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GLADSTONE PLANNING COMMISSION AGENDA
GLADSTONE CITY HALL, 525 PORTLAND AVENUE

Tuesday, September 15, 2015

6:30 P.M. CALL TO ORDER
ROLL CALL
FLAG SALUTE

CONSENT AGENDA

All items listed below are considered to be routine and will be enacted by one motion. There will be
no separate discussion of these items unless a commission member or person in the audience
requests specific items to be removed from the Consent Agenda for discussion prior to the time the
commission votes on the motion to adopt the Consent Agenda.

1. Approval of August 18, 2015 Minutes

REGULAR AGENDA

2. Public Hearing:

e Z0347-15-CP — Comprehensive Plan Amendments, Water System Master Plan and Storm
Water System Master Plan: Public Hearing to consider amending the Gladstone
Comprehensive Plan, Public Facilities Section, Water System Plan to replace the existing
plan developed in 1980; also under consideration is a Stormwater System Plan. Purpose
of this hearing is to consider the proposal, any testimony presented, and to forward a
recommendation to City Council for final decision.

BUSINESS FROM THE PLANNING COMMISSION

ADJOURN
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GLADSTONE PLANNING COMMISSION MEETING MINUTES of August 18, 2015
Meeting was called to order at 6:31 PM.

ROLL CALL:
The following City officials answered roll call: Commissioner Michele Kremers, Commissioner Malachi

de AElfweald, Commissioner Linda Nease, Commissioner Kevin Johnson, Commissioner Les Poole, and
Chairperson Tammy Stempel.

ABSENT:
Commissioner Kirk Stempel

STAFF:
Jolene Morishita, Assistant City Administrator; David Doughman, City Attorney; Clay Glasgow, City

Planner; Melissa Jones, Prosecuting Attorney; Jeff Jolley, Interim Police Chief; Linda Beloof, Municipal
Judge; and Sean Boyle, Code Enforcement.

Chairperson Tammy Stempel made a few comments regarding the duties of the Planning Commission.

CONSENT AGENDA:

1. There was no discussion. Commissioner de AElfweald made a motion to approve the minutes
Srom July 21, 2015. Motion was seconded by Commissioner Nease. Motion passed unanimously.

REGULAR AGENDA:

2. Public Hearing: Draft Ordinance — Amending Title 17 of the Gladstone Municipal Code to
Repeal Chapter 17.61 and Adopt a new Chapter 17.61 — Wireless Telecommunication Facility.
City Attorney Doughman asked if any commissioners had a conflict of interest in regards to this
ordinance. Chairperson Tammy Stempel said that she works for an engineering firm that does
work on telecommunication towers as part of their service scope but that’s not exclusively what
they do. City Attorney Doughman went over the staff report and explained that most of the law
governing telecommunications is dictated by Federal law. This ordinance is based on the City of
Salem’s code. Commissioner de AEIfweald said there are more stringent requirements now.

Public Testimony:
There was no public testimony.

Commissioner de AElfweald made a motion to approve the draft ordinance to amend Title 17 of
the Gladstone Municipal Code to repeal Chapter 17.61 and adopt a new Chapter 17.61 with no
additional changes. The motion was seconded by Commissioner Johnson. There was no further

discussion. Motion passed unanimously.
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3. Work Session: Discussion of Code Revisions.
Mike Kenny and Dennis McCarty wanted to address the parking situation in the area of Charolais

Court and Webster Road. There has been a sudden increase in vehicles parked on Webster Road,
which interferes with the line of sight of drivers. Chairperson Stempel said that this was a good
time to bring up this issue because there will be professionals coming to assist with a review of
the transportation plan soon.

Municipal Judge Linda Baloot wanted to address the money amounts of forfeitures for infractions
in 1.08.090 — Schedule of Forfeitures. She said there is some confusion regarding the amounts
and she would like the language to be clearer. She would like to increase some fees/fines. It was
agreed to mirror the ORS fines when appropriate and the City fee schedule when appropriate.

Sean Boyle, Code Enforcement and Interim Police Chief Jeff Jolley went over issues with park
regulations/hours and changes they would like to make. Commissioner Poole will be attending
the next Parks meeting and will address these issues and get a decision. Mr. Boyle went over
some other issues regarding the codes addressing chronic nuisance properties and vacant
properties, chickens, drinking in public, trailer/RV parking, designated parking permit areas, bike
lanes, sidewalk repair. Interim Police Chief Jolley went over issues with the garage sale code,
business licenses, and the parks. There was a discussion regarding having a ticket kiosk for
Meldrum Bar Park.

ADJOURN:
Commissioner Nease made a motion to adjourn the meeting. Motion was seconded by Commissioner
Kremers. Motion passed unanimously. Meeting adjourned at 7:45 PM.

Minutes approved by the Planning Commission this day of ,2015.

Tamara Stempel, Chair
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STAFF REPORT
TO: Planning Commission
FROM: Clay Glasgow, Planner
DATE: September 2, 2015
RE: 7Z0347-15-CP, Water and Stormwater Systems master plans
PROPOSAL

This is a legislative text amendment, the purpose of which is to incorporate into the
Comprehensive Plan (“Plan”) new Master Plans for water and stormwater systems.
The proposed amendments are to the Facilities and Servicés section of the
Comprehensive Plan and are meant to be accomplished by reference in the Plan.

BACKGROUND.

The Gladstone Stormwater Master Plan (SMP) documents the methods and results of
the storm system capacity evaluation and the stormwater quality/retrofit assessment
conducted for the City of Gladstone (City). The SMP identifies and prioritizes
capital improvement projects to address system deficiencies and water quality

improvements.

The City has historically managed its stormwater collections and conveyance system
with limited mapped and survey field information. Prior to this current proposal no
stormwater master plan had been developed for the City and no storm water capital
improvement program is in place. Management of the system has been conducted
on an as-needed basis, typically in response to failing infrastructure.

The objectives of the SMP are as detailed in the Plan — Executive Summary.

The Gladstone Water System Master Plan (WSMP) documents the methods and evaluation
of the City’s water system according to the master planning requirements established under
Oregon Administrative Rules, Chapter 333, Division 61 for Public Water Systems. The
City’s current water system master plan was developed in 1980. Since then, the City has
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changed water supply sources, experienced population growth and constructed water
system improvements. In addition, there have been substantial changes to methodology,
software, and asset management techniques. !

The City owns and operates their water distribution system. Part of this project involved
inventory and mapping of the existing system. The City’s primary source of water supply
is the North Clackamas County Water Commission (NCCWC). Water is purchased from
the NCCWC to meet current water demand. As needed, and to provide emergency supply
water the City supplements their primary water source with additional water purchased
from the Oak Lodge Water District. Gladstone’s distribution system consists of three
storage tanks, two pump stations, and a network of transmission mains and distribution
piping that serve the City’s three pressure zones.

See WSMP for further detail on system and goals.

ANALYSIS AND FINDINGS

1. The proposed text amendments are legislative. Chapter 17.68 of the ZDO establishes
procedural requirements for legislative amendments, which have been or are being
followed in this case. However, the ZDO contains no specific review criteria that must
be applied when considering an amendment to the text of the ZDO or the Plan. The
Planning Commission’s role is to arrive at a recommendation to forward to the City
Council. Council will make final decision.

2. Chapter 10 of the Comprehensive Plan, Plan Evaluation and Update, contains
procedural standards for plan amendments, and requires the Plan and ZDO be
consistent with changing conditions. The process followed for Z0347-15-CP is
compliant with these standards. Specifically, notice was mailed to the Department of
Land Conservation and Development and Metro. Advertised public hearings are
scheduled before the Planning Commission and the City Council to consider the
proposed amendments. The Statewide Planning Goals and Guidelines and Metro’s
Urban Growth Management Functional Plan are addressed below.

3. Statewide Planning Goals and Guidelines

a. Goal 1. Citizen Involvement. The text amendment does not propose to change the
structure of the county’s citizen involvement program. Notice of the Planning
Commission and City Council hearings was published in the newspaper as required
by code.

b. Goal 2. Land Use Planning. Not applicable because the text amendment does not
propose to change the City’s land use planning process. The City will continue to



have a comprehensive land use plan and implementing regulations that are
consistent with the plan. No exceptions from the Goals are required. ~

Goal 3. Agricultural Lands. Not applicable.

. Goal 4. Forest Lands. Not applicable..

Goal 5. Open Spaces, Scenic and Historic Areas, and Natural Resources. Not

applicable because the text amendment does not propose to change the City’s Plan

or implementing regulations regarding open space, scenic and historic areas or
natural resources.

Goal 6. Air, Water and Land Resources Quality. This is dealt with through Title 3 -
previously acknowledged for the City.

. Goal 7. Areas Subject to Natural Disasters and Hazards. Not applicable because the
text amendment does not propose to change the City’s Plan or implementing
regulations regarding natural disasters and hazards.

. Goal 8. Recreational Needs. Not applicable because the text amendment does not
propose to change the City’s Plan or implementing regulations regarding

recreational needs.

Goal 9. Economy of the State. Not applicable because the text amendment does not
propose to change the City’s Plan or implementing regulations regarding the
economy of the state.

Goal 10. Housing. Not applicable because the text amendment does not propose to
change the City’s Plan or implementing regulations regarding housing.

. Goal 11. Public Facilities and Services. This proposal deals specifically with the
efficient delivery of public facilities and services, and approval will result in further

compliance with Goal 11.

Goal 12. Transportation. Not applicable because the text amendment does not
propose to change the City’s Plan or implementing regulations regarding

transportation.

. Goal 13. Energy Conservation. Not applicable because the text amendment does
not propose to change the City’s Plan or implementing regulations regarding

energy conservation.



n. Goal 14. Urbanization. Not applicable because the text amendment does not

propose to change the City’s Plan or implementing regulations regarding
urbanization.

Goal 15. Willamette River Greenway. Not applicable because the text amendment
does not propose to change the City’s Plan or implementing regulations regarding
the Willamette River Greenway.

The Department of Land Conservation and Development (DLCD) was notified of this
proposal. No response has been received from that Agency.

4. Metro Urban Growth Management Functional Plan

a.

Title 1. Requirements for Housing and Employment Accommodation. Not
applicable because the proposed text amendment would not decrease the amount of
land zoned for residential or commercial/industrial use, affect design type
boundaries, alter permitted densities or prohibit accessory dwelling units.

Title 2. Regional Parking Policy. Not applicable because the proposed text
amendment would not change the City’s Plan or implementing regulations
regarding parking.

Title 3. Water Quality and Flood Management. The proposal is consistent with
Title 3 because it does not interfere with previous adoption of Metro’s WQRA map
and regulations substantially consistent with Metro’s Title 3 model ordinance for
the implementation of the water quality provisions of Title 3. Revision of the
City’s flood management regulations is not proposed.

Title 4. Industrial and Other Employment Areas. Not applicable because the
proposed text amendment would not change the City’s Plan or implementing
regulations concerning designation of industrial and other employment areas,
minimum lot sizes in these areas, or permitted uses in these areas.

Title 5. Neighbor Cities and Rural Reserves. Not applicable because the proposed
text amendment would not change the City’s Plan or implementing regulations
concerning neighboring cities.

Title 6. Central City, Regional Centers, Town Centers and Station Communities.
Not applicable.

Title 7. Housing Choice. Not applicable because the proposed text amendment
would not change the City’s Plan or implementing regulations concerning housing
choice.



h. Title 8. Compliance Procedures. Not applicable. This Title is administrative and '

relates to Metro’s process for ensuring local governments comply with the
Functional Plan.

i. Title 9. Performance Measures. Not applicable. This Title is administrative and
relates to requirements for measuring whether the Functional Plan is achieving the

intended outcomes in the region.

j. Title 10. Functional Plan Definitions. Not applicable. This Title contains
definitions only.

1. Title 11. Plamning for New Urban Areas. Though this proposed text amendment
does not change the City’s Plan or implementing regulations concerning planning
for new urban areas — it will provide information applicable to future efforts in this

area.

m. Title 12. Protection of Residential Neighborhoods. Not applicable because the
proposed text amendment would not change the City’s Plan or implementing
regulations concerning residential density, designation of neighborhood centers or
access to parks and schools.

n. Title 13. Nature in Neighborhoods. Not applicable because the proposal does not
alter implementation of Title 13.

Metro was notified of this proposal.

RECOMMENDATION

Staff is of the opinion the proposed Gladstone Water System Master Plan and proposed
Gladstone Stormwater System Master Plan are substantially consistent with local, regional,
State and Federal requirements regarding watcr and stormwater systems, and are necessary
to effectively manage these components of municipal infrastructure. The Plans in their
entirety should be included in the City’s Comprehensive Plan by reference.

*plans sent separately via e-mail
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Executive Summary

Background/Introduction

This Water System Master Plan (WSMP) documents the methods and evaluation of the City of
Gladstone’s (City’s) water system according to the master planning requirements established under
Oregon Administrative Rules, Chapter 333, Division 61 for Public Water Systems.

The City's former water system master plan was developed in 1980. Since 1980, the City has
transitioned water supply sources, experienced population growth and constructed water system
improvements. There have also been substantial changes to available software for system mapping,
modeling, asset management, and billing. This WSMP documents the current state of the City's
water system by identifying current and future system deficiencies, identifying capital projects to
address system deficiencies, prioritizing proposed capital improvement projects (CIPs) for implemen-
tation, and providing information necessary to perform a financial evaluation of the City's water utility
rate in order to fund needed improvements.

Study Area Characteristics

The City owns and operates their water distribution system, which serves residential, commercial,
and industrial customers within the Gladstone city limits. The current water system was inventoried
and mapped by Sisul Engineering as the first phase of this project.

The City’s primary source of water supply is the North Clackamas County Water Commission
(NCCWC). Water is purchased from NCCWC to meet current water demand. As needed, and to
provide emergency supply water, the City supplements their primary water source with additional
water purchased from Oak Lodge Water District (OLWD). Gladstone’s distribution system consists of
three storage tanks, two pump stations, and a network of transmission mains and distribution piping
that serve the City’s three presstire zones.

The City's primary source of water is provided by a 27-inch main from NCCWC that enters the City’s
distribution system on Cason Road. Three interties with OLWD are in place to supplement the water
from NCCWC. The high-pressure zone intertie is located at the intersection of Valley View Drive and
Valley View Road. The intermediate-pressure zone intertie is located at the intersection of Oatfield
Road and Caldwell Road. The low-pressure zone intertie is located in Rinearson Road, approximately
500 feet west of River Road. The low-pressure zone intertie in Rinearson Road is not currently used,
but is in place for emergencies. The City does not own any water rights at this time, but is entitled to a
minimum allocation of 2.5 million gallons per day (mgd) of treated water from the NCCWC per inter-
governmental agreement and as a condition of signing over their water rights on the Clackamas River.

Regulatory Requirements

Regulation of drinking water quality by the U.S. Environmental Protection Agency (USEPA) is author-
ized by the Safe Drinking Water Act of 1974 and its amendments. Regulations were established to
protect public health by setting national health-based standards to protect drinking water quality.
The USEPA oversees the federal, state, and local water suppliers who implement the national
standards.

R
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Executive Summary Gladstone Water System Master Plan

Oregon implements drinking water protection through a partnership of the Oregon Department of
Environmental Quality (DEQ) and the Oregon Health Authority (OHA). The Oregon Drinking Water
Protection Program regulates drinking water quality on a statewide level by adopting the federal
standards for water quality monitoring and ailso implementing standards for construction, cross-
connection control, and system operations and maintenance (O&M).

Water supplied to the City is sourced from the Clackamas River and treated at the NCCWC treatment
plant. As the City's source water provider, NCCWC provides sampling and monitoring to comply with
drinking water regulations. The City is responsible for monitoring water quality parameters within its
distribution system.

Study Methods

A hydraulic computer mode! of the City's water distribution system was developed and used as a tool
for evaluating the existing water distribution system and proposed improvements to the system
under estimated future water demands. The model was created using innovyze's InfoWater v11.0
and ArcGIS v10.1.

Several water demand scenarios were created to simulate system performance (existing water use
demands, future water use demands, fire flow demands) and operational settings. Evaluation criteria
were then used to evaluate the water system’s response to the water demands and operational
settings in order to develop recommended improvements for the City. The evaluation criteria were
related to system pressure for transmission and fire flow, system condition, and system capacity. The
evaluation criteria were defined to provide the desired level of service to customers and to maximize
the efficiency of the system.

Study Results

Results of the water system modeling effort were used to identify areas in the water system that did
not meet the evaluation criteria. Such areas were identified as deficiencies to be addressed through
improvements. Additionally, some deficiencies were identified by City staff during field work and
based on ongoing maintenance needs. These issues included the upgrades at the Webster Pump
Station and replacement of specific PRVs due to their need for repair or due to lack of access.

Collectively, the following problems/issues for correction were identified to be addressed through
capital improvement projects:

« Decommissioning of the Ranney intake system.

« Fire flow deficiencies estimated at 49 locations (due to undersized pipes and lack of system
fooping).
« Pipe age and condition of 17 miles of asbestos concrete (AC) pipe.

. Operating pressures that exceed allowable pressures in pipes located at Meldrum Bar Park Road
and at the end of Hardway Court.

» Locations and configurations of PRVs that limit the City's ability to test and maintain them.
« Unreliability of the backup propane pump at the Webster Pump Station.
- Data collection upgrades at the Webster Pump Station.

« Leaky service connections (specifically one identified between the high- and intermediate-
pressure zones at Collins Crest).

. Additional storage capacity of 2.0 MG to meet selected emergency storage criteria.

Jii Brown s Caldwell
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Executive Summary

These identified problems/issues resulted in the selection of 19 CiIPs for implementation. Table ES-1
summarizes the seiected CiPs and estimated costs. Figure ES-1 provides the general location of
each of these CIPs. The last line in Table ES-1 should be included in the CIP as an annual line item
with costs distributed over 30 years. An annual cost of $820,000 is recommended for AC pipe
replacement in order to complete the $24.6 million worth of replacement over a 30-year implemen-

tation period.

klP nam

» otal cos ()

Supply
Ranney Intake System Decommissioning 50,000
Piping
Berkeley Street Pipe Replacement 960,000
Cason Road PRV and Pipe Replacement 1,260,000
Clackamas Boulevard Pipe Replacement 840,000
Ciarendon PRV Condition Assessment 10,000
Hereford PRV 110,000
Hulf Avenue PRV 110,000
Jersey Street Pipe Replacement 330,000
Landon PRV 110,000
Meldrum Bar Park Road PRV and Pipe Replacement 680,000
Park Way Pipe Replacement 510,000
Sherwood Neighborhood Pipe Replacement 2,170,000
Rinearson Road Pipe Replacement 590,000
Risley Avenue Pipe Replacement 460,000
SE 82nd Drive Pipe Replacement 470,000
AC Pipe Replacement? $24,600,000
Pump Station
Webster Pump Station Upgrades (Generator Set) 150,000
Webster Pump Station SCADA System 20,000
Storage
New 2 MG Storage Tank 4,500,000
Total $37,930,000

aRecommended as an annual line item of $820,000 in the CIP. A leak

detection survey is recommended prior to pipe replacement to prioritize the

location of replacements.

Brownao Caldwell :
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Executive Summary Gladstone Water System Master Plan

In addition to recommended CIPs, recommendations related to system operation and maintenance
are also provided and include the following:

.

Leak Detection Survey: While AC pipe replacement is highly recommended, prior to initiating
replacement efforts, a leak detection survey is recommended to assist in prioritizing replace-
ment. A lump sum of $75,000 has been estimated to conduct a leak detection survey prior to AC
pipe replacement efforts.

SCADA System Maintenance: An additional capital maintenance item includes annual mainte-
nance of the SCADA system proposed as a CIP above. This is estimated to be approximately
$2,500 per year.

Preventative Maintenance Program: Preventative maintenance is essential to optimizing
functionality and performance of a water system. The City currently does not have a documented
O&M program, or current staffing to conduct preventative maintenance efforts at the recom-
mended frequency. Implementation of the WSMP and CIPs is dependent upon the addition of
staff to conduct/oversee preventative maintenance efforts. The addition of two full time staff is
recommended in support of a preventative water system maintenance program.

BrownwoCaldwell ;
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Section 4

Introduction

This report documents the Water System Master Plan (WSMP) for the City of Gladstone, Oregon. This
project was conducted in parallel with the development of a stormwater master plan and associated
system-wide survey and mapping. The stormwater master plan is documented separately from this
effort.

1.1 Statement of Purpose

The purpose of this WSMP is to comprehensively document and evaluate the City's water system
according to the master planning requirements established under Oregon Administrative Rules,
Chapter 333, Division 61 for Public Water Systems.

The City’s former water system master plan was developed in 1980 by Robert C. Bitten Consulting
Engineers. Since 1980, the City has transitioned water supply sources, experienced population
growth and constructed water system improvements. Also, there have been substantial changes to
available software for system mapping, modeling, asset management, and billing. This WSMP aims
to document the current state of the City’s water system by providing a comprehensive water system
map, identifying current and future system deficiencies using the latest water system modeling
software, identifying capital projects to address system deficiencies, prioritizing proposed capital
improvement projects (CIPs) for implementation, and providing information necessary to perform a
financial evaluation to assess the City’s rate structure for funding needed improvements.

1.2 Study Activities

This project included creation of a system-wide map, development of a computer model of the City’s
water system, evaluation of the existing water system for deficiencies, development of projects for
upgrading the water system, and preparation of cost estimates for improvements. City staff were
consulted to gain a comprehensive understanding of the water system, ensure the accuracy of the
information being analyzed, and determine practical and effective improvement alternatives. More
detail regarding each of the project tasks is provided in the paragraphs below.

Data Development. Water system data were collected by Brown and Caldwell (BC) from the City to
support the model and master plan development. These included historical water supply data from
the North Clackamas County Water Commission (NCCWC), historical water supply data from the Oak
Lodge Water District (OLWD), 2013 City billing records, and input from the fire department on
required fire flows.

Facility/System Inventory. Sisul Engineering completed an electronic system-wide map in AutoCAD
and geographic information system (GIS) of the City’s water distribution system, which was previously
recorded only on hard-copy maps. Sisul Engineering staff conducted all project surveying work and
system mapping in AutoCAD, and worked with the City to horizontally locate water system valves,
blow-offs, fire hydrants, water meters, master meters, tanks, pumps, and piping.

System Evaluation. BC developed a hydraulic model, calibrated the model, and evaluated the water
system under existing conditions and those expected in the future.

£ & » 95
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Section 1 Gladstone Water System Master Plan

BC prepared a technical memorandum (TM) detailing the methods and assumptions used in the
development of the mode! (Appendix A). The TM provides a reference and background information
for the City’s future use of the model. The model was created in Innovyze's® InfoWater® software
using the data collected earlier. The existing water demands were allocated in the model based on
the billing system reference ID of each existing customer. The reference ID is unique to each cus-
tomer’s service address. The model was developed to include scenarios for two demand conditions:

average day demand (ADD) and maximum day demand (MDD). A steady state simulation was used
for modeling.

The water distribution system model was calibrated by adjusting model settings so that model
results matched observed field data. BC wrote a TM outlining the calibration testing plan (Appen-
dix B). Calibration testing of the distribution system included four hydrant tests. A BC representative
assisted City staff during the testing.

An existing and future condition was evaluated in the distribution system model to identify current
and future improvements that are required to meet the City’s level of service goals. The future
system condition represents the anticipated water demands in the year 2035, which satisfies the
20-year planning requirement for master plans. Gladstone is currently close to full buildout and
future water demands are expected to be associated with infill.

CIP Development and Cost Estimation. The water distribution system model and interviews with City
staff were used to develop a recommended capital improvement program. Costs were estimated for
the recommended capital improvements based on the Association for the Advancement of Cost
Engineering International criteria (described further in Appendix F). Proposed project improvements
were developed to address the City's aging infrastructure, critical infrastructure deficiencies, and
regulatory needs.

CIP Prioritization. CIPs from this WSMP were reviewed by City staff and prioritized according to
predetermined criteria. A resulting CIP implementation schedule was prepared highlighting the top
priority CIPs for construction in a 30-year implementation period.

Rate Evaluation and Assessment. FCS Group developed a water system financial plan with support-
ing rates based on the CIPs developed and prioritized for implementation. The rate evaluation is
documented separately from this WSMP.

[ ]
19 Brownaw Caldwell :




Section 2

Existing System

The City owns and operates the water distribution system, which services the residential, commer-
cial, and industrial customers within the Gladstone city limits. The existing system described in this
section was inventoried and mapped by Sisul Engineering in 2013 and 2014 as the first phase of
the project. The resuits of the system inventory were documented on a system-wide map in AutoCAD,
which was developed using multiple data collection techniques, including site survey, as-built
drawing review, and interviews with City staff.

Figure 2-1 shows the water distribution system layout. A detailed system-wide map is included in
Appendix C. Figure 2-2 shows a hydraulic schematic of the existing system, which illustrates the
relationship between the three system delivery points, the tanks, and the pump stations.

The City’s primary source of supply is purchased from NCCWC. On-demand and emergency supply
water is purchased on an as-needed basis from OLWD. The distribution system consists of three
storage tanks, two pump stations, and a network of transmission mains and distribution piping that
serves the three pressure zones shown in Figure 2-1. This section summarizes the existing facilities
that were included in the computer model and system evaluation.

2.1 Water Supply

When the 1980 master plan was developed, the City’s primary water supply source was the Ranney
Collector System, which included an infiltration gallery under the Clackamas River bed near the
Highway 99E bridge. The City has since abandoned this source of supply due to regulatory require-
ments and currently purchases water wholesale from NCCWC and OLWD.

The City's primary source of water is provided by a 27-inch main from NCCWC that enters the City's
system on Cason Road. The City was added to the NCCWC on July 18, 2005, with Addendum 1 to the
second amended intergovernmental agreement (IGA) for the NCCWC. Other water users supplied by
the NCCWC include the Sunrise Water Authority and OLWD. Under this agreement, the City is allocat-
ed a minimum of 2.5 million gallons per day (mgd) upon completion of the expansion of the NCCWC
treatment plant.

Three interties with OLWD are in place to supplement the water from NCCWC. The high-pressure
zone intertie is located at the intersection of Valley View Drive and Valley View Road. The intermedi-
ate-pressure zone intertie is located at the intersection of Oatfield Road and Caldwell Road. The low-
pressure zone intertie is located in Rinearson Road, approximately 500 feet west of River Road. The
IGA that provides the terms of this water supply agreement was last updated in 2007 and states that
the purpose of the agreement is to provide emergency water between OLWD and the City and an on-
demand supplemental source of water to the City. The low-pressure zone intertie in Rinearson Road
is not used currently as an on-demand source of water, but is in place for emergencies.

The 1GAs referred to in this section are located in Appendix D.

L]
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Section 2 Gladstone Water System Master Plan

2.2 Water Rights

Prior to 2005, the City held water rights for 8.9 mgd of Clackamas River water. These rights were
transferred to NCCWC as described in Section 3(b) of Addendum 1 to the second amended IGA for
the NCCWC.

The City does not own any water rights at this time, but is entitled to a minimum allocation of
2.5 mgd of treated water from the NCCWC.

2.3 Water Quality

Regulation of drinking water quality by the U.S. Environmental Protection Agency (USEPA) is author-
ized by the Safe Drinking Water Act of 1974 and its amendments that were implemented to protect
public health by setting national health-based standards to protect drinking water quality. The USEPA
oversees the federal, state, and local water suppliers who implement the national standards.

Oregon implements drinking water protection through a partnership of the Oregon Department of
Environmental Quality (DEQ) and the Oregon Health Authority (OHA). The Oregon Drinking Water
Protection Program regulates drinking water quality on a statewide level by adopting the federal
standards for water quality monitoring and also implementing standards for construction, cross-
connection control, and system operations and maintenance (O&M). The rules were most recently
adopted on May 8, 2014, and are documented in the OAR, Oregon Heath Authority Public Health
Division, Chapter 333, Division 61.

Water supplied to the City is sourced from the Clackamas River and treated at the NCCWC treatment
plant. As the City's source water provider, NCCWC provides sampling and monitoring to comply with
drinking water regulations. The City is responsible for monitoring water quality parameters within its
distribution system that include total coliform, disinfection byproducts, copper, and lead. City staff
complete weekly coliform testing and the City contracts with Backflow Management inc. to complete
the remaining testing and document results in annual consumer confidence reports.

2.4 Pressure Zones

The City’s water distribution system serves a range in elevations from 35 to 330 feet and is divided
into low-, intermediate- and high-pressure zones, as shown in Figure 2-2.

The low-pressure zone hydraulic grade line (HGL) is set by the pressure-reducing valve (PRV) at
Oatfield Road and Hereford Road, the PRV at Southeast 82nd Drive and Hanson Court, and by the
Webster Tank level. The intermediate zone HGL is set by the Kirkwood tank level and supplemented
by the OLWD intertie at Oatfield Road and Caldwell Road when pressures in this zone drop below
40 pounds per square inch (psi). The high-pressure zone HGL is set by the Webster Pump Station
and supplemented by the OLWD intertie at Valley View Road when pressures in this zone drop below
45 psi.

The distribution system layout shown in Figure 2-1 shows the three pressure zones described in this
section.

2o Brown o Caldwell ;
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Gladstone Water System Master Plan

Section 2

2.5 Storage Tanks

The City owns and operates three water storage tanks, which have a total volume of 2.2 million
gallons (MG). The Kirkwood tank is a 60-foot-diameter steel cylinder that was rebuilt in 2001 and is
located at the end of Kirkwood Street. The Kirkwood tank has a volume of 0.6 MG and supplies the
intermediate-pressure zone with water at maximum elevation of 332 feet. There are also two steel
cylinder tanks located at the Webster site on Webster Road south of Ridgewood Drive. The 0.6 MG
Webster tank was constructed in 1928 and the 1-MG tank was constructed in the 1960s. The tanks
at the Webster site serve the low-pressure zone and act as a reservoir for the Webster Pump Station,
which serves the high-pressure zone. The tanks are both 50 feet high and are equalized to supply
water at the same maximum HGL of 284.5 feet. A summary of the existing water storage is provided

in Table 2-1.

Tank

Instaliation date

Base elevation, feet

Overflow height, feet

mary

Type Diameter, feet | Capacity, gallons
Kirkwood Welded steel 2001 308 332 60 600,000
Webster 1 MG | Welded steel 1960 234.5 2845 60 1,000,000
Webster 0.6 MG | Welded steel 1928 2345 284.5 45 600,000

2.6 Pump Stations

There are two pump stations in the City’s distribution system that are located at the Webster site.
The Kirkwood pumps were installed in 2003 and are positioned under a small stainless steel cover,
which houses the two pumps. The pumps are identical, type C, end suction close-coupled general
purpose pumps (Peerless Model C1025A). The two pumps are constant-speed and follow a lead/lag
operation that is alternated on a weekly basis.

The Webster Pump Station was originally constructed in the 1960s. It is of concrete masonry unit
construction and houses the two Webster pumps, a backup propane pump, the flow meter interface
for the meter downstream of the pumps, and circle charts that provide data regarding the Kirkwood
tank level, Webster pump discharge pressure, Webster pump flow, and Webster Tank level. The
pump motors were rebuilt in 2007 and variable frequency drives (VFDs) were added to the pumps.
Following work on the pump motors, one was damaged by falling equipment and is now considerably
louder during operation than the other. The pumps follow a lead/lag operation with the first pump
matching demand until the downstream system pressure drops below 75 psi, at which time the
second pump is turned on.

The City owns a backup generator that is located at the Webster Pump Station, but according to City
maintenance staff, the generator is unreliable and in need of replacement.

Existing pump stations are summarized in Table 2-2.

Pump Serwvice | Installation. Numberof | Manufacturer/ | Single pump operating VFD or constant
. . Horsepower

station level date pumps model point, flow/head speed

. . S 350 gallons per minute
Kitkwood | Intermediate 2003 2 (identical) | Peerless/C1025A (gpm)/ 65 feet 10 Constant speed
Webster High 1960s 2 (identical) Peerless/3AES 500 gpm/ 185 feet 40 VFD

)

Brown«Caldwell : 03




Section 2 Gladstone Water System Master Plan

2.7 Flow Control Valves

There are eight flow control valves (FCVs) in the City's water system. Details for the FCVs are listed in
Table 2-3.

Valve Control type Setting

. . .| Opens at 40 psi
WD Valley-View mete on ; Pressure regulatin
oL alley-View meter stati ressure regulating Closes at 50 psi
. .| Opens at 40 psi
LWD Caldweli meter station | Pressure regulatin
0 Caldwell meter n | Pressure regulating Closes at 50 psi
12-inch Webster Tank inflow Altitude valve 51 feet
14-inch Webster Tank inflow Altitude valve - Off
Kirkwood Tank inflow Altitude valve 22 feet
Hereford . .
pressure regulating valve (PRV) Pressure regulating 60 psi
Cornell PRV Pressure regulating 50 psi
Hanson PRV Pressure regulating 70 psi

There are also four PRVs in the low-pressure zone along Clarendon Street, which were previously
used to regulate pressures from the Ranney Collector system to the downtown area. The 24-inch-
diameter main that previously supplied water from the Ranney Collector system is still in use, but
since the City switched to the NCCWC supply, this main serves the low-pressure zone and does not
require PRVs. The physical condition of the four PRVs is unknown.

2.8 Pipe Network

The City's existing distribution system consists of pipes that range in diameter from 1 to 27 inches.
The 27-inch-diameter piping serves as the transmission main that conveys flow from the NCCWC
master meter to the low-pressure zone and Webster site. The City also has an existing 24-inch
transmission main on Clarendon Street that was used to draw water from the Clackamas River via
the Ranney Collector Pump Station. The Ranney Collector Pump Station was removed from service in
the mid 1980s, when the City began to receive wholesale water. As mentioned above, the 24-inch-
diameter main is still in use to serve the low-pressure zone.

The total length of piping in the system is approximately 207,000 linear feet (LF). Table 2-4 lists the
length of piping in the water system by pipe material and diameter. These totals do not include
service lines or private and OLWD piping within Gladstone.

Brown = Caldwell :
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. . Length in LF by pipe iameter ininches
Pipe material
1 2 4 6 8 10 12 14 18 24 27 Total
Asbestos cement (AC) 5,410 71,120 11,688 88,218
Castiron (C) 1,197 4,261 31,600 3,657 261 2,989 43,965
Concrete cylinder pipe (CCP) 1,812} 3,898 5,709
€900 755 755
Ductile iron (DI) 1,797, 23,875 18,025 677, 12,782 21| 1,871 6,175 65,224
Poly-vinyl chioride (PVC) 302 2,672 2,975
Total 302 3,869 11,468, 127,350] 33,370, 938 15,771 |21 1,871, 7,987 3,898 206,846

2 Conforms to American Water Works Association (AWWA) Standard C900 for PVC pipe.

The distribution of the six pipe materials within the system is depicted as percentages in Figure 2-3.

PVvC
1% “

C-900 __~
0% ccp

Figure 2-3. Pipe material by percent distribution

As shown in Figure 2-3, AC pipe makes up 43 percent of the City's distribution system. The high- and
intermediate-pressure zones contain most of the City’s AC pipe, but there are segments of it in the
low-pressure zone as well.

Brownawo Caldwell
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Section 2 Gladstone Water System Master Plan

AC pipe was a common construction material used for potable water systems beginning in the 1920s
and continuing through the 1970s. It was made from a slurry mixture of concrete and chrysotile
asbestos fibers and its popularity was due to its low cost, light weight, and ease of installation. Use
of AC pipe was widely discontinued in the 1980s due to the asbestos-related health concerns for the
workers cutting and installing the pipe.

As the design life of the segments of AC pipe nears, the City is experiencing some main breaks and

leakage in areas where AC pipe is installed. A replacement program for AC pipe is discussed in
Section 7.

]
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Section 3

Water Demands

This section includes a description of how the water demands were developed for use in evaluating
the City's water system and includes a description for existing and future demands. A description of
how these demands were allocated in the computer model used for master planning is provided in
Section 4.

3.1 Existing System Demands

Existing water system demand scenarios were developed for MDD and ADD. NCCWC provided daily
production records that were used in combination with monthly purchase records from OLWD to
determine the ADD. Data from 2013 included the most recent full year of data available for this plan.
Table 3-1 lists total system demands and resuiting scaling factors for the existing water system.

