.231 
770.0CIJ 790,000 822.000 

157.600 169,769 182.878 
11.839.600 $2.367,769 $2.777.230 

$ 472. 174 I (476.154) 

$ 12,32 $ 13.27 

$2.4~2 . .::87 $2,652.629 $2.857.452 13.075.234 $3.075.849 $1.076.46' $3.077.019 
13.984 14.185 14.358 14.539 14.591 14.929 15.136 

$2476.4'70 $2,666.814 $2.871.811 \3.089.772 $3.090.440 $3.091.393 13.092.216 

$ 726'< 17 
194,000 

446.145 
855.000 

196.999 
$2.418.561 

$ 57.9 10 

; 756.254 $ 786.660 $ 827.959 $ 871.427 $ 911. 177 
200.000 
744.779 

889.000 

212210 
$2.802,243 

$ 1135.4301 
$ 15.39 

206.000 
1,550.498 

925,000 

228.596 
$, 3,696,754 

$ 1824.9431 
$ 16.58 

212.180 
1,647,067 

952.750 

2';6.019 
$ 3.885.975 

218.5,45 225.102 
53.045 127.034 

981 ,333 1.010.772 

246,068 246, 117 
$2,370.418 $2.526.202 

$ 720.022 $ 565.191 

I 965.329 
231.855 
56,275 

1,041.rH6 

2';6,166 

$2540,721 

$ 453,854 

$ 11.44 

0.= 
$ 529 $ 

7.7C1fo 
529 $ 

$ 14.29 
7.7m. 

529 $ 

7,7~ 

529 $ 
7.70'% 

529 $ 

$ (796.2031 
$ 11.84 

7.60% 7]O~ 

529 $ 

$ 1784 
0.00% 

529 $ 

.l 551.494 
$ 17.84 

0.00% 
529 

$ 11 .84 
0.00% 

529 $ 529 $ 
SOUJce: Fa GROUP' 

7 

p 



City of Milwaukie Stormwoter Moster Plan '~>I ( ' GROUP 

Minimum Level of Service with Revenue Bonds Exhibit It 
Desclfption fY 2012·13 FY 2013·14 FY 2014· 15 FY 2015·16 FV 2016· 11 FY 2017·18 FY 201a·19 ry 2019·20 fY 2020·21 F12021·22 
Re'lerlues : 

Slorrnwole- fotes 
Other revenues 
Bond pl oceeds 

iolal rever'lVe5 

!:,(pend/I utes: 
Personnel services 
N'OI€flol~ and services 
Capitol' Outlay 
Transfers 
Debl ~er"ice 
fronchise fee 

fofol ~endilules 

Increase (decrease) in fund balance 
Slormwal er fote 
Annuol change in slormwo!er rote 
System development charge per ESU 

$1,970.CXXI .$2.047.239 $2.127.507 $ 2210.922 $2.297.607 $ 2.387.692 $ 2.474.143 $2.561 .250 $2.651.424 12.744.773 
323.454 717.829 15.102 13.9B' 14. 185 14,358 16.568 16.159 16,958 17.166 

2.500.000 
12,293.454 $2.765.068 $2. 142.609 ~2.224. 906 $2.311 ,793 $4.902,050 $ 2,490.111 $2.578.010 $2,668,383 $2.761 ,939 

$ 433,000 $ <71.000 $ 684, 121 $ 726.41 7 $ 756,254 $ 786.660 .$ 827,959 $ 871,427 .$ 917.17'7 ~ 965.329 
129,(XX) 183.(0) 188,OCO 194.000 200.000 206.000 212180 218.545 225,102 231.855 
350,000 154,(0) 900,231 ~~6, \ 45 744,779 1,550,498 1,647,061 53.045 127.034 56.275 
770.000 790.QO) 822.000 855.000 889,000 925,(0) 952750 981 ,333 1.010, 772 1.041.096 

202.9,6 202946 202,946 202,946 202,946 

157,600 163,779 170,201 176,874 183,809 174,780 181,696 IBB,66, 195,878 203.346 
$1.839.600 $2.361.779 $2.76'.553 $'2,39a436 $2,773,842 $3,845,884 $ 4.024.599 $2.515.961 $2.618,91 0 $2.700.848 

$ 453.85' $ 403,289 $ 1621 ,94<) $ 1173,530) $ 1462.049) $1 ,056,166 111 ·533.888) $ 62,049 $ pO.5271 $ 61 ,091 

$ 11.44 $ 11.89 $ 12.35 $ 12.83 $ 13.33 $ 13.85 $ 14.35 $ 14.B5 $ 15.37 $ 15.91 

0.00% 3.90% 3.90% 3.90% 3.90% 3.90~ 3.60% 3._ 3.5O~ 3.5Oj1. 

$ 529 $ 529 $ 529 $ 529 $ 529 $ 529 $ 529 $ 529 $ 529 $ 529 
SOIiIC~; fCS GROUi' 

Recommended level of Service with No Debt hhlblt7 
Description fY 2012·13 FY 2013·14 FY 2014·15 FY 2015· 16 FY 2016· 17 FY 2017· 18 FY 2018· \9 FY 2019·20 FY 2020·21 FY202J·22 

Revenues; 
Slo(mWOlerrotes 
Qlner relfemJes 
BoI1d proceeds 

'Io lot re .... enwes 
Expenditures::. 

Personnel services 
iVoleriols and services 
Copirol oullay' 
Tronsfer~ 

Debt servjce 
f ral"chise fee 

10101 el'lpenditures 

InCl'€o!e (decrease) in tund bolance 
Siormwaler rale 
Annual change in siormwoler rote 
System development charge per E5U 

$1,970.CXXJ $2.171,374 F393.333 $2.637.980 $2.904,997 $3, 199.0'2 p.522.849 $3.879.433 $4.035.417 $'.193.637 
323,454 717,829 15.102 14.0)3 14,216 14,391 15.535 15.728 15.759 16. 138 

$2.293.454 $2.BB9.203 $2.408.435 $2.651.994 $2.919.213 $3.213.433 $3.638.384 $ 3.895.161 $4.051.176 $4.209.775 

$ 433,(XX} .$ 471 .000 $ 696.091 $ 739,015 $ 769,51 4 $ BOO.616 $ 842,6'8 $ 886.887 '$ 933.448 $ 982.455 
129,()(X) 

350.000 
770.000 

157,600 
$1 .839.600 
$ 453.854 
$ 11.44 

0.00\t 

183.000 
754,00,} 
790,000 

173.710 
$2.37 1,710 

$ 517,493 
$ 12.61 

188,ceo 

900.231 
822.000 

191.467 
$2.797,788 

$ (389,354) 
$ 13.89 

\9 4.000 
446,145 

855.000 

~ 1 1.038 
$2445,199 

$ 206,795 
$ 15.31 

200.000 
744,779 
889.0C'0 

232,400 
$2.835.692 
$ 83,521 
$' 16.86 

10. 10% 

206.000 
1.940.498 

925.000 

255,923 
$4.128.037 
.$ (914,6(4) 

$ 18.56 
IO. IO',t 

212.180 
2.037, 067 

952.750 

2BI ,828 
$ 4,326,473 

$ (7BB,0891 
$ 20.43 

218.5A5 225.102 231,855 
1..::95,132 517.03. 1.61 5.526 

981.333 1.010.n2 1,041.{)96 

310,355 322.833 335A91 
$3.892.252 IlOO9.19O $4,206.422 

$ 2,9rR $\ ,041.986 $ 3.353 
$ 22.50 $ 23.40 .$ 24.31 

$ 765 $ 
10.20% 

765 $ 
10.20'" 

765 $ 
10.20'f0 

765 $ 765 $ 765 $ 
10.10% 

765 $ 
10.10% 

765 $ 
4. 00% 

765 $ 

3,9~ 

765 
Source: IC S GROUP 
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Ailwoukie Stormwoter Moster Plan '::>Il ~ 

Recommended level of Service with Revenue Bonds Exhibit 8 
Description FY 2012·13 FY 2013·14 FY 2014·15 FY 2015016 FY 2016·17 fV 2017·18 fY 2018·19 fY 2019·20 FY 1020·21 FV 2021·22 
Revenues:: 