Demand condition Daily demand, mgd Demand, gpm Scaling factor from ADD?
ADDP 1.31 908 1.00
MDD 2.12 1,472 1.62

aScaling factors are the ratio of the stated demand to the ADD.

b From 2013 NCCWC daily production records and monthly OLWD purchase records. Daily demands from OLWD were averaged from the
monthly records. Outlying data points on January 2 and July 16 and July 17 were removed from the data set.

The City had a 2010 census population of 11,497 and approximately 3,395 water system billing
accounts. The billing accounts were identified using the City’s reference ID number, which is unique
to each property served and previously corresponded to meter reading routes. Account numbers are
unique to each customer and property served, which can result in multiple account numbers for one
property; therefore, they were not used. Bi-monthly water demands were calculated for each refer-
ence ID for 2013 from the City’s water billing database.

Table 3-2 provides a summary of the billed water use, total existing system demand and the differ-
ence between the two, which is the percentage of non-revenue water.

Water use ADD, mgd ' MDD, gpm

Billed water use 1.12 Not available
Total existing system demand 1.31 2.12
Percent non-revenue water 16 Not available

To capture the total amount of water distributed throughout the system, individual customer de-
mands for each reference ID were scaled up proportionally to distribute the non-revenue water
throughout the system. The customer demands were assigned as model demands to the model

o RRY
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junction located nearest to the X and Y coordinates listed for each water meter mapped in the
system inventory.

As listed in Table 3-2, the non-revenue water is approximately 16 percent on average. A more typical
number for non-revenue water is in the range of 10 percent. While 16 percent is somewhat high, it is
not surprising considering the age of the pipes. Per the 2012 AWWA “Water Loss Control: Water Loss
Control Terms Defined” publication, non-revenue water is defined to reflect the total distributed
volume of water; this is not reflected in customer billings. Non-revenue water is the sum of the
following three types of non-revenue water:

» Unbilled Authorized Consumption -~ water for firefighting, hydrant flushing, etc.

« Apparent Losses - customer meter inaccuracies, unauthorized consumption and systematic
data handling errors

» Real Losses - system leakage and storage tank overflows

The percentage listed in Table 3-2 is provided as a shapshot of non-revenue water at this time. See
the International Water Association/AWWA Water Audit Method for water audit methods and perfor-
mance indicators recommended to determine the efficacy of a program to reduce non-revenue water
over time.

3.2 Future System Demands

System demands typically increase over time as a city expands its service area or redevelops land at
an increased density within the existing service boundary. This increased demand due to population
growth can be offset to some extent through the implementation of water conservation measures.

A population growth rate of 0.3 percent annually over the planning period of 20 years is projected by
the Portland State University Population Research Center for Gladstone. The projected 2035 popula-
tion of Gladstone is approximately 12,308. The modest growth rate is due to the limited amount of
privately-held vacant lands and expansion area available for development. The current population is
estimated to be 11,636. Most future growth is expected in the form of infill.

Demands were calculated for the future 2035 planning horizon assuming a one-to-one relationship
between increased population and increased demand because there is no known estimate for a
reduction in demand due to water conservation measures. The ratio between the current population
and projected population for 2035 is 1.06. This ratio was applied to the existing demands in gpm
and converted to mgd. Results are listed in Table 3-3.

Water use ADD, mgd MDD, mgd
Total system demand 1.38 224

"
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3.3 Fire Flow Demands

Fire flow demands were used to evaluate the system’s capacity to supply adequate water for fire
suppression. The Oregon Fire Code (OFC) and Insurance Services Office standards were referenced
to assign a planning level fire flow demand to each major land-use category within the city, as
documented in Section 5. Table 3-4 lists the assigned fire flow rates that were used for existing and
future system evaluations.

Customer class/land use Required fire demand?
1 - Single family residential 1,000 gpm, 1-hour duration
2 - Multi-family residential® 2,500 gpm, 2-hour duration
3 - Commercial/industrial/institutional 3,500 gpm, 3-hour duration

aRequired fire demand while maintaining 20 psi residual pressure.

bThe Riverview Place Apartments, The Brookside Village, the Fairview Village, the Rivergreens Apartments,
and schools will be assigned a fire flow of 3,500 gpm due to their size.

Browns«»Caldwell
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Section 4

Computer Model Development

A hydraulic computer model of the City’s water distribution system was developed to be used as a
tool for evaluating the existing system and any proposed improvements to the system under esti-
mated future demands. This section provides a basic description of the model, including the process
of developing model scenarios, allocating system demands, and calibrating the model. For a detailed
description of the model attributes and methodology used to create the model, refer to the Model
Creation Memorandum in Appendix A.

4.1 General Model Description

The data collected during the system inventory phase of this project were converted from AutoCAD to
GIS and imported into InfoWater modeling software to create a hydraulic computer model of the
water distribution system. The system inventory was supplemented by interviews with City staff and
site visits to clarify network connectivity and system operations.

The model was created using Innovyze’s InfoWater v11.0 and ArcGIS v10.1. A copy of the model was
provided to the City on a DVD. The model consists of an ArcGIS .mxd file (Glad-
stone_W_Model_Build_v6.mxd) and an .IWDB folder, which contains the model attribute data
(GLADSTONE_W_MODEL_BUILD_V6.IWDB). A map of the model is viewable in ArcGIS by opening the
.mxd file; however, viewing model attributes and operating the model requires an InfoWater software
license.

4.2 Model Scenarios

Several scenarios were created for this project to simulate system performance with different system

demands and operational settings. Scenarios were also added to the model to include different

facility improvements for future planning purposes. All of the scenarios included in the model were

~ categorized as follows:

« Base: this was not used for evaluation purposes, only to store existing model facility data for the
other scenarios.

« Calibration: this was used to simulate the system at the time of-each hydrant test and used to
calibrate the model to observed field data.

« Existing system (2015): this was a post-calibration scenario used to evaluate the existing
system.

+ Future system: this was a post-calibration scenario used to include future demands and to -
evaluate the proposed future improvements for the 20-year planning horizon (2035).

4.3 Model Demand Allocation

The existing and future demands described in Section 3 were allocated in the model as described
below.
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4.3.1 Existing System Demand Allocation

The existing system demand allocation consisted of distributing the total system demand appropri-
ately in the computer model. The following steps describe how the existing system demands were
assigned to the model:

1. Obtained billing data, including the water billing reference ID, for each property and calculated
the MDD for each property {(described in Section 3).

2. Geocoded (located geographically) each of the customers by matching the property reference ID
in the billing data with the reference ID included in the water meter inventory (described in Sec-
tion 3).

3. Calculated the total demand at each demand junction as the sum of the demand for the cus-
tomers closest to the pipes connecting to the junction.

4. Scaled up the system demand at each junction to distribute the non-revenue water (described in
Section 3) throughout the water system demand junctions.

4.3.2 Future System Demand Allocation

Future system demand allocation involved city-wide application of the projected increase

(0.3 percent annually for 20 years) in population over the planning period to the existing system
demands in the model. This method was used because the City does not have large growth areas
planned that would require expansion of the existing network.

4.3.3 Fire Flow Demand Allocation

Fire flow sets were created for the fire flow evaluation of the existing and future system. Fire flow
requirements by land use type are listed in Table 3-4. Each hydrant mapped during the system
inventory was assigned a fire flow demand based on the surrounding land use types.

All farge multi-family developments were reviewed individually to determine if the building footprint
was too large for a fire flow demand of 2,500 gpm per the OFC. The Riverview Place Apartments, the
Brookside Village, the Fairview Village and the Rivergreens Apartments were assigned a fire flow of
3,500 gpm.

4.4 Steady-State Model Calibration

The purpose of steady-state calibration is to verify pipe connectivity (how pipes connect to other
pipes), pipe roughness factors, and the elevation of facilities (i.e., tanks, pumps, and valves) in the
model. To obtain field data for calibration, four hydrant tests were performed on the system and
used for the steady-state calibration. A dynamic calibration was not conducted because supervisory
control and data acquisition (SCADA) system information was not available to determine the system
diurnal curve and continuous system operations. The calibration test plan followed during the
hydrant testing is located in Appendix B.

The steady-state calibration scenarios in the model were set up to represent the system on the day
of testing. City operations and maintenance staff were staged at the NCCWC master meter, OLWD
interties and the Webster Tank and Pump Station during the test to record flows on 1-minute inter-
vals. Flow at OLWD was read by observing the position of the hand sweep valve which indicates a
flow of 100 cubic feet for every revolution. Tank levels and pump discharge pressure were obtained
from circle charts at the Webster Tank, Kirkwood Tank, and Webster Pump Station.

The NCCWC master meter reads data in increments of 10,000 gallons, which did not provide enough
resolution for the amount of flow coming into the system during each test. Demands for each
scenario were scaled to match system demands at the time of the test based on the Gladstone daily

| ]
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average production value provided by the NCCWC and readings taken at the OLWD interties during
the tests.

Adjustments were made to the model until pressures in the model matched the recorded field data
from before and during the hydrant tests. The following sections describe the specific resuits from
the four hydrant tests.

4.4.1 High-Pressure Zone Test - Crownview Drive

The high-pressure zone is supplied by the OLWD intertie at Valley View Road and the Webster Pump
Station. Visual readings were taken at the OLWD intertie, the Webster Pump Station, and the hy-
drants where flow and pressure were recorded on Crownview Drive. A pressure logger was installed
at the intersection of Lancaster Drive and Buckingham Drive to record pressure throughout all four

tests.

The pressures at the préssure hydrant and pressure logger matched well with the data collected
during the hydrant testing (see Table 4-1). Therefore, no adjustments were made to Hazen-Williams
roughness coefficient values. The flow balance between OLWD and the Webster Pump Station was
adjusted in the model to match observed values.

Static pressure Test pressure
Test Pressure (before flowing hydrant), psi {while flowing hydrant), psi Comment
no- zone Field | Differencein model?! Field | Difference in model?
1 High 59.5 1.5 53.5 -1.1
Intermediate | 58.5 -6.5 355 1.5
3 Low 84.0 0.6 79.0 4.0 Hydrant was not fully open during test
Previously thought to be in the intermedi-
o wmoms | ases a0 demeene b
high-pressure zone.

2 A negative value indicates that model results were less than field measurements.

4.4.2 Intermediate-Pressure Zone Test ~ Collins Crest

The intermediate-pressure zone is supplied by the 0.6-MG Kirkwood Tank located at the end of
Kirkwood Drive via the Kirkwood Booster Pumps located at the Webster site. The OLWD Caldwell
Road intertie supplies an on-demand backup and emergency source for this zone, but was not
operating at the time of this test.

The initial results for this test did not provide a good match between modeled and observed pres-
sures. Further investigation of the model connectivity resulted in the following corrections:

« Check valves between the low- and intermediate-pressure zones at Caldwell Road, Glen Echo
Road, and Collins Crest Road were labeled as closed valves in the system inventory. A meeting
with the City on June 18, 2014 confirmed that these are actually operating single-swing check
valves. Flow through the Collins Crest check valve occurred during this test upon revision of the
model.

« Following correction of the check valves, the model static pressure prior to flowing the hydrant
was lower than the observed value at the pressure hydrant by approximately 15 psi. Due to the
hydraulic grade measured at the pressure hydrant prior to the test and the response at the Web-
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ster Pump Station during the test, it was determined that there is an unintentional connection
that exists to the high-pressure zone. The two locations where this may be occurring are at the
singles-swing check valve at Park Way and the closed gate valve at Ridgegate Drive.

Following corrections and verification of the model connectivity, no adjustments to C-factors were
made. The leaky connection between the high- and intermediate-pressure zones that was identi-
fied in the intermediate zone test at Collins Crest did not result in corrections to the model that
will be carried forward to the system evaluation. A proposed project to identify and repair the
leaky connection is described in Section 6.

4.4.3 Low-Pressure Zone Test ~ Gloucester Street

The low-pressure zone is primarily supplied by the NCCWC master meter station via a PRV at Hanson
Court and 82nd Drive near the master meter with a setting of 85 psi and a PRV at Hereford Road
and Oatfield Road with a setting of 60 psi. There is also a PRV between the intermediate and low
zones on Cornell Avenue, north of Landon Street. This PRV is on private property and was not found
during the system inventory. A setting of 55 psi was assumed for this PRV.

No adjustments were made to the hydraulic connectivity or Hazen-Williams roughness coefficients as
a part of the model calibration. Model results matched observed values within 5 psi.

4.4.4 Intermediate-Pressure Zone Test - Ridgewood

This test was originally intended to be an additional test for the intermediate zone; however initial
model results indicated a poor match to observed pressures. Other observations included an ob-
served spike in the Webster Pump Station and a dip in the high-pressure zone pressure logger value
at the time of this test. The City confirmed that there could be a connection between the high- and
intermediate-pressure zones near Ridgewood Drive and Webster Road that was not found or
mapped during the system inventory. However, further investigation into the system’s HGL indicated
that the homes served along Ridgewood Drive are connected directly to the high-pressure zone, with
no open connection to the intermediate zone.

No adjustments to Hazen-Williams roughness coefficients were made. Following the correction of
model connectivity, the modeled pressures matched observed pressures within 5 psi.

4.4.5 Steady-State Model Calibration Summary

The steady-state model was calibrated to observed readings during each hydrant test by correcting
system connectivity issues described above. The field test data and the steady-state calibration
results are summarized in Table 4-1 and Appendix E.
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Section 5

Evaluation Criteria

This section describes the criteria that were used for evaluating the existing water system and
developing the future improvements for the City. The criteria were developed to provide the desired
level of service to each customer and to maximize the efficiency of the future system.

5.1 Reference Documents

The documents listed below were reviewed for the development of these criteria. The criteria listed

meet state regulations and are in keeping with industry standards.

1. OAR 333-061-0050 [OAR, 2014] - This document contains the state regulations for transmis-
sion, supply, pumping, and storage facilities.

2. Recommended Standards for Water Works [WSC, 2012] - This document, frequently referred to
as the Ten State Standards, is produced by the Water Supply Committee of the Great Lakes—
Upper Mississippi River Board of State and Provincial Public Health and Environmental Manag-
ers (WSC) and is widely accepted in the industry. This document was referenced where criteria
were not provided by the OAR.

3. Water Supply: Determining Distribution System Storage Needs [AWWA, 2005] - This document
was referenced where tank storage criteria were not provided by the documents listed above.

4. OFC 2014 [OFC 2014] - All fire flow criteria were based on this document and should be
accepted by the fire department.

The criteria, described in more detail below, include the specific capacity, operations, and reliability

requirements for supply, piping, pumping, and storage facilities in the water system.

5.2 Supply Criteria

The City obtains its water through wholesale agreements with NCCWC and OLWD, regional water
providers that supply water to several other neighboring communities. Water is delivered to the City’s
system through master meters stations. The overall supply reliability from the providers was not
evaluated for this plan. Table 5-1 lists the criteria that were used to evaluate City supply sources.

Criterion Value/description Reference, if applicable
Flow rate Equal to average of MDD [WSC, 2012
Capacity
Head Maintain a hydraulic grade sufficient to refill the Webster Tanks
Redundant capacity Meet capacity requirements with the largest producing pump out of semvice
Reliability At least two independent power sources or a standby/ auxiliary sousce WSC, 2012]
Power supply

should be provided (e.g., generator)
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5.3 Pipe Criteria

The piping criteria were used to do the following:

« ldentify existing pipes that are inadequately sized

+ Determine the appropriate size for future piping improvements

« ldentify pipes that should be relocated or extended for reliability purposes

Table 5-2 lists the capacity and reliability criteria for evaluating and designing the water system
piping.

. . Reference, if
Criterion Value/description .
applicable
Diameter Required size (for mains) As calculated based on flow demand to satisfy [WSC, 2012}
pressure, velocity, and head loss requirements listed
below. Should not be smallerthan 6 inches.
System pressures + Maximum « 100 psi [OAR, 2014]
+ Minimum working pressure « 35psi [WSC, 2012]
+ Minimum under any demand condition » 20 psi
(including fire)
+ Normal working pressure « 60to 80 psi
Velocity « Maximum for MDD « 5feet persecond (fps)
(transmissionand | . Maximum (peak hour demand (PHD) orfire | - 10fps
distribution)? flow with MDD for small diameter mains)
Maximum headloss | + Transmission pipe (212 inches in diameter) | « 2feet/1,000 feet
forMDD® - Distribution pipe (<12 inches in diameter) | - 6feet/1,000 feet
Reliability Distribution system pipe Dead ends should be minimized by looping [OAR, 2012]
[WSC, 2012]
Location Transmission and distribution piping Water mains should be installed in public streets or | City*
other public access ways wherever possible. Existing
water lines that are in easements and/or right-of-
ways in alley ways or behind houses/buildings will be
relocated wherever feasible.

a A maximum velocity of 10 fps for fire flow with MDD is specified due to the potential to damage pipes through water hammer and
cavitation at velocities of greater than 10 fps. Note that design velocities for new mains will be lower. This criterion will be used to design
proposed improvements. It is not intended to serve as an independent justification to replace existing facilities.

bUsed in the design of new mains. AWWA recommends this criterion to avoid high operating costs. The cost of adding piping to meet it
may exceed the benefit; therefore, it is provided by way of recommendation rather than requirement.

¢Based on interviews with City staff.

5.4 Fire Flow Criteria

Fire flow is the water available for fire suppression at fire hydrants within the water distribution
system. The fire flow criteria were used to determine the fire demand required at each hydrant
during the MDD scenario. These criteria were used to identify hydraulic constraints in the system
that result in inadequate fire flows.

The OFC [OFC 2014] was used to identify fire flow criteria for the City's three customer types, which
include single-family residential (class code 1), multi-family residential (class code 2) and commer-
cial, industrial or institutional (class code 3).
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Single-family residential

The fire flow criteria for single-family residential land use are based on building square footage.
Appendix B, B105.2 of the OFC specifies a minimum fire flow of 1,000 gpm for 1 hour for one-and
two-family dwellings with a fire-flow calculation area that does not exceed 3,600 square feet. The
minimum fire flow for dwellings larger than 3,600 square feet is 1,500 gpm and is specified in OFC
Appendix B, Table B 105.2, as modified by applicable occupancy hazards listed in B105.4. The
average square footage of buildings in class code 1 within the City is approximately 1,800 square
feet. A fire flow capacity of 1,000 gpm was evaluated in the hydraulic model for single-family ac-
counts.

Multi-family residential

The fire flow criteria for multi-family residential land use are based on building square footage and
type of construction per OFC Appendix B, Table B 105.2, as modified by applicable occupancy
hazards listed in B105.4. Buildings within this category within Gladstone typically have a footprint of
less than 8,000 square feet. However, there are four large apartment complexes in Gladstone that
exceed this size. A fire flow of 2,500 gpm was assigned to buildings with a footprint of less than
8,000 square feet. The Riverview Place Apartments, The Brookside Village, the Fairview Village, the
Rivergreens Apartments, and schools were assigned a higher fire flow of 3,500 gpm due to their size.

Industrial, Commercial and Institutional

A maximum fire demand of 3,500 gpm with a 3-hour duration was used to evaluate the water
distribution system within industrial, commercial, and institutional land uses that are associated with
class code 3. A maximum fire flow of 3,500 gpm is used by the Insurance Services Office to calculate
a community’s Public Protection Classification. It is assumed that any development with a fire
demand of greater than 3,500 gpm is equipped with onsite fire suppression facilities.

A summary of these demands is listed in Table 5-3.

Customer class/land use Required fire demand®
1 - Single-family residential 1,000 gpm, 1-hour duration
2 - Multi-family residentialb 2,500 gpm, 2-hour duration
3 - Commercial/industrial/institutional 3,500 gpm, 3-hour duration

2 Required fire demand while maintaining 20 psi residual pressure.

®The Riverview Place Apartments, the Brookside Village, the Fairview Village and the
Rivergreens Apartments were assigned a higher fire flow of 3,500 gpm due to their size.

5.5 Pump Station Criteria

Two types of pump stations were considered in this study: booster and closed-loop pump stations.
Booster pump stations add energy, or head, to maintain a flow rate and/or a hydraulic grade from
one pressure zone or water system to another that is served by one or more storage tanks. Closed-
loop pump stations pump from one pressure zone to a higher pressure zone that is not served by a
storage tank. Closed-loop systems are often less reliable than systems served by a storage tank and
should be avoided where possible. Table 5-4 summarizes the evaluation and design criteria for the
existing and future pump stations.

N
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Criteria Value/description Reference
ini Booster Average of MDD
Mxmm'um [WSC, 2012]
capacity | Cipsed-loop MDD plus fire flow demand
Redundancy Areas served by pumps should have a minimum of two supply pumps
Redundant pump | Pumps should be sized to meet the minimum capacity requirement with the largest pump out
sizing of service (redundant fire pumps are not necessaty)
Reliability | power suppl At least two independent power sources or a standby/auxiliary source (e.g., generator) [0AR, 2014]
PP should be provided [WSC, 2012]
Wherever possible, booster pumps shall take suction from tanks and reservoirs to avoid the
Suction tanks potential for negative pressures on the suction line which can result when the pump suction is
directly connected to a distribution main
Minimum suction Pumps that take suction from distribution mains for the purpose of serving areas of higher
pressure elevation shall be provided with a low-pressure cutoff switch on the suction side set at no less
Operations than 20 psi [0AR, 2014]

Adequate range shall be provided between high-/low-pressure ortank level seftings to

Control settings prevent excessive cycling of the pump

5.6 Storage Criteria

A variety of methods are used to calculate the volume of storage required for a service area. A
commonly used method states that the volume of required storage consists of three components:
equalization, fire, and emergency storage. The following describes each storage component and its
respective storage criteria.

5.6.1 Equalization Storage

Equalization storage capacity is used to meet peak demands when the available water supply to the
system is exceeded. This criterion is often calculated as the difference between the PHD and the
MDD. When actual PHD data are unavailable, an equalization storage criterion of 25 percent of MDD
is a generally accepted industry standard. The following storage volumes were used as criteria for
the existing and future system scenarios:

« Required equalization criteria for existing demands = 0.53 MG (Based on 25 percent of 2.12 MG)
« Required equalization criteria for future demands = 0.56 MG (Based on 25 percent of 2.24 MG)

5.6.2 Fire Storage

Fire storage capacity is reserved to supply the highest fire demand for the duration of a fire event.
The required fire storage volume under these criteria is equal to the 3,500 gpm demand over a
3-hour duration, which equals 630,000 gallons (0.63 MQG)

5.6.3 Emergency Storage

Emergency storage capacity is reserved to provide water during events such as power outages,
standard maintenance procedures, natural disasters, facility failures, etc. Emergency storage criteria
are highly subjective and dependent upon local conditions and possible emergency scenarios.
Oregon does not have a standard for determining the volume of emergency storage required, which
leaves cities to set the level of service for emergency storage based on the desired level of risk and
reliability of system infrastructure. Examples of emergencies that could warrant use of emergency
storage in this area include power outages, earthquakes, equipment failures, and pipeline failures.
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Two days of ADD is a typical value that is used with some consideration given to the reliability of
supply sources. Two average days are equal to 2.62 MG for the existing ADD and 2.76 MG for the
future ADD.

5.6.4 Storage Criteria Summary

Table 5-5 summarizes the total volume needed to meet the three required components of storage
capacity. In addition to the storage volume criteria, operations criteria include avoiding excessive
storage capacity to prevent water quality issues and maintaining adequate control to maintain levels
in storage tanks.

Cﬁteﬁn Existing storage néeds, MG Future storay needs, MG
Equalization 0.53 0.56
Capacity Fire 0.63 0.63
Emergency 2.62 2.76
Total 3.78 3.95

5.7 Operation and Maintenance

The purpose of an 0&M program is to ensure satisfactory management of a water system’s opera-
tion in accordance with the pertinent requirements of OAR 333-061-0065. A comprehensive 0&M
program includes guidance for water system staff to identify the necessary tasks required to ensure
that the system and utility asset life are maximized, utility costs are appropriately managed, and safe
and reliable public water supply is maintained. The following sections include a summary of existing
staffing and guidelines for O&M activities to include in a documented O&M plan.

5.7.1 Management and Staffing

City staff manages, operates, and maintain the water system as a local government function under
City governance. City governance is organized under a City Council, composed of six elected mem-
bers and an elected Mayor, charged with executing policies set forth by the City Council. The day-to-
day management is the responsibility of the Public Works Supervisor, supported by staff members in
maintenance, clerical services, and billing.

City Council. The City Council sets policy and water system rate schedules, approves ordinances, and
serves as a sounding board for public response, feedback, and guidance. The City Council also
approves the water system budgets, sets City-wide priorities, and provides funding and suppott for
water system projects.

City Administrator. The City Administrator works with the Public Works Supervisor and City Council
regarding policy development, project issues, and annual water system budget preparation.

Public Works Supervisor. The Public Works Supervisor works directly with City staff to ensure system
operations. The Public Works Supervisor oversees the day-to-day work necessary to maintain,
operate, test, and analyze the water system to ensure proper function. Additional responsibilities
include staff oversight and responding to customer complaints.

Maintenance Staff. There are currently five staff supervised by the Public Works Supervisor. These
individuals perform monthly meter reading for use in preparing the monthly water bills. They also

|
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work with the Public Works Supervisor to coordinate and schedule necessary repair and mainte-
nance tasks.

The Public Works Supervisor and Maintenance Staff have multiple areas of responsibility and are not
dedicated solely to O&M of the water system. Other responsibilities include O&M of the storm
system, sanitary system, roads, and parks. Due to these multiple responsibilities, water system
maintenance is typically conducted on a reactionary basis, as sufficient staff are not available for
preventive maintenance activities.

Operator Certification is prescribed by OAR 333-061-0210 through 333-061-0272, which mandate
that public water systems retain in their employment individuals who are certified by examination as
competent in water supply operation and management as determined by the OHA. The OHA deter-
mines the required level and number of certified positions based on the population and complexity of
the water system. For the City, this is a Distribution Class 2 Certification level for the person in Direct
Responsible Charge. The Public Works Supervisor maintains this certification.

To promote and maintain expertise as required for operator certification, the Public Works Supervisor
attends short schools and workshops to achieve required continuing education units (CEUs).

Besides annual training for the Public Works Supervisor to maintain required CEUs, all water system
staff should have training in the following safety-related areas:

+  Chlorination O&M

« Trench safety/cave-in protection

« Confined space entry

« Asbestos pipe handling

+ Backhoe safety

+ Safety awareness

+ Cardiopuimonary resuscitation/first aid
« Defensive driving/vehicle inspections

+ Flagging/work zone safety

5.7.2 O&M Guidelines

The City does not currently have a documented O&M plan/manual for the water system. Develop-
ment of a manual is recommended to document expectations regarding activities and frequencies.
In the development of an O&M plan, the following activities should be considered and/or included:
Pipe Mains and Valves

« Flush water mains approximately every 3 years with dead-end mains and those with periodic
water quality issues as customer complaints arise.

« Exercise critical valves approximately every 6 months.

. Exercise non-critical valves approximately every 3 years or in conjunction with the main flushing
program.

Hydrants
Flush hydrants flushing on a routine cycle (e.g., every 5 years).

Tanks

« Operate the water system to achieve complete turnover in each tank every 3 to 5 days, to keep
water fresh and maintain disinfection residual.

|
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» Inspect reservoir exteriors routinely.
+ Maintain coating as needed (approximately every 20 to 30 years depending on exposure).
« Conduct an interior diving inspection (as recommended by USEPA) at least every 5 years.

Pumps
Record and track pump data such as voltage, pump speed, and pump output to identify any perfor-
mance changes that would require maintenance.

System Performance Evaluation

Conduct routine/daily system performance evaluation for parameters including the following:
« Normal pump station operations and performance

+ Storage tank levels within expected norms

+ Customer complaints, if applicable

« General system performance

« Main breaks and other repairs

Comprehensive Monitoring Plan

Water quality sampling requirements are established primarily by federal rule, adopted by the state,
and enforced by OHA. The City's sample collection and analysis procedures should be conducted
according to department-approved methods as detailed in OAR 333-061-0036 at required frequen-
cies.

Cross-Connection Control Program
Document the City’s cross-connection control and backfiow prevention program.

Emergency Response Program

Document emergency response planning to identify and prioritize procedures to be used in the event
of an emergency. Emergency situations may include major water supply line breaks, fire, weather
events, earthquakes, droughts, or damage to key facilities.

Water Use Records

Collect and maintain data to record equipment operational status and key process variables such as
tank water levels, pipeline pressures, and pump running speeds.

Additional staff resources will be needed to implement O&M guidelines as recommended above
because the City does not have sufficient staff to support a preventive maintenance program.
implementation of a preventive maintenance program will limit future infrastructure and equipment
failures and reduce the need for reactive repairs of system components.

In conjunction with the preventive O&M activities, there are additional O&M activities that result from
the Capital Maintenance Plan (see Section 7.2) and should be documented in the 0&M manual (e.g.,
AC pipe replacement).

OAR 333-061-0060(5)(a) requires the City to maintain a current Water System Master Plan that is
prepared by a professional engineer and approved by the Oregon Health Authority’s Drinking Water
Program. It is recommended that the CIP be updated annually as projects are completed and that a
comprehensive review of the master plan is completed every 10 years or as needed based on
changes to land use, system improvements, or system supply.

ot o o 08
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Section 6

System Evaluation Results

This section summarizes the evaluation of the City's water distribution and storage system based on
the criteria provided in Section 5. It includes findings for both the existing and future system evalua-
tion.

6.1 Existing System Evaluation

The existing water system evaluation included an analysis of the City’s supply, transmission piping,
pumping, and storage facilities. The water system model was used to simulate the demand condi-
tions that represent the greatest strain on the system: a steady-state MDD simulation and a steady-
state MDD plus fire flow simulation. Model results were compared to the criteria listed in Section 5.
Areas in the existing system that did not meet the criteria were identified as deficiencies that should
be addressed.

6.1.1 Supply

The system supply was evaluated based on capacity, quality, and reliability. NCCWC and OLWD are
responsible for the quality and reliability of the water supply at the master meter and intertie points.
Water quality testing performed by the City, as described in Section 2, indicates that the water supply
meets state and federal regulations for quality.

The IGA with NCCWC allocates a minimum of 2.5 mgd to the City, which is greater than the City's
existing and future MDD and meets the flow rate supply criteria.

The supplied hydraulic grade should be sufficient to fill the Webster Tanks. Based on circle chart
data obtained during hydrant testing, the 50-foot Webster Tanks have a water level of approximately
43.9 feet. Future storage improvements should account for the supplied hydraulic grade from
NCCWC and set the maximum tank level(s) accordingly. It should be noted that diurnal readings were
not available so fluctuations in the supply system and varying periods to fill the tank relative to peak
demand were not evaluated.

6.1.2 Piping

Evaluation of the existing system piping included analysis of standard operating pressures, velocity,
head loss and fire flow capacity as described in the following subsections.

6.1.2.1 Operating Pressures

Operating pressures were evaluated during the MDD scenario and found generally to meet the
evaluation criteria. There were no areas in the system with customer demands where water pressure
was estimated by the model to drop below the minimum allowable pressure of 35 psi.

There are two areas in the system where the water pressure was estimated o exceed the maximum
allowable pressure of 100 psi. The first area is located at the end of Meldrum Bar Park Road, where
pressures were model-estimated to range between 100 and 105 psi. The second area is located at
the end of Hardway Court, where pressures were model-estimated to reach 102 psi.

City staff were interviewed to validate these model resuits. The City did not report any pressure
complaints within the system during normal operations. However, the City does receive low-pressure
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complaints in some areas during fire flow testing. Projects to address this were not proposed be-
cause the pressures are still estimated to meet criteria.

6.1.2.2 Velocity and Head Loss

Model results showed that the existing system is expected to meet the velocity criterion/requirement
of less than 5 fps for the MDD and the headloss criterion listed in Table 5-2.

6.1.2.3 Fire Flow Deficiencies

Fire flow was evaluated for each hydrant in the model based on the criteria provided in Section 5.4.
Hydrants with residual pressures of lower than 20 psi at the required fire flow are shown as fire flow
deficiencies in Figure 6-1. The majority of the deficiencies are due to undersized distribution piping
and a lack of looping. Recommendations to eliminate fire flow deficiencies can be found in Sec-
tion 7.

6.1.2.4 Reliability

The degree of distribution system reliability varies by area within the city. The piping in the low-
pressure zone south of Hereford Street has very good system looping that follows the gridded [ayout
of the streets. The street layout in the northern portion of the low-pressure zone and the intermedi-
ate- and high-pressure zones provides fewer opportunities for system looping with many dead-end
streets and steeper terrain. Specific locations that lack system looping include the following:

« Customers on Ridge Drive, Cason Circle, and Rivergate School Drive are served by a single
6-inch AC pipeline that is aligned between lots from Ridgewood Drive to Ridge Drive. The access
to this pipeline is limited and there are concerns with its condition due to its material type. A pro-
ject to improve reliability in this area is discussed in Section 7 (see Cason Rd. PRV and Pipe Re-
placement CIP).

«  Customers north of Buckingham Drive in the high-pressure zone are served by a single 8-inch AC
pipeline on Lancaster Drive. A project to improve reliability is discussed in Section 7 (see Sher-
wood Neighborhood Pipe Replacement CiP).

6.1.3 Pump Stations

Two pump stations within the existing system are discussed in this section. The Webster Pump
Station boosts pressures from the Webster Tanks to supply the high-pressure zone and the Kirkwood
Pump Station boosts pressures from the Webster Tanks to fill the Kirkwood Tank, that serves the
intermediate-pressure zone.

There are two identical 500-gpm pumps at the Webster Pump Station. These pumps would be able
to serve the existing MDD of 267 gpm in the high-pressure zone with one pump out of service, but do
not have the ability to meet the existing MDD with fire flow demand. However, during fire flow events
or testing, the OLWD intertie at Valley View opens and supplies the remaining demand. A project
would be needed to address pump capacity only if the City does not remain reliant on the intertie.
The largest fire flow demand within the high-pressure zone is 3,500 gpm, which is assigned to the
fire hydrant serving Kraxburger Middle School. All other fire flow demands within the high-pressure
zone were set to 1,000 gpm. There is also a propane pump within the Webster Pump Station that is
intended to serve as a backup pump for the high-pressure zone in the case of a power outage.
According to City staff, the pump has not been exercised regularly and is not reliable.

The Kirkwood Pump Station has two 350-gpm pumps that are housed in a stainiess steel enclosure
at the Webster site. These pumps would be able to serve the existing MDD of 125 gpm in the
intermediate-pressure zone with one pump out of service. Because the intermediate zone is served
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Gladstone Water System Master Plan Section 6

by the Kirkwood Tank, the Kirkwood Pump Station does not need to be sized to provide fire demand.
If pressures in the intermediate-pressure zone drop to below 40 psi at the OLWD intertie, the backup
source would be anticipated to supply the zone until pressures reach 50 psi.

6.1.4 Storage

Available storage capacity was compared to the criteria for equalization, fire, and emevrgenoy storage
for the system. As indicated in Table 6-1, an additional 1.58 MG is needed to meet storage criteria
for the existing system. A project to increase system storage is discussed in Section 7.

. Reqired torag
Available storage — Emerg Storage
Kirkwood and Webster tanks izati ire flow mergency deficienc
( ) Equalization |5 200 omfor3hours) | (2daysofAbD) | O y
22 0.53 0.63 2.62 3.78 1.58

6.2 Future System Analysis

This section presents a summary of the future 2035 system evaluation scenario. This scenario was
developed to identify the improvements needed to meet the evaluation criteria presented in Sec-
tion 5, given a future 2035 population of 12,308. Figure 6-2 shows the layout of the future system at
year 2035 and Figure 6-3 shows the hydraulic schematic of the future system.

6.2.1 Supply

The IGA with NCCWC allocates a minimum of 2.5 mgd to Gladstone, which is greater than the City's
future MDD and meets the flow rate supply criteria. The supplied hydraulic grade should be sufficient
to fill the Webster Tanks.

No improvements to the existing system supply were identified based on demand. Reliability of
supply was not evaluated for this plan.

The City’s previous Ranney Collector supply system has not been in operation since the mid 1980s,
but was never formally decommissioned. Permitting and construction needs associated with de-
commissioning are unknown at this time, but the City is in the process of coordinating with contrac-
tors to aid in this effort. A project is identified in Section 7 to pursue decommissioning of the Ranney
Collector system with a $50,000 placeholder given the unknown scope of work.

6.2.2 Piping

The primary drivers for improvements to distribution system piping are undersized pipes, aging AC
pipe and a lack of system looping. Undersized pipes and lack of system looping resulted in the fire
flow deficiencies described in Section 6.1.2.3. Proposed pipe replacement projects (see Figure 6-2)
were developed to provide adequate capacity to meet fire flow requirements. These piping improve-
ments are needed as soon as possible given that the current system does not meet criteria specified
in the OFC.

The City owns approximately 17 miles of AC pipe, which make up approximately 43 percent of the
distribution system. Main breaks have occurred in areas of AC pipe in recent years and the City is
concerned about the condition of the aging pipes. In response to concerns about pipe condition, fire
flow testing has been severely limited in the high-pressure zone, which is comprised almost entirely
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of AC pipe. Much of this pipe was installed behind the curb in common trenches with other utilities,
making inspection and maintenance difficult. Figure 6-4 highlights areas of AC pipe within the
system. A replacement program is needed and is presented in Section 7. In addition, a condition
assessment is recommended to prioritize pipe replacements. The condition assessment would
include all pipe types because there may be pipes constructed of other materials that warrant near-
term replacement. A condition assessment would ensure replacements are conducted in order of
greatest need. A leak detection program could also be conducted to prioritize pipe replacements
where leaks currently exist.

6.2.3 Pump Stations

The Webster and Kirkwood Pump Stations are powered from the 480-volt, 200-amp, three-phase
electrical service panel in the Webster Pump Station Building. This electrical service does not have a
backup emergency power source large enough to operate both the Webster and Kirkwood pumps in
the event of a utility power outage. The Webster Pump Station currently has backup power supply
from a dated propane engine pump. There is no.backup power supply for the Kirkwood pumps.

For reliability, it is recommended that a new diesel electric standby emergency generator be installed
at the site to accommodate all normal duty pumps (Webster pumps and Kirkwood pumps) and
ancillary electric loads currently supplied from the existing electrical service panel. It is further
recommended that the dated propane pump and small ancillary generator be retired from service
and removed from the building. Removing the obsolete equipment from the building would create
much needed work space and room for new electrical equipment necessary for the operation of the
backup emergency generator system. A cost estimate for procurement and installation is presented
in Section 7.

Additionally, the Webster and Kirkwood Pump Stations’ instrumentation data logging and alarm
annunciation are currently conducted with existing chart recorders and an analog alarm dialer
connected to the land line phone system. There is no method to retrieve and store the data remotely,
and the existing equipment is prone to failure. The alarm autodialer is also prone to sending false
alarms and must be reset locally, requiring staff to drive to the site. It is recommended that data
logging and alarming functions be upgraded by using a SCADA monitoring service. Due to the size of
the pump station and the number of data and alarm points, purchase, installation, and maintenance
of a City-owned and operated SCADA system is not warranted. An outside SCADA monitoring and
alarm handling service is economical and would improve the reliability of the system operation. A
typical system is detailed along with a budget estimate in Section 7.

6.2.4 Storage

Available storage capacity was compared to the criteria for equalization, fire, and emergency storage
for the future demand scenario. As indicated in Table 6-2, an additional 1.75 MG of storage is
needed to meet criteria for the existing system.

. Required storage, MG
Available storage - Storage deficiency, MG
(Kirkwood and Webstertanks) | Equalization Fire flow Emergency | o) ¥
(3,500 gpm for 3 hours) | (2 days of ADD)
2.2 0.56 0.63 2.76 3.95 1.75
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To address the storage deficiency, a new 2.0-MG tank south of the existing Webster site is proposed.
The 2.0-MG volume was determined by using the storage deficiency plus an additional 0.25 MG to
account for unused storage space in the Webster Tanks, as they are not being operated full. The City
owns 11.7 acres of vacant land between Oatfield Road and Webster Road, which was identified
previously as a potential storage location. The proposed new tank would provide equalization, fire
flow, and emergency storage for the City’s system. The tank would supply the low-pressure zone by
gravity and would maintain the same hydraulic grade as the Webster Tanks to supply the intermedi-
ate- and high-pressure zones by the Kirkwood and Webster Pump Stations, respectively. This addi-
tional storage is shown to be needed for emergency storage. As discussed in Section 5, emergency
storage criteria are highly subjective and dependent upon local conditions and possible emergency
scenarios. Two days of ADD was the value chosen for emergency storage in this evaluation.

6.3 Field ldentified Operational Problems

Some water system problems were identified by staff during completion of field work and ongoing
maintenance. These issues included necessary upgrades at the Webster Pump Station and replace-
ment of specific PRVs. The Webster Pump Station upgrades are addressed in section 6.2.3. The
PRVs that require replacement include the following:

« Hereford PRV because it is submerged in the existing vauit and known to be in poor condition.

« Landon PRV due to lack of access. This PRV appears to be buried on private property.

« Aleaky connection was identified between the high- and intermediate-pressure zones at Collins
Crest. This connection is in need of repair.

» Clarendon PRVs. There are also four PRVs in the low-pressure zone along Clarendon Street that
were used previously to regulate pressures from the Ranney Collector system to the downtown
area. The physical condition of the four PRVs is unknown. This plan includes a recommendation
(Section 7.2) to investigate the condition of these PRVs o ensure that they are not hindering
pressures and/or do not require decommissioning.

6.4 Summary of Identified Problems/Issues

The system evaluation identified the following problems/issues for correction with proposed capital
improvements as summarized in Section 7:

1. The Ranney intake system could require decommissioning prior to sale of property.

2. Fire flow deficiencies are estimated at 49 locations (due to undersized pipes and lack of loop-
ing). Specific locations of dead-end systems include Ridge Drive, Cason Circle, Rivergate School
Drive, and Lancaster Drive, which also have limited access.

3. There is concern regarding the age and condition of the 17 miles of AC piping in the city.

4. Operating pressures exceed allowable pressures in pipes located at Meldrum Bar Park Road and
at the end of Hardway Court.

5. The current location and configuration of a number of PRVs limits the City’s ability to test and
maintain them.

6. The backup propane pump at the Webster Pump Station is not reliable.

7. An updated data collection system is needed at the Webster Pump Station.

8. A leaky connection was identified between the high- and intermediate-pressure zones at Collins Crest.

9. An additional storage capacity of 2.0 MG is needed to meet emergency storage criteria.

Proposed improvements to address these issues are described in Section 7.
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Section 7

Recommended Improvements

This section presents

CIPs designed to address existing system deficiencies and future system

demands through 2035 per the evaluation criteria described in Section 5. A summary of the pro-
posed CIPs, the basis for cost estimates, and project prioritization are included in this section.

7.1 CIP Descri

ptions

A summary of each proposed CIP is provided below and includes identification of the project objec-
tive, statement of need, project description, estimated project cost, and associated design assump-
tions. Projects are listed alphabetically for each facility type.

Proposed projects are shown in Figure 6-2.

Rénney lntakeSystem Decommxssnonmg

from Section 6.4 !
Objective addressed Supply
Pressure zone N/A
The Ranney Collector system intake has not been used since the mid 1980s, but was never formally decommis-
Statement of need .
sioned.
Project description in conjunction with current City efforts, formally decommission the Ranney Collector system intake to allow for

potential future sale of the property.

Estimated total project cost

$50,000

Scope and level of effort are currently unknown. The City is currently coordinating with a contractor to
develop a scope of work. A placeholder of $50,000 was included for purposes of CIP development and

Design assumptions documentation.
« Coordination with DEQ will be required to confirm requirements related to access and in-water work,
« Decommissioning efforts should include the 16-inch intake waterline along Highway 99E.

7.1.2 Piping

&
3

Berkeley~Stfeet Pipe Replacement

No. of problem addressed

from Section 6.4 2and3

Objective addressed Existing fire flow deficiency

Pressure zone Low

Statement of need The fire flow deficiencies along Berkeley Avenue are due to undersized piping. These hydrants serve light

industrial and commercial properties near Southeast 82nd Drive and Berkeley Avenue.

Project desctiption Replace 1,804 LF of existing 6-inch asbestos cement (AC) and ductile iron (DI} pipe with new fully restrained,
| P 12-inch D1 pipe to be located on Berkeley Avenue between Columbia Avenue and Interstate 205.

Estimated total project cost | $960,000

Brownaw Caldwell
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CIP-name

Berkeley Street Pipe Replacement (continued)

Design assumptions

+ Acquisition of easements may be required due to the existing pipe alignment on private property.

« Approximately 225 feet of this pipeline is currently aligned on private property at 250 Princeton Avenue. This
CIP includes re-routing the pipeline alignment to the north to eliminate crossing private property.

+ Approximately 625 feet of this CIP is aligned on SE 82nd Drive and Princeton Avenue, which are arterial
roadways requiring traffic control during construction. Traffic control was assumed as part of the CIP cost
estimate.

» Hydrant replacement is proposed in the same location as existing.

« The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.

CIP name

| Cason Road PRV and Pipe Replacement

No. of Problems Addressed
from Section 6.4

2and3

Objective addressed

Existing fire flow deficiency, reliability

Pressure zone

Low

Statement of need

The intermediate zone east of the Webster site and south of Ridgewood Drive is served via a 640 foot, 6-inch AC
pipeline that is aligned between tax lots from 17928 Webster Road to 7495 Ridge Drive. This pipeline is
undersized to meet fire flow requirements and is difficuit to access due to its alignment on private property. As a
result of the undersized 6-inch piping and a lack of system looping, fire flow deficiencies occur on Cason Circle
Cason Drive, and Ohlson Road. Limited fire flow capacity is currently available to serve the Rivergate Adventist
Elementary School, Gladstone Park Seventh Day Adventist Church, Somerset Retirement Living and other
residences in this area.

Project description

This project includes a new PRV and vault, which would be used to regulate pressures so that the 27-inch CCP
main could be used to serve properties off of Ridge Drive, Cason Circle and Ohlson Road. This option also
includes a new 12-inch pipeline from Ridge Drive to 8396 Cason Road and 8-inch pipelines on Cason Circle
and Ohison Road. The alternative to supplying this area with the intermediate zone would require a new pipeline
along Webster Road and Cason Road, which was determined to be a more expensive alternative and was not
reflected in the cost estimate.

To provide emergency service to these properties off of Ridge Drive, Cason Circle and Ohison Road in the event
that the NCCWC connection is disabled, an emergency connection PRV will be located between the intermedi-
ate zone and the 27-inch supply pipe from NCCWC. This will allow service and fire flow from the Kirkwood tank
in the event that the NCCWC connection is disabled.

Estimated total project cost

$1,260,000

Design assumptions

« Acquisition of easements may be required due to the existing pipe alignment on private property.

» This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.

+ The emergency setvice PRV is proposed to ensure this area has a backup source of water setvice and fireflow
to the main system in the event the NCCWC master meter is disabled. Alternatively, the existing 6-inch AC
pipeline {proposed for decommissioning) may be preserved to provide domestic service from the Kirkwood
tanks in the event the NCCWC master meter is disabled; however it would not provide adequate fireflow.

+ The PRV for emergency service should be set to 45 psi, and for purposes of this CIP has been located south
of the Webster pump station in the ROW. It may be located at the Webster pump station dependent on
available space . Sixty feet of 8-inch DI pipe was estimated for connection.

+ The PRV cost estimate is based on quote by Carol Wells at GC Systems Inc. and includes a packaged 4-inch
PRV with 1 %-inch bypass and a pressure relief valve. Installation to be completed by general contractor.
Vault size is 10 feet x 5 feet x 7.5 feet.

» Hydrant replacement is proposed in the same location as existing.

+ The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.
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ClPname

No. of problem addressed

| Cl‘a‘cgakma‘ws“Boulevard Pipe Rep‘lacemen‘t"

from Section 6.3 2and3
Objective addressed Existing fire flow deficiency, reliability
Pressure zone Low
Statement of need The fire flow deficiency at ‘the hydrant on Cornell Avenue and Clackamas Boulevard is due to undersized piping
and a lack of system looping.
» Replace 1,309 LF of existing 4-inch DI pipe and 6-inch AC pipe with new fully restrained, 8-inch D! pipe to be
located within the roadway on First Street between Columbia Avenue and Cornell Avenue and also on Cornell
Project description Avenue between First Street and Clackamas Boulevard.

+ Improve system looping by installing 527 LF of new fully restrained, 8-inch DI pipe between Columbia Avenue
and Clackamas Boulevard.

Estimated total project cost

$840,000

« Property acquisition is not included in the cost estimate. The City may need to obtain easements.
« Hydrant replacement is proposed in the same location as existing.
+ This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control

Design assumptions was assumed as part of the CIP cost estimate.

+ The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.

ClPName  Clarendon PRV Condition Assessment

No. of problem addressed 5

from Section 6.3

Objective addressed Reliability

Pressure zone Low

Statement of need There are four PRVs in the low zone along Clarendon Street, which were previously used to regulate pressures
from the Ranney Collector system to the downtown area. The physical condition of the four PRVs is unknown.

Project description Conduct a qonghtnon assessment of the four PRVs to ensure they are not hindering pressures and/or require
decommissioning

Estimated total project cost | $10,000

Design assumptions None.

ClPname  |Hereford PRV

No. of probiem addressed 5

from Section 6.3

Objective addressed Reliability

Pressure zone Low

Statement of need The existing Hereford PRV reduces pressures from the incoming 27-inch main to supply the low pressure zone,
This PRV is reported to be submerged in the existing vault and in poor condition according to City staff.

Project description Replace the existing Hereford PRV and vauit.

Estimated total project cost

$110,000

+ This CIP was identified from City staff input.
+ The PRV cost estimate is based on quote by Carol Wells at GC Systems Inc. and includes a packaged 4-inch

Design assumptions PRV with 1 %-inch bypass and a pressure relief valve. Installation to be completed by general contractor.
Vault size is 10 feet x 5 feet x 7.5 feet.
+ The CIP cost estimate assumes 100 feet of 12-inch Di piping for hook up.
|
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ClPname  |HullAvenue PRV

No. of problem addressed 4

from Section 6.3

Objective addressed Operating pressures exceed allowable pressures

Pressure zone Low

Statement of need Operating pressures along Hardway Court exceed allowable pressures. A PRV is needed to reduce pressures
below 100 psi.

Project description Install 1 PRV on Hull Ave hetween Hardway Court and Scutton Lane.

Estimated total project cost

$110,000

+ The PRV cost estimate is based on quote by Carol Wells at GC Systems Inc. and includes a packaged 4-inch
PRV with 1 %2-inch bypass and a pressure relief valve. Instaliation to be completed by general contractor.

Design assumptions Vault size is 10 feet x 5 feet x 7.5 feet.
+ The CIP cost estimate assumes 100 feet of 12-inch DI piping for hook up.
ClPname Jersey Street Pipe Replacement:

No. of problem addressed

from Section 6.3 2

Objective addressed Existing fire flow deficiency

Pressure zone Low

Statement of need Fire flow def_imencies along Jersey Street, east of Beatrice Avenue are due to undersized distribution piping and a
lack of looping.

Project description Replace 510 feet of existing 4-inch CI pipe with new fully restrained, 8-inch DI pipe to be located within the

roadway on Jersey Street, east of Beatrice Avenue.

Estimated total project cost

$330,000

+ Systemlooping was not included in this CIP due to the location of the existing 48-inch storm drain which
conveys flows to Rinearson Creek and crosses Jersey Street and Bellevue Avenue to the east and south of the
project pipe.

Design assumptions » This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.
» Hydrant replacement is proposed in the same location as existing.
CIP name Landon PRV
No. of preblem addressed 5
from Section 6.3
Objective addressed Reliability
Pressure zone Low
The existing PRV north of Landon Street and Comell Avenue provides a connection between the intermediate and
Statement of need low pressure zones. The PRV was not found during the system inventory phase of this project because it is buried
on private property. The City is unable to maintain this PRV in its current location.
Project description Replace the existing Landon PRV with a new valve and vault located within the ROW of Comell Avenue.

Estimated total project cost

$110,000

Design assumptions

+ This CIP was identified from City staff input.

+ The PRV cost estimate is based on quote by Carol Wells at GC Systems Inc. and includes a packaged 4-inch
PRV with 1 Y2-inch bypass and a pressure relief valve. Installation to be completed by general contractor.
Vault size is 10 feet x 5’ x 7.5 feet.

» The CIP cost estimate assumes 100 feet of 12-inch DI piping for hook up.
« Property acquisition is not included in the cost estimate. The City may need to obtain easements.
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ClPname _ Meldrum BarPark Road PRV and Pipe Replacement

No. of problem addressed

from Section 6.3 2and4

Objective addressed Existing fire flow deficiency and operating pressures exceed allowable pressures

Pressure zone Low
Fire flow deficiencies along Meldrum Bar Park Road are due to undersized piping and a lack of looping. in
addition to sewving fire fiow demands in Meldrum Bar Park, the hydrants along Meldrum Bar Park Road also have

Statement of need the potential to provide backup fire flow to the mobile home park to the north and subdivision to the south.
Additionally, the operating pressures along Meldrum Bar Park Road exceed allowable pressures. APRV is
needed to reduce pressures below 100 psi.
+ Replace 1,194 feet of existing 6-inch DI pipe with new fully restrained, 12-inch D! pipe to be located within

Project description the roadway on Meldrum Bar Park Road.

+ Install 1 PRV nearthe intersection of Meldrum Bar Park Road and River Road.

Estimated total project cost

$680,000

Design assumptions

+ System looping was not included in this CIP because the system terminates at the end of the project pipe with
no available looping opportunities within the right of way nearby.

The PRV cost estimate is based on quote by Carol Wells at GC Systems Inc. and includes a packaged 4-inch
PRV with 1 Y2-inch bypass and a pressure relief valve. Instaliation to be completed by general contractor.
Vault size is 10 feet x 5 feet x 7.5 feet.

This CIP is located within the ROW, thus traffic control may be required during construction. Traffic controf
was assumed as patt of the CIP cost estimate.

Hydrant replacement is proposed in the same location as existing.
No sewvice line connections were included in this CIP. The service line for the mobile home park is a separate

620 foot, 2-inch steel line not assumed to be replaced as patt of this CIP.

ClPname

5

a§k Way Pipe Replacement

No. of problem addressed

from Section 6.3 2and3

Objective addressed Existing fire flow deficiency, reliability

Pressure zone High
Fire flow deficiencies along Park Way between Los Verdes Drive and Qatfield Road are due to undersized
distribution system piping.

Statement of need
This neighborhood is also served by AC pipe which is nearing the end of its useful life and has prevented the City
from completing fire flow testing due to concerns of main failures.
+ Replace 155 feet of existing 6-inch AC pipe with new fully restrained, 8-inch DI pipe to be located within the

. L roadway on Park Way between Oatfield Road and the first hydrant on the Park Way line.
Project description

+ Replace 750 feet of existing 6-inch AC pipe with new fully restrained, 8-inch DI pipe to be located within the
roadway on Park Way between house numbers 6820 and 6703.

Estimated total project cost

$510,000

+ This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.

+ The cost estimate assumes replacement of hydrants in the same location as existing, plus one additional

Design assumptions hydrant.

+ The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.

|
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ClPname Sherwood Neighborhood Pipe Replacement

No. of problem addressed

from Section 6.3 2and3

Objective addressed Existing fire flow deficiency, reliability

Pressure zone High
Fire flow deficiencies in the Sherwood Forest neighborhood north of Jennings Avenue are due to undersized
distribution system piping and a lack of fooping.

Statement of need This neighborhood is also served by AC pipe which is nearing the end of its useful life and has prevented the City
from completing fire flow testing due to concerns of main failures. Much of the existing piping in this neighbor-
hood was installed behind the curb in commeon trenches with other utilities, which has made maintenance and
repair difficuit.

« Improve system looping by installing 260 feet of new fully restrained, 8-inch DI pipe on Valley View Drive
: - between Churchill Drive and Buckingham Drive.
Project description

» Replace 3,930 feet of existing 6-inch AC pipe with new fully restrained, 8-inch DI pipe to be located within
the roadway.

Estimated total project cost

$2,170,000

« This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.

« Hydrant replacement is proposed in the same location as existing.

Design assumptions ) . :

+ The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.

ClPname Rinearson Road Pipe Replacement

No. of problem addressed 2

from Section 6.3

Objective addressed Existing fire flow deficiency

Pressure zone Low
Fire flow deficiencies along River Road and Rinearson Road, north of Meldrum Bar Park Road are due to

Statement of need undersized distribution piping and a lack of looping. The hydrants along this line serve two apartment complexes
west of River Road.

Project description Replace 1,207 feet of existing 6-inch DI pipe with new fully restrained, 8-inch DI pipe to be located within the

roadway on River Road and Rinearson Road.

Estimated total project cost

$590,000

Design assumptions

« System looping was not included in this CIP because the system terminates at the end of the project pipe with
no available looping opportunities nearby.

« This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.

» Hydrant replacement is proposed in the same location as existing.
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ClPname | Risley Avenue Pipe Replacement
No. of problem addressed
from Section 6.3 2and3
Objective addressed Existing fire flow deficiency
Pressure zone Low
Fire flow deficiencies along Risley Avenue, north of Gloucester Street are due to undersized distribution piping
Statement of need and a lack of looping. The hydrants at the end of Risley Avenue serve an apartment building complex.
This neighborhood is also served by AC pipe.
Project description Replace 893 feet of existing 6-inch AC pipe with new fully restrained, 8-inch DI pipe to be located within the

roadway on Risley Avenue.

Estimated total project cost

$460,000

Design assumptions

« System looping was not included in this CIP because Risley Avenue is a dead end street, which terminates at
Rinearson Creek.

« This CIP is located within the ROW, thus traffic control may be required during construction. Traffic control
was assumed as part of the CIP cost estimate.

+ Hydrant replacement is proposed in the same location as existing.

« The CIP cost estimate does not reflect decommissioning and/or removal of existing AC pipe. Such activity is
likely to impact the CIP cost if required. Coordination with DEQ may be needed to ensure appropriate envi-
ronmental precautions are taken.

No. of problem addressed

from Section 6.3 2

Objective addressed Existing fire flow deficiency

Pressure zone Low

Statement of need The fire flow deficiencies along SE 82nd Drive are due to a section of undersized 8-inch piping.

Project description Replace 860 feet of existing 8-inch DI pipe with new fully restrained, 12-inch DI pipe to be located between

17765 82nd Drive and 1250 SE 82nd Drive.

Estimated total project cost

$470,000

Design assumptions

+ This CIP is located on 82nd Drive, an arterial roadways requiring traffic control during construction. Traffic
control was assumed as part of the CIP cost estimate.

« Hydrant replacement is proposed in the same location as existing.

Browna:Caldwell

o« - B




Section 7 Gladstone Water System Master Plan

7.1.3 Pump Station

CIPname . Webster Pump Station Upgrades (Generator Set)

No. of problem addressed 6

from Section 6.3

Objective addressed Provide a ba.c_kup emergency power source large enough to operate both the Webster and Kirkwood pumps in the
event of a utility power outage.

Pressure zone N/A

Statement of need B:v (;l:;rs::czectnca! service for the Webster and Kirkwood Pumps does not have a sufficient backup emergency

- Install a new Diesel Electric standby emergency generator at the Webster pump station building to include
the following:

+ 125 KW, 480 volit, 3 phase outdoor standby emergency generator set with an integral 250 gallon sub-base
mounted fuel storage tank.

» 480 volt, 200 amp, 3 pole, 100 percent load rated sewvice entrance rated circuit breaker cabinet installed
inside the pump room.

Project description + 480 volt, 200 amp, 4 pole automatic transfer switch cabinet installed inside the pump room.

» New power conduit and cabling reconnecting the Utility Electrical Service from the meter box to the new main
circuit breaker, new power conduit and cabling connecting the new main circuit breaker and generator set to

the automatic transfer switch and new power conduit and cabling connecting the automatic transfer switch to
the existing pump station power panel.

» New control conduit and cabling connecting the generator set, automatic transfer switch and SCADA
monitoring system.

Estimated total project cost | $150,000

« This CIP does not include replacement of the existing Webster or Kirkwood pumps. Analysis of the system
found the pumps to be insufficient for addressing fire flow demand in the high zones. However, this demand
is met with a reliance on the OLWD inter-ties. The City will continue to rely on the inter-ties to meet this
demand.

- The generator set should be installed in a weatherproof residential area-rated sound insulated enclosure.

A 250 gallon fuel reserve provides approximately 25 hours continuous run time at full load. Average loading
for this station under heavy use is assumed to be approximately 75 percent which would allow approximately
33 hours continuous runtime before requiring refueling.

« Prices for the generator, fuel tank and quit zone enclosure were provided by Pacific Power Products in Kent,
WA, a local distributor for MTU Onsite Energy products.

+ Price for the power service was provided by Eaton Power Products (local contact in Wilsonville, Ore.).

+ Installation to be provided by contractor. A general installation cost of $25,600 was reflected in the CIP cost
estimate.

+ AC pipe replacement in the vicinity of the pump station was not reflected in the cost estimate. AC pipe
replacement may be prioritized in this location per the annual replacement program at the time of
construction.

Design assumptions
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CIPname | Webster Pump Station SCADA System - -

No. of problem addressed 7

from Section 6.3

Objective addressed Provide updated system to collect and store data from the Webster and Kirkwood pump stations.

Pressure zone N/A

Statement of need ::ielaut;grrent system to log data and trigger alarms is outdated, it does not allow remote access, and it is prone to
Update the data logging and alarming functions using a SCADA monitoring service. Use an outside SCADA

Project description monitoring and alarm handling setvice to improve the reliability of the system operation. This would include

installing SCADA systems meters at the Webster Road pump station building, the NCCWC master meter main
station, the OLWD Valley View intertie meter station and the OLWD Caldwell intertie meter station.

Estimated total project cost

$20,000

Design assumptions

« SCADA system components including the RTU System, analog expansion module, and antenna cable were
provided by Mission Communications {local distributor is Correct Equipment in Canby, Ore.).

+ SCADA system freight charges, set up charges, and onsite training charges were provided by Mission
Communications (local distributor is Correct Equipment in Canby, Ore.).

+ Installation to be provided by contractor. A general instaliation cost of $2,000 was reflected in the CIP cost
estimate for the pump station and $750 for each meter location.

« Annual maintenance is required when using an outside SCADA monitoring and alarm service. A fotal annual
maintenance cost estimate is approximately $2,500 as provided by Mission Communications (local distribu-
tor is Correct Equipment in Canby, Ore.).

7.1.4 Storage

ClPname  New2MG Storage Tank ‘
No. of problem addressed 9
from Section 6.3
Objective addressed Provide additional storage capacity to meet future emergency storage demands.
Pressure zone N/A
Available storage capacity in the Webster and Kirkwood tanks does not exist to meet an emergency storage
Statement of need demand (defined as two days of average daily water demand). Such emergency storage demand is a subjective
criteria as stated in Section 5.6.3.
Install a 2 MG steel or reinforced concrete tank at the City-owned Oatfield Road and Webster Road location to
Project description provide equalization, fire flow and emergency storage for the City’s system. The tank would supply the low

pressure zone by gravity.

Estimated total project cost

.

$4,500,000 (steel)

Design assumptions

The proposed location of the facility is on the 11.7 acre vacant, City-owned lot at Oatfield Road and Webster
Road. A 250’ x 250" tank placement area was assumed for purposes of cost estimating (site preparation and
clearing).

Placement of the tank is assumed in the center of the tax lot, at the same elevation and height as the Webster
tanks.

An alternative cost estimate was prepared for a reinforced concrete tank (see Appendix F).

Inlet pipe connection (to the existing 27” main) is not included in the cost estimate. 1000’ of 12" DI pipe was
included in the cost estimate for site piping.

An altitude valve and vault and mixer for water quality are not specifically included in the cost estimate.

An access road was included in the cost estimate. The proposed facility access road is estimated as 600’ x
24’ paved, with a 16’ shoulder.

Unit tank construction costs include continuous footings, grade, and tie beams, foundation slabs, painting
and surface finishes.
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7.2 Capital Maintenance Program

7.2.1 AC Pipe Replacement and Pipe Condition Assessment

The City’s water distribution system includes approximately 17 miles of AC pipe as shown on the AC
pipe distribution (Figure 6-4). The size distribution of the AC pipe includes 5,410 LF of 4-inch,
71,120 LF of 6-inch and 11,690 LF of 8-inch-diameter pipes. AC pipes have been prone to failure in
recent years and are difficult to work with due to special precautions that must be taken when
working with the material. It is recommended that the City begin an AC replacement program, with
the goal of replacing all existing AC pipe. At the time of replacement, 8-inch-diameter should be used
as a minimum pipe size to meet fire flow requirements. Connections to existing AC pipe are difficult
to make and have the tendency to leak, so it is recommended that the City strategize the replace-
ment of their AC pipe to minimize the need for connections to existing AC pipe.

The total cost in 2014 dollars to replace all existing AC pipe, excluding the pipe replacement already
reflected in existing CIP projects to address fire flow deficiencies is anticipated to be approximately
$24,600,000. This cost includes the net construction cost and associated gross markups (see
Appendix F). An annual cost of $820,000 is recommended for AC pipe replacement, in order to
complete replacement over a 30-year implementation period.

While AC pipe replacement is recommended, prior to initiating replacement efforts, a leak detection
survey and/or pipe conditions assessment is highly recommended to assist in prioritizing replace-
ment. It is possible that higher priority maintenance problems may also exist in other areas of the
system. Please note that a leak has already been detected at Collins Crest. A lump sum of $75,000
has been incorporated into the 2014 water utility funding analysis/rate evaluation to conduct a leak
detection survey prior to AC pipe replacement efforts. At this time, cost for a condition assessment of
the entire water conveyance system-has not been included.

7.2.2 Preventative Maintenance Program

Preventative maintenance is essential to optimizing functionality and performance of a water
system. As described in Section 5.7.2, the City currently does not have a documented 0&M program,
or current staffing to conduct preventative maintenance efforts at the recommended frequency.
Implementation of this Master Plan and CIP projects is dependent upon the addition of staff to
conduct/oversee preventative maintenance efforts. The addition of two full time staff has been
incorporated into the 2014 water utility funding analysis/rate evaluation to supplement existing staff
in support of a preventative water system maintenance program.

7.2.3 Third-Party SCADA System Maintenance

An additional capital maintenance item includes annual maintenance of the SCADA system proposed
as a CIP above. This is estimated to be approximately $2,500 per year.

7.3 Cost Estimates for CIP Development

Cost estimates for CIP design and construction were based on the total capital investment necessary
to complete a project (i.e., engineering through construction). Expenditures were calculated for
construction or capital elements, based on the CIP design and representing material costs, labor
costs, other services (traffic control, erosion control), and contingency. Expenditures were calculated
separately for administrative and design services, including engineering and permitting. It should be
noted that construction contingencies in this plan of 40 percent are higher than these used for cost
estimating CIPs in the stormwater master plan. This is due to added complexities or constructing
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pressurized water pipe (as opposed to gravity-fed storm pipes) and the unknown issues associated
with proper decommissioning and disposal of asbestos concrete pipe.

Unit cost information for construction or capital elements of the CIP facilities was compiled from the
Association for the Advancement of Cost Engineering International Criteria (see Appendix F). Land
acquisition and easement costs are not included in the cost estimates, as most projects proposed
are located on City property or within the City ROW. It is assumed that the City will obtain necessary
easements for work conducted on private property.

Unit cost information and individual cost estimates for CIPs are included in Appendix F. CIPs in
Appendix F follow the same order as CIP descriptions listed in Section 7.1. For planning purposes in
Section 7.1, the cost for CiPs under $100,000 were rounded to the nearest $1,000; CIPs over
$100,000 were rounded to the nearest $10,000.

A summary of CIP costs is provided in Table 7-1.

Brownaw Caldwell

CIP name Total cost ($)
Supply
Ranney Intake System Decommissioning 50,000
Piping
Berkeley Street Pipe Replacement 960,000
Cason Road PRV and Pipe Replacement 1,260,000
Clackamas Boulevard Pipe Replacement 840,000
Clarendon PRV Condition Assessment 10,000
Hereford PRV 110,000
Hull Avenue PRV 110,000
Jersey Street Pipe Replacement 330,000
Landon PRV 110,000
Meldrum Bar Park Road PRV and Pipe Replacement 680,000
Park Way Pipe Replacement 510,000
Sherwood Neighborhood Pipe Replacement 2,170,000
Rinearson Road Pipe Replacement 590,000
Risley Avenue Pipe Replacement 460,000
SE 82nd Drive Pipe Replacement 470,000
AC Pipe Replacement? 24,600,000
Pump Station
Webster Pump Station Upgrades (Generator Set) 150,000
Webster Pump Station SCADA System 20,000
Storage
New 2 MG Storage Tank 4,500,000
Total $37,930,000

@ Recommended as an annual line item in the CIP of $820, 000. A leak
detection survey is recommended prior to pipe replacement to
prioritize the location of replacements.

7-11



Section 7 Gladstone Water System Master Plan

7.4 CIP Prioritization and Implementation

This section summarizes the general process the City used to prioritize identified CIPs. The City

conducted its CIP prioritization in conjunction with its water utility rate evaluation (separate delivera-
ble).

7.4.1 CIP Prioritization Criteria and Process

As described in Section 7.1, a total of 19 CIPs were developed to address water system supply,
piping, pump stations, and storage deficiencies. Due to the significant cost of the CIPs proposed, an
extended implementation period was used for the water system rate evaluation. Therefore, the
30-year implementation period as opposed to the traditional 20-year planning horizon was used for
CIP scheduling.

Per discussion with the City on September 18, 2014, all CIPs are considered viable and necessary
projects, but some CIPs were identified as lower priority that could be constructed later in the
30-year implementation timeframe. Lower priority CIPs included those where modeling alone indi-
cated deficiencies but there were no reported complaints. Lower priority CIPs also included those
that did not address established evaluation criteria.

In conjunction with identification of lower priority CIPs, City staff identified general guidelines to be
used to identify higher priority CiPs. Guidelines included whether the CIP addresses ongoing mainte-
nance issues/concerns, whether the CIP addresses modeled fire flow deficiencies, whether the CIP
is located in the high pressure zone (with an ongoing history of citizen complaints), and whether the
CIP includes replacement of AC pipe. Identified higher priority CIPs are recommended for scheduling
earlier in the 30-year CIP implementation process.

7.4.2 CIP Scheduling

Results of the CIP prioritization efforts are documented in Table 7-2. CIPs were not specifically
ranked but rather grouped according to whether they were identified as a lower priority project or
higher priority project. Again, lower priority projects would be targeted for construction toward the
end of the 30-year CIP implementation period, and higher priority projects would be targeted for
construction toward the beginning of the 30-year CIP implementation period. CIPs not indicated as
lower or higher priority would be constructed within the 30-year CIP implementation period as
funding is available and at the discretion of City staff.

|}
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CIP name Priority Rationale for schedule
Ranney Intake System Decommissioning L Does not address established evaluation criteria
S ‘ - - .
Berkeley Street Pipe Replacement H Fire flow deficiency, AC pipe
Cason Road PRV and Pipe Replacement H Fire flow deficiency, AC pipe
Clackamas Boulevard Pipe Replacement H Fire flow deficiency, AC pipe
Clarendon PRV Condition Assessment L Does not address established evaluation criteria
Hereford PRV —
Hull Avenue PRV L Service may transfer to OLWD
Jersey Street Pipe Replacement L Recently replaced (still undersized), no reported complaints
Landon PRV >
Meldrum Bar Park Road PRV and Pipe Replacement L No residential or commercial services affected
Park Way Pipe Replacement H Fire flow deficiency, AC pipe, high pressure zone
Shemwood Neighborhood Pipe Replacement H Fire flow deficiency, AC pipe, high pressure zone
Rinearson Road Pipe Replacement -
Risley Avenue Pipe Replacement P
SE 82nd Drive Pipe Replacement >
Pump Station ; ;
Webster Pump Staﬁon Upgrades (Generator Set) H Ongoing maintenance concern
Webster Pump Station SCADA System H Ongoing maintenance concern
Storage . . ‘
New 2 MG Storage Tank >

H = Higher priority projects targeted for construction toward the beginning of the 30-year CIP implementation period.
L = Lower priority projects targeted for construction toward the end of the 30-year CIP implementation period.