Sformwofer rOles 
Olner revenues 
Sond proceecls 

10101 revenues 

Expenditures: 
Personnel services 
.valeriols and services 
Capi tol outlay 
rronsfen 
Debi service 

lio'1d'\ise fee 
TOlO1 eXpenditures 

Increase (decleose) in fund balonce 
Siormwoler fole 
Annucl change in sl ormwQl er rote 
S'y'.Ilem development chOfge per ESU 

$1 ,970.000 $2.1 33.937 $2.311 ,516 

323. 454 717.829 15,102 

$2,293,454 $2.851 .765 $2.326.618 

$ 433.000 $ 471 ,000 $ 696.091 
188.000 
900.23 1 
B22.CXXl 

129.000 183.000 
350.000 

770.000 

157.600 

754.COO 
790.0CI0 

170.715 184.921 

$ 2.501.560 $2.701,229 
14,0 13 14,216 

$2.515.573 $2.721.446 

I 709.015 $ 769.514 
194.00;) 2OO.COO 
4.(6.145 
855.(0) 

200. 125 

744.779 
889.000 

216.578 
$1 ,839.600 $2.368.715 $ 2.791.243 $2.43-4.285 $2.819,871 

$ 453.854 $ 483.050 $ 1464.6251 $ 
$ 11.44 $ 12.39 $ 13.42 I 

0.00% 8.30% 8.30% 

81 .283 
14.52 
8.20% 

$ 198.4251 
$ 15.71 

8.20% 

$2.929.808 $ 3,015.375 $3. 103.4.l2 $3.194,080 $ 3.287.366 
14.391 18.002 18.569 18.770 18.979 

3.500.000 
$6,+44.199 $ 3.033.378 $3. 122.011 $3.212.850 $ 3.306.346 

} BOO,.616 I 842.048 $ 880.887 $ 933.443 I 982.455 
206,000 212.180 218.545 225.102 231.855 

1.940.498 2.037.067 1.495,132 517.034 1.615.526 
925.O:X> 952.750 981.333 1.010.772 1.041 .096 
284, 125 284.125 284. 125 284, J 25 284.125 

211,655 218.500 2.25.545 232.]96 240.259 

$4.367.893 $ ... 547.270 $ 4,091,568 $3.203,278 $ 4,3'95,315 

$2.076.306 111.513.8931 $ 1969.5571 $ 9.573 ${I.0Il8.9701 

$ 17.00 $ 17. 49 $ 18.00 $ 18.52 $ 19.06 

8.20% 2.90% 2.90% 290% 2.90% 

$ 765 $ 765 ~ 765 .$ 765 I 765 $ 765 .$ 765.$ 765.$ 765.$ 765 
SOl/fCIl : res GROU' 

Proactive level of SelVice with No Debt Exhibit 9 
Oe!criptlon fY2012·13 FY 2013·14 fY2014·15 fy 2015-16 FY 2016·17 FV 2011-18 FV 2018·19 FY 2019·20 1'1' 2020·21 f't 2021·22 

Revenues! 
Sl ormwal.;:r rol es 
Olh6( (evenues 
Bond proceeds 

TotaJ (evenues: 

Expet)dllufes: 
Personnel services 
t-Ioieriols end services 
Capitoloulley 
Transfers 
Debt service 
franChise lee 

rolal exPenditures 

Increase (decfe¢se) In fund botance 
Siormwoter rOle 

$1.970.000 
323.454 

$ 2.293, 454 

.$ 433.1XXl 
129.000 
350.000 
770.0::0 

157.600 
$1.839.600 
.$ 453.854 
-$ 1 1.44 

$2248.220 
717,829 

12.966.048 

$ 471 .CXXl 
183.0CXl 
789,71 4 
790.000 

179.858 
l2.413.572 
$ 552,.476 
.$ 13.05 

$2565.732 
15.190 

$2,580,922 

$ lIS, 189 
188.000 
938.517 
822.000 

205.259 
$ 2.87\.964 
$. ('291 ,043) 
$ 14.89 

$2.928.085 .$3.~I , 613 $3,810.201 
14, 162 14.375 1 ... 559 

$2,942.247 $3.355,988 $3.824,760 

$ 762:274 
194.000 
4/37.079 
855.000 

23-4.247 
$,532.600 

.$ 4()9,648 
.$ 16.99 

$ 793.993 
200.000 
788,441 
889.000 

267.329 
12.938.763 
$ 417,225 
$ 19.39 

.$ 826.380 
206.COO 

2.376.970 
925.000 

304.810 
$4.639,1 66 

$ (8 14. 4061 
.$ 22.10 

$-1.344.498 $4,953,718 .$5,638.459 
16,675 16,874 17,087 

$4.361.173 $.-4.970,593 $5.655.541 

-$ 869.765 $ 915.428 .$ 963.488 
21'2.180 216.545 

1.474,934 2,904.013 
952,750 981 ,333 

347,560 396,297 

$<.857. 189 .$5.415.616 
.$ (496,016) $ (445,024) 

.$ 25.20 $ 28.73 

225,102 
3,11 8,238 
1,010.772 

45 1,077 

$5.768.677 

! (l13. 1351 
I 32.69 

$6,243.02'2 
17,129 

$6.260.151 

$1,01 4.071 
231.855 

3.469.756 
1.041 ,096 

499.442 
$ 6,256,219 

.$ 3.932 
$ 36.1 9 

Annuol change in 5formwater rale 
System developmenT charge per ESU $ 

0.00% 

765 .$ 
1 4 . 1~ 

765 $ 

14.10';11, 

765 .$ 
14.10% 

765 $ 

14.1<1.\ 

765 .$ 
14.().')% 

765 .$ 
14.00% 

765 .$ 
14.00% 

765 $ 
13.80% 

765 .$ 
10.7<m 

765 
SOtIfG~ : FCS GROUP 
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City of Milwaukie Stormwater Moster Plan ':;> I'l'" GROU P 

Proactive Level of Service with Revenue Bonds Exhibit 10 
Description fy 2012· 13 FY 2013 ·14 FY 2014· 15 FY 201S· 16 FY 2016 · 17 FY 2017·18 FY 2018·19 fY 2019 ·20 fY 2020·21 FY 2021·22 
Revenues: 

Siormwoler roles 
Other rev enues 
Bond proceeds 

Totol revenues 
Expendi tures: 

Personnel services 
Molerials and services 
CopitOI outlay 
rronsfefS 
Debt service 
franChise fee 

Total expenditures 

Increase (decrease) in fund balance 
Slormwoter role 
Annual change in slorrnwpler rote 
System development charge Pe( ESU 

$1.970.000 $2.208.812 
323.45-4 717,829 

$2.293,'5' i2.926.640 

5 433.000 $ 
\29,000 
350.000 
770.000 

471 ,000 
183,(0) 
789,71 4 
790.000 

157.600 
$1 ,839,600 

176,705 
~2..410, 419 

$ 516.221 
$ 12.82 

$2.474.364 
15.190 

$2.489.55' 

$ 718.189 
lM,COO 
938,517 

822.000 

197,949 
$2.864,655 

$ (375.101) 
$ 14.36 

.$2.77 1,8"2 
14.162 

$2.786.004 

$ 762,274 
194,()(X) 
487.079 
855.000 

221,747 
$2.520. 1()0 

$ 265.904 

$3.105.084 
14,375 

$3.119.'58 

$ 793.993 
200.000 
788, 44 1 
889.000 

248,407 
$2.9 19.841 

$ 199.617 

$ 18.02 

$3.478.389 $ 3.886.138 $ 4.34 1.684 $ 4.846.289 $ 5.409.540 
14.559 18,629 20.121 20.329 20.546 

' .000.000 
$7.492.948 $ 3.904.767 $ '.361.806 5 ' .866.6 18 $ 5.430.086 

$ 826.380 $ 869.765 $ 9i 5.428 ,. 963, 488 $ 1,01 <,071 
206.000 212, ISO 218,545 225, 102 231 ,855 

2,376,970 2,474,934 2,904,013 3. 118.238 3,469,756 
925.000 952.750 981.333 1,0[0,772 1,041.096 
324,71 4 324, 71 4 324,714 324,714 324,71 <: 
252.294 28A,91 4 321 ,358 361.726 406,786 