«+ = Projects would be constructed within the 30-year CIP implementation period as funding is available and at the
discretion of City staff.

7.4.3 CIP Implementation

As stated above, CIP implementation is projected over a 30-year period. The financial analysis and
water utility rate evaluation effort considers the CIP project costs and anticipated project scheduling
in development of recommended water utility rates.

In addition, the financial analysis considers capital maintenance costs and expenditures in the
calculation of rates (Section 7.2). An annual cost of $820,000 is included for implementation of the
AC Pipe Replacement effort. An annual cost of $2,500 is dedicated for maintenance of the proposed
SCADA system. A lump sum of $75,000 is proposed for the beginning of the CIP implementation
period to conduct a leak detection investigation in order to prioritize pipes (including AC pipe) for
replacement.

Historically, due to limited staff availability, preventative maintenance of the water system has not
been performed routinely and proactively. The City’s existing public works department consists of six
full time staff that are shared amongst stormwater, sanitary, water, parks, and streets. There is no
dedicated water department staff. Preventative maintenance is essential to optimizing functionality
and performance of a water system. The financial analysis includes the addition of two full-time
employees (FTE) to supplement existing staff in support of a preventative water system maintenance
program. With the addition of staff, and as preventative maintenance activities are conducted and
tracked at specified intervals, the staffing allocation should be revisited amongst all utilities to
ensure that adequate levels of service are achieved.

BrownswCaldwell
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Section 8

Limitations

This document was prepared solely for the City of Gladstone (City) in accordance with professional
standards at the time the services were performed and in accordance with the contract between the
City and Brown and Caldwell dated October 1, 2012. This document is governed by the specific
scope of work authorized by the City; it is not intended to be relied upon by any other party except for
regulatory authorities contemplated by the scope of work. We have relied on information or instruc-
tions provided by the City and other parties and, unless otherwise expressly indicated, have made no
independent investigation as to the validity, completeness, or accuracy of such information.

BrownswCaldwell : 81







Section 9

References

American Water Works Association (AWWA). (2012). AWWA Manual of Water Supply Practices, M32 Computer
Modeling of Water Distribution Systems, Third Edition.

Oregon Administrative Rules (OAR). (2014). Chapter 333, Division 061-0050. Public Water Systems, Construction
Standards.

State of Oregon. (OFC). (2012). Oregon Fire Code.

Water Supply Committee (WSC) of the Great Lakes—-Upper Mississippi River Board of State and Provincial Public
Health and Environmental Managers. (2012). Recommended Standards for Water Works, 2012 Edition.

BrownawCaldwell

L« - 05

9-1







Gladstone Water Master Plan

Appendix A: Model Creation TM

Browna Caldwell :







Brownawo &

Caldwell j Technical Memorandum

6500 SW Macadam Avenue, Suite 200
Portland, OR 97239

Phone: 503-244-7005

Fax: 503-244-9095

Prepared for: City of Gladstone
Project Title: Stormwater and Water Master Plan

Project No: 142799

Draft Technical Memorandum

Subject: Water Distribution System Model Development, Task 4
Date: September 5, 2014

To: Scott Tabor, City of Gladstone

From: Krista Reininga, Brown and Caldwell

Prepared by: Janice Keeley, Brown and Caldwell

Reviewed by: Colin Ricks, Brown and Caldwell

Limitations:

This document was prepared solely for the City of Gladstone (City) in accordance with professional standards at the time the services were
performed and in accordance with the contract between the City and Brown and Caldwell dated October 1, 2012. This document is governed by the
specific scope of work authorized by the City; it is not intended to be relied upon by any other party except for regulatory authorities contemplated by
the scope of work. We have relied on information or instructions provided by the City and other parties and, unless otherwise expressly indicated,
have made no independent investigation as to the validity, completeness, or accuracy of such information.



Water Distribution System Model Development

Table of Contents

ST<Tor (o] o I 141 (o o [FTex 1 o] o DU PSSO
Section 2: Computer Modeling Software and WOrKFIOW .....vo et ssanns

SECHION 31 MOUE! FACHTIES cuureveeieerirrererererrrrrrereserssresesssesssesasressesssenssessserassassesssesssssssasesssesssnsaresssessssnsrasaeessensasssass
G T0 R 10T oo € T 1= T OSSO P OSSR
B2 PiPBS ceicteieieecteeececiteas s e s bt s e e e e et e e aae e et ea e et eatat et e e e it e aanteaaeerAbe ettt anreasnsieReerattebee ettt esaeasteeesaneennnntererreasn

3.2.1  PiDE NEtWOIK ClEBBINUD .ccuveicctererreereeerirtesreteeseeessersecnreses e s reeasssesesaesasseevsressessasessssesnsseessrsassassesssenssesn

I IO 1o Tc I L1 00 1= SO
G 20C B =T 1€ O OO
B2 SUPDIY POINTS . ittt ccrtessrees s erees s s e se e s teaesseesssresssseerssesasseasssressssessnesrssssnbsearesssseeasssesasseneasannssrassaerasnsan
3D PUIMIPS c.uiticiteeciieeeeseriteecer e sebe s e s e e cseesaseasssasessesasss e sseae st e aassassns e e sssasabeeasssanssseasntasnnsasssserasssabessanseansssesraeesssensnseran
BB VBIVES. ...ttt eir e s e sar e s e s te st et e s e e s e s se s e s ea e st e n st e s e e e e R e e AR e A et e TR S e e e e e e e Rt e R ee St re R e e e Rt ee Rt e e e nnE e st e ne e e e et nentann

Section 4: Section 4: Model DemMandsS.. .. i sieiieeniesseressessassesenessesessnesssssssssssssnassassensssrssessenas
4.1 Existing System Demand AllOCaTION. ... .o ireicee e s vt s s ee e s s e sssrese e sssea s e e ss e e sne e s s essarne s vavasasenseseansasens
4.2 Future System Demand AOCATION. ...ttt s s sve s e ea e sr e sen e s e s e e saessranssnenssronssnnsensenneese
4.3 Fire FIOW Demand AllOCatioN ... .cci i irrierreeceesieristessiassesssesssssste st sssasssessessessseassssssesssessseranessenssnsssnanssssseessease

Section 5: QUAlity ASSUIANCE PIOLOCOIS ..ciiiciieciicerircr e s sttt sest et st ssee e ssnessarsne s s e s asasnnasnseresesssnsessnens

Y= (=T e 11T TSR

List of Figures

Figure 1. Model development WOTKFIOW ..o ettt et et rae st st ree st et et e s estessanae s r s s aneesasresanaes

List of Tables

Table 1. COMMON ALITDULES .. ettt ettt et st s st e s e s e e e e e s e saseme et s e e et rra e mnnnsbnranene
Table 2. JUNCHON AITDULES 1.uiiciiieiiesirsee st e s e ettt ree st e st et e e ane e eneaesne s ares s e s as e ne s b e s an e e mtene e e ressessesnes
TADIE 3. PiPE AlTIDULES ..oecivcecieiieeeree e seatesete et e et s st e rare e ssseeeseaeeseaesseaerss e saesassersaesase e nteasnsensnanansnnsernensatrsneesnens
Table 4. TanK AITIDULES .iicvrceeeirircee ettt s ettt et e r et e et et st et n et et e e e s m e st e nae et e cate s ameene s e neennennecas
Table 5. SUPPIY POINT ALITIDULES ticciiicriireereririierccreressriereecasieesentraeassecsacsnsassensnsessennsssessssansessassesssssneesssssenssastaesssnans
TADIE B. PUMIDS .ieeciecreieeeceeecieeseeereseseee st esbs s esse e e bsessasessseasssassstaassessnssesnteasbasasasaasseebesestearasenasananssssssanssansesnneraens
TADIE 7. VAIVES.....coiiisrecieirteceeiiteetnsce st aere s e st st same e st e em e et e et e sesae e st e st e esessseese e e s ern e st e abenane b e eat e st aasneeutenseeenrnnneneesn

Brown» Caldwell :

Appendix A Water_Model_Development TM.docx



Water Distribution System Model Development

Section 1: Introduction

Prior to this Water Master Plan project, the City of Gladstone (City) maintained a paper copy map of its water
system. The first phase of this project involved taking an inventory of the City's water system. The inventory
was developed by Sisul Engineering using site survey, interviews with City staff and as-built drawing review.
The inventory was documented in AutoCAD. To add accuracy and detail to the master planning effort and
future modeling work done by the City, Brown and Caldwell (BC) created a computer model of the water
system. The AutoCAD-based inventory was converted to ArcGIS and used as the basis for the computer
model, which includes all City-owned distribution mains.

This technical memorandum (TM) describes the methods and data that were used to create the model
including the modeling software and workflow, model element information, demand allocation, and quality
assurance protocols. Model calibration is documented in the Model Calibration Plan TM and in the final

report.

Section 2: Computer Modeling Software and Workflow

The hydraulic model of the City's water system was created using Innovyze's InfoWater. InfoWater is an
ArcGIS-based water distribution system modeling software and is well suited for modeling the City's water
system. InfoWater is based on the U.S. Environmental Protection Agency’s EPANET modeling engine. The
final mode! will be provided to the City in both InfoWater and EPANET formats.

Figure 1 outlines the workflow that was followed to develop the model.

_ Resolve operationsand
_ connectivity questions
_*BCinterviewed City stafffor
facility control information
_*Sisul resollved connectivity
__guestions in the system through
~field/as-built investigation

Figure 1. Model development workflow
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Water Distribution System Model Development

Section 3: Model Facilities

This section describes how the model facilities were developed from the CAD data. Facility information that
was used in the computer calculations, or that can be useful to the model user is stored as attributes in the
database files of the model. Table 1 describes the model attributes that apply to all facilities. The data
processing and model attributes specific to each element type (e.g., junctions, pipes, etc.) are described in
the following sub-sections.

Attribute Value

D ID numbering is alphanumeric, with a prefix and a unique identifier. The prefix indicates element type and the unique identifier
includes text describing the facility or a unigue number.
Year of This value is used to specify that a facility will be active in a scenario. For example, a facilify with an installation year of 2035 or before

installation | will be active in a 2035 scenario. This value will be set to 0 if the installation year is unknown.

Year of This value is used to specify that a facility will be retired (not active) in a scenario. For example, a facility with a retirement year of 2035
retirement | or before will not be active in a 2035 scenario.

3.1 Junctions

Junction nodes were created in the model at all changes in pipe diameter, pipe connections, intersections,
dead ends, water system valves, water control valves, and hydrant locations, where provided in CAD. New
junctions were added at pipe endpoints in the model where existing CAD data did not have a feature already.
Demands were applied to junctions in the model (see Section 4 for more detail on how the demands were
allocated to each of the junctions). Table 2 lists the attributes applied to the junctions.

Attribute

The model junctions were imported from the CAD data and given a descriptive ID representing the junction type
from CAD. A description of the various prefixes used to create the junctions is provided below.
Prefix Sample ID

10 BV (blow-off valve) BV1023
HYD {hydrant) HYD040
J{model! only junction) }1354
V (valve) V1517

Demand 1 | The model demand at a junction (see Section 4).

Elevation Digital elevation model (DEM) data were used to set the junction elevation. The DEM was based on Light
Detection and Ranging data from the City.

3.2 Pipes

Model pipes were created from CAD data provided by Sisul. In addition to the transmission and distribution
system piping, the CAD data include small-diameter service connections. These service connections were
not included in the model. Some cleanup of the pipe network was required after the CAD data were imported
into the model. A description of the cleanup work performed is described below.

3.2.1 Pipe Network Cleanup

The following steps were taken to clean up the pipe network in the model.

Brown o Caldwell
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Water Distribution System Model Development

Deleted Very Short Pipes. The imported model pipes included a number of pipes with a length of 1 foot or
less. For the most part, the short pipes resulted from pipes in the CAD data that were not snapped directly to
a water fitting feature. These short pipes interfere with the other cleanup procedures and add unnecessary
calculation nodes to the model. All short pipes that did not connect two water fitting features were deleted.
Pipes formerly connected by the small pipes were connected to each other at a common junction.

Deleted Duplicate Pipes. The imported CAD pipes included a number of duplicate overlapping pipes. BC
used tools provided in InfoWater to review and delete unnecessary pipes.

Corrected Connectivity. The model software requires that pipes be broken at connections between water
mains. Many locations were identified in the CAD data where pipes were not broken at connections. Many
locations were also identified where pipe endpoints were drawn very close to each other but not snapped
together. BC used tools provided in InfoWater to review all dead-end pipes that did not end at a hydrant.
Pipes were split and endpoints were connected where appropriate.

3.2.2 Pipe Attributes

Pipe attributes were used for hydraulic calculations and/or management of model data. InfoWater uses the
Hazen-Williams equation to determine friction-related headloss. The roughness factor (C-Factor) used in the
equation is assumed for each pipe based on pipe material, lining, and age (if known). Lower factors equate
to higher headloss. Pipes in the model were assigned C-Factors taken from industry standards. Table 3
summarizes how the attributes are used in the model.

Value
Prefix Unigue suffix Sample ID
D P A unigue number P6609
CV (check valve) A unique description CV_PARKWAY
GV (gate valve) GV_RIDGEGATE

Length Calculated in the model based on the actual GIS length of the pipe

Diameter Inside diameter from the CAD

Material Pipe material from the CAD
Material C Factor Source Notes

Pipes with unspecified pipe material were assigned a roughness
factor that is typical for ductile iron (DI} pipe. The CAD data
Default/blank/other 130 Assumed indicate that asbestos cement and DI are the most common

materials in the system.

Asbestos cement 140 Linsley, Lindeburg Values are only given for clean pipe in the M32 manual
Roughness 130 (New) interviews with the City indicated most of the cast iron pipe was

Castiron 120 (5 years old) Linsley, Lindeburg installed 20 or more years ago. In the absence of more detailed

100 (20 years old) information, a value of 100 was used for all cast iron pipe.
Concrete cylinder 130 Linsley, Lindeburg
DI 130 Linsley Not listed in American Water Works Association’s (AWWA) M32
manual
Poly-vinyl chloride/C900 | 140 AWWA, InfoWater Using lower end of range of values to be conservative

Set to 0 unless a valve or other facility causes a known headloss at a specific location. The C Factor is more appropriate to account for
Minorloss | losses due to bends and fittings because it accounts for losses based on the length of a pipe. If a minorloss is used, it causes the same
headloss for short and long pipes.

Check valve | Setto Yes if there is a check valve on a pipe.

Zone Set to the pressure zone the pipe is a part of.

e o v 200
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Water Distribution System Model Development

3.3 Tanks

Tank information from the City’'s as-built drawings was used for tank attributes. Table 4 lists the model's
tank attributes.

Attribute Value
Prefix | Unique suffix Sample ID
b T- | Tank description T-WEBSTER_1MG
Type Set to Cylindrical for all tanks
Elevation The elevation of the bottom of the tank
- The minimum depth of water in the tank to which the tank can physically drain; set to 0 if unknown. Minimum water levels controlied
Minimum level .
by a pump or valve were set by adding controls to the pump or valve.
. The maximum possible depth of water in the tank, set as the depth from the bottom of the tank to the tank overflow or the tank roof (if
Maximum level .
overflow depth was not available).
Initial level Setto an average depth of water in the tank at the start of a day. This value was based on staff interviews.
Diameter The tank diameter

3.4 Supply Points

The supply connection from North Clackamas County Water Commission (NCCWC) and Oak Lodge Water
District (OLWD) were modeled as fixed-head reservoirs with valves to control the flow. The NCCWC connec-
tion is the primary source of supply to the City and is delivered through a dedicated pipe from the NCCWC
treatment plant. The conditions upstream of the connection were represented with a general purpose valve
with a headloss-flow curve developed from field investigation and production records. Table 5 lists the

model’s supply point attributes.

Attribute Value

Prefix Unique suffix Sample ID
ip RES- Supply description RES-NCCWC
Type Set to Fixed Head
Head The hydraulic grade line of a supply point
3.5 Pumps

All pumps were included in the model. The pump curves were developed from City records and entered into
the model using the multipoint curve option. Table 6 {ists the model’s pump attributes.

Attribute ‘ ' ' Value

Prefix Unigue suffix Suffix Sample ID
1D BP- (booster pump) Description of the facility Pump number BP-WEBSTER_1
Type Multiple point curve - the most accurate representation of a pump, used when a pump curve is available
Elevation Pump elevation from DEM
]
BrownswCaldwell :
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3.6 Valves

The City’s water distribution system includes isolation and tank altitude valves, and pressure-reducing valves
(PRVs). Isolation valves were modeled by adding controls to pipes in the model (i.e., by opening or closing a
pipe). The tank altitude valves were represented as PRVs in the model. A PRV also was used to simulate the
variable-speed Webster pumps. Table 7 lists the model’s valve attributes.

Attribute Value
Prefix Uniaue sufix Sample ID
AV- (altitude valve) Adescription o the facityoraunique | "V-KIRKWOOD
ID MMS- (master meter at NCCWC) umber 4 MMS-NCCWC
PRV PRV-HEREFORD
PRV
Type
General purpose valve (GPV)
Elevation Valve elevation supplied by the City, otherwise set the elevation from the DEM
Diameter The diameter of the valve
Setting Settings were based on the information from the City and field tests. For PRVs this is the downstream pressure setting.
Minor loss Minor loss coefficient, K. InfoWater calcuiates the minor loss as k(V*2)/2g. This field is optional.
Curve Only used for MMS-NCCWC. A curve defining the headloss in feet as a function of the fiow in gallons per minute.

Section 4: Section 4: Model Demands

Accuracy of a model is highly dependent on the accuracy of the distribution of demands in the model. Two
demand sets, maximum day demand (MDD) and average day demand (ADD) were developed for both the

existing and future systems. The different methods used for allocating those demands to the model nodes
are described below followed by a discussion on the fire flow demand allocation method.

4.1 Existing System Demand Allocation

Existing system demand allocation consists of appropriately distributing the total system demand in the
computer model of the water system. Total existing system demand was calculated using the City's water
billing data and daily water meter data from OLWD and NCCWC. Demands were assigned to nodes referred
to as demand junctions in the computer model. Demand junctions were designated as all nodes not located

on dedicated transmission piping or near pump stations and storage tanks.

InfoWater tools were used to assign the geocoded customer demands to the closest demand junction. The

following steps summarize the demand allocation process that was followed for this project:

1. Obtain billing data (including location) for each customer and calculate the MDD and ADD for each
customer.

2. Geocode (locate geographically) each customer by matching the customer to a parcel, street address, or
global positioning system point.

3. Flag each junction in the model as a demand or non-demand junction. Non-demand junctions include
transmission pipelines or pump stations.

4. Calculate the total demand at each demand junction as the sum of the demand for the customers
closest to each junction.

. .
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4.2 Future System Demand Allocation

The total future demand was calculated using the projected population growth. The existing demands were
scaled by the population growth rate.

4.3 Fire Flow Demand Allocation

Fire flow demands were calculated and assigned to the closest model hydrant nodes.

Section 5: Quality Assurance Protocols

In addition to daily input on the modeling work, senior level engineering staff provided detailed quality
control reviews at four pre-established milestones in the computer modeling process. The review performed
at each of the milestones is listed below.

1. Model Build - This review was performed upon completion of building the model and loading the
demands into the model. It included a review of the input data (e.g., facility information, elevations, con-
trols) and demand allocation.

2. Calibration - This review was performed upon completion of the model calibration. It included a review
of the calibration results and the modifications made to the model to achieve those results.

3. System Evaluation - This review was performed upon completion of the existing and future system
evaluation. It included a review of the MDD, ADD, and fire flow evaluations to verify that criteria estab-
lished to evaluate the system were used appropriately.

4. Capital Improvement Plan (CIP) Development - This review was performed after modeling work to
develop capital improvement projects was compieted and prior to completion of the CIP. During this re-
view, each project was scrutinized to verify that the evaluation criteria were satisfied and that there were
no undesirable ancillary outcomes from the projects (e.g., unmanageable water age).
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Water Model Calibration Test Plan

Section 1: Introduction

This technical memorandum (TM) describes the methods for gathering the information required to calibrate
the City of Gladstone’s (City) water distribution system model that Brown and Caldwell (BC) is creating. The
data gathered will be compared to model results to verify that the model is well-calibrated. The effort will
include operational data gathering and hydrant flow tests performed over 1 to 2 days.

Section 2: Operations Data Gathering
Operations data are used in the calibration to verify that facility controls and settings have been represented

appropriately in the model. These data will need to be recorded during the field tests. The operational data
needed to verify model calibration include the following:

» Pump Discharge Flow Rate, Suction Pressure, and Discharge Pressure. Pumps that are off before the
test should remain off during the test. Pumps that are on before the test should remain on during the
test. The pump discharge rates before and during the tests should be recorded at 1- to 2-minute inter-
vals. Suction and discharge pressures at the pump also should be recorded.

« Tank water levels, Tank water levels should be obtained from the tank circle chart recorders. Copies of
the circle charts for all days of field testing should be provided to BC.

+  Pressure Relief Valve (PRV) Settings. PRV settings should be obtained from City staff or measured in the
field.

+  Pressure Logger Data. Pressure loggers should be installed at the locations described in Section 4 of
this TM for the selected data gathering period. The pressure logger ID used at each location should be
noted so that BC can calibrate the pressure loggers after field testing is complete. The pressure loggers
should be set to record pressure at a 1- to 2-minute time step and should be set to record for the dura-
tion of the hydrant flow tests.

+ Master Meter Flow Rates. BC understands that the City is supplied by several interconnects with neigh-
boring water utilities. Any flow through interconnects must be accounted for in the calibration process. It
is very important to manage and/or monitor the flow through interconnects during the calibration data
gathering period following the approaches listed below.

— Close all interconnects that do not have a contractual or hydraulic requirement to leave them open.
These interconnects should be closed to prevent flow transfers during the hydrant flow tests.

— Interconnects that must be left open should be monitored during the testing by sending a City oper-
ations and maintenance staff member to measure and record the flow rate. The flow rate through
the master meter should be recorded every 1 minute during the hydrant tests. The master meter
can be recorded every 10 minutes between hydrant tests.

Section 3: Field Tests

Field test data are used to verify that system hydraulics have been represented correctly in the model. The
required personnel, equipment, and operations data and the test procedures for the field tests are described

below. It is expected that all field testing will be complete within a 2-day time period, as described in Sec-
tion 5 of this TM.

Brown o Caldwell
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Water Model Calibration Test Plan

Personnel

One representative from BC will be present to coordinate the calibration testing and to help collect and
record test data. At least two City staff members are needed to escort BC staff, assist with data collection,

and operate hydrants, pumps, etc.

Preparation and Necessary Equipment

Some preparation of equipment for hydrant testing will be required of both BC and the City. Table 3-1 lists
the equipment needed for the calibration testing. Equipment will be checked prior to the day of testing to
verify that it is functional and/or accurate. Watches used to record the time of each test shouid be synchro-
nized to ensure that the test data can be correlated accurately. The City will be responsible for providing
transportation of City staff and equipment to each test location.

ltem
Hydrant key 2 City
Valve wrench 2 City
Flow-metering hydrant flow diffuser 2 City
Radios 3 City
Hydrant cap with 1/4-inch threaded tap (for pressure gauges/logger) 5 BC
Crescent wrench sets 2 BC
Digital camera 1 BC
Watch 2 BC
Calibrated 200 pounds per square inch (psi) pressure gauge 4 BC
Hose bib connection for pressure gauge/logger 4 BC

Collection of Operations Data

The operations data described in Section 2 of this TM should be gathered for the days of field testing. This
will make it possible to match the operational conditions in the model to the system operations at the time
of each test.

Test Procedures

Hydrant flow tests and site inspections of the storage and pump facilities will be performed during the
calibration testing visit. Each test and inspection should follow the procedures described below. The testing
is expected to take approximately 1 to 2 days. All data and comments should be recorded on the forms
provided by BC. During the testing period, any valves in the system that are known or suspected to be closed
should be reported to the BC representative as along with any pipe breaks or other water system emergency.

Important note: The pressure loggers installed for the operations data gathering should not be removed
until after all hydrant flow tests are completed. The pressure loggers will record valuable information during

the tests.

Brown o Caldwell
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Water Model Calibration Test Plan

Hydrant Flow Tests

The objective of hydrant flow tests is to obtain instantaneous flow and pressure data at various locations
throughout the distribution system. Up to four flow tests will be performed: a minimum of three tests with
one additional optional test. The flow tests must stress the distribution system so that the calibration data
will reflect the system’s reactions to a range of operating conditions.

To accomplish this, water is released during each test from one or more hydrants until a minimum pressure
drop of 5 psi (10 psi desired) is experienced at the test location. (Note: these tests are not the same as
hydrant tests performed by the fire department to determine available flow from a hydrant.) Step-by-step
instructions for setting up the hydrant flow tests are listed in the attached field forms.

The test coordinator will instruct the person monitoring the master meter to begin recording the flow rate
every 1 minute for the duration of the flow test.

Storage/Pump Facility Inspections

Each storage/pump facility will be inspected to test pump performance and review equipment condition and
strategy for pumping and tank fill controls. Site conditions will be documented with photos and the pump
and tank name plate information and controls will be recorded on the appropriate forms. Pump performance
will be tested at each pump at each facility using the following procedure:

Step 1. Verify that the pump is on.

Step 2. Attach a pressure gauge on the discharge side (and suction side if possible) and record the
pressure.

Step 3. Record the time.

Step 4. Collect flow from the supervisory control and data acquisition software system or a flow meter for
the pump at the time the pressure is recorded.

Step 5. If the pump has a variable-frequency drive, record the pump speed.

Section 4: Test Locations

This section specifies the flow test locations and the locations where the pressure loggers should be in-
stalled and the hydrant tests performed. Up to four flow tests will be performed throughout the system.
Tests 1 through 3 must be completed. If time permits, test 4 will be performed also.

Figure 4-1 shows an overall view of flow tests and the pressure logger locations. Figures 4-2, 4-3, 4-4, and
4-5 show detailed views of each site. Tables 4-1 and 4-2 list the approximate addresses for the loggers and
tests.

Logger Address

Logger 1 Buckingham Drive/Lancaster Drive
Logger2 6830 Glen Echo Avenue
Logger3 270 East Hereford Street

BrownacCaldwell :
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Figure 4-1. Hydrant test and logger locations
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Figure 4-2. Hydrant test 1 and Logger 1
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Figure 4-3. Hydrant test 2 and Logger 2
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Figure 4-4. Hydrant test 3 and Logger 3
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Water Model Calibration Test Plan

Test Flow hydrant address Pressure hydrant address
Flow Test 1 16790 Buckingham Drive 17299 Crownview Drive
Flow Test 2 585 Collins Crest Street 663 Collins Crest Street
Flow Test 3 377 E Gloucester Street 482 E Gloucester Street
FlowTest 4 7599 Ridgewood Drive 7615 Ridgewood Drive

Hydrant test flows may cause flooding or erosion damage. City staff should check the hydrant flow test
locations prior to the day of testing to verify that there is little potential for flooding or erosion damage at
each site. If any of the locations are found to be unsuitable or inoperable during field inspection or calibra-
tion testing, an alternate site will be selected and documented with approval of a BC representative.

Section 5: Testing Schedule
Pressure logger data should be gathered for the duration of all hydrant tests. The field tests will be per-
formed in April 2014 according to the following schedule:
Day 1 - April 21
8:30 a.m. - Meet with City staff to coordinate testing and document control strategy.
10:00 a.m. ~ Inspect Webster tanks, Kirkwood tank, and pump stations.
11:30 a.m. - Install pressure loggers 1 through 3.
12:30 p.m. - Lunch
1:00 p.m. - Conduct hydrant flow tests.
Day 2 - April 22
8:30 a.m. - Meet with city staff to coordinate testing.
9:30 a.m. - Complete remaining hydrant flow tests and remove pressure loggers when finished.

- LRS-
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Gladstone Water System Testing I Brown ~»Caldwell !
Hydrant Test 1

Collected By
Sorie fTeu Pressure Readings Flow Readings ‘
No. | Gauge Reading | Date / Time Press’u L Gauge ID PfeSS.U s N
ID{s} {psi) user {psi)
Before: 1
During: 2
After: 3
Before: 1
During: 2
After: 3
Before: 1
During: 2
After: 3
Before: 1
During: 2
After: 3
Before: 1
During: 2
After: 3

Step 1. Confirm that SCADA is operating and recording data at each of the required sites.

Step 2. Attach a pressure gauge to the residual hydrant. Use the bleeder valve on the hydrant cap assembly to release air and protect the
gauge while opening the hydrant.

Step 3. Attach the hydrant diffuser to the flow hydrant.

Step 4. Record the static pressure at the residual hydrant and the time of test.

Step 5. Instruct to start opening the flow hydrant SLOWLY until get minimum 5 psi {10 psi if possible) drop at the residual hydrant. If cannot
get sufficient pressure drop, turn the flow hydrant off SLOWLY, add another diffuser to the other hydrant nozzle or a nearby hydrant (record
which hydrant is used), and re-start the test at step 4.

Step 6. When the pressure at the residual hydrant stabilizes {usually 3-5 minutes), record the time and residual pressure and signal the flow
hydrant operator to record the flow.

Step 7. Instruct the flow hydrant to be closed SLOWLY.
Step 8. Record the static pressure again at the residual hydrant.

Step 9. Remove the equipment. Be sure to open the bleeder valve on the pressure gauge hydrant cap assembly while closing the hydrant
to avoid drawing a negative pressure on the gauge.




Gladstone Water System Testing

Tanks

Collected By

Date

l Brownaw Caldwell I

Tank 1

k Tank 2

Tank Name

Location

Type and Shape (Elevated,
Ground)

Material

Volume

Diameter / Dimensions

Floor Elevation

Height

Overflow Height

Fill {e.g. from PS)

Feeds (e.g. to System)

Diagram




Gladstone Water System Testing
I Brown o Caldwell :
Pump Test i

Collected By

ol L Downstream | Elev Diff from
 Pump Name | Date/Time |Flow (gpm (Zi) Tank Elev ol Pressure |  Up/Down - Notes
‘ E ‘ ‘ P {psi) Pressures (ft)

o

Step 1. Attach pressure gauge(s) on the discharge side and the suction side (if a booster pump} of each pump. Note: If there are gauges on

the pump, remove them and use the testing gauges if possible. The vibration of the pumps can cause the gauges on the pumps to be
inaccurate.

Step 2. Record the difference in elevation between the two gauges.

Step 3. Record the time, flow rate, and pressures before, during and after operating the pump. The pump should be operated long encugh
that readings stabilize (at least 5 minutes).




Gladstone Water System Testing
I Brownaw Caldwell :
|

Pump Station Information

Pump Station Name / Location

Collected By Date

!‘ter‘ri ;  Pump 1 Pump 2 ? Pump3 | Pump4 Pump5

Pump Name / ID

Type

Speed {Constant / VFD)

Design Head (ft)

Design Flow {(gpm)

Horsepower

Number of Stages

Impeller Diameter (in)

Manufacturer

Serial Number

Model Number / Type / Size

Pump Operation
(Lead / Lag / Standby)

How Pump Controlled {Tank
Level, etc.)

On / Off Settings

Notes / Diagrams {Use back of sheet for additional notes):



Gladstone Water System Testing l Brown o Caldwell :
PRVs

PRV Name / Location

Collected By Date

Category | ’ ltem ~ Value Notes

Traffic control |Requires traffic control (Y/N)

Requires crane (Y/N)
Vault cover

Hatch is accessible {Y/N)

PRV is accessible (Y/N)

Vault Interior |Vault is Flooded (Y/N)

Vault filled with debris (Y/N)

PRV is Operational (Y/N)

Flow is going through PRV (Y/N)
PRV

Taps are Accessible

Describe needed fittings for pressure gauge

Upstream Pressure {psi)

Pressure at PRV
Downstream Pressure {psi)

Locate nearby hydrants and valves for testing PRV,

Exterior
mark on map
Area around vault
Vault cover
Photos
Vault Interior
PRV
Step 1. Do a condition assessment on the PRV. See if the PRV is accessible, pressures can be read at the PRV, etc.
Step 2. If the PRV is active but pressures cannot be read {e.g. vault needs cleaned out), clean vault and/or obtain with equipment

needed to read pressures. Make a return trip and take pressures.
Notes:
A. To verify if flow is going through the PRV (note that a pressure differential across the PRV does not mean that flow is going through the PRVY):

Option 1- Flow already going through PRV . At times a humming noise through the PRV signifies flow through the PRV.

Option 2 - Attach flow diffuser . If there is no flow through the PRV or if you are unsure, place a flow diffuser at a downstream hydrant
(mark hydrant on map) and turn on the hydrant SLOWLY.

B. If a PRV vault has 2 PRVs, the 2 PRVs may have different settings for low and high flows. If possible, obtain both settings.
For example, if flow is going through a smaller PRV (for lower flows), record that pressure and then add a diffuser to get flow through the larger PRV.



Gladstone Water System Testing
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Choked Valves

Collected By
. . ValveType | Amount Open ; o
Date /Time |  Location / Description | (butteryfly, gate, |(Number Turns, %,| Notes
' etc. if known) etc))

Step 1. Locate the choked valve and mark the location on a map.
Step 2. If possible, find out how many turns the valve is closed out of the total number of turns.



Gladstone Water System Testing I Brown o Caldwell 1
Pressure Loggers e

Collected By

L j -  Date / Time - Date/Time ~
Logger ID Locati ipti o . o Notes
ge C um/ Descnp on Installed. Removed V

Step 1. Locate the hydrant identified for pressure logger installation from maps.
Step 2. Flush the hydrant, and then install a pressure gauge mounted on a hydrant cap.

Step 3. Open the hydrant nut completely, then read and record the pressure. Confirm that the recorded pressure is not close to or over the pressure rating of
the pressure logger.

Step 4. After opening the bleeder valve on the pressure gauge/hydrant cap assembly (this prevents drawing a negative pressure which will ruin the gauge),
close the hydrant nut and replace the pressure gauge/hydrant cap assembly with a pressure logger mounted on a hydrant cap.

Step 5. Open the hydrant nut completely with the bleeder valve on the pressure logger/hydrant cap assembly open to allow the release of air from the
hydrant. Check to see that there are no leaks from the hydrant or the ground around the hydrant.

Step 6. Connect computer to the logger to confirm that the logger is sensing and logging data.
Step 7. Record the address, hydrant 1D, and mark on the map the location of the logger.

Step 8. Before removing the logger, connect the computer to the logger to confirm that data has been recording. Data download can be performed at this
point or postponed until later.

Step 9. While closing the hydrant nut to remove the logger, leave the bleeder valve on the pressure logger/hydrant cap assembly open to avoid ruining the
loggers by drawing a negative pressure.

Step 10. Check to see that all hydrant caps are replaced and the hydrant nut is fully closed prior to leaving the test site.
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Notes i

Collected By
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INTERGOVYENMENTAL
COOPERATIVE AGREEMENT

This agreement is made and entered into by and between the City of Gladstone, Oregon, an
Oregon municipal corporation, hereinafter referred to as “City”; and the Oak Lodge Water
District, a domestic water supply district created pursuant to ORS Chapter 264, hereinafter
referred to as “District”.

WITNESSETH:
RECITALS

1. In 1990, the parties hereto entered into an intergovernmental cooperative agreement to provide
for the construction and maintenance of a water system interties between the City’s water supply
system and the water supply system of the District. The purposes of that intertie in Valley View
Road are to provide emergency water supply between the two systems of the District and City
and an on-demand supplemenial source of water to the City’s high level service zone from the
District as hereinafter described in this agreement.

2. In 1998 the parties subsequently amended that agreement to provide for construction and
maintenance of a second water system intertie in Oatfield Road to provide supplemental water
service to the City’s intermediate level service zone.