$4 ,911,359 S 5,1"19,257 $ 5.665.391 $ 6.00' .040 $ 6.488.278 

$2.581.590 $11 .21'. ' 90) $11 .303.585) $11 . 137.<22) ~ (1.058.192) 

$ 20.18 ; 22.5' $ 25.18 $ 28.10 $ 31.36 
$ 453.85' 
5 1i.44 

0.00% 

$ 765 $ 
12.10% 

765 $ 

$ 16.09 
12.()()';t 

765 $ 
12.00% 

765 $ 
12.00% 

765 $ 

12,00% 
765 $ 

11.70% 
765 $ 

11.100t 
765 $ 

11.60% 
765 $ 

11.6()j'O 

765 
Somee: FCS GROUI' 



City o f Milwaukie Stormwater Master Plan 

Ex hibit II compares the rate impacts of the seven scenari os presented above : 

Conclusion 

Rates by Scenario 
$'0 

£ $35 
c 

~ $30 

~ $2S 
• 
~ $20 

£ $15 

i $1 0 
] 
~ $S 

fiscal Yeor 

ExhIbit 11 

- Pfooclive, Cosh 

-Proactive. Debt 

- Recommended, COSh 

-Recommended. Deb1 

- Minimum. Cosh 

- Minimum. Debl 

-Current, Cosh 

'::>Il '> GROLJP 

Of the four level s of service presented in this plan, the recommended level of service strikes a 
balance between affordability, regulatory compliance, and the asset management practices requi red 
by the City's Ca pital Improvement Investment Po li cy 5. Whether thi s leve l o f investm ent shou ld be 
financed with debt or with rates alone is ultimately a policy decision th at requires weighing th e 
City's Cap ita l Investment Policies 7 and 8. 

On March 6, 20 13, the CUAB gave its support to the recommended level of service with no debt 
(summ ari zed above in Exhibit 7). We find that th is is a sound recommendation. 

11 
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Exhibit C 
Proposed Comprehensive Plan Amendment 

Underline/Strikeout Amendments 

Comprehensive Plan 

CHAPTER 3-ENVIRONMENTAL AND NATURAL RESOURCES 

OPEN SPACES, SCENIC AREAS, AND NATURAL RESOURCES ELEMENT 

OBJECTIVE #2-NATURAL RESOURCES 

Policies 

3. Maintain and improve water quality of wetlands and water bodies throlJgh~ regulating the 
placement and design of stormwater drainage facilities . 

6. Maintain and improve existing storm water detention and treatment standards to ensure that 
the impact of-fIeW development does not degrade water quality and wildlife habitat. 

AIR, WATER AND LAND RESOURCES QUALITY ELEMENT 

Background and Planning Concepts 

Water Quality 

Sanitary sewers are provided in Milwaukie and are required for all new uses. There is an area 
along Johnson Creek and portions of the Wichita/Stanley area that began to connect to sanitary 
sewer in 2010. The lack of sanitary sewer service in the area prior to this time, and the 
properties in the area that continue to use private septic systems, flfo8a8ly~ contribute to 
the water quality problems in Johnson Creek. Agricultural uses along Kellogg Creek and 
commercial uses and waterfowl usage along Minthorn Spring Creek~contribute tcHew water 
quality impairments in these water<bodies. 

Stormwater Master Plan June 12, 2013 1 of 3 



Proposed Comprehensive Plan Amendment 

CHAPTER 5- TRANSPORTATION, PUBLIC FACILITIES AND ENERGY 
CONSERVATION 

PUBLIC FACILITIES AND SERVICES ELEMENT 

Background and Planning Concepts 

Drainage and Streets 

The steady urbanization of the Milwaukie area has resulted in more and more of the land being 
covered by buildings and streets, creating a higher storm runoff and obstructing natural soil 
percolation processes. The result has been the prolonged ponding of water after storms and 
flooding of public streets and private yards . Street flooding causes erosion and damage to the 
pavement and presents a constant and expensive maintenance problem. Roadside ditches, 
now used to carry away excess runoff, present a traffic hazard and severely limit road 
improvements. Major street improvements throughout the Milwaukie area cannot proceed 
without adequate storm drainage facilities. 

The City of Milwaukie G\Jrrently has approximate ly~-.5Q miles of storm erains drainage ahd 
collection systems within the City. In addition, many~ areas are served by sumps or 
drywells and do not have an established stoan collection and conveyance system. With 65 
miles of road compared to the~-.5Q miles of storm drainage and collection systems. storm 
drainage continues to be a major issue with in the City of Milwaukie . 

In 1'979, the City updated a drainage study identifying priority areas for storm drainage 
improvements. A master plan for storm drainage in the City was prepared. The plan 
acknowledged the impact of development to the east of Milwaukie on storm drainage capacity. 
Milwaukie is the terminus for several regional drainage basins - Johnson, Kellogg, Mt. Scott, 
and Phillips Creeks. Storm drainage is an area-wide concern requiring a local and regiona l 
planning process. 

Subsequent updates to the storm drainage master plan were prepared in 1997 and 2004 

In 2013 the City adopted a Stoanwater Master Plan (SWMPl as an ancj!Jarv document to the 
Comprehensive plan The SWMP deals with the portions of the storm drainage and collection 
system managed by the City of Milwaukie including pipes and open channels The SWMP 
addresses requirements of the City's National pollutant Discharoe Elimination System (NPDESl 
municipal separate stoan sewer (MS4) permit to retrofit areas of the stoanwater system for 
water quality improvement In the SWMP the City identified projects to alleviate sy~ 
J;apacity deficiencies and improve water quality projects are prioritized in a stormwater capita l 
improvement project list As part of the deyelopment of the SWMP review and update to the 
City's existing stoanwater utility rate and service development charoe was completed in order 
to estimate funding needs to implement the identified capital improvement projects 

On Iwo oGGasions witRiR tRe last 1 Ii years, tRe City Ras atteml3tee 10 ~ass a levy fOF-£GRSlrllGtioR 
of storm eraiRS. A 1987 Utility DistriGtI3rOl3osal 10 f\JAe a storm eraiRage trunk system fa iles . The 
methoe for f\JRe iR!l Reeses im!3Fo\lemeRls has seoR aRe cORti Rues to Be a major iss\Je wilRiR 
MiI'fflHJkie. 

OBJECTIVE #6-DRAINAGE AND STREETS 

To improve the storm drainage and collection system within the City, in order to alleviate 
seasonal flooding problems and to allow for permanent street and sidewalk improvements. 

2 of 3 June 12, 2013 Stormwater Master Plan 



Proposed Comprehensive Plan Amendment 

Policies 

1. The City will promote the construction of a storm drainage system , with highest priority 
given to the drainage basins suffering the most severe flooding problems as identified on an 
ongoing basis. 

2 . The City will promote the construction of street, curb, and sidewalklbikepath improvements 
coordinated with the construction of a storm drainage system , with highest priority given to 
streets designated as arterials, collectors, bikeway streets , or streets serving public 
transportation. 

3. New and redevelopment will be designed to limit storm qrainage rLinoff outside project 
boundaries,-{lf and will provide a storm drainage and collection system within the project 
;area boundary. 

4. The City will cooperate with other affected agencies in exploring regional solutions to the 
storm drainage problem. 

5. The City will restrict development within drainageways to prevent erosion, regulate 
stormwater runoff, protect water quality, and protect and enhance the Use of drainageways 
as wildlife corridors . 

6 The City will require stormwater treatment for new and redevelopment in order to improve 
the water quality of receiving water bodies 

Stormwater Master Plan June 12, 2013 3 of 3 



Exhibit D 
Proposed Comprehensive Plan Amendment 

Clean Copy Amendments 

Comprehensive Plan 

CHAPTER 3-ENVIRONMENTAL AND NATURAL RESOURCES 

OPEN SPACES, SCENIC AREAS, AND NATURAL RESOURCES ELEMENT 

OBJECTIVE #2-NATURAL RESOURCES 

Policies 

3. Maintain and improve water quality of wetlands and water bodies by regulating the 
placement and design of storm water drainage facilities. 

6. Maintain and improve existing stormwater detention and treatment standards to ensure that 
the impact of development does not degrade water quality and wildlife habitat. 