3. Purposes of this current agreement are to incorporate the intent of earlier agreements, to
provide for construction and maintenance of a third water system intertie in Rinearson Road and
to provide supplemental water service for fire suppression to a portion of the City’s lower level
service zone.

The parties acknowledge that they have authority to execute this cooperativé intergovernmental
agreement pursuant to the terms of ORS 190.010.

NOW, THEREFORE, the premises being in general as stated in the foregoing recital, it is
agreed by and between the parties hereto as follows:

1. Emergency Condition Defined. - An emergency condition is considered to be an
occurrence created by a physical failure of facilities, fire suppression activities or premeditated
shutdown of water supply facilities whereby insufficient supply to water customers of either
party would threaten the health or safety of those customers. Such emergency condition includes
failure of water supply transmission pipelines.

2. On-Demand Condition Defined. An on-demand condition is considered to be an
occurrence which results in a decrease in the water pressure normally present. Such decrease in
pressure below a predetermined level will result in the utilization of a pressure regulating
facility, through which District water will flow, augmenting the City’s water supply.

3. Location. The location of the water system interties between City and District are-in
the vicinity of the intersections of: Valley View Drive and Valley View Road; Oatfield Road and
Caldwell Road; and in Rineason Road about 500 feet west of River Road.

F:\New Files\WATER & SEWER\iga.oaklodgewater final.doc 1



4. Cost, Construction Maintenance and Ownership. Interties in Valley View Road and
Oatfield Road exist at the time of this agreement and therefore no further installation cost is
anticipated. For the intertie in Rinearson Road, the District agrees to extend, maintain and own a
6” diameter water main from the northerly to the southerly side of River Road terminating in a
vault recently installed by the City. The City agrees to install, maintain and own water
appurtenances in the vault including a meter to measure water consumption, a pressure valve and
6” diameter water piping extending from the vault to a proposed 12” diameter water main that
will extend in River Road from Rinearson Road to River Road’s intersection with McLoughlin
Blvd.

5. Quantity of Water Supplied in Emergency Conditions. The party supplying water
during an emergency condition as defined herein shall endeavor to supply the maximum quantity
of water to the other and take all reasonable actions necessary to accomplish the same so long as
such actions are consistent with minimum standards for the operation of its own internal water
system.

6. Quantity of Water Supplied in On-Demand Conditions. The party supplying water
during an on-demand condition as defined herein shall endeavor to supply the maximum quantity
of water to the other and take all reasonable actions necessary to accomplish the same so long as
such actions are consistent with minimum standards for the operation of its own internal water
system.

7. Cost of Water Provided. District agrees to pay monthly to City for all water provided
to District through the interties at the same wholesale rate charged by the North Clackamas
County Water Commission (NCCWC) per 100 cubic feet plus an additional charge of 5¢ per 100
cubic feet to cover the cost of pumping. City agrees to pay monthly to the District for water
provided to City at the same wholesale rate charged by NCCWC per 100 cubic feet plus an
additional charge of 5¢ for inteties in Oatfield Road and Rineason Road, and an additional
charge of 15¢ per 100 cubic feet for the intertie in Valley View Road to cover the cost of the
existing in-place facilities including reservoirs owned and operated by District which allow the
District to provide surplus water to the City high level system at a volume and pressure greater
than can be provided by existing City facilities. The volume of water delivered to City from
District shall be calculated by District through the metered interconnection between the parties.

8. Amendment Provisions. The terms of this agreement may be amended by mutual
agreement of the parties. Any amendments shall be in writing and shall refer specifically to this
agreement, and shall be executed by the parties.

9. Prior Agreements. This agreement shall replace and supersede the previous
agreements between the parties referred to in the recitals.

10. Termination of Agreement. This agreement shall continue in effect until terminated
by City or District with written notice of such intent to terminate provided to the other party.
Notice to terminate must be provided by July 1 of any year, with termination effective January I
of the succeeding year.

11. Written Notice Addresses. All written notices required under this agreement shall be
sent to:

o
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Oak Lodge Manager

Water District Oak Lodge Water District
14496 SE River Road
Milwaukie, OR 97222

Gladstone: City Administrator
City of Gladstone
525 Portland Avenue
Gladstone, OR 97027

IN WITNESS WHEREOF, the parties have set their hands and affixed their seals as of
the date and year hereinabove written.

Oak Lodge Water District has acted in this matter pursuant to Resolution No.
adopted by its Board of Commissioners on the day of , 2007.

k4

Adopted by the Gladstone City Council on the 8™ day of May 2007.

Oak Lodge Water District

by and tthm%ard

Chairman /
By: ,
Seqi??w pa AR e ¢ ey
/ & w/ % *
Approved as to form: y: 4 Yl ptaeas T (A
"District Counsel
City of Gladstone,

by and through its (};ity @fficials

p ,M fgg wf’

C1ty Recorder '
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WATER SERVICE AGREEMENT

i ' ‘
THIS AGREEMENT, made and entered into this / [ day of Flevember—,
1994, by and between OAK LODGE WATER DISTRICT, a domestic water supply district
created pursuant to ORS Chapter 264, hereinafter referred to as Oak Lodge, and CITY

OF GLADSTONE, an Oregon municipal corporation, hereinafter referred to as Gladstone.

WITNESSETH:

WHEREAS, ihe parties to this agreement, Oak Lodge and Gladstone, were each
formed pursuant to Oregon Revised Statutes for the purpose, among others, of providing
domestic water service to water users within their respective boundaries; and

WHEREAS, presently there are few properties located within the boundaries of
Oak Lodge and Gladstone for which the other party currently provides domestic water
and these said properties receive the benefit of the “inside user” rate; and

WHEREAS, currently the majority of said properties are within the boundaries of
Gladstone; and

WHEREAS, in accordance with the present rate charges of Oak Lodge and
Gladstone, unless specific agreement is entered into between said parties, it may be
necessary for said parties to incur unnecessary construction expense or for owners of
said properties to be charged an “outside” user rate, and it is the desire of said parties
to continue existing cooperation so an “inside” water rate applies to said properties and
as a result thereof; and

WHEREAS, Oak Lodge and Gladstone have authority to execute this
intergovernmental agreement pursuant to the terms of ORS 190.010 to provide for
appropriate understanding, resolution and agreement of matters of mutual interest;

NOW, THEREFORE, said parties mutually agree as follows:

1. Oak Lodge and Gladstone will continue to provide domestic water service to
properties specifically designated in Exhibit A attached hereto and by this reference
made a part hereof, even though said properties are located within the boundaries of the
other, to-wit: Oak Lodge and Gladstone, respecitively.

2. In recognition of the community, cooperation and other practical
considerations, each party hereto agrees that they will charge said properties for
providing domestic water service at an inside user rate the same as those charges
against other like properties within their own boundaries.

FAWP_DATAWATRSERV.AGR



WATER SERVICE AGREEMENT
Page Two .. ...

3. Gladstone will continue to read water meters to determine the amount of water
provided to said properties as shown by Exhibit A and bill customers of said properties.
Oak Lodge will continue to read meters for those said properties in Gladstone where
water is provided by Oak Lodge and bill Gladstone; otherwise Gladstone will send meter
data to Oak Lodge and Oak Lodge will bill Gladstone.

4. This agreement repeals a memorandum of understanding entered into on the
1st day on May, 1978 between Oak Lodge and Gladstone; this agreement shall have no
affect upon an intergovernmental cooperative agreement for distribution system interties
presently in effect between the parties hereto.

5. No additional properties may be made subject to nor receive the benefits of
this agreement without mutual written consent by the General Manager of Qak Lodge
and City Administrator of Gladstone.

6. This agreement may be cancelled or terminated without cause by either party
hereto upon the giving of a notice in writing to the other 180 days in advance of the
desired termination date.

7. This contract shall be in full force and effect from and after the ﬂ day of
Nevembes - , 1994,

IN WITNESS WHEREOF, the parties hereto do each authorize their elected and

v}ppom’ced officials to execute this Agreement in duplicate as of the [ Y i'day of
C U b 1994,

OAK LODGE WATER DISTRICT CITY OF GLADSTONE
/

By: [f-{é&w/vf }'ZZ»-/ By: /| / A/ |

irzs'ydent of Board ayor (/

; W7 e

By: - ‘2; w /‘ﬁi&fﬂ« By: > } mﬂmwﬂ@ﬁ C/W -

'Secretary of Board ‘ City Recorder

Oak Lodge Water District City of Gladstone

14496 S. E. River Road ' 525 Portland Avenue

Milwaukie, OR 97222 Gladstone, OR 97027
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Exhibit A

Properties in Gladstone and where water is provided by Oak Lodge

Address Oak Lodge Acct. # Gladstone Acct. #
18105 Hardway Court 560072 1606340
18115 Hardway Court 560073 1606350
18125 Hardway Court 560074 ' 1606360
18120 Hardway Court 560075 1606370
18110 Hardway Court 560076 1606380
18100 Hardway Court 560077 1606390
17651 Oatfield Road 560840 1702450
17707 Qatfield Road 560850 1702500
17711 QOatfield Road 560860 1702550
17717 Oatfield Road 560870 1702600
5306 Rinearson Road 400990 1802950
5202 Rinearson Road 400985 1803000

16455 Ormae Road*
16465 Ormae Road*

*Assigned addresses for future lots approved by Gladstone Planning Commission, File
No. PART-94-4.

Properties in Oak Lodge where water is provided by Gladstone

18221 S. E. Portland Avenue N/A 1607410
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ADDENDUM No. 1 TO THE SECOND AMENDED
INTERGOVERNMENTAL AGREEMENT
FOR
THE NORTH CLACKAMAS COUNTY
WATER COMMISSION
TO ADD THE CITY OF GLADSTONE
AS A MEMBER OF THE COMMISSION

Dated Ji A ol

, 2005
Agreement Between
The Sunrise Water Authority,
The Oak Lodge Water District,
And

The City of Gladstone



ADDENDUM No. 1
TO THE SECOND AMENDED INTERGOYERNMENTAL AGREEMENT FOR
THE NORTH CLACKAMAS COUNTY WATER COMMISSION
TO ADD THE CITY OF GLADSTONE AS A MEMBER OF THE COMMISSION

This INTERGOVERNMENTAL AGREEMENT is made this ___ day of June,
2005, by and between the Sunrise Water Authority (“Sunrise”), the Oak Lodge Water
District (“Oak Lodge”) and the City of Gladstone (“Gladstone”), hereinafter collectively
referred to as the Parties.

RECITALS:

WHEREAS, the North Clackamas County Water Commission (“NCCWC” or the
“Commission”) is an intergovernmental agency organized under ORS Chapter 190 by
Oak Lodge and Sunrise to process water from the Clackamas River into safe, clean
drinking water and to supply the treated water to members of the Commission; and

WHEREAS, Gladstone is an Oregon home rule city authorized by law to operate
a municipal water supply system and to enter into intergovernmental agreements under
ORS Chapter 190; and

WHEREAS, the Parties desire that Gladstone become a member of the NCCWC;

NOW THEREFORE, in consideration of the mutual covenants and agreements
contained herein, the Sunrise Water Authority, the Oak Lodge Water District and the City
of Gladstone agree as follows:

AGREEMENT
1. Addendum.

This Addendum No. 1 is to the Second Amended Intergovernmental Agreement
between Oak Lodge and Sunrise, dated September 3, 2004, which is incorporated and
veferred to herein as the “Second Amended IGA”, The City of Gladstone adopts and
agrees to be bound by the terms of the Second Amended IGA as if they were fully set out
in this Addendum. Unless modified in this Addendum No. 1, all terms and conditions in
the Second Amended IGA shall remain in effect. Conflicts shall be resolved in favor of
Addendum No. 1. This Addendum confers no rights or power to enforce its terms upon
any other person or Party not specifically mentioned in either document except for the
Sunrise Water Authority, the Oak Lodge Water District, the City of Gladstone or the
North Clackamas County Water Commission.



2. Reconstituted Commission.

(a) The reconstituted Commission shall be composed of seven (7) members.
Three (3) members shall be selected by the Board of Commissioners of Oak Lodge, three
(3) members shall be selected by the Board of Commissioners of Sunrise and one (1)
member shall be selected by the City Council of Gladstone.

(b) A Commissioner shall be a voting member of the governing body, council
or board of commissioners of the Party making the selection.

(¢)  The Commission shall select a Chair from among its members to serve a
term of one year beginning July 1* of each year. The position of Chair shall rotate each
year to represent each Party beginning with Sunrise, then Oak Lodge and then Gladstone.
The Commissioners shall also select a Vice Chair to serve in the absence of the Chair.

(d  Bach Commissioner shall have one vote on any matter coming before the
Commission. Five (5) Commissioners shall be present to meet the requirement for
quorum of the Commission. Five (5) affirmative votes shall be needed to adopt any
measure, ordinance or resolution.

3. Commission Assets.

(1)  Each Party to this Addendum No. 1 shall have an undivided interest in the
assets of the Commission in the following percentages: Sunrise — forty eight percent
(48%), OLWD --forty two percent (42%), and, Gladstone — ten percent (10%).

(b)  Gladstone shall pay $2.5 million in cash for its ten percent interest in the
assets and liabilities of the Commission and the entitlement to an Allocation of 2.5
million gallons per day (MGD) of treated water from the Commission. $2.0 million shall
be paid to Oak Lodge and $0.5 million shall be paid to Sunrise. In addition, Gladstone
shall assign or transfer a total of 8.9 MGD of Clackamas River water rights. 5 MGD
which includes water rights on the Clackamas River certificated at the time of this
Addendum to the Commission and 3.9 MGD to Sunrise. Payment of money due from
Gladstone under the terms of this Addendum shall be made within thirty (30) days of the
receipt of proceeds from bonds sold to finance the purchase or by December 31, 2005,
whichever first occurs.

(c) Gladstone shall support substitution of NCCWC for itself as a member of
the Willamette Water Resources Commission (WWRC) and shall support NCCWC
efforts to secure the largest possible access to Willamette River water rights.

4, Water Allocations.
(a) Each Party shall have a right to call upon the Commission to supply the

Party with treated water up to the amount of its Allocation as provided in this paragraph.
The Allocations of the Parties upon completion of the expansion of the NCCWC



treatment plant referred to in section 4 of the Second Amended IGA are, at a minimumn:
Sunrise 12 MGD, Oak Lodge Water District 10.5 MGD and Gladstone 2.5 MGD. If the
operating capacity of the expanded plant exceeds the designed capacity of 25 MGD, then
Sunrise shall be entitled to call upon eighty percent (80%) and Oak Lodge twenty percent
(20%) of the exceedance.

Oak Lodge and Gladstone agree to grant to Sunrise a first right fo purchase any
part of their Allocation not needed to serve their customers and ratepayers, at a price to
be based upon cost of service at the time of purchase and without a premium. To
facilitate planning, Oak Lodge and Gladstone will each provide Sunrise with a rolling
five (5) year forecast of projected water use by January 1 of each year. By March 1 of
each year, Sunrise will provide Oak Lodge and Gladstone with a firm commitment of its
need for water from the Oak Lodge Allocation, for the five (5) year period. Sunrise may,
but is not obligated to, purchase such excess Allocation from Oak Lodge or Gladstone
before using (a) groundwater from wells in use listed in paragraph 6.02 B. of the Second
Amended IGA; (b) water from Clackamas River Water contract dated March 8, 2001;
and (c) water as may be authorized for use under permit application No. 5-74056 now
pending before the Water Resources Department.

5. Use of the Facilities and Improvements of Other Commission Members.

(a) Each Party shall make its facilities available for the use of every other
Party to this Addendum and to the Commission to the extent such facilities are not
presently required to serve the customers and ratepayers of the party that owns them. The
owner of the facility shall be entitled to a fee for its use. Fees charged by a Party to this
Addendum to any other Party or to the Commission shall be established on a cost of
service basis.

(b)  Facilities owned by Parties to be made available under this paragraph
include but are not limited to Oak Lodge’s 24” transmission line and the Valley View
Reservoirs, the Oak Lodge pump station from Clackamas River Water and the City of
Gladstone 27" transmission line. These facilities may be used by any Party, as needed, on
a cost of service basis, provided as above that ownership of the facility remains with the
Party providing it and that Party shall have first priority in its use. The right to use a
facility under this Addendum shall cease if the facility is sold or transferred to another by
the owner or retired from service by the owner.

(©) In case a facility or improvement that is owned by a Party and which is
used by the Commission or by a Party to the Agreement or this Addendum is to be
retired, sold or transferred, the owner of the facility or improvement shall notify the other
Parties and the Commission in writing at least sixty days prior being irrevocably
committed to the sale, transfer or retirement. In no case shall use by a Party to this
Addendum other than the owner be used as grounds in any proceeding or litigation of any
kind the intent or effect of which is to interfere with the facility owner’s right to sell,
transfer or retire the facility. Should a Party to the Agreement or this Addendum elect to
sell, transfer or retire an improvement or facility used by another Party to the Agreement



or Addendum the Commission or a Party to the Agreement or to this Addendum shall
have a “right of first refusal” to purchase the facility which shall be exercised within sixty
(60) days of receipt of the notice above provided for.

6. Termination.

(a) The Parties have transferred a total of 48.9 MGD of water rights permits
and applications to the Commission. Upon termination of this Addendum No. 1 or
dissolution of the NCCWC with the first phase of the facility expansion completed, but
the second phase not completed, the Parties shall be deemed to be the owners of 25 MGD
of Clackamas River water rights held by the Commission for use at the site. The share of
ownership for each party shall be in the same proportions as its undivided ownership in
the Commission. In addition to its partial ownership of the 25 MGD, Sunrise shall also
be deemed to be the owner of 10 MGD of the remaining 23.9 MGD and Oak Lodge shall
be deemed the owner of 10 MGD of the remaining 23.9 MGD and Gladstone shall be
deemed the owner of 3.9 MGD. Gladstone’s share of water rights shall include those
Clackamas River water rights certificated at the time of this Addendum given to the
Commission by Gladstone (2.6 MGD).

(b)  Upon termination of this Addendum No. 1 or dissolution of the NCCWC
after both phases of construction of the membrane filter, the Parties shall be deemed to be
joint owners of Clackamas River water rights, permits and certificates held by the
Commission, up to the maximum beneficial use Commission facilities are capable of
delivering at that time. Water rights cettificates and permits given to the Commission by
the Parties to the Second Amended IGA that cannot be used at the Commission site shall
be distributed to Sunrise up to the amount in section 6.03 C of the Second Amended IGA,
provided that, Gladstone shall be entitled to 3.9 MGD of Clackamas River water rights
contributed to the Commission including the certificated water rights held by the
Commission received from Gladstone. Water rights held separately by the Parties shall
be unaffected.

(¢)  Unless otherwise agreed, upon dissolution of the NCCWC the disposition
of assets shall be in accordance with section 8.02 of the Second Amended IGA, provided
that Gladstone shall have the same rights as Oak Lodge. In the event neither Sunrise nor
Oak Lodge purchases the assets of the Commission upon termination, Gladstone may do
so. If a Party withdraws from the NCCWC or if termination occurs under section 8.03 of
the Second Amended IGA, and if the remaining Parties wish to continue the
Commission, the remaining Parties shall purchase the interest of the terminating Party.

s
/) Effective Date. This Addendum No. 1 shall be effective on the L_:,} f"éiay of
i/

/a‘@f;mf’; 2005.

Address of the Parties. The physical addresses of the Parties are as follows:



Sunrise Water Authority: Sunrise Water Authority
10602 SE 129" Ave,
Portland, OR 97236

Oak Lodge Water Oak Lodge Water District
District: 14496 SE River Rd.
QOak Grove, OR 97267

City of Gladstone: City of Gladstone
City Hall
525 Portland Avenue
Gladstone, OR 97027

7. Execution of Counterpatts and Duplicate Originals.

This Agreement may be executed in counterparts and by the Parties on separate
counterparts, The Agreement shall be made when each Party has executed a counterpart.
There shall be at least three (3) duplicate originals containing the signatures of the
representatives of all Parties. One original shall be retained by each Party and one
original shall be kept in the files of the Commission.

IN WITNESS WHEREOQF, the Parties have, pursuant to the official action of their
governing bodies, duly authorizing the same, caused their respective officers to execute
this instrument.

SUNRISE WATER AUTHORITY

By M
/XM f—

%

¢

OAK LODGE WATER DISTRICT

By OA;AA /%\;}u??& d\
Attes/ K(/d}’(%;ﬁ ‘5&//7/

CITY OF GLADSTONE

By

Aftest




Sunrise Water Authority: Sunrise Water Authority
10602 SE 129" Ave.
Portland, OR 97236

Oak Lodge Water ' Oak Lodge Water District
- District: 14496 SE River Rd.
Qak Grove, OR 97267

City of Gladstone: City of Gladstone
City Hall
525 Portland Avenue
Gladstone, OR 97027

7. Execution of Counterparts and Duplicate Originals.

This Agreement may be executed in counterparts and by the Parties on separate .
counterparts. The Agreement shall be made when each Party has executed a counterpart.
There shall be at least three (3) duplicate originals containing the signatures. of the
representatives of all Parties. One original shall be retained by each Party and one
original shall be kept in the files of the Commission.

IN WITNESS WHEREOF, the Parties have, pursuant to the official action of their
governing bodies, duly authorizing the same, caused their respective officers to execute
this instrument.

SUNRISE WATER AUTHORITY

By

Attest

OAK LODGE WATER DISTRICT

By i

Attest

CITY OF GLADSTONE

&
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Appendix F: Basis of Estimate Report

Brownaw Caldwell :







Appendix F

Basis of Estimate Report

Introduction

Brown and Caldwell’s opinion of the probable construction cost (estimate) for the Gladstone Water Master
Plan is presented below.

Summary

This Basis of Estimate contains the following information:
« Scope of work

« Background of this estimate

+ Class of estimate

»  Estimating methodology

« Direct cost development

« Indirect cost development

« Bidding assumptions

« Estimating assumptions

«  Estimating exclusions

» Allowances for known but undefined work
« Contractor and other estimate markups

Scope of Work

This cost estimate includes preliminary pricing for the following water system features:

Unit price for installation of a 6-, 8- and 12-inch DI water mains which includes patching of asphalt.
Unit Price for fire hydrant installation with 40 LF of 6” ductile iron pipe.

Unit price for 1.5 inches of milling and over-lay of asphalt based on 1 foot L x 12 foot W area.

Unit price for a typical copper domestic water service (40 LF of 1-inch copper pipe).

installation of a 600 LF x 24-foot-wide asphalt access road to the 2 MG water tank.

Installation of a 2MG concrete water tank.

NOo s N R

Alternate price as a separate estimate to install a 2MG welded steel water tank.

Background of this Estimate of Probable Construction Cost

The attached estimate of probable construction cost is based on documents dated July 21, 2014, received
by the ESG. These documents are described as O - 2 percent complete based on the current project
progression, additional or updated scope and/or quantities, and ongoing discussions with the project team.
Further information can be found in the detailed estimate reports.

3 - » mf
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Gladstone Water System Master Plan Appendix F

AACE! Estimate Classification

In accordance with the Association for the Advancement of Cost Engineering International (AACE) criteria,
this is a Class 5 estimate. A Class 5 estimate is defined as a Conceptual Level or Project Viability Estimate.
Typically, engineering is from O to 2 percent complete. Class 5 estimates are used to prepare planning level
cost scopes or evaluation of alternative schemes, long range capital outlay planning and can also form the
base work for the Class 4 Planning Level or Design Technical Feasibility Estimate.

Expected accuracy for Class 5 estimates typically ranges from -50 to +100 percent, depending on the
technological complexity of the project, appropriate reference information and the inclusion of an appropri-
ate contingency determination. In unusual circumstances, ranges could exceed those shown.

Estimating Methodology

This estimate was prepared using quantity take-offs, vendor quotes and equipment pricing furnished either
by the project team or by the estimator. The estimate includes direct labor costs and anticipated productivity
adjustments to labor, and equipment. Where possible, estimates for work anticipated to be performed by
specialty subcontractors have been identified.

Construction labor crew and equipment hours were calculated from production rates contained in docu-
ments and electronic databases published by R.S. Means, Mechanical Contractors Association (MCA),
National Electrical Contractors Association (NECA), and Rental Rate Blue Book for Construction Equipment
(Blue Book).

This estimate was prepared using BC’s estimating system, which consists of a Windows-based commercial
estimating software engine using BC’s material and labor database, historical project data, the latest vendor
and material cost information, and other costs specific to the project locale.

Direct Cost Development

Costs associated with the General Provisions and the Special Provisions of the construction documents,
which are collectively referred to as Contractor General Conditions (CGC), were based on the estimator’s
interpretation of the contract documents. The estimates for CGCs are divided into two groups: a time-related
group (e.g., field personnel), and non-time-related group (e.g., bonds and insurance).Labor burdens such as
health and welfare, vacation, union benefits, payroll taxes, and workers compensation insurance are includ-
ed in the labor rates. No trade discounts were considered.

Indirect Cost Development

A percentage allowance for contractor’'s home office expense has been included in the overall rate markups.
The rate is standard for this type of heavy construction and is based on typical percentages outlined in
Means Heavy Construction Cost Data.

The contractor’s cost for builder's risk, general liability and vehicle insurance has been included in this
estimate. Based on historical data, this is typically two to four percent of the overall construction contract
amount. These indirect costs have been included in this estimate as a percentage of the gross cost, and are
added after the net markups have been applied to the appropriate items.

BrownwoCaldwell :
F-2




Gladstone Water System Master Plan Appendix F

Bidding Assumptions
The following bidding assumptions were considered in the development of this estimate.
1. Bidders must hold a valid, current Contractor’s credentials, applicable to the type of project.

2. Bidders will develop estimates with a competitive approach to material pricing and labor productivity,
and will not include allowances for changes, extra work, unforeseen conditions or any other unplanned

costs.
3. Estimated costs are based on a minimum of four bidders. Actual bid prices may increase for fewer
bidders or decrease for a greater number of bidders.

4. Bidders will account for General Provisions and Special Provisions of the contract documents and will
perform all work except that which will be performed by traditional specialty subcontractors as identified

here:

— Electrical and Instrumentation
— HVAC systems

— Paintings and Coatings

Estimating Assumptions

As the design progresses through different completion stages, it is customary for the estimator to make

assumptions to account for details that may not be evident from the documents. The following assumptions

were used in the development of this estimate.

1. Contractor performs the work during normal daylight hours, nominally 7 a.m. to 5 p.m., Monday through
Friday, in an 8-hour shift. No allowance has been made for additional shift work or weekend work.

2. Contractor has complete access for lay-down areas and mobile equipment.

3. Equipment rental rates are based on verifiable pricing from the local project area rental yards, Blue
Book rates and/or rates contained in the estimating database.

4. Contractor markup is based on conventionally accepted values that have been adjusted for project-area
economic factors.

5. Major equipment costs are based on both vendor supplied price quotes obtained by the project design
team and/or estimators, and on historical pricing of like equipment.

6. Process equipment vendor training using vendors’ standard Operations and Maintenance (0&M)
material, is included in the purchase price of major equipment items where so stated in that quotation.

7. Bulk material quantities are based on manual quantity take-offs.

8. There is sufficient electrical power to feed the specified equipment. The local power company will supply
power and transformers suitable for this facility.

9. Soils are of adequate nature to support the structures. No piles have been included in this estimate.

10. The asphalt access road is estimated as 600 LF long by 24 wide asphalt.

A 16’ shoulder/ ditch will be located on one side of the access road for a total width 40 feet per Angela
Wieland's request. The estimate assumes grading 4’ of dirt over half the area for the access road
(12,000 SF), resulting in 1,778 CY of earth movement.

11. The tank clearing area is 250’ x 250’. The earth movement quantity is based on moving 4’ of dirt over
half the area (31,250 SF), resulting in 4,629 CY of earth movement.

Brownaws Caldwell :
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Gladstone Water System Master Plan Appendix F

Estimating Exclusions

The following estimating exclusions were assumed in the development of this estimate.
1. Hazardous materials remediation and/or disposal.

2. 0&M costs for the project with the exception of the vendor supplied 0&M manuals.
3. Utility agency costs for incoming power modifications.

4. Permits beyond those normally needed for the type of project and project conditions.
5. SCADA for water tank operation

Allowances for Known but Undefined Work

The following allowances were made in the development of this estimate.
1. Chain Link Fence - 1,000 LF

2. Gravel at perimeter of tank - 416 CY

3. Excavate & fill for access road - 1,778 CY

4. Excavate & fill for tank 4,629 CY

Contractor and Other Estimate Markups

Contractor markup is based on conventionally accepted values which have been adjusted for project-area
economic factors. Estimate markups are listed in Table 1.

ltem Rate (%)

Net cost markups
Labor (employer payroli burden) 10
Materials and process equipment 10
Equipment (construction-related) 10
Subcontractor 5
Material shipping and handling 2
Gross cost markups
Contractors general conditions 10
Traffic control (in lieu of 2% for contractor start-up, training and 0&M) 2
Undesigned/undeveloped detail construction contingency 40
Builders risk, liability and auto insurance 2
Performance and payment bonds 1.5
Escalation to midpoint of construction 0

Brown«~ Caldwell :
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Gladstone Water System Master Plan Appendix F

Net Cost Markups

Net cost markups are applied to specific components of the net construction cost. Net costs plus net cost
markups are reflected in the unit pricing for system components as shown in the individual capital improve-

ment project cost estimates.

Labor Markup

The labor rates used in the estimate were derived chiefly from the latest published State Prevailing Wage
Rates. These include base rate paid to the laborer plus fringes. A labor burden factor is applied to these
such that the final rates include all employer paid taxes. These taxes are FICA (which covers social security
plus Medicare), Workers Comp (which varies based on state, employer experience and history) and unem-
ployment insurance. The result is fully loaded labor rates. In addition to the fully loaded labor rate, an
overhead and profit markup is applied at the back end of the estimate. This covers payroll and accounting,
estimator’s wages, home office rent, advertising and owner profit.

Materials and Process Equipment Markup

This markup consists of the additional cost to the contractor beyond the raw dollar amount for material and
process equipment. This includes shop drawing preparation, submittal and/or re-submittal cost, purchasing
and scheduling materials and equipment, accounting charges including invoicing and payment, inspection of
received goods, receiving, storage, overhead and profit.

Equipment (Construction) Markup

This markup consists of the costs associated with operating the construction equipment used in the project.
Most GCs will rent rather than own the equipment and then charge each project for its equipment cost. The
equipment rental cost does not include fuel, delivery and pick-up charges, additional insurance require-
ments on rental equipment, accounting costs related to home office receiving invoices and payment.
However, the crew rates used in the estimate do account for the equipment rental cost. Occasionally, larger
contractors will have some or all of the equipment needed for the job, but in order to recoup their initial
purchasing cost they will charge the project an internal rate for equipment use which is similar to the rental
cost of equipment. The GC will apply an overhead and profit percentage to each individual piece of equip-
ment whether rented or owned.

Subcontractor Markup

This markup consists of the GC's costs for subcontractors who perform work on the site. This includes costs
associated with shop drawings, review of subcontractor's submittals, scheduling of subcontractor work,
inspections, processing of payment requests, home office accounting, and overhead and profit on subcon-

tracts.

Material Shipping and Handling

This can range from 2 to 6 percent, and is based on the type of project, material makeup of the project, and
the region and location of the project. Material shipping and handling covers delivery costs from vendors,
unloading costs (and in some instances loading and shipment back to vendors for rebuilt equipment), site
paper work, and inspection of materials prior to unloading at the project site. BC typically adjusts this
percentage by the amount of materials and whether vendors have included shipping costs in the quotes that
were used to prepare the estimate. This cost also includes the GC’s cost to obtain local supplies; e.g., oil,
gaskets and bolts that may be missing from the equipment or materials shipped.

S - o 2%
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Gladstone Water System Master Plan Appendix F

Gross Cost Markups

Gross cost markups are applied to the net construction cost plus net cost markups. Gross cost markups are
applied to the accumulative cost in the order of markups reflected in Table 1.

General Conditions

General conditions are associated with contractor start-up costs and reflect scheduling, mobilization, and
demobilization.

Traffic Control

A 2% markup was assigned for traffic control, given construction primarily in the public right-of-way (i.e., pipe
replacement).

Undesigned/Undeveloped Detail Construction Contingency

The contingency factor covers unforeseen conditions, area economic factors, and general project complexity.
This contingency is used to account for those factors that cannot be addressed in each of the labor and/or
material installation costs. Based on industry standards, completeness of the project documents, project
complexity, the current design stage and area factors, construction contingency can range from 10 to

50 percent. Contingency is applied at the estimators discretion based on the amount of Unde-
signed/undeveloped detail for the particular project. Specific for this master plan-level assessment, contin-
gency was more conservatively estimated.

Builders Risk, Liability, and Vehicle Insurance

This percentage comprises all three items. There are many factors which make up this percentage, including
the contractor’s track record for claims in each of the categories. Another factor affecting insurance rates
has been a dramatic price increase across the country over the past several years due to domestic and
foreign influences. Consequently, in the construction industry we have observed a range of 0.5 to 1 percent
for Builders Risk Insurance, 1 to 1.25 percent for General Liability Insurance, and 0.85 to 1 percent for
Vehicle Insurance. Many factors affect each area of insurance, including project complexity and contractor’'s
requirements and history. instead of using numbers from a select few contractors, we believe it is more
prudent to use a combined 2 percent to better reflect the general costs across the country. Consequently,
the actual cost could be higher or lower based on the bidder, region, insurance climate, and on the contrac-
tor’s insurability at the time the project is bid.

Performance and Payment Bonds

Based on historical and industry data, this can range from 0.75 to 3 percent of the project total. There are
several contributing factors including such items as size of the project, regional costs, and contractor’s
historical record on similar projects, complexity and current bonding limits. BC uses 1.5 percent for bonds,
which we have determined to be reasonable for most heavy construction projects.

Escalation to Midpoint of Construction for All Project Cost

Typically for design estimates, in addition to contingency, it is customary for projects that will be built over
several years to include an escalation to midpoint of anticipated construction to account for the future
escalation of labor, material and equipment costs beyond values at the time the estimate is prepared. For
this project, given the unknown nature of construction schedule, costs are reﬂected in 2014 dotlars, and no
escalation to midpoint of construction has been estimated.

Brownaw Caldwell :
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Attachment A
Estimate of Probable Construction Cost
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ltem Unit Cost
Water Facility Installation
PRV Station EA $30,000
6-inch Ductile-lron Pipe with asphalt patch LF $154
8-inch Ductile=lron Pipe with asphalt patch LF $179
12-inch Ductile-lron Pipe with asphalt patch LF $212
Semvice Line Connection (40" of 1" Copper Domestic Sevice) EA $2,473
Hydrant Replacement EA $9,615
Hydrant Removal EA $884
Site Clearing (access road) AC $26,417
Cut and Fill (access road) cY $18.84
Site Clearing (storage tank) AC $29,844
Cut and Fill (storage tank/ vault) cY $11.56
Scaffolding (tank construction) LS $43,200.00
Concrete Tank Construction GAL $0.85
Steel Tank Construction GAL $0.84
SCADA - Model M-800 SCADA RTU System, NEMA 1 EA $1,995.00
SCADA - Model M-800 SCADA RTU System, NEMA 4X EA $2,095.00
SCADA - Analog Input Expansion Module EA $495.00
SCADA - 50" Antenna Cable EA $75.00
MTU Onsite Power, 125 kW diesel Generator, Sub Base Fuel Tank and Quiet Zone Enclosure| EA $51,569.00
Eaton Power Products, 480V, 200A, 3 Pole Service Entrance ATS EA $6,500.00
Misc. Electrical Materials (conduit, cable, hardware) for gen set installation LS $6,200.00
Restoration/ Resurfacing
Milling, Asphalt and Overlay (one lane width for pipe install) LF $15
Asphaltic Paving SF $5.06
Fencing/ Exterior Stonework ‘ LF $58.54
Gross Markups (applied to project subtotals)
Contractors General Conditions (%) LS 10%
Traffic Control (%) LS 2%
Construction Contingency (%) LS 40%
Builders Risk, Liability and Auto Insurance (%) LS 2%
Performance and Payment Bonds (%) LS 1.50%
Design/ Administrative
Engineering and Permitting (%) LS | Varies (20-40%)
Construction Administration (%) LS 5%
SCADA System - Freight Charges LS $35.00
SCADA System - Set Up Fee and Onsite Training LS $250.00
SCADA System - Install (Pump Station) LS $2,000.00
SCADA System - Install (Meter) LS $750.00
Gen Set - Install LS $25,600.00
Maintenance
SCADA - Sewvice Plan Fee Annual $570.00
SCADA - Analog Expansion Service Fee Annual $60.00

k- » N
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Description Quantity | Unit | Unit Cost (2014) | 2014 ost

Capital Expenses

12-inch Ductile-iron Pipe with asphalt patch 1,604 | LF $212 $340,048
Service Line Connection (40 of 1" Copper Domestic Service) 26 EA $2,473 $64,298
Hydrant Removal 4 EA $884 $3,536
Hydrant Replacement 4 EA $9,615 $38,460
Milling, Asphalt and Overlay (one lane width for pipe install) 1,604 | LF $15 $24,060
Capital Expense Subtotal $470,402
Gross Markups

Contractors General Conditions (%) LS 10% $47,040
Traffic Control (%) LS 2% $10,349
Construction Contingency (%) LS 40% $211,116
Builders Risk, Liability and Auto Insurance (%) LS 2% $14,778
Performance and Payment Bonds (%) LS 1.5% $11,305
Project Subtotal $764,991
Administrative Expenses

Engineering and Permitting (%) LS 20% $152,998
Construction Administration (%) LS 5% $38,250
Administrative Expense Total $191,248
Capital Implementation Cost Total $956,239

- LXS -
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Description Quantity | Unit | Unit Cost (2014) | 2014 Cost
Capital Expenses
8-inch Ductile-Iron Pipe with asphalt patch 817 LF $179 $146,243
8-inch Ductile-fron Pipe with asphalt patch 60 LF $179 $10,740
12-inch Ductile-lron Pipe with asphalt patch 1,088 | LF $212 $230,656
Setvice Line Connection {40 of 1" Copper Domestic Service) | 32 EA $2,473 $79,136
Hydrant Removal 6 EA $884 $5,304
Hydrant Replacement 6 EA $9,615 $57,690
Milling, Asphalt and Overlay (one lane width for pipe install) 1,905 | LF $15 $28,575
PRV Station 2 EA $30,000 $60,000
Cut and Fill (storage tank/ vault) 56 cY $12 $647
Capital Expense Subtotal $618,991
Gross Markups
Contractors General Conditions (%) LS 10% $61,899
Traffic Control (%) LS 2% $13,618
Construction Contingency (%) LS 40% $277,803
Builders Risk, Liability and Auto Insurance (%) LS 2% $19,446
Performance and Payment Bonds (%) LS 1.5% $14,876
Project Subtotal $1,006,634
Administrative Expenses
Engineering and Permitting (%) LS 20% $201,327
Construction Administration (%) LS 5% $50,332
Administrative Expense Total $251,659
Capital Implementation Cost Total $1,258,293

Brown«w Caldwell :
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‘ Description Unit Cost 2014) 2014 Cost

Capital Expenses

8-inch Ductile-lron Pipe with asphalt patch 1,836 | LF $179 $328,644
Service Line Connection {40' of 1" Copper Domestic Service) 14 EA $2,473 $34,622
Hydrant Removal 2 EA $884 $1,768
Hydrant Replacement 2 EA $9,615 $19,230
Milling, Asphalt and Overlay (one lane width for pipe instali) 1,836 | LF $15 $27,540
Capital Expense Subtotal $411,804
Gross Markups

Contractors General Conditions (%) ] 10% $41,180
Traffic Control (%) LS 2% $9,060
Construction Contingency (%) LS 40% $184,818
Builders Risk, Liability and Auto insurance (%) LS 2% $12,937
Performance and Payment Bonds (%) LS 1.5% $9,897
Project Subtotal $669,696
Administrative Expenses

Engineering and Permitting (%) LS 20% $133,939
Construction Administration (%) LS 5% $33,485
Administrative Expense Total $167,424
Capital implementation Cost Total $837,120

WE o = 0
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Description Quantity  Unit; Unit Cost (2014) | 2014 Cost
Capital Expenses
12-inch Ductile-Iron Pipe with asphalt patch 100 LF $212 $21,200
Milling, Asphalt and Overlay (one lane width for pipeinstall)| 100 LF $15 $1,500
PRV Station 1 EA $30,000 $30,000
Cut and Fill {storage tank/ vault) 28 cY $12 $324
Capital Expense Subtotal $53,024
Gross Markups
Contractors General Conditions (%) . Ls 10% $5,302
Traffic Control (%) LS 2% $1,167
Construction Contingency (%) LS 40% $23,797
Builders Risk, Liability and Auto Insurance (%) ! LS 2% $1,666
Performance and Payment Bonds (%) LS 1.5% $1,274
Project Subtotal $86,230
Administrative Expenses
Engineering and Permitting (%) LS 20% $17,246
Construction Administration (%) LS 5% $4,311
Administrative Expense Total $21,557
Capital Implementation Cost Total $107,787
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost

Capital Expenses
12-inch Ductile-tron Pipe with asphalt patch 100 LF $212 $21,200
Milling, Asphalt and Overlay (one lane width for pipe install); 100 LF $15 $1,500
PRV Station 1 EA $30,000 $30,000
Cut and Fill (storage tank/ vault) 28 CY $12 $324
Capital Expense Subtotal $53,024
Gross Markups
Contractors General Conditions (%) LS 10% $5,302
Traffic Contro! (%) LS 2% $1,167
Construction Contingency (%) LS 40% $23,797
Builders Risk, Liability and Auto Insurance {%) LS 2% $1,666
Performance and Payment Bonds (%) LS 1.5% $1,274
Project Subtotal $86,230
Administrative Expenses
Engineering and Permitting (%) LS 20% $17,246
Construction Administration (%) LS 5% $4,311
Administrative Expense Total $21,557
Capital Implementation Cost Total $107,787
Brown~eCaldwell :

FA-6



Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost
Capital Expenses
8-inch Ductile-lron Pipe with asphalt patch 510 LF $179 $91,290
Semvice Line Connection (40°* of 1" Copper Domestic Sewvice) 17 EA $2,473 $42,041
Hydrant Removal 2 EA $884 $1,768
Hydrant Replacement 2 EA $9,615 $19,230
Milling, Asphalt and Overlay (one lane width for pipe install) 503 LF $15 $7,545
Capital Expense Subtotal $161,874
Gross Markups
Contractors General Conditions (%) LS 10% $16,187
Traffic Control (%) LS 2% $3,561
Construction Contingency (%) LS 40% $72,649
Builders Risk, Liability and Auto Insurance (%) LS 2% $5,085
Performance and Payment Bonds (%) LS 1.5% $3,890
Project Subtotal $263,247
Administrative Expenses
Engineering and Permitting (%) LS 20% $52,649
Construction Administration (%) LS 5% $13,162
Administrative Expense Total $65,812
Capital implementation Cost Total $329,059
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Gladstone Water System Master Plan Appendix F

escnption Quantity | Unit Uthost(2014) 2014 Cost

Capital Expenses

12-inch Ductile-lron Pipe with asphalt patch 100 LF $212 $21,200
Milling, Asphalt and Overlay (one lane width for pipe install)| 100 LF $15 $1,500
PRV Station 1 EA $30,000 $30,000
Cut and Fill (storage tank/ vault) 28 cYy $12 $324
Capital Expense Subtotal $53,024
Gross Markups

Contractors General Conditions (%) LS 10% $5,302
Traffic Control (%) LS 2% $1,167
Construction Contingency (%) LS 40% $23,797
Builders Risk, Liability and Auto Insurance (%) LS 2% $1,666
Performance and Payment Bonds (%) LS 1.5% $1,274
Project Subtotal $86,230
Administrative Expenses

Engineering and Permitting (%) LS 20% $17,246
Construction Administration (%) LS 5% $4,311
Administrative Expense Total $21,557
Capital Implementation Cost Total $107,787
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost
Capital Expenses
12-inch Ductile-Iron Pipe with asphait patch 1,194 | LF $212 $253,128
Senvice Line Connection (40" of 1" Copper Domestic Service) - EA $2,473 $-
Hydrant Removal 3 EA $884 $2,652
Hydrant Replacement 3 EA $9,615 $28,845
Milting, Asphalt and Overlay (one lane width for pipe install) 1,194 | LF $15 $17,910
PRV Station 1 EA $30,000 $30,000
Cut and Fill (storage tank/ vault) 28 cY $12 $324
Capital Expense Subtotal $332,859
Gross Markups
Contractors General Conditions (%) LS 10% $33,286
Traffic Control (%) LS 2% $7,323
Construction Contingency (%) LS 40% $149,387
Builders Risk, Liability and Auto Insurance (%) LS 2% $10,457
Performance and Payment Bonds (%) LS 1.5% $8,000
Project Subtotal $541,311
Administrative Expenses
Engineering and Permitting (%) LS 20% $108,262
Construction Administration (%) LS 5% $27,066
Administrative Expense Total $135,328
Capital Implementation Cost Total $676,639
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Gladstone Water System Master Plan Appendix F

Description Qantity Unit UnitCst(014) 2014 Cst

Capital Expenses
8-inch Ductile-iron Pipe with asphalt patch 905 LF $179 $161,995
Service Line Connection (40" of 1" Copper Domestic Service) 18 EA $2,473 $44,514
Hydrant Removal 2 EA $884 $1,768
Hydrant Replacement 3 EA $9,615 $28,845
Milling, Asphalt and Overlay {(one lane width for pipe install) 905 LF $15 $13,575
Capital Expense Subtotal $250,697
Gross Markups
Contractors General Conditions (%) LS 10% $25,070
Traffic Control (%) LS 2% $5,515
Construction Contingency (%) LS 40% $112,513
Builders Risk, Liability and Auto Insurance (%) LS 2% $7,876
Performance and Payment Bonds (%) LS 1.5% $6,025
Project Subtotal $407,696
Administrative Expenses
Engineering and Permitting (%) LS 20% $81,539
Construction Administration (%) LS 5% $20,385
Administrative Expense Total $101,924
Capital implementation Cost Total $509,620
Brown v Caldwell :
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost
Cagita\ Bxpenses
8-inch Ductile-lron Pipe with asphalt patch 4,190 | LF $179 $750,010
Service Line Connection (40" of 1" Copper Domestic Sewvice) 65 EA $2,473 $160,745
Hydrant Removal 9 EA $884 $7,956
Hydrant Replacement 9 EA $9,615 $86,535
Milling, Asphalt and Overlay {one lane width for pipe install) 4,190 | LF $15 $62,850
Capital Expense Subtotal $1,068,096
Gross Natkups
Contractors General Conditions (%) LS 10% $106,810
Traffic Control (%) LS 2% $23,498
Construction Contingency (%) LS 40% $479,361
Builders Risk, Liability and Auto Insurance (%) LS 2% $33,555
Performance and Payment Bonds (%) LS 1.5% $25,670
Project Subtotal $1,736,990
Prtigisirakive Brpenses
Engineering and Permitting (%) LS 20% $347,398
Construction Administration (%) LS 5% $86,850
Administrative Expense Total $434,248
Capital Implementation Cost Total $2,171,238
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost

Cagita\ Bipenses
8-inch Ductile-lron Pipe with asphalt patch 1,207 | LF $179 $216,053
Service Line Connection (40" of 1" Copper Domestic Service) 10 EA $2,473 $24,730
Hydrant Removal 3 EA $884 $2,652
Hydrant Replacement 3 EA $9,615 $28,845
Milling, Asphalt and Overlay (one fane width for pipe install) 1,207 | LF $15 $18,105
Capital Expense Subtotal $290,385
Gross Matups
Contractors General Conditions (%) LS 10% $29,039
Traffic Control (%) LS 2% $6,388
Construction Contingency (%) LS 40% $130,325
Builders Risk, Liability and Auto Insurance (%) LS 2% $9,123
Performance and Payment Bonds (%) LS 1.5% $6,979
Project Subtotal $472,238
Pdrtinistrative Trpenses
Engineering and Permitting (%) LS 20% $94,448
Construction Administration (%) LS 5% $23,612
Administrative Expense Total $118,060
Capital Implementation Cost Total $590,298
BrownwCaldwell
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit ; Unit Cost (2014) : 2014 Cost
Capital Expenses
8-inch Ductile-Iron Pipe with asphalt patch 893 LF $179 $159,847
Service Line Connection (40" of 1" Copper Domestic Service) 12 EA $2,473 $29,676
Hydrant Removal 2 EA $884 $1,768
Hydrant Replacement 2 EA $9,615 $19,230
Milling, Asphalt and Overlay (one lane width for pipe install) 893 LF $15 $13,395
Capital Expense Subtotal $223,916
Gross Markups
Contractors General Conditions (%) LS 10% $22,392
Traffic Control (%) LS 2% $4,926
Construction Contingency (%) LS 40% $100,494
Builders Risk, Liability and Auto Insurance (%) LS 2% $7,035
Performance and Payment Bonds (%) LS 1.5% $5,381
Project Subtotal $364,143
Administrative Expenses
Engineering and Permitting (%) LS 20% $72,829
Construction Administration (%) LS 5% $18,207
Administrative Expense Total $91,036
Capital Implementation Cost Total $455,179
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Gladstone Water System Master Plan Appendix F

,. eReplacement
Description ‘ uantity Unit| Unit Cost (20 1) 2014 Cost
Capital Expenses
12-inch Ductile-lron Pipe with asphalt patch 860 LF $212 $182,320
Service Line Connection (40" of 1" Copper Domestic Service) 2 EA $2,473 $4,946
Hydrant Removal 3 EA $884 $2,652
Hydrant Replacement 3 EA $9,615 $28,845
Milling, Asphalt and Overlay (one lane width for pipe install) 860 LF $15 $12,900
Capital Expense Subtotal $231,663
Gross Markups
Contractors General Conditions (%) LS 10% $23,166
Traffic Contro! (%) LS 2% $5,097
Construction Contingency (%) LS 40% $103,970
Builders Risk, Liability and Auto Insurance (%) LS 2% $7,278
Performance and Payment Bonds (%) LS 1.5% $5,568
Project Subtotal $376,742
Administrative Expenses
Engineering and Permitting (%) LS 20% $75,348
Construction Administration (%) LS 5% $18,837
Administrative Expense Total $94,185
Capital implementation Cost Total $470,927
BrownwoCaldwell
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014} : 2014 Cost
Capital Expenses
Sub Base ustTank and Quiet Zone Enclosur toJEA) ssL5e9 | 851569
Eaton Power Products, 480V, 200A, 3 Pole Semice Entrance ATS 1 EA $6,500 $6,500
Misc. Electrical Materials (conduit, cable, hardware) for gen set installation 1 LS $6,200 $6,200
Capital Expense Subtotal $64,269
Gross Markups
Contractors General Conditions (%) LS 10% $6,427
Traffic Control (%) LS 0% $-
Construction Contingency (%) LS 40% $28,278
Builders Risk, Liability and Auto Insurance (%) LS 2% $1,979
Performance and Payment Bonds (%) LS 1.5% $1,514
Project Subtotal $102,468
Administrative Expenses
Engineering and Permitting (%) LS 20% $20,494
Construction Administration (%) LS 5% $5,123
Gen Set - Install 1 LS $25,600 $25,600
Administrative Expense Total $51,217
Capital Implementation Cost Total $153,685
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Gladstone Water System Master Plan

Appendix F

2014 Cost

Description
Capital Expenses
Webster Pump Station Building (includes Kirkwood Pumps)
SCADA - Model M-800 SCADA RTU System, NEMA 1 1 EA $1,995 $1,995
SCADA - Analog Input Expansion Module 1 EA $495 $495
SCADA - 50' Antenna Cable 1 EA $75 $75
Remote Locations (3)
SCADA - Model M-800 SCADA RTU System, NEMA 4X 3 EA $2,095 $6,285
Capital Expense Subtotal $8,850
Gross Markups
Contractors General Conditions (%) LS 10% $885
Traffic Control (%) LS 0% -
Construction Contingency (%) LS 40% $3,894
Builders Risk, Liability and Auto Insurance (%) LS 2% $273
Performance and Payment Bonds (%) LS 1.5% $209
Project Subtotal $14,110
Administrative Expenses
Engineering and Permitting (%) LS 0% -
Construction Administration (%) LS 5% $706
SCADA System - Freight Charges 4 LS $35 $140
SCADA System - Set Up Fee and Onsite Training 4 LS $250 $1,000
SCADA System - Install (Pump Station) 1 LS $2,000 $2,000
SCADA System - Install (Meter) 3 LS $750 $2,250
Administrative Expense Total $6,096
Capital Implementation Cost Total $20,206
Annual Maintenance Expenses
SCADA - Sewvice Plan Fee 4 Annual $570 $2,280
SCADA - Analog Expansion Service Fee 1 Annual $60 $60
Annual Maintenance Cost Total $2,340

BrownswCaldwell ;
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Gladstone Water System Master Plan Appendix F

Description Quantity | Unit | Unit Cost (2014) | 2014 Cost
Capital Expenses
Access Road
Site Clearing (access road) 0.6 AC $26,417 $15,850
Cut and Fill (access road) 1,778 cY $19 $33,498
Asphaltic Paving 15,000 | SF $5 $75,900
Site Preparation
Site Clearing (storage tank) 1.4 AC $29,844 $41,782
Cut and Fill (storage tank/ vault) 4,629 cY $12 $53,511
Tank Construction
Scaffolding (tank construction) 1 LS $43,200 $43,200
Steel Tank Construction 2,000,000 | GAL $0.84 $1,680,000
Fencing/ Exterior Stonework 1,000 LF $59 $58,540
12-inch Ductile-lron Pipe with asphalt patch 1,000 LF $212 $212,000
Capital Expense Subtotal $2,214,281
Gross Markups
Contractors General Conditions (%) LS 10% $221,428
Traffic Control (%) LS 2% $48,714
Construction Contingency (%) LS 40% $993,769
Builders Risk, Liability and Auto Insurance (%) LS 2% $69,564
Performance and Payment Bonds (%) LS 1.5% $53,216
Project Subtotal ‘ $3,600,972
Administrative Expenses
Engineering and Permitting (%) LS 20% $720,194
Construction Administration (%) LS 5% $180,049
Administrative Expense Total $900,243
Capital Imptementation Cost Total $4,501,215
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Executive Summary

Background/Introduction

This 2014 Gladstone Stormwater Master Plan (SMP) documents the methods and results of the storm
system capacity evaluation and the stormwater quality/retrofit assessment conducted for the City of
Gladstone, Oregon (City). The SMP identifies and prioritizes capital improvement projects (CIPs) to
address identified system capacity deficiencies and water quality improvements. The SMP also identifies
additional stormwater program implementation needs in the form of equipment and staffing.

The City of Gladstone has historically managed its stormwater collection and conveyance system with
limited mapped and surveyed field information. To date, no stormwater master plan has been developed
for the City and no stormwater capital improvement program is in place. As a result, management of the
stormwater collection and conveyance system is conducted on an as-needed basis, primarily in response
to failing/failed infrastructure. Additionally, without an identified stormwater capital improvement
program, the City currently funds stormwater program and infrastructure improvements without a
dedicated stormwater utility fee.

The objectives of this plan include the following:

« Conduct a survey of the stormwater collection and conveyance system infrastructure within the city
limits. Map the stormwater system in computer-aided design (CAD) and geographic information
system (GIS) format.

« Compile surveyed system information into a comprehensive hydrologic and hydraulic (H/H) model
for use in evaluating the capacity of the stormwater system and identifying capacity deficiencies.

+ Interview City staff to develop an understanding of current system performance, function, and areas
of concern.

- ldentify water quality improvement projects and stormwater retrofits to address National Pollutant
Discharge Elimination System (NPDES) municipal separate storm sewer system (MS4) permit
requirements.

« Develop CIPs and associated cost estimates to address water quality and identified system capacity
deficiencies under existing and future development scenarios. Where feasible, integrate flood
control CIPs with water quality CIPs to address multiple objectives.

« Review staffing needs in consideration of updated regulatory requirements and proposed CIP
implementation.

« Provide information needed to develop a dedicated stormwater funding source.

Study Area Characteristics

The city of Gladstone is located in Clackamas County, Oregon, approximately 12 miles south of Portland,
Oregon. The city is bordered by the Clackamas River to the south, the Willamette River to the west,
unincorporated Clackamas County (Clackamas County Service District 1) to the north and east, and Oak
Grove/Qak Lodge Service District to the north. Surrounding cities include West Linn (to the west), Oregon
City (to the south), and Milwaukie (to the north).

BrownwCaldwell : y
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Executive Summary Gladstone Stormwater Master Plan

The city is approximately 2.5 square miles in area with elevations ranging from approximately 10 to
330 feet. The Clackamas River, a major tributary to the Willamette River, flows along the southern
border of the city. The Willamette River flows along the western border of the city. Rinearson Creek, a
piped and open-channel tributary to the Willamette River, flows from east to west and divides the city in
half, approximately.

The city of Gladstone is primarily developed, with only about 10 percent of the city area identified as
vacant. Vacant lands are scattered throughout the city, and a majority are publicly held. Single-family
residential development is the primary land use within the city. Most commercial development is located
along Oregon Highway 99E, along Portland Avenue, and at the intersection of 82nd Avenue and Interstate
205. Other land use categories include multifamily residential, industrial, and parks and open space.

Based on survey information obtained for this project, the City's drainage system is composed of
approximately 30 miles of City-owned pipe and major open-channel conveyance system, 299 manholes,
and more than 1,000 catch basins and cleanouts. Approximately 21 miles of pipe and open channel
were modeled as part of this SMP, composed primarily of 12-inch-diameter pipe and greater.

Survey of the City’s drainage system defined 26 major basins, reflecting 32 modeled pipe system
outfalls: 13 to the Clackamas County stormwater system (piped or open channel); 11 to natural areas
within Meldrum Bar Park, the Olson Wetlands, Glen Echo Wetlands, or Boardman Creek (all within the
Willamette River drainage area), 5 to the Clackamas River, and 3 to natural areas adjacent to the
Clackamas River.

Regulatory Requirements

The City operates under a Phase | NPDES MS4 permit, which requires implementation of stormwater
management strategies to reduce pollutants discharged from the City's stormwater system. The City
implements a Stormwater Management Plan (SWMP), which includes a variety of programmatic, non-
structural, and source control activities to improve stormwater quality and reduce poliutant discharges in
stormwater.

In addition to the implementation of the SWMP for water quality improvement, DEQ included a specific
provision in the NPDES MS4 permit for Giadstone to complete and submit a SMP by January 1, 2014.
DEQ is also requiring a stormwater retrofit assessment by July 1, 2015 to identify areas in the city
underserved or lacking structural stormwater treatment facilities. Both the SMP and stormwater retrofit
assessment are intended to identify stormwater quality controls to reduce the discharge of pollutants
from the MS4. This SMP was developed to address DEQ’s requirements related to development of a
SMP and stormwater retrofit assessment. The draft of this plan was submitted to DEQ by January 1,
2014 to fulfill this regulatory obligation.

Study Methods

Development of this SMP involved an evaluation of the capacity of Gladstone’s stormwater drainage
system and an evaluation of opportunities to implement stormwater water quality facilities within the
study area.

To evaluate the capacity of the Gladstone stormwater drainage system, a computer model was
developed to simutate the hydrologic and hydraulic conditions of the public drainage system for pipes
12 inches in diameter and greater. The storm system was evaluated under both existing and anticipated
future development conditions. Computationatl Hydraulics international’s 2012 PC SWMM model
software was selected to conduct this analysis. The system evaluation included the 2, 10, 25, and
100-year design storms. Extensive flooding was indicated by the hydraulic model for the 10-year and
greater design events, consistent with flooding conditions reported by City staff.

X Brownaw Caldwell :
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Gladstone Stormwater Master Plan

Executive Summary

In conjunction with the hydraulic evaluation of the City’s stormwater system, water quality CIP
opportunity areas were identified by reviewing system information including locations of existing vacant
areas, publically-owned lands, existing and future land use conditions, storm system layout, topography,
soils and drainage areas. Water quality CIPs focused on the use of infiltration-based facilities (e.g.,
vegetated infiltration basins, rain gardens, planters) on public property to provide runoff volume
reduction in addition to conventional water quality treatment.

in order to integrate development of the flood control and water quality CIPs, the flood control and water
quality opportunities were reviewed together to determine whether a water quaiity facility or CIP (to

address a specific water quality opportunity area) could be sized, designed, and/or located in such a way
that it would aiso address an identified system capacity deficiency.

Study Results

Analysis of the stormwater drainage system in Gladstone resulted in the selection of 18 CIPs. Of the
18 CIPs, five are integrated flood control and water quality CIPs. Eight of the CIPs address flood control
only and five of the CIPs address water quality only. Table ES-1 summarizes the selected CIPs and
Figures ES-1a and ES-1b provide the general location of each of these CiPs.

CIP number CIP name Total cost ($)
A-1 Rinearson Creek Stream Enhancement 410,000
A-2 Portland Avenue Bypass and Upstream Improvements 5,790,000
A-3 High School Storm Drain Improvements and Detention 1,840,000
A-4 High School Rain Garden 12,000
A-5 Tryon Rain Garden 220,000
A-6 Glen Echo Pipeline Realignment 280,000
A-7 Meldrum Bar Bioswale 230,000
A-8 Riverdale Drainage improvements 280,000
B-1 Basin B Drainage improvements 270,000
F-1 Caldwell to Hull Pipe Replacement/Realignment 570,000
H-1 System H Channel Improvement 36,000
J-1 Cornell at Landon Pipe Replacement/Realignment 640,000
J-2 Qatfield Pipe Replacement 480,000
M-1 Crownview Drive Pipe Replacement 160,000
N-1 Kraxberger Middle School Bioswale and Pipe Replacement 940,000
N-2 System N Inlet Replacement 140,000
0-1 Ridgewood and Oatfield to Pond Pipe Replacement 650,000
0-2 Church Pond Retrofit 15,000

Total 12,963,000
Annual Green Streets Pilot Project 110,000/ year

Brownaw Caldwell
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Section 4

Introduction

This 2014 Gladstone Stormwater Master Plan (SMP) documents the methods and results of the storm
system capacity evaluation and the stormwater quality/retrofit assessment conducted for the City of
Gladstone, Oregon (City). The SMP identifies and prioritizes capital improvement projects (CIPs) to
address identified system capacity deficiencies and water quality improvements. The SMP also identifies
stormwater program implementation needs in the form of staffing and funding recommendations.

The study area includes land within the Gladstone city limits that drains to the Clackamas and
Willamette rivers. A large amount of the City's stormwater conveyance system is also interconnected with
the stormwater drainage system regulated by Clackamas County (County), the Oregon Department of
Transportation (ODOT), and the Oak Lodge Sanitary District. As such, implementation of some identified
improvements may depend on coordination with other agencies to ensure that backwater conditions
from other regulated drainage systems do not exist.

This section provides a summary of the project need, the project objectives and approach, and a
summary of how the SMP is organized.

1.1 Need for the Master Plan

The City of Gladstone has historically managed its stormwater collection and conveyance system with
limited mapped and surveyed field information. To date, no stormwater master plan has been developed
for the City and no stormwater capital improvement program is in place. As a result, management of the
stormwater collection and conveyance system is conducted on an as-needed basis, primarily in response
to failing/failed infrastructure. Additionally, without an identified stormwater capital improvement
program, the City currently funds stormwater program and infrastructure improvements without a
dedicated stormwater utility fee.

Since 1994, the City has operated under a Phase | National Pollutant Discharge Elimination System
(NPDES) municipal separate storm sewer system (MS4) permit. in March 2012 the City was reissued its
NPDES MS4 permit, which requires completion of a water quality retrofit assessment and identification
of a water quality improvement project to be initiated during the permit term. The City’s reissued NPDES
MS4 permit also contains a specific requirement to develop an SMP by January 1, 2014, that identifies
stormwater quality controls to reduce the discharge of pollutants from the MS4.

In 2012, the City began efforts to develop its SMP. As the first phase of the project, the City initiated full
survey and mapping of its public stormwater collection and conveyance system. Results of the survey
and mapping efforts have been used to analyze the capacity of the City’s existing system and identify
ClIPs for water quality and water quantity control under this Plan.

The City’s overarching goal for this master planning effort is to comprehensively evaluate the existing
stormwater system, identify opportunities to improve water quality and system performance, and
prioritize CiPs to be constructed on an implementation schedule.

L -
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Section 1 Gladstone Stormwater Master Plan

1.2 Master Plan Objectives

This SMP is intended to help the City in the development, prioritization, and scheduling of a 30-year
stormwater CIP. The objectives include the following:

+  Conduct survey of the stormwater collection and conveyance system infrastructure within the city
limits. Map the stormwater system in computer-aided design (CAD) and geographic information
system (GIS) format.

« Compile surveyed system information into a comprehensive hydrologic and hydraulic (H/H) model
for use in evaluating the capacity of the stormwater system and identifying capacity deficiencies.

« Interview City staff to develop an understanding of current system performance, function, and areas
of concern.

+ Identify water quality improvement projects and stormwater retrofits to address NPDES MS4
requirements.

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

« Review staffing needs in consideration of updated regulatory requirements and proposed CIP
implementation.

« Provide information needed to develop a dedicated stormwater funding source.

1.3 Approach

The approach for developing the City's SMP is summarized in Figure 1-1. This approach was developed
to meet the City’s objectives, described above.

As shown in Figure 1-1, tasks associated with the SMP development were intended to be conducted in
paralle! with development of the water master planning effort, in order to optimize potential schedule
efficiencies related to data collection and CIP development. However, stormwater system data collection
efforts (survey and mapping) required additional time and resources due to site access limitations. As a
result, to meet the Oregon Department of Environmental Quality (DEQ)’s January 1, 2014, compliance
date for development of the SMP, stormwater master planning efforts were conducted independent of
the water master planning.

At the time of the interim SMP submittal to DEQ, the staffing analysis and utility rate evaluation were not
complete. This was communicated and confirmed with DEQ on July 16, 2013.

Specific to the stormwater master planning approach detailed in Figure 1-1, highlights of the approach
are as follows:

1. The facility/system inventory effort (survey and mapping) was initiated at the beginning of the
project (in 2012) but continued during the system evaluation and CIP development tasks in order to
refine the H/H model.

2. CIP locations are identified to collectively address flood control and water quality/stormwater retrofit
needs. Development of the comprehensive CIP includes water quality projects to meet NPDES MS4
permit requirements.

3. The staffing analysis is based on typical staffing levels in surrounding areas and reflects staff time
needed to implement proposed projects.

4. The funding evaluation was initiated after CIP development, to ensure that the financial levels of
service (LOS) analyzed correspond to specific program and project objectives.

1-2 Brownaw Caldwell :




Gladstone Stormwater Master Plan Section 1

Coordination with City staff is ongoing throughout the project duration in order to validate and verify
assumptions related to the system configuration, reported maintenance issues and concerns, and CIP

concepts and feasibility.

Project
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Figure 1-1. SMP
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Section 1 Gladstone Stormwater Master Plan

1.4 Master Plan Organization

This SMP is organized as follows:
« Section 2 includes a description of study area characteristics.

«  Section 3 describes the modeling methods used and results of the storm system capacity
evaluation.

» Section 4 describes the methods used and results of the storm system water quality evaluation/
stormwater retrofit assessment.

+ Section 5 describes the integration of capital projects to address the City’s storm system capacity
and water quality needs.

«  Section 6 describes the CIP prioritization process and assumptions related to CIP implementation to
ensure that resources are available to implement identified CIPs over the next 30 years.

+ Appendices A through D provide supporting and technical information used in the development of
the SMP.

- TR
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Section 2

Study Area Characteristics

This section includes an overview of study area characteristics including location, topography, soils, land
use, rainfall, the drainage system, and current water quality conditions and regulations.

2.1 Location

The city of Gladstone is located in Clackamas County, Oregon (Figure 2-1), approximately 12 miles south
of Portland, Oregon. The city is bordered by the Clackamas River to the south, the Willamette River to the
west, unincorporated Clackamas County (Clackamas County Service District 1 or CCSD 1) to the north
and east, and Oak Grove/Oak Lodge Service District to the north. Surrounding cities include West Linn
(to the west), Oregon City (to the south), and Milwaukie (to the north).

MULTNOMAH COUNTY
CLACKAMAS COUNTY

. WASHINGTON COUNTY
MULTNOMAH COUNTY

| METRO |
p A Urban Growth Boundary}é

[Clackamas' River,
. R

%

Figure 2-1. Vicinity map

The city is approximately 2.5 square miles in area. The Clackamas River, a major tributary to the
Willamette River, flows along the southern border of the city. The Willamette River flows along the
western border of the city. Rinearson Creek, a piped and open-channel tributary to the Willamette River,
flows from east to west and divides the city in half, approximately. A majority of reported flooding
problems are affiliated with the Rinearson Creek drainage system.

2« o 3
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Section 2 Gladstone Stormwater Master Plan

2.2 Topography

The topography in the city of Gladstone is influenced by the Clackamas and Willamette river drainage
systems. As the Clackamas River runs west along the city’s southern boundary to its confluence with the
Willamette River, area from the southern portion of the city (approximately one third of the total city area)
discharges to the Clackamas River, with elevations ranging from 10 to 300 feet.

Rinearson Creek, a tributary to the Willamette River, runs west in the middle of the cityand is a
combined piped and open-channel system. Drainage to Rinearson Creek is composed of a stormwater
runoff and spring flow/overiand flow. Rinearson Creek also runs through the Olson wetland system,
located approximately 600 feet east of Oregon Highway 99E. Rinearson Creek discharges to the
Willamette River at Meldrum Bar Park, a wetland/open recreation area in the city limits. Area from the
central and western portions of the city (approximately half of the total city area) discharges to the
Willamette River drainage system, with elevations ranging from 10 to 330 feet.

The northern and eastern portions of the city (approximately 20 percent of the total city area), discharge
to the Clackamas County stormwater conveyance system. These portions of the city are elevated
(average elevation range 120 to 330 feet).

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

2.3 Soils

The predominant soil types in the city of Gladstone are Xerochrepts-Rock outcrop complex (hydrologic
s0il group [HSG] C), Woodburn silt loam (HSG C), and Salem silt loam (HSG B). The Xerochrepts-Rock
outcrop complex and Woodburn silt loam have slow soil permeability (HSG C) and the Salem silt loam
has moderate soil permeability (HSG B). A majority of the HSG C soils are located in the northern and
eastern portions of the city. A significant amount of bedrock outcrop, also located in these areas, limits
infiltration. A majority of HSG B soils are located in the southern and western portions of the city.

Soil classification is an important characteristic to consider when determining runoff flow rates and
volumes. Soil type within the study area was identified using data from version 7 of the Clackamas
County Soil Survey, updated in 2012 by the Natural Resources Conservation Service (NRCS) Soil Survey.
The NRCS HSG classification was used to assign pervious area runoff curve numbers (CN) for hydrologic
calculations. Figure 2-3 shows the distribution of HSG within the city.

2.4 Land Use

The city of Gladstone is primarily developed, with only about 10 percent of the city area identified as
vacant. Vacant lands are scattered throughout the city, and a majority are publicly held.

Single-family residential development is the primary land use within the city, with more dense (eight
dwelling units per acre) located in the southern portion of the city and less dense (six dwelling units per
acre) located in the northern portion of the city. A significant amount of commercial development is
located along Oregon Highway 99E, along Portland Avenue, and at the intersection of 82nd Avenue and
Interstate 205. Other land use categories include multifamily residential, industrial, and parks and open
space.

For development of this SMP, zoning coverage and vacant lands coverage provided by Metro were used
to assign the impervious area percentages applicable to future development (buildout) conditions for
hydrologic modeling. All vacant lands are assumed to be developed according to zoning for future
conditions.

Figure 2-4, at the end of this section, shows the zoning coverage within the city of Gladstone.

| ]
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Gladstone Stormwater Master Plan Section 2

2.5 Climate and Rainfall

The city of Gladstone experiences a similar temperate climate to the surrounding Portland metropolitan
area, with relatively warm, dry summers and mild, wet winters. Winter temperatures average
approximately 40 degrees Fahrenheit (F) and summer temperatures average approximately

70 degrees F.

The average annual precipitation for the Portland metropolitan area ranges from 37 to 43 inches, with
most of the rainfall occurring between November and April.

2.6 Drainage System

As part of this SMP development, the City’s storm drainage system was surveyed and mapped. Based on
the obtained survey information, the City’s drainage system is composed of approximately 30 miles of
City-owned pipe and major open-channel conveyance system, 299 manholes (nodes), and more than
1,000 catch basins and cleanouts. Approximately 21 miles of pipe and open channel were modeled as
part of this SMP, composed primarily of 12-inch-diameter pipe and greater.

The City does not currently own and operate any regional detention facilities within the city limits.
Therefore, no detention pipe or ponds were modeled as part of the evaluation. Private detention facilities
are currently located within the city limits, but no as-built information was available at this time so such
facilities were not included in the evaluation.

Survey of the City’s drainage system defined 26 major basins, reflecting 32 modeled pipe system
outfalls: 13 to the Clackamas County stormwater system (piped or open channel); 11 to natural areas
within Meldrum Bar Park, the Olson Wetlands, Glen Echo Wetlands, or Boardman Creek (all within the
Willamette River drainage area), 5 to the Clackamas River, and 3 to natural areas adjacent to the
Clackamas River. Major basin Z has additional outfalls that do not contain a significant piped
conveyance system and therefore were not included in the modeling effort.

Subbasins were delineated based on obtained survey information and aerial imagery. Several subbasins
were delineated to be included in the hydrologic modeling effort only, as they have limited piped
infrastructure. Several subbasins, where stormwater runoff enters the receiving water directly and does
not enter a conveyance system at all, were also not reflected in the hydrologic or hydraulic modeling
efforts.

The drainage system was originally surveyed and maps were developed in AutoCAD. Information from
AutoCAD was then imported into GIS for purposes of ongoing mapping support and development of the
hydraulic model for evaluation of system capacity.

Figure 2-5 (a and b), located at the end of this section, shows the modeled stormwater drainage system
including pipes and open channel. Figure 2-5 (a and b) also shows the subbasin delineation. The
AutoCAD map book containing the major basin delineation is provided as Appendix A.

2.7 Stormwater Quality and Regulatory Drivers

DEQ is responsible for implementing provisions of the federal Clean Water Act (CWA) pertaining to
stormwater discharge and surface water quality. DEQ also conducts permitting 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 evaluations to determine whether a water
body adheres to water quality standards.

Brown~w Caldwell : 23
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2.7.1 NPDES MS4 Permit

The City was reissued its Phase | 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 and
improve the quality of stormwater discharge to receiving waters:

« lllicit Discharge Detection and Elimination (IDDE)

» Industrial and Commercial Facilities

»  Construction Site Runoff Control

+ Public Education and Qutreach

«  Public Involvement

»  Post-Construction Site Runoff Control

« Pollution Prevention for Municipal Operations

+  Stormwater Management Facility Operations and Maintenance

Implementation of its NPDES MS4 permit is described in the City's SWMP (effective date May 2012). The
SWMP includes measurable goals, responsible parties, and tracking measures to assess progress of
impiementing the activities (best management practices [BMPs]) to address requirements. The NPDES
MS4 permit and the City's SWMP require the City to select, design, install, and maintain structural
stormwater facilities for water quality improvement.

In addition to the implementation of the SWMP for water quality improvement, DEQ included a specific
provision in the NPDES MS4 permit for Gladstone to complete and submit a SMP by January 1, 2014.
DEQ is also requiring all co-permittees to conduct a stormwater retrofit assessment by July 1, 2015, to
identify areas in the city underserved or lacking structural stormwater facilities. Both the SMP and
stormwater retrofit assessment are intended to identify stormwater quality controls to reduce the
discharge of pollutants from the MS4. This SMP was developed to address DEQ’s requirements related
to development of a SMP and stormwater retrofit assessment.

2.7.2 TMDL and 303(d) Requirements

Section 303(d) of the CWA requires states to develop a list of water bodies that do not meet water
quality standards. DEQ develops such a list for Oregon, which is used to identify and prioritize water
bodies for development of a pollution reduction plan or total maximum daily load (TMDL). TMDLs identify
the assimilation capacity of a water body for a particular pollutant and establish poliutant load
allocations for sources of discharge to such water body.

Table 2-1 identifies the 303(d) parameters and TMDLs that are applicable to the City. The Willamette
River TMDL includes Rinearson Creek as a tributary.

8 - » 10
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Gladstone Stormwater Master Plan Section 2

Willamette River (and
tributaries) (2006) v v v

Clackamas River
(2006) v v v

Additional 303(d) listed streams/parameters

Willamette River (lower)
and tributaries (2010) v v v v v v

Clackamas River
2010) v v v v v v

TMDL and 303(d) requirements are integrated into the City’s implementation of its NPDES MS4 permit.
At the end of the permit term, the City’s NPDES MS4 permit requires calculation of TMDL pollutant load
reduction benchmarks, to show progress toward meeting applicable TMDL requirements. Such progress
is observed through implementation of structural stormwater facilities and pollutant source control
measures {e.g., public education, street sweeping, etc.) that are targeted at addressing TMDL poliutants.

Given the limited development activities within the city, and because a majority of the city is built out
with limited available area for large stormwater treatment or detention facilities, few structural
stormwater facilities are located within the Gladstone city limits. This SMP provides a list of water quality
improvement projects to promote water quality improvement specific to TMDL parameters.

A . - 2
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Section 3

Storm System Capacity Evaluation

To identify flooding problems and opportunities for CIPs, the City’s public stormwater drainage system
was evaluated using an H/H model. The stormwater drainage system was evaluated under existing and
future development scenarios. This section provides a description of H/H modeling methods used for the
system capacity evaluation and provides a summary of results.

3.1 City of Gladstone Study Area

The total study area evaluated for the Gladstone SMP is approximately 1,227 acres and includes a
majority of area within the city limits. The study area does exclude area along the southern city boundary
that directly discharges to natural areas and/or receiving waters with very little to no public
infrastructure or stormwater conveyance system. Some areas outside of the city limits, specifically along
Highway 99E/SE McLoughlin Boulevard, were included in the model because stormwater runoff from
these areas discharges to the City’s stormwater conveyance system.

The majority of the study area (approximately 80 percent) is collected and conveyed in a pipe or open-
channel system to the Willamette River in the west and Clackamas River in the south. Areas along the
north and east city boundary primarily discharge to stormwater infrastructure owned and operated by
other agencies.

3.2 Model Development

Computational Hydraulics International’s PC SWMM 2012, v. 5.0.022, was used to develop the H/H
model for the City’s storm system. PC SWMM 2012 provides a graphical interface for the U.S.
Environmental Protection Agency (EPA) SWMMS5 engine. The PC SWMM interface is integrated with ESRI
ArcGIS. Model files provided to the City will be in EPA SWMM5 format, which can be used by the City for
internal modeling after completion of this SMP.

The model! of the City’s storm drain system includes City-owned storm drainage pipes 12 inches and larger
in diameter and major open-channel conveyance. Inlet leads, pipes smaller than 12 inches in diameter,
and pipes not owned by the City were not included in this effort. System-wide mapping was completed
following survey of the City's stormwater drainage system and was used for model development.

Model development requires input of meteorological (precipitation) data, subbasin hydrologic data, and
surface water system hydraulic data. Precipitation data were input as design storms to evaluate capacity
of the conveyance system. Input parameters associated with subbasin hydrology include soil infiltration
and land use/zoning characteristics and were confirmed through review of aerial photographs. Input
parameters associated with conveyance system hydraulics were developed based on information
collected during the field survey effort.

Details related to model input parameters and modeling methods are described in the following sections:
Section 3.2.1: Stormwater System Survey

Section 3.2.2: Meteorological Data (e.g., rainfall)

Section 3.2.3: Hydrologic Data (e.g., area, impervious area [as a percent], soil infiltration parameters)
Section 3.2.4: Hydraulic Data (e.g., pipe size, material, length and invert elevations)

208 & » 2
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Section 3 Gladstone Stormwater Master Plan

3.2.1 Stormwater System Survey

In September 2012, Sisul Engineering began conducting a system-wide survey of the public stormwater
collection and conveyance system within Gladstone. The survey effort included horizontal location of all
storm drain manholes, cleanouts, catch basins, culverts, and outfalls. Measure-downs were conducted
for all manholes and in-line catch basins and included flow direction, diameter, and depth to the invert of
all pipes.

The survey was conducted using a combination of global positioning system (GPS) survey, topographic
survey, Light Detection and Ranging (LiDAR) data, field measurements, a review of construction and
record drawings, and meetings with Public Works personnel. A combination of GPS survey and
topographic survey data was used to locate the horizontal and vertical positions of manhole and inlet
rims, culverts, and pipe outfalls. LIDAR data were used to verify structure elevations in some instances.
Storm drain manholes and flow-through catch basins with significant upstream drainage basins were
each inspected and a record was made of the number of pipes connected to each structure. The depth
and diameter of each pipe was measured and the type of pipe material was recorded.

The stormwater survey effort for purposes of the SMP was completed in June 2013. The focus was on
the system in the public right of way. Although the majority of the system has been inventoried, several
features were found to be located on private property and were not able to be inspected or surveyed due
to the lack of access. In the future, the City may wish to pursue access to these areas in order to
complete the system inventory. Appendix A mapping reflects the survey work that was completed for this
plan.

3.2.1.1 Horizontal and Vertical Datum

All reported elevations and coordinates in the survey effort are measured in feet and use the North
American Vertical Datum of 1988 (NAVD88) and the North American Datum of 1983 (NAD83) state
plane coordinate systems, respectively.

3.2.1.2 System Nomenclature

The city was divided into 26 major drainage basins (A through Z) to categorize data from the stormwater
system survey. The majority of the drainage basins discharge to a single outfall; however, there are
basins with multiple outfalls due to diverging pipe and split flow. Major drainage basin Z was reserved for
drainage basins that discharge directly to a natural area or receiving water with little or no upstream
public infrastructure.

The system nomenclature provides a unique identifier (ID) for each system node (manhole, catch basin,
cleanout, outfall). The first character of the ID is the major drainage basin letter associated with the
node, and the remainder of the ID is a 4- or 5-digit number. The numbers increase from downstream in
the system (i.e., the outfall) to upstream.

The major drainage basins are subdivided into subbasins in accordance with location-specific drainage
patterns. Each subbasin is named per the system node where runoff from the subbasin is directed in the
model, also known as an inlet node.

| |
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3.2.1.3 Stormwater System Survey Challenges

The survey effort lasted 9 months, which was considerably longer than anticipated. The extended
duration of the system survey effort was partially due to the alignment of many City-owned pipes on
private property, which required review of as-built information and access to private property. In
locations listed below, as-built information was unavailable and access to the private property for
purposes of obtaining survey information was not possible. As a result, invert data were interpolated
based on known upstream and downstream inverts at these locations in order to fill in data gaps:

» System D: Kelsey Court to Hereford Street (node D1360 to node D1330)

» System F: Cornell Place to Franklin Way (node F1000 to node F1400)

+ System J: High Street to Patricia Drive (node J6000 to node J5500)

«  System N: Trevor Court to Ridgegate Court (node N1800 to node N1600)

+ System O: Ridgewood Drive to Ridge Drive (node 01800 to node 01500)

« System V: Canterbury Drive to Doncaster Drive (node V1000 to node VO700)

In addition, the stormwater system survey extended only to the city limits. Gladstone-owned stormwater
pipes discharge to the County-owned and -operated stormwater system at the city limits in the following
locations:

« System F: Hull Avenue and Hardway Court

«  System K: Hull Avenue and Oatfield Road

« System M: Between Strawberry Lane and Valley View Drive, north of Crownview

« System N: Webster Road between 5th Avenue and 6th Avenue

« System P: Cason Road, west of Cason Circle

» System Q: Cason Lane, west of Cason Court

+ System R: Between Kingsridge Court and Buckingham Drive

« System T: Jennings Avenue and Catlyn Woods Drive

« System U: Dagmar Road and Londonderry Lane

For locations where the City's stormwater system discharges to the County system, there is limited
information available from the County. Downstream flow conditions may impact the City's system. As a
result, CIP development within these major basins needs to include coordination with the County to
ensure that backwater effects are not present, which would limit the functionality of the CIP.

3.2.2 Meteorological Data

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

Design storms evaluated for this study included the 2-year, 10-year, 25-year, and 100-year 24-hour-
duration design storms.

The rainfall depths for these design storms were based on isopluvial maps published in the National
Oceanic and Atmospheric Administration (NOAA) Atlas 2, Volume X. The rainfall distribution for these
design storms is based on the Soil and Conservation Service (SCS) 24-hour, Type 1A 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.

"
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Design storm event Rainfall depth, inches
Water quality storm 1.0
2-year, 24-hour 2.4
10-year, 24-hour 34
25-year, 24-hour 3.9
100-year, 24-hour 4.7

3.2.3 Hydrologic Data

This section includes a summary of the input parameters used to define hydrologic characteristics of the
subbasins. Table 3-2 identifies model input parameters identified for each subbasin. A description of
each parameter is provided below. Appendix B, Table B-1 provides hydrologic input parameters and peak
flows calculated for each subbasin and modeled design storm.

Attribute Value
Name/outlet Identified by the subbasin inlet node
Area Area of the subbasin {acres)
Width Width of the overiand flow path for sheet flow (feet)
Slope Average slope of the subbasin (as a percent)
Imperv Average percent of land area that is directly connected impervious area (as a percent)
Nimperv Manning's roughness coefficient for overland flow on impervious area (default value = 0.012)
Nper Manning’s roughness coefficient for overland flow on pervious area (default value = 0.24)
CurveNo Assigned by subbasin, based on an area-weighted average of imperiousness and the HSG

3.2.3.1 Subbasin Delineation and Area

As described in Section 3.2.1.2, major drainage basins are subdivided into subbasins in accordance with
location-specific drainage patterns. The subbasin areas were calculated using GIS.

3.2.3.2 Subbasin Width and Slope

Both the subbasin width and slope are calculated in GIS based on the subbasin delineation and digital
topographic information. The subbasin width is the maximum width of the overland flow path within each
subbasin (prior to flow entering a channelized conveyance or pipe). The subbasin slope is the average
slope along the pathway of overland flow to the inlet of the drainage system.

3.2.3.3 Subbasin Impervious Percentage

Effective impervious percentage is the 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. This area would be considered “non-effective impervious surface.” The City does not have
citywide specific information for impervious surface (effective or non-effective) so for purposes of this

-
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SMP, impervious estimates are based on aerial imagery and zoning coverage, which assumes that the
impervious area in a subbasin would vary depending on land use.

To estimate the subbasin impervious percentage based on current development conditions, aerial
imagery was reviewed and impervious area was estimated based on the presence of street and paved
surfaces and rooftop areas.

Future development conditions assume the city is fully built out. As described previously, there is
currently limited vacant area in the city that would develop in the future. However, redevelopment
activities such as street improvements and infill development are assumed to occur during full buildout.
Street improvements typically increase the “effective impervious area” to the storm drainage system.
Currently, many areas of the city lack curb-and-gutter streets, but street improvements would add curb
and gutter. Infili redevelopment activities typically include construction of larger, newer houses on the
same size lot as the original, smaller house. Collectively, these redevelopment activities increase the
amount of impervious surface and the connectivity of the impervious surface.

To estimate the subbasin impervious percentage based on future development conditions and address
the potential for fully connected, effective impervious surface throughout the city, an area-weighted
impervious percentage was calculated for each subbasin using the zoning-based impervious
percentages (Table 3-3).

Land use Abbreviation Average impervious percentage
Single-family residential SFR 55
Multifamily residential MFR 75
Commercial com 90
Industrial campus ic 50
Light industrial L 90
Parks and open space POS 7

3.2.3.4 Time of Concentration

The time of concentration is the time for runoff to travel from the most distant point of the watershed to
the point in guestion. The time of concentration is computed by summing all the travel times for
consecutive components of the drainage system (i.e., sheet flow, shallow concentrated flow, open-
channel flow, and pipe flow). The time of concentration for each subbasin is calculated using the digital
topographic information contained in the GIS.

3.2.3.5 Curve Number

The curve number (CN) is a dimensionless number that depends on HSG, cover type (zoning or land use),
and antecedent moisture conditions (AMC). The CN method is the hydrologic method used to model
runoff characteristics. Because each subbasin contains multiple land uses and soil types, an area-
weighted CN was calculated for each subbasin in the current and future development scenarios. This
method is documented in EPA Technical Release 55.

e e
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3.2.4 Hydraulic Data

This section describes the model input parameters used to characterize the hydraulic characteristics of
the system.

System hydraulic components including modeled conduits (pipes and open channels) and nodes
(manholes, catch basins) are based on survey data described in Section 3.2.1. Where needed, survey
data were supplemented with LiDAR information for ground surface elevations, site visits, and aerial
imagery. A description of the hydraulic components is provided below. Appendix B, Table B-2, provides
peak flow and maximum water surface elevation calculated for each modeled node and modeled design
storm.

3.2.4.1 Nodes

Model nodes include manholes, catch basins, and other relevant connection points or locations where a
conduit direction, slope, material, or size changes. Model nodes have the attributes (input parameters)
as listed in Table 3-4 and described below.

Attribute Value

D Unique identifier or naming convention as described in Section 3.2.1.2, System Nomenclature.

Invert elevation Lowest invert elevation of conduits entering or exiting the node (feet). Typically reflects the outlet conduit.

Depth Depth (feet) = rim elevation - invert elevation.

Area occupied by ponded water atop the node after flooding occurs in square feet (ft2). The model allows ponded

Ponded area water to be stored and subsequently returned to the drainage system when capacity exists.

For each node, ground elevation information was obtained during the system survey described in
Section 3.2.1 and confirmed through comparison with contour information developed from LIDAR. Invert
elevations were established based on measure-down information collected during the survey effort. The
depth of each node is based on the difference between calculated rim elevation and invert elevation of
the outlet pipe from the node.

3.2.4.2 Modeled Conduits

Modeled conduits include pipes, culverts, and channels. Model conduits have the attributes (input
parameters) as listed in Table 3-5 and described below.

Attribute k Value
ID Upstream Node ID_Downstream Node ID
Length Length between upstream and downstream nodes (feet).
Roughness Varies based on material. See Table 3-6. Manning’s roughness coefficient.

Cross-section | Varies. Either circular, arch, ortrapezoidal.

Size Varies. Pipe diameters (feet). Open channels in depth and width measurements.

Inlet elevation | Elevation of conduit inlet {feet).

Outlet elevation | Elevation of conduit outlet (feet).

iz » » g
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Pipe shape (cross-section), size, and material assumptions are based on survey information collected.
Pipes of 12-inch diameter and greater were included in the model. Table 3-6 summarizes the Manning's
roughness coefficient “n” assumed for each conduit material.

Material Manning'sn

Concrete pipe 0.013
Corrugated metal pipe 0.024
Plastic (HDPE) 0.0125
Plastic (PVC) 0.0125
Open channels 0.04-0.06

Open-channel dimensions not collected as part of the survey effort were developed using Gladstone
2004 LiDAR data, developed by the Oregon Department of Geology and Mineral Industries. LiDAR was
also used to refine the longitudinal slope of the open-channel system, and field visits were conducted to
confirm the side slopes and bottom widths of the open-channel segments. Custom cross-sections were
developed using LIDAR data for Rinearson Creek because it is an irregular channel with a non-uniform
shape. Cross-sections for irregular channels are called “transects” in PC SWMM and can be found in the

model files.

3.2.4.3 Outfalls

The study area includes 32 modeled outfalls to represent discharge from each major basin and modeled
conveyance system. As described in Section 3.2.1.3, nine of the modeled outfalls are actually points of
transition to the piped stormwater conveyance system owned and operated by Clackamas County.
Modeled outfalls have the attributes (input parameters) described in Table 3-7. The modeling effort did
not include evaluation of backwater conditions from areas or conveyance systems downstream of the

outfalls.

Value

Attribute
D Unique identifier as described in Section 3.2.1.2, System Nomenclature
Invert elevation Invert elevation of the outfall (feet)
Rim elevation Ground surface elevation at the outfall (feet)

Varies based on the outfall configuration and flow condition; options used include:
Type «  FREE: outfall stage is determined by minimum of critical flow depth and normal flow depth in the upstream conduit
+  FIXED: outfall stage is set to a fixed water surface elevation equal to the top of the outfall pipe

Brownw Caldwell 3.7
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3.3 Drainage Standards

The Stormwater Treatment and Detention Standards for the City of Gladstone (Gladstone Standards) are
referenced under Chapter 17.56 of the Gladstone Municipal Code. The Gladstone Standards were
referenced for general design criteria related to stormwater conveyance system and stormwater
treatment sizing for this SMP. The Gladstone Standards reference Section 5.2.1 of the CCSD 1 Surface
Water Management Rules and Regulations for collection system sizing and Section 5.3 of the CCSD 1
Surface Water Management Rules and Regulations for water quality treatment.

As documented under Section 5.2.1 of the CCSD 1 Surface Water Management Rules and Regulations
(2005), stormwater collection system sizing should be based on the following:

« storm sewer outfalls draining less than 640 acres: 25-year, 24-hour design storm

« storm sewer outfalls draining greater than 640 acres: 50-year, 24-hour design storm
« open channels 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

CCSD 1 developed draft updates to its collection system design criteria, as documented in the draft
Clackamas County Water Environment Services Stormwater Management Design Standards (2010).
Such updates are expected to be adopted by Gladstone and are consistent with the bulleted criteria
above. For purposes of CIP sizing and design, stormwater collection and conveyance piping was sized for
a 25-year, 24-hour storm event. As required in the Gladstone Standards, CIP design reflects use of a
minimum pipe diameter of 12 inches within the public right-of-way (ROW).

As documented under Section 5.3 of the CCSD 1 Surface Water Management Rules and Regulations
(2005), stormwater treatment facilities (i.e., rain gardens, planters, etc.) need to be sized for two-thirds
of the 2-year, 24-hour storm event. The City of Gladstone, along with other Clackamas County
jurisdictions, participated in a coliective effort to define the water quality design storm in accordance
with conditions of its NPDES MS4 permit, which requires treatment of 80 percent of the average annual
runoff. Such a design storm was identified as 1 inch over 24-hour storm. The 1 inch over 24-hour design
storm was used in the sizing of select water quality treatment facilities.

3.4 Model Results

PC SWMM v. 2012 was used to simulate the 2-year, 10-year, 25-year, and 100-year design storms for
the current and future development conditions.

Results of the H/H simulations are tabulated in Appendix B (Table B-1 for hydrologic results and
Table B-2 for hydraulic results). For reporting purposes, the hydrologic results reflect peak flow
calculations for all design storms. The hydraulic results tables reflect just the 10-year flows used to
prioritize capacity deficiencies and the 25-year flows used to size CIPs.

The hydrologic results table (Table B-1) is sorted by major basin and modeled inlet node and includes
the corresponding subbasin name, subbasin area, CN, impervious percentage, and associated design
flow. The hydraulic results table (Table B-2) is also sorted by major basin and outfall and includes the
conduit name, upstream and downstream node 1D, conduit length, conduit size, invert and rim
elevations, and the 10-year peak flow and 25-year peak flow and water surface elevations.

| |
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3.4.1 Initial Identification of Flooding Problems

Based on the hydraulic model results summarized in Table B-2, conduits experiencing backwater
conditions that result in flooding of the upstream node were identified. Flooding of the upstream node is
indicated by the loss of runoff volume in the closed-conduit system. For open-channel segments, flooding
was identified by water overtopping the banks. Again, the 25-year, 24-hour design storm was initially
used to identify flooding in the storm drain system. Evaluation of the 10-year, 24-hour design storm was
used to prioritize the flooding conduits. Table B-2 also indicates during which design storm and
development scenario flooding occurs.

Due to the extensive flooding indicated by the hydraulic model, and the number of conduits experiencing
flooding during the 10-year, 24-hour storm event, additional conduit prioritization was conducted. As
shown in Figure 3-1 (a and b), the duration of flooding during the 10-year, 24-hour storm event (for piped
conduits) and 25-year, 24-hour (for Rinearson Creek) was calculated. Conduits experiencing flooding for
greater than 2 hours for the identified design storm were prioritized for CIP development

For purposes of reporting results and facilitating discussion with City staff, conduits were geographically
grouped into “flooding problem areas.” Figure 3-1a shows the modeled flooding locations and duration
under the existing development condition for the southern half of the city, and Figure 3-1b shows the
modeled flooding locations and duration under the existing development condition for the northern haif
of the city. Both figures are located at the end of this section. Per Figures 3-1a and 3-1b, modeled pipes
(conduits) are labeled according to the upstream node number.

The model results were reviewed with City staff during a meeting on September 16, 2013. City staff
provided comment and discussion about each identified modeled flooding area. Additional flooding
areas associated with the operation and maintenance of the storm system that are not reflected in
modeled results were also identified by City staff. Based on model results, City feedback, and field
reconnaissance, a second meeting was held on October 29, 2013, with City staff to select recommended
ClIPs for each flooding area.

3.4.2 Summary of Flooding Problems

Table 3-8 summarizes the initially identified flooding problem areas by major basin. The flooding
frequencies and scenarios are identified, and the source of the capacity deficiency is provided. The CIP
recommendation is also provided.

e e 2

Brown o Caldwell 3.9




o - & O

N1eMpIe) avv UMOIE _ oT-€

*19A00 ad1d pajw
sey yuawugye adid unsng .

(¢-v 410} "9nuUBAY puejod 10§ uejd uoneyodsues -adojs [ewuius 10 adojs yoeq sey woneInp N0y +9
azisdn pue A Bunsixe yMm pajeuIpIed 3q pinoys suswidRoIdW| « | pue eare aFeulesp Supnguuod ) f 06YEV000EY | 00TOV | V
wawadeidas adid ‘wojgoid Suipooy Jueoyuis . |10} pazisiopun stadid , g1 Supsp . | 1°01 Sunspg
‘pueflom 0493 UsjY) Panoi-al
wioly Moy funngquiuod Juedyusis .
"t9}SAs aNUAAY puefUOd
§ ‘syuowgoes adid
(@ M &wvg ) yymug o 03 ferjusjod sajealput ugisap amw_a__en_ " | oua o0 fauiofew e 10} od0JS [EWIUK + | UOREIN AOY 42 R
sz1sdn adi ‘guipooy . ) 3 0010V v
pue 8)nos-as adid 0} 8NP PAs0}o U3YO S1 peoY 0Yo3 us|y “Juipooy jo Puepam o3 uajg painol-al teaf-01 Bunsia

301105 JUROYILTIS © S| PUB[IOM OUDF USJY PBIN0L-3Y » woi Moy BunNquIu0d WeNBLS -

(-v i) ‘swaoeldal spasu pue Juljie) st uonipuocd adid . 2d0ISX®A | y5p1np 1m0y 7 > -
uawugifeal pue A . sey pue eaje ofeulelp Jupnquiued 0G0EY 000€Y | 0OTOV| V
Jawooejdes adig Auedoud oreaud uo s juawuBlie BUSA - | o/ nozsiapun s adid , gy Sunsixg seak-01 Sunsixy

{z-v di9) NP 3G {jIm uonejeISUl
anuaay ainjonnseyu Suipiegel Jopiiod 366 Suoje
puejiod umop (Auadosd ajeaud) sassauisng Ym UORBUIPIOOD « | -puupyo oy ul uoREIdSEA JUEIRUSIS
adid ssedfq jieisul “UROUHP 3 J|IM T66 SS0I0R SHAAIND J0 Juswade|da; pue ‘eaie ujejdpooy pajwy | UOHEIND INOY +Z .
A SuipieSal 10O YNM SS3IL PUB UOREUIPIODD + | ‘SHAAIND Audeded-1apun 01 anp ¥aa1) | jeaf-0T Sunsig 0ooev ooty | OOTOV |

TV di) (urejdpooy uosieausy Juoe Fuipooy pajepo
joutey) PaJRID0SSE PUB) PUBKOM UOS|O WO jouLey)

uosieauly UelIe o sajesedos 1eU) UG SeyY Y331 UoSIeaUlY -

“Ayupxoid 850]9 Ut st auiladid 191eMm .
Mmey piegip-0gams( oyeT 10§ JuswiuSije pasodord - paywi st adojs adid -
(2-v d10) ‘gare ofeuieip Jugnquauoo | UOHEINpINOY +Z

dn ad A HORDIASD 103 ulosl pue 10} pozisiapun s [puueyd 1eak-Qt Bunsia
8zisan 3did $58008 YUM Wied jeg WA 03 1uaselpe siealy . ! ! - asl
yumyied ieg PN 033 ipe st ealy uedo pue adid g1 JunsKy -

‘peoy uasuaf guoje uipooy panesqQ

I6T0V OTTIOV | OITOV, V

“Buipooy payodal ou pue Juswdo[aAsp ajeAld .
: . uoneInp INoY +Z _
eate afeutep Bunnquiuod y0TOV TOTOV 1010V v

v/N N “peaed 10 PaIND J0U 51 BaJe afeusRIp 101 Dazisiabun St adid unsi ]
uaLNy ‘Juasard walsAs uoyosyj0s weansdn oy . ) pozisiopun st adid 27 3unisa | seak-o1 Sunsia
Jaguinu (N/Q uoneinp
dio pajeposse | pue ‘opteusds | (9PONSNTAPONSQ) uiseq
puE uopduosep %mu:MMESe yoeqpes) Ao Aousroysp Moeden Jo a0inosg fouanbaiy SInpuoy jieing solew

did 34 guipoold

9004 owsnoiduy eyded (94) [0AN0D PoOLd leniul '8-EAlEL

ueld 181SBIA 191EMLLIOIS BUOISPRID € UoNoes



1T-€

m Nempled owumoig
(T-4410) ‘Rempiey pue ¥nog aung
‘adojs jeunuw sey pue Qipedeo | Uoheinpinoy g > -
az1sdn A Supoquisu uo Fuipooy suodal yeis ssueusjulely Y : 00204700104 00104 ! 4
i -1opun sy adid pajspow Sunsi -
pue anos-a1 adig ‘Auadoid ajeaud uo sijuswudie Junsig fopun st odid pajapowl 3unska | seof-g1 Bunsha
*(suiseq yo1ea paydoiq) Sanssi aoueusUIEW
0} anp Ajjeiausg ease ul Suipooy Junsixgy -3do|s jewju sey | UONRIND INOY +¢ _
V/N N - pue fyoedea-tapun st odid Sunsea | seek-o7 Sunsng 00603 00203 00103 3
8y} u) Sulpooyj paywi} spodal yels soueusiule|
‘satoualoyap Aioedes ssaippe 0} palinbal 4 ou 0020000504
e N 1nq ‘vone||e)su; 1004s usaid 10§ funuoddo ag fey ‘adojs jewiupw sey pue fQoedes | uoneINPINOY +Z | 008007 0021a ootoa| @
"MOY 2PIM pue S}aans sSa|ginD Sey ealy ‘eale -1apun si (, 6T ‘., 2T) odid Bunsixd | seof-oT Sunsha | 0E£YOQT00V0G
ay3 ut Suipooy payul| suodal yels aoueuduIe 0vE0G™01E0a
{c-vdio) "00700 Ifefing 01 ssedAq moy yS1y yum ajoyuew
Wawaseydas [enno A (unos pue fieyiues) pauiquios e si 90509 HIN ‘adojs jewiuiw sey pue | uonemMp oy g > 00500 00109 9
pue uogesedas llepne faoedea-sopun sy adid , 4z Bunsixa | jeef-ot Sunsixg | PUE 0002700200
lames Aieyueg 94} Y}iM 3nss] voRipuod spodai Jjels aoueuauIRy
‘anss|
adojs pue Ayjoedes sjeinajje pioYs Z-y pue 1-y did *adojs |ewuiu sey pue | uoneinpinoy g > -
v/N N *3iNjonIIselsu; a3euleIp Wios Jo Hoe| fyoedea-iapun s adid , 2T BuNSG | sesf-gT Sunsng YOELD 00€T0 | 00103 9
© 0} 3np S) anusAy puejuod Suoje Suipooy payodey
*anss| SuIpooy s)eIAS|jR PINOYS T-f pue g-
v/N N ooy w ; h\ﬂmc ___o “=mw_w~n_om%mw ahw SUORIpUOD iajenvfoEq sosnea | HORBIMP N0 > 00619700720 00102 4}
fus 14 p walskg wioxy adid uoisianp Sunsi .
uonIpuod adid 03 anp s| Bulpooy walsAs papoday FUSISES oy STId UoISIaNp SUBSHA | sesf-07 Bunspa
(1-9.d19) "papasu "BINJONIISRA WSS U0I305|09
suapieg duiredal jaun papuUaLLII0Id) J0U WAISAS U01398}100 1008} £ 01 9nD 9NA3JIag pue 201esg (pajopotu
uies Jo uopeyeIsul A padid jo uopeyjeisu; ‘paned Auassi siom sjPaNg U9BMIB] 1981}S 191S9N0JH) UO pue 10U) yels ssuep 00108 g
pue uonesedas ‘wayshs Alejues ‘anAaljeg pue uclieg usamyaq 1ans | Aug Aq panoday
lamas lieyues 01 981eYosip U0IBuIY UO PaIRIO| SUISEA YOJED OM] uoj3uiy uo Sutpooy panasqQ
(©-vd19) ‘adojs Jewiuiw 10
q g "Juawiadeidal spasu pue Fuljiey si uonipues adig adojs yoeq sey pue eaie afeuiesp uogeinp oy +9 .
azisdn ady d A ‘Auadosd ajeaud uo Ajeiued s1juswugie Sunsig dunnquiuoo oy pazisiapun 1eaf-0T1 Sunsia 00evY 00vEY ootov v
puE a3n0I-a1 8did stedid 87 pue g7 Sunspg -
Jaquinu (/A uonenp
dio pajeroosse | pue ‘ouieuads | (OPONSH 9PONSA) uiseq
pue uonduosop %mccw_w&oce yoeqpasy Ao fouaiayap Aoeded o 991n0g fousnbayy Qunpucy lieano Jolen
dio o4 Buipool4

€ uonoag

ue|d J91SBIA JOTeMULIOLS BU0)Spe|D



F -
: JlomMple]avuUMOIg _ e
v/N N "au} siu3 Je pannbai dIo ON “pateindlie st wajqoid sajowosd Mw__wn_mm_w_m”w_w“ﬁmmm v/N pajspotu JoN 0010S S
J1 995 03 suiseq yoyeo guippe st A1) ayy ‘Apuaun) yoB| € 181 syoda) t&m mu:m:mE_mE
(1- ) “juawugije jo adojs anorduil 0} UORARIXD . HONEIND N0 -
! MES A Jwi Aew yoym ‘eaie uijuasard og Aew yooipsg - h Mg%hmm_ms_z_f mm_w wmﬂw_%%u nempmoy+9 |  0L610 0€610 oovoo| o
" " M I unst - |
azisdn adid fodoid 21eaud uo s uswudie Junsig - punsil.st et ISP | seaf-0T 3unsi3 | £€6T0° 00200
‘Aep stejoieys pue
. ‘AL MBIAUMOLY) ‘DAl SBPIBA
(-NdI10) BuIpooy ABMPEOL | 4o+ 16 froi ut Suipooy pepoday -
A pue SuiS8oj0 useq yo1ed INPal 0} POPUBWIWIOIDS | d v/N pajapow JoN 00TON N
sulseq yojes ppy ale suIseq Yyos1ed [eucnippe pue sjajul qing Suipooy pue Suipuod sajowol
e8IE U Suiseq Yo3es Jo yoe}
e Jeu} suodal Jjeis asueudjuiely o
(1-N diD) ‘passaippe ag 03 Paau SatouLIdYSp
d A Ayoedes adid Junod sewexoe|) weansumoqg - ‘adojs [ewuiw sey | UOREINPINOY +Z | OOSON 0OVON 010 N
ue mﬁw,w adt. *aInso|o sainbal pue Aguanbay pue fyoedes-1epun st , 2T SUnSKa | 1esf-gT Sunsi 00YTN OOVON 00TON
puean 'd SPOOY) Peoy 191SqaM 1eyl suodal Jels soueuduiel -
*9NSSi UORIPUOD
adid jenualod sajesipul Yeis soueusuiRl . “RJIUIDIA U] BINIINIISELUI
(T dio) A (spuiaq adid e sejoyuew WaISAS UORRA O - WORBINPINOU T > 00 =070 | ooTom|
azisdn adig 4008} pue Bunnol sAdaYau 03 onp A|qissod) "adojs jewiuny sey pue Qwedes | 1eak-gT Bunsg
bw=_0_> u MEUQOC spodal jeis asueuajuiely - -13pun si A: ST ‘s NHV maa M:_um_xm .
‘fpadoid a3eaud uo spuawudyje unspg .
(z-r di0) ‘Ao u uipooyy spodal yJeys soueusuRK . ‘ad des | ucleINp oY +g
dn A IUIDIA U g ! adojs jewiuiw sey pue foedes | UO! 00850020f 00TOV ]
pue o) adid “uadoud sjeapd vo sy uowuiie Sunsng « | -oPUNSI(, g1 “,ZT) adid Bunsha | seaf-g1 Bunsra
Juatuugie Jo adojs anoidwi 0} UORBARIXD .
(z-1d19) sy Aew YoM ‘eale up wasald ag few yooipag « 19709 8d1d /2d0jS [EWIUIW SBY | yoneinn 1noy +7 _
A . pue ease s3euteip FuinqLyuod Joj 008er oover ootov [
azisdn adig uonuaIep jeuoigal fuoedes-epun st adid , z1 Sunspa 1eaf-g1 Bunsg
10} BBIE 3]GRJIEAR PAJW| PUE UCHEAJYUI J00d - ’ U o
‘uoflenjyul sajowoid jeyy selieq jaaei3 adojs jeipuius sey pue A0eded | oo inn inoy 4z
v/N N yym peosgies o} Juaselpe pajeno) s jpuueyd uado - -19pun Si peOIIE] 3Y3 JapUn USAIND .> g 007TH 00¥OH | 00TOH H
-eaie siy3 U1 uipooy payodes oy« | PUE [ouueyd uado pajapow Bupsixg | 18801 SUNSKI
Jsquinu N/ uonpeinp
dig pejeloosse | | pue ‘oLieuads | (BPONSNBPONSQA) uiseq
pue uoRduosap %wu:MMEooE yoeqpasy Ao fousioyap Aoeded jo a2unosg “fouanbayy SINpUo) ljiesing solel

did 34

‘5109104 Juslianoidu| e3ided (94) 1010 POOLI |ENIUI 'S-£ BlEL

Buipooi4

ugeld 191seiN 181emuLI0lS auoispeln

€ uonodag



ar-t 39non

ONIQ0014 d3.13103xd

SN ANV ONILSIX3

HLNOS - W3LSAS 39YNIVYA
NV1d ¥31SVIN ¥31IVMNEOLS
3ANOLSAV19 40 ALID

HIUINMH

e
003“1 Uogo

4 1924 00G'L 0s. €56 ‘LAt T l1Iempied
N s YUMolg
SINOH 9 UBY ] IS e
ujseqqns pajepon SINOH 9 - Z wws SINOH Z UBY L JB}BBID) e WISSAS AUNOY 0} UOISUELY JO JUIOH  [H]
sjolxel i SINOH Z UBY] SS97] emmmme  SINOH Z UBY] SSO7 ewme Jamag Atejues oy uiseqans )
auojspe|9 Jo A [Tt Buipoo|4 ON —— Buipoojd teak-gz lleinQ Jejemwiols @

Sweasns pue siany —— Buipool 4 1A-0} - 9ouekaauo) pajepo

39319 uosieaury

SPON PajepoN o

puabar

. ANFTHOLYW

E AZiErler]

o

..\m.
Ve N0l 335







VI 34noie —
9NIOO014 @AL0Ia3¥d S N N
3SN ANV ONILSIXT /‘ 1994 006"} 05. 0 £ 1empien

HIHON - W31SAS 3DVYNIVYA N

NV1d ¥3.1SVIN ¥3LYMWNOLS

RS -
/&0). B

RN .m.r.n m_m:m.w_vn_ 33s
N 2 T

~ 3N HOIYI

ulseqans psjspoy
sjojxeL | "
auospelo jo Ao it
SWeals pue sIsMy ——
SINOH 9 UBY] IS)E3IS) e
SINOH Q - T wev
SINOH Z UBY | SSO e
Buipooj4 ON ——
Buipoo|d 44 o} - aduekauo) pajapopn
wsalsAg Aunog o) uonisues] jojuiod F |
Jamag Auejlues o) uiseqqng 10)
IIBANO Jolemwio)s @
SPON P3ISPON
pusaba







Section 4

Water Quality Retrofit Assessment

As part of this SMP and CIP development, water quality improvement projects were identified for
inclusion in the CIP. Review and identification of water quality improvement projects to reduce the
discharge of pollutants from the MS4 is a specific objective of the SMP in accordance with requirements
of the City’'s NPDES MS4 permit (Schedule D.6.a).

In addition, the City's NPDES MS4 permit requires development of a stormwater retrofit strategy and
identification of stormwater retrofit projects to aid in water quality improvement by July 1, 2015. Specific
NPDES MS4 permit requirements {Schedule A.6.b) of the water quality retrofit strategy are listed below:
1. Stormwater retrofit strategy statement and summary, including objectives and rationale

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

3. ldentification of developed areas or land uses impacting water quality that are high-priority retrofit
areas

4, Consideration of new stormwater control measures

Preferred retrofit structural control measures, including rationale

6. A retrofit control measure project or approach priority list, including rationale, identification, and map
of potential stormwater retrofit locations where appropriate, and an estimated timeline and cost for
implementation of each project and approach

As the methodology for identifying water quality improvement projects or CIPs and stormwater retrofits is
the same, the City opted to conduct both efforts as part of this SMP. This coliective effort, referred to
herein as the water quality retrofit assessment, is described in this section. This section includes
descriptions of the objectives, methodology, project identification (i.e., project list), and applicability to
the City’'s NPDES MS4 permit requirement(s).

ldentified water quality CIPs have been coordinated with flood control CIPs (identified in Section 3.4) to
develop a comprehensive project list to address stormwater quality and quantity management and
NPDES MS4 permit compliance in the city (Section 5).

4.1 Objectives

The City's strategy for conducting the stormwater retrofit assessment 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.

o

The City currently has minimal public or private stormwater treatment facilities within the city limits.
Existing facilities are limited primarily to detention ponds or underground separation vaults on private
property, and the retrofit potential for these types of facilities is limited. The stormwater retrofit
assessment focuses on the use of infiltration-based facilities (e.g., vegetated infiltration basins, rain
gardens, planters) on public property to provide runoff volume reduction in addition to conventional

water quality treatment.

To the extent possible, water quality improvement projects are identified in conjunction with locations of
existing system capacity deficiencies (Section 3) to allow for the CIPs to address multiple objectives.

L)
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Section 4 Gladstone Stormwater Master Plan

4.2 Methodology

Water quality improvement projects were initially identified through a review of system mapping and GIS
information including aerial photos, existing (public and private) vacant areas, publicly owned lands,
existing and future condition land uses, topography, and locations where flood control CIPs are needed.

The City's stormwater collection and conveyance system discharges through 32 modeled stormwater
outfalls, representing 26 major drainage basins. Stormwater is discharged to the Willamette River
(directly or via Rinearson Creek), the Clackamas River, or the Clackamas County-owned stormwater
collection and conveyance system. Each major basin was individually reviewed in accordance with the
following steps in order to identify initial water quality opportunity areas for water quality improvement
projects and stormwater retrofits:

Step 1 ldentify vacant lands. Review of vacant lands was conducted to identify parcels where space
may be available for siting of a new regional or local water quality facility. Publicly owned
vacant lands were prioritized. Vacant lands observed (based on aerial photographs) to be
forested or riparian area were not considered to be priority areas, as such areas should be
preserved.

Step 2 Review land use. High pollutant generating land uses (e.g., industrial, commercial) with high
imperviousness were prioritized for installation of a stormwater treatment facility.

Step 3 Review soils. A significant proportion of the city contains Type C/D soils and underlying
bedrock, which prevents use of traditional infiltration-based facilities for water quality
treatment. However, the southern portions of the city contain Type A/B native soils that are
ideal for installation of rain gardens, planters, and vegetated infiltration facilities.

Step 4 Identify placement/location within the overall conveyance system. Water quality
opportunity areas were reviewed with respect to the contributing drainage area and location
within the major basin. This review was especially applicable in the identification of potential
regional stormwater facilities. Facility placement at the upstream end of the stormwater
conveyance system would allow for only a minimal drainage area to be treated, whereas
placement toward the downstream end of the stormwater conveyance system has potential
to treat a larger area.

Step 5 ldentify available right-of-way. Although existing water quality facilities within the city limits
are limited, there is significant potential to install water quality facilities within the public
ROW. The city features wide streets, and a significant proportion of the local and arterial
streets are not curbed. Green street facilities (stormwater planters, rain gardens) were
prioritized for water quality retrofit due to their placement in public property and ability to
collectively address water quality and stormwater conveyance.

Step 6 Review proposed flood control project needs. The City is coordinating its water quality
retrofit assessment and the identification of water quality CIPs with its overall SWMP
development. To the extent that a CIP can address multiple objectives, such CiPs would be
prioritized (see Section 6). Coordination is particularly beneficial for those flood control/pipe
replacement projects isolated to the ROW, as new green street facilities may be installed at
the same time, resulting in schedule and cost efficiencies.

2 - » X

42 Brown o Caldwell




Gladstone Stormwater Master Plan Section 4

4.3 Water Quality Retrofit Assessment Results

This section presents the results of the water quality retrofit assessment, including the identification of
water quality improvement projects.

In conjunction with the methodology described in Section 4.2, initial water quality improvement projects
were reviewed with City staff at a workshop on September 16, 2013. During the workshop, project
feasibility and practicability was discussed. Additional water quality opportunity areas/projects identified
by City staff were also discussed. Based on City feedback and, in some cases, field reconnaissance, a
recommendation to include the project as a CIP in the SMP was made.

Table 4-1 summarizes the initially identified water quality improvement project (by major basin), the
associated project description, and feedback from City staff regarding feasibility. The CIP
recommendation is also provided.

L]
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Section 5
Integrated Stormwater Management
Strategy

This section identifies the flood control and water quality CiPs designed to address flooding (Section 3)
and water quality improvement (Section 4). To the extent possible, CIPs were developed as integrated
solutions to address multiple objectives (e.g., flood control, water quality, etc.).

5.1 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
improvement projects and water quality retrofit assessment (as described in Section 4). Areas with flood
control needs were prioritized for purposes of targeting a water quality improvement project.

As described in Section 3.4, a total of 22 flood control projects were initially identified. After meeting with
City staff, 15 of the flood control projects were further developed as CIPs. As described in Section 4.3, a
total of 19 water quality projects were initially identified. After meeting with City staff, 10 of the water
quality projects were further developed as CIPs. Another three of the water quality projects were classified
as covered under a green streets pilot project, a separate program being developed within the City to
install planters and rain gardens within the public ROW in conjunction with street improvement projects.

Together, the flood control and water quality projects that were selected for further development as CIPs
were consolidated and integrated to reflect consistent contributing drainage areas. CIP design concepts
and approaches described in Sections 3 and 4 were revisited during the CIP development to formalize
the overall CIP design.

A comprehensive summary of flood control and water quality CIPs is provided in Section 5.4. A total of
18 CIPs are identified. Of the 18 CIPs, five are integrated flood control and water quality CIPs. Eight of
the CIPs address flood control only and five of the CIPs address water quality only. Section 5.4 also
includes a problem description and project description for each CIP, and indicates whether the CIP would
qualify as a water quality retrofit project for NPDES MS4 permit compliance. CIPs are sorted and named
by major basin. Figure 5-1 (a and b) at the end of this section shows the location of each CIP. Detailed
CIP cost summaries are located in Appendix C.

5.2 CIP Sizing and Design Assumptions

This 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, open-
channel conveyance improvements, installation of rain gardens or stormwater planters, installation of
underground injection controls (UICs), and a detention pond installation. Proposed CIPs may reflect a
combination of system improvements.

A revised hydraulic results table reflecting inclusion of system improvements for flow control (e.g., pipe
replacement and detention facility installation) is included as Appendix D (Table D-1). in Table D-1, CiPs
are described by system conduit. The conduit and node numbering is consistent with the existing system
configuration. As not all flooding is addressed with identified CIPs, the duration of future condition
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Section 5 Gladstone Stormwater Master Plan

flooding both with and without CIP implementation is reflected in Table to identify the impact the CIP
has on system-wide flooding.

As described in Section 3.3, the Gladstone Standards reference Section 5.2.1 of CCSD 1 Surface Water
Management Rules and Regulations for collection system sizing and Section 5.3 of the CCSD 1 Surface
Water Management Rules and Regulations for water quality treatment. For purposes of CIP design,
applicable design criteria are listed below:

» Design storm(s):

— Conveyance sizing: 25-year, 24-hour design storm. Due 1o the extensive reported flooding, CIP
identification used the 10-year, 24-hour design storm peak flow and duration of flooding to
prioritize flooding areas.

— Stormwater treatment sizing: 1-inch/24-hour design storm (water quality design storm).

«  Minimum pipe diameter = 12 inches in the public ROW

Additional detail regarding CIP sizing and design assumptions is provided below,

5.2.1 Conveyance System Sizing and Design

Although not specifically referenced in the Gladstone Standards, the following design criteria were
referenced from Clackamas County Water Environment Services Stormwater Management Design
Standards (2010) and used in CIP design for stormwater conveyance piping:

« minimum pipe slope = 0.5 percent (with possible exception to reflect a minimum flow velocity of
approximately 3 feet/second when flowing half full)

« maximum pipe slope = 20 percent

« minimum pipe cover = 3 feet (used for HDPE pipe, but with exception for RCP pipe where the
existing cover is less than 3 feet)

« maximum manhole spacing = 250 feet

Open-channel conveyance design criteria were aiso not available in the Gladstone Standards. The

following open-channel conveyance design criteria were used in CIP development:

« maximum side slope for bioswales and stream restoration = 3:1 (H:V)

« Manning's n = 0.040

» channel type = trapezoidal with minimum 1 foot bottom width

+ freeboard depth at 10-year design storm = 1 foot

« maximum velocity = 3 feet/second

Pipe improvements were evaluated using XP-SWMM to ensure that installation of the CIP (i.e., relief of
the constriction) did not result in downstream flooding.

5.2.2 Infiltration Planter Boxes and Rain Gardens

Rain gardens and planters were sized to infiltrate the stormwater runoff volume associated with the
water quality design storm (1 inch/24 hours) from contributing impervious surface. The maximum
ponding depth in the facility is 6 inches. Depending on proximity to a public stormwater collection and
conveyance system, the facilities may be designed with an overflow and connection piping. If a
stormwater coliection and conveyance system is not located in close proximity, no overflow is specified.

Unit costs associated with rain gardens and planter boxes assume 18 inches of amended soil (growing
media). Water quality facility plantings are costed separately. Excavation (beyond the 24 inches of total
facility design depth, assuming a 6 inch ponding depth) and inclusion of additional amended soils is
costed separately and applied when the facility is installed in Type C/D soils and/or without an overflow.

5-2 Browne Caldwell :
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5.2.3 Detention Pond

One new detention pond is proposed as a combined flood control and water guality CIP at Gladstone
High School. This detention pond sizing is opportunistic based on available space and ability to detain
peak flow impacting the downstream conveyance system sizing. Therefore, the pond is not designed to
accommodate (store) a specific runoff volume from the system.

The detention pond design includes installation of 18 inches of amended soil, 18 inches of drain rock,
and water quality facility plantings along the pond bottom and side slope surface area.

5.2.4 Underground Injection Controls

Estimated UIC sizing was based on the 2008 Stormwater Management Manual (SMM) for the City of
Portland, Exhibit 2-31.

5.3 Cost Estimates for CIP Development

Cost estimates for CIP design and construction are based on the total capital investment necessary to
complete a project (i.e., engineering through construction). Expenditures are calculated for construction
or capital elements, based on the CIP design and representing material costs, labor costs, other services
(traffic control, erosion control), and contingency. Expenditures are calculated separately for
administrative and design services, including engineering and permitting.

Unit cost information for construction or capital elements of the CIP facilities was compiled from recent,
local planning and design projects for the City of Milwaukie (2012), City of Central Point (201.3), City of
Portland (2010), and Clean Water Services (2012). The 2012 RS Means Book for Site Work and
Landscaping was referenced for additional work not covered by recent bid tabs. A construction
contingency of 30 percent (on average) is added to the construction element cost. it is appropriate to
allow for this degree of uncertainty due to limited information available during the SMP-level
development of projects. Factors unknown at the time of this SMP development may include
geotechnical and groundwater conditions and utility relocation and realignment needs.

Administrative and design service elements include engineering, permitting, and construction
administration costs, and such costs are based on a general percentage of the total construction or
capital element cost. Land acquisition and easement costs are not included in the cost estimates, as
most projects proposed are located on City property or within the City ROW. It is assumed that the City
will obtain necessary easements for work conducted on private property.

A good indicator of changes over time in construction costs is the Engineering News-Record (ENR)
20-city Construction Cost Index (CCI), which is computed from prices of construction materials and labor.
Cost adjustments may be found in the ENR CCI to adjust costs provided in this SMP 1o the time the
project is being bid.

Unit cost information and individual cost estimates for CIPs are included in Appendix C. CiPs in

Appendix C follow the same order as CIP descriptions listed in Section 5.4. Where possible, large CIPs
(i.e., CIP A-2) are separated by construction phase, and a detailed cost estimate is provided for each
construction phase. For planning purposes in Section 5.4, the cost for CIPs under $100,00 are rounded
to the nearest $1,000: CIPs over $100,000 are rounded to the nearest $10,000.

5.4 CIP Descriptions

A summary of each CIP is provided below and inciudes identification of the project objective, statement
of need, project description, estimated project cost, and associated design assumptions. CIP summaries
are organized by major basin.
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During workshops with City staff related to CIP development, the City opted to include a programmatic
CIP for green street facility instaliation in conjunction with road improvements. This programmatic CIP
was developed as a lump-sum amount to be spent annually. For purposes of future planning, sizing and
cost of green streets were estimated on a per block basis, depending on native soil infiltration rate. A
description of this programmatic CIP is provided in Section 5.4.9.

54.1 BasinA

CiPname A1 Rinearson Creek Stream Enhancement

Objective addressed | Flood control and water quality

Contributing
drainage area

341 acres

» The open-channel portion of Rinearson Creek, west of Beatrice St., experiences flooding during high flows and storm events.

+ Heavy vegetation and debris obstructs flow through the creek between Beatrice St. and the Olson Wetlands. The Olson
Wetlands historically served as the creek’s floodplain. The Olson Wetlands are currently disconnected from the creek along
the right bank by a man-made berm.

+ Contributing drainage area has limited water quality treatment. Development encroaches on the creek, which also
contributes to pollutant discharge and results in safety issues and property damage.

Statement of need

» Conduct approximately 500' of channel maintenance to clear vegetation obstructing the flow path from Beatrice St. to the
Project description Oison Wetlands (A2100 to A1850).

» Remove the existing 500" berm along the Olson Wetlands to restore connectivity between the creek and wetlands.

Estimated total
project cost $410,000
« Flow control improvements affecting Rinearson Creek are addressed with CiP A-2,
+ An engineering evaluation to determine the flow regime in the creek is costed under CIP A-2.
Design + Engineering and permitting costs were assigned at 25% of the construction costs (instead of 20% typical) to account for
assumptions unknown related to permitting for in-water work and the need for a flow bypass during construction activities. Construction

will occur during summer low flows.
+ Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
+ Alump sum of $20,000 is assumed for flow bypass for the total 1,000 foot project length.

. Portiand Avenue Bypass and Upstream Improvements

Objective addressed | Flood control

Contributing

drainage area 357 acres

» Modeling predicts flooding in the existing stormwater collection and conveyance system along Portland Ave., Watts St.,
Risley Rd., and Nelson Rd during the existing and future 10-year design storm. Modeling also predicts flooding during the
existing and future 25-year design storm along Rinearson Creek.

+ Areas of historical flooding reported by City maintenance staff include:

— Risley Rd. and along Rinearson Creek. Property adjacent to the creek has limited setback distance and building flooding
is reported.

— Rinearson Creek between Bellevue Ave. and Beatrice Ave.
Statement of need — Portland Ave. (north of Jersey St.).

= Glen Echo Ave. through private property to SE Watts St. Clackamas County installed an 18" culvert across SE Watts St.
that serves as a diversion pipe routing flow south from the Glen Echo Wetlands during high flow events. Flow crosses
Glen Echo Ave., flooding the street.

= Duniway Ave. Negative pipe slope along Duniway limits system capacity. The pipe segment from MH A2980 to
MH A2975, south of Duniway is reported to be in poor condition.
» There is an existing sanitary sewer overflow on Portland Ave. south of Datmouth and Clackamas Ave. (MH C0500). Portland
Ave., south of Dartmouth, does not have a dedicated stormwater collection and conveyance system.

ot « »
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Project description

This project exten
to divert high flows to the Clackamas River instead of down Rinearson Creek. The project includes pipe
replacement/realignment north of Jersey St. Due to size and cost, this CIP has been phased into four smaller projects, which

are described in the recommended order of completion.

CIP A-2.1 Portland Avenue High Flow Bypass

« Install 2,650 LF of 48" HDPE from the intersection of Jersey St. and Portland Ave. to the Clackamas River (new MH C1308 to
C0500). This bypass pipe routes all drainage north of Jersey St. along Portland Ave. (see CIP A-2.3) to the Clackamas River
and diverts high flow from the 48" pipe system east of Portland Ave. at Jersey St. (see CIP C-1). Low flow from the east pipe
system continues to discharge to Rinearson Creek.

+ Detailed design of the high flow bypass should include a downstream assessment of Rinearson Creek to set the appropriate
flow regime to maintain aquatic habitat.

« To accommodate the increase in conveyance pipe size, replace the existing 500" of 24" storm drain outfall pipeline from MH
C0500 to the Clackamas River with 500" of 48" RCP. A lump-sum capital expense of $50,000 was also included in the
project cost for outfall improvements.

- Installation of this portion of the CIP, at the specified elevations, is necessary to ensure that the bypass will operate in
conjunction with improvements outlined as part of CIP A-2.3.

» Capital implementation cost subtotal: $3,773,000

CIP A-2.2 Sanitary Sewer Disconnection
« Disconnect existing catch basins and inlet leads, which currently drain to the sanitary sewer along Portland Ave. between
Clarendon St. and Arlington St. Install new catch basins and inlet leads to the Portland Ave. High Flow Bypass (CIP A-2.1).

« Capital implementation cost subtotal: $78,000

CIP A-2.3 Portland Avenue Pipe Replacement/Realignment North of Jersey

* Replace and realign the existing storm drain on Portland Ave. from Glen Echo Ave. to Jersey St. The realignment is intended
to lower the elevation of the pipeline on Portland Ave. and eliminate negative slopes. Connection at Jersey St. is required at
new MH C1308 (CIP A-2.1). Pipe replacement and realignment from Gien Echo Ave. to Nelson Ln is required to
accommodate additional flow associated with CIP A-6. Details related to the pipe replacement are listed below:

* Replace existing 12" and 18" CSP with 416 LF of 24" RCP from Glen Echo Ave. south along Portland Ave. (MH A3427 to
A3410).

* Replace existing 18" CSP with 153 LF of 36" RCP from A3410 to the intersection of Portland Ave. and Nelson Ln (MH
A3410to A3400)

» Replace existing 18" CSP with 1,168 LF of 42" HDPE from Nelson Ln to Jersey St. along Portland Ave. (MH A3400 to new
MH C1308).

» Capital implementation cost subtotal: $1,336,000

CIP A-2.4 Duniway to Barclay Pipe Replacement/Realignment

« Replace and realign the existing 12" and 18" PVC on Duniway with 116 LF of 12" RCP (MH A2987 to A2986) and 252 LF of
18" HDPE (MH A2986 to A2980), respectively.

* Replace and realign the existing 18" CSP with 692 LF of 24" HDPE from Duniway to the intersection of Barclay St. and
Watts St. (MH A2980 to A2962). Install a ditch inlet near A2980 to accommodate flow from the Glen Echo Wetlands, which
have historically flooded this area during storm events.

» Install 385 LF of new 30" HDPE from Watts St. to Portland Ave. along Barclay (MH A2962 to A3300). This CIP routes flow
that previously drained south to Rinearson Creek via Watts St. to the new Portland Ave. storm system. CiPs A-2.1 and A-2.3
must be installed prior to this project.

« Capital implementation cost subtotal: $607,000

pipeline

Estimated total
project cost

A-2.1 $3,773,000
A-22 $78,000
A-2.3 $1,336,000
A-2.4 $607.000
Total $5,790,000
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CIP‘name

o A—2 Portiand Avenue Bypass and Upstream improvements (continued)

» CIPs A-2.1 and A-2.3 must be completed prior to construction of CIPs A-2.4 and A-6. CIP A-2.2 may be completed in
conjunction with CIP A-2.1.

« Per CIP A-2.2, replacement of sanitary sewer infrastructure is not reflected in the cost estimate at this time.
« Alump sum construction cost of $50,000 was included in CIP A-2.1 to account for design and construction considerations

Design associated with steep slopes and outfall piping to the Clackamas River.
assumptions + 15 ¢fs of baseflow was input at model node A2980 to simulate flow entering the City's storm drain from the Glen Echo
Wetlands.
« Property and easement acquisition is not included in the cost estimate.
+ The engineering and permitting percentage for CIP A-2.1 was increased from 20% to 30% to reflect the need to assess
Rinearson Creek and determine the low-flow regime required to maintain aquatic habitat.
cip name o A-3 ngh School Storm Dram Improvements and Detention
Objective addressed Flood control and water quality
Contributing

drainage area

116 acres

Statement of need

+ Modeling predicts existing-condition flooding from MH J5500 on Patricia Dr. to MH J0200 on private property between
Kenmore St. and Jersey St. Maintenance staff report flooding in this segment is increasing in severity, possibly due to debris
accumulation in the pipe.

+ The model also predicts existing-condition flooding along the 48" CMP from Harvard Ave. to Portland Ave. along the south
property line of the high school. This alignment is not within the ROW.

» City maintenance staff report that the CMP pipe from MH J0200 to A2000 is in poor condition.

+ Water quality treatment is limited throughout this contributing drainage area. A water quality facility located at the high
school would provide water quality benefit and educational opportunities.

Project description

« Abandon the existing 18" HDPE from MH 15100 to MH J0200 (located on private property). Install 468 LF of 30" RCP from
MH J5100 at the end of Kenmore St. to new MH J5050 at Harvard Ave. to direct flow in the public ROW and toward the new
high school detention pond.

+ Install 250 LF of 30" RCP from MH J5050 to a new 105,000 ft3 detention pond in the vacant grassy area east of the high
school ball field. The detention pond has a maximum depth of 4.6' from the top of the amended growing media to existing
grade, 3:1 side slopes, a 24,000 ft2 top area, and a bottom outlet diameter of 8". The detention pond is installed with 18"
rock underdrain and 18" of amended growing media on the pond bottom and side slope and water quality facility plantings
along the facility side slopes to promote treatment and infiltration.

« Replace the existing (27" to 42" diameter) CMP from Harvard Ave., north of Jersey St., to the new detention pond outlet (MH
10200 to A3030) with 740LF of 36" RCP.

+ Replace the existing 48" CMP from the detention pond outlet to Portland Ave. (MH A3030 to A3000) with 389 LF of 48"
RCP. This CIP maintains existing grade at A3000 so low flows/baseflow will continue to be routed to Rinearson Creek. A weir
is included at A3000 to direct high flows to the Portland Ave. Bypass at the new MH C1308.

Estimated total
project cost

$1,840,000

Design
assumptions

+ The rack underdrain layer associated with the detention pond was included to increase storage capacity in the facility.
+ Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
+ Design of the overflow weir at A3000 should be evaluated during the design of CIPs A-1 and A-2.

« ifthe detention pond and associated 24" inlet pipe is not constructed, the pipe replacement from C2400 to A3030 would
increase in diameter from 36" to 48",
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ClPname  A-4. High School Rain Garden
Objective addressed | Water quality
Contributing

drainage area

2,500 ft2 (estimated as the rooftop area of the high school shop building)

Water quality treatment is limited throughout this contributing drainage area and existing public vacant property northeast of

Statement of need the high school ball field. This project would provide water quality benefit and educational opportunities for the high school.

« Install a 200 2 infiltration rain garden to treat runoff from the shop building rooftop area. Route runoff from the rooftop to the
Project description | facility. Facility sizing is based on infiltration of the water quality storm runoff volume.

+ Additional excavation and soil amendment are included in the cost estimate due to the native soil infiltration characteristics.
Estimated total
project cost $12,000

« ltis anticipated that project design and installation would be conducted in-house by the City or in collaboration with the high
Design SChOOl.
assumptions - Infiltration testing required prior to design to confirm sizing of the rain garden.

» Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.

Objective addressed | Water quality
Contributing . . :
drainage area 1 acre (estimated as the rooftop and parking area of the existing church)
- Water quality treatment is limited throughout this contributing drainage area.
Statement of need | . The vacant portion of the site for this CIP is overgrown with non-native vegetation. Enhancement of this area forwater quality
may be considered an asset for the church property.
- Install a 3,330 fi2 rain garden on the vacant portion of the church property (N of Nelson Ave. by Tryon). The proposed vacant
Project description pottion of the propenty is existing open space not currently landscaped.
« Additional excavation and soil amendment are included in the cost estimate due to the native soil infiltration characteristics.
Estimated total
project cost $220,000
» Construction of this facility may be conducted in conjunction with CIP A-6, as both projects are located in the same vicinity.
. However, due to the condition of the existing downstream pipe on Nelson, design of this facility for flood control in
Design conjunction with CIP A-6 was not deemed cost-effective.
assumptions « Infiltration testing required prior to design to confirm sizing of the rain garden.
» Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
|
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ClPname | A-6.Glen Echo Pipeline Realignment . ‘
Objective addressed | Flood control
Contributing 47 acres

drainage area

Modeling predicts existing-condition flooding from Nelson Lane to Glen Echo Ave. near Tryon Ct. Flooding in this location was
not confirmed by maintenance crews; however, the condition of this pipeline is reportedly poor. The City recently attempted to

St
atement of need inspect the pipe using CCTV, but was not able to complete the inspection due to debris blocking the pipeline and blind bends
that would not pass the CCTV camera. Access to this segment is also challenging because the alignment is on private property.
+ Abandon the existing 18" storm drain running on private property from MH A4100 at Dickerson Ct. and Glen Echo Ave. to MH
A3800 on Nelson Lane.
Project description | - Install 625 LF of new 24" HDPE from Glen Echo Ave. and Dickerson Lane to Glen Echo Ave. and Portland Ave. (MH A4100to
A3427).
+ Install 203 LF of new 12" RCP on McCall and connect to the new 24" HDPE pipeline at MH A3920.
Estimated total
project cost $280,000
+ Installation of CIP A-2.1 and A-2.3 is required prior to the installation of this project. If that is not feasible, an alternative
Desi realignment could be made with a new 24" pipe down McCall Ct. priorto connecting with the existing storm drain alignment
esign . at A3910. The pipe replacement would end at A3800 on Nelson Lane. This alternative inciudes a portion of the pipe
ti
assumptions realignment on private propetty.
« Any easements required shall be obtained by the City.
ClPname  A-7.Meldrum Bar Bioswale ,;
Objective addressed | Flood control and water quality
Contributing )
drainage area 37 acres
+ There is no water quality treatment in the contributing drainage area. This project is located on public property within an
existing park area. This project is also located at the downstream end of an existing collection system such that water quality
Statement of need treatment can affect a large contributing drainage area.
+ Modeling predicts existing-condition flooding from the outfall at MH A0110 upstream to Jensen Rd. and Highway 99E.
Maintenance staff report flooding along Jensen Rd., west of River Rd.
+ Install 340" of open-channel improvements and 402" of new channel (bioswale) between model nodes A0150 and A0130.
Project description | * Combined treatment and flow control in a single facility allows the project to treat a relatively high pollutant generating area
while increasing capacity to convey flow from the Jensen Rd. system. This CIP alleviates 10-year flooding along Jensen Rd. and
Highway 99E. 25-year flooding reported in the open-channel segment is reduced to less than 2 hours duration.
Estimated total
project cost $230,000
Desi « Relocation or adjustment of the existing ball fields and walking path at Meldrum Bar Park were not included as part of the cost
esign . estimate.
assumptions . . . .
« Property acquisition is not included in the cost estimate. Any easements required shali be obtained by the City.
1}
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ClPname A8 Riverdale Drainage Improvements

Objective addressed | Water Quality

Contributing . - . o .

drainage area 4.5 acres total drainage area (stormwater planter sizing based on approximately 0.5 acre of contributing impervious area).

« There is no water quality treatment in the contributing drainage area.

Statementofneed | * The Riverdale subdivision is located on the west of River Rd. on Riverdale Dr. Stormwater runoff is currently routed to three
catch basins at the west end of Riverdale Dr., which drain to the sanitary sewer. The sanitary sewer in this area is under-
capacity and the combined system has historically flooded the cul-de-sac.

« Install 1,765 ft2 of stormwater planters to infiltrate stormwater runoff from the public ROW and adjacent private property
within the subdivision. Facility sizing is based on infiltration of the water quality design storm. Planters are designed to bypass

Proiect descrioti to the road.

roject description |, Disconnect three existing catch basins from the sanitary sewer system. Install three new catch basins and a sediment
manhole in the cul-de-sac to collect runoff from the total contributing drainage area.
+ Install three UICs to dispose treated stormwater runoff.
Estimated total
project cost $280,000
+ The capacity and condition of the sanitary sewer was not evaluated as a part of this study and should be evaluated at this
location in future sanitary sewer master planning efforts,
+ Installation of a dedicated storm pipe to Meldrum Bar Rd. was considered but not pursued due to required access,
. easements, and construction on private property. Such an alternative would also require extension of the existing storm line
Design on Meldrum Bar Rd.
assumptions e - . . . . .
+ Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
« Infiltration testing required prior to design to confirm sizing of stormwater planters and feasibility of using UICs for stormwater
disposal.
+ Registration costs for UICs not included in the cost estimate.
54.2 BasinB

CIP name -1. Basin B Drainage Improvements
Objective addressed | Flood control and water quality
+ Roadway surface on Arlington St. from Barton Ave. to Bellevue Ave.: 18,750 ft2 (contributing impervious area based on 750"
Contributing length and 25" half street width)
drainage area » Roadway surface on Gloucester St. from Beatrice Ave. to Bellevue Ave.: 12,500 ft2 (contributing impervious area based on
500' length and 25’ half street width)

« There is no water quality treatment in the contributing drainage area.

Statement of need | City maintenance staff report surface water flooding due to poor grade and lack of roadway crown along (1) Adington St. from
Barton Ave. to Bellevue Ave. and (2) Gloucester St. from Beatrice Ave. to Bellevue Ave.

+ On Arlington St., two existing catch basins currently drain to the sanitary sewer.

« Install 1,335 ft2 of stormwater planters on Arlington St. and 745 fi2 of stormwater planters on Gloucester St. (in the locations
identified above) to improve drainage and water quality treatment. Stormwater planter sizing is based on infiltration of the

Project description | Water quality design storm and contributing impervious area associated with the contributing ROW and half of the street width.

» On Arlington, disconnect two existing catch basins from sanitary system. Planters are designed to bypass to the road.

+ On Gloucester, install beehive overflows and connect to existing stormwater conveyance system.

Estimated total
project cost $270,000

« Planter facility installation would be opportunistic as available ROW exists. Therefore, facility sizes (footprint area), the
number of facilities, and associated costs may vary. Treatment of the contributing area is assumed with installation of the
specified area of stormwater planter.

Design « Infiltration testing required prior to design to confirm sizing of the planters.
assumptions + Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.

+ A dedicated stormwater collection and conveyance system does not currently existing along Adington