AIR, WATER AND LAND RESOURCES QUALITY ELEMENT 

Background and Planning Concepts 

Water Quality 

Sanitary sewers are provided in Milwaukie and are required for all new uses. There is an area 
along Johnson Creek and portions of the Wichita/Stanley area that began to connect to sanitary 
sewer in 2010. The lack of sanitary sewer service in the area prior to this time, and the 
properties in the area that continue to use private septic systems, may contribute to the water 
quality problems in Johnson Creek. Agricultural uses along Kellogg Creek and commercial uses 
and waterfowl usage along Minthorn Spring Creek may contribute to water quality impairments 
in these water bodies. 
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Proposed Comprehensive Plan Amendment 

CHAPTER S-TRANSPORTATION, PUBLIC FACILITIES AND ENERGY 
CONSERVATION 

PUBLIC FACILITIES AND SERVICES ELEMENT 

Background and Planning Concepts 

Drainage and Streets 

The steady urbanization of the Milwaukie area has resulted in more and more of the land being 
covered by buildings ar)d streets, creating a higher storm runoff and obstructing natural soil 
percolation processes. The result has been the prolonged ponding of water after storms and 
flooding of public streets and private yards. Street flooding causes erosion and damage to the 
pavement and presents a constant and expensive maintenance problem. Roadside ditches, 
now used to carry away excess runoff, present a traffic hazard and severely limit road 
improvements. Major street improvements throughout the Milwaukie area cannot proceed 
without adequate storm drainage facilities . 

The City of Milwaukie has approximately 50 miles of storm drainage and collection systems 
within the City. In addition, many areas are served by sumps or drywells and do not have an 
established storm collection and conveyance system. With 65 miles of road compared to the 50 
miles of storm drainage and collection systems. storm drainage continues to be a major issue 
within the City of Milwaukie . 

In 1979, the City updated a drainage study identifying priority areas for storm drainage 
improvements. A master plan for stonm drainage in the City was prepared. The plan 
acknowledged the impact of development to the east of Milwaukie on storm drainage capacity . 
Milwaukie is the terminus for several regional drainage basins - Johnson, Kellogg, Mt. Scott, 
and Phillips Creeks. Storm drainage is an area-wide concern requiring a local and regional 
planning process. 

Subsequent updates to the storm drainage master plan were prepared in 1997 and 2004. 

In 201 3 the City adopted a Stormwater Master Plan (SWMP) as an ancillary document to the 
Comprehensive Plan. The SWMP deals with the portions of the storm drainage and collection 
system managed by the City of Milwaukie, including pipes and open channets. The SWMP 
addresses requirements of the City's National Pollutant Discharge Elimination System (NPDES) 
municipal separate storm sewer (MS4) permit to retrofit areas of the stormwater system for 
water quality improvement. In the SWMP, the City identified projects to alleviate system 
capacity deficiencies and improve water quality. Projects are prioritized in a stormwater capital 
improvement project list. As part of the development of the SWMP, review and update to the 
City's existing stormwater utility rate and service development charge was completed. in order 
to estimate funding needs to implement the identified capital improvement projects. 

OBJECTIVE #6-DRAINAGE AND STREETS 

To improve the storm drainage and collection system within the City, in order to alleviate 
seasonal flooding problems and to allow for permanent street and sidewalk improvements. 

Policies 

1. The City will promote the construction of a storm drainage system, with highest priority 
given to the drainage basins suffering the most severe flooding problems as identified on an 
ongoing basis. 
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Proposed Comprehensive Plan Amendment 

2. The City will promote the construction of street, curb, and sidewalklbikepath improvements 
coordinated with the construction of a storm drainage system, with highest priority given to 
streets designated as arterials, collectors. bikeway streets. or streets serving public 
transportation . 

3. New and redevelopment will be designed to limit storm drainage runoff outside project 
boundaries and will provide a storm drainage and collection system within the project area 
boundary. 

4. The City wi ll cooperate with other affected agencies in exploring regional solutions to the 
storm drainage problem. 

6. The City wil l restrict development within dralnageways to prevent erosion, regu late 
stormwater runoff, protect water quality, and protect and enhance the use of drainageways 
as wildlife corridors. 

6. The City will require stormwater treatment for new and redevelopment in order to improve 
the water quality of receiving water bodies. 
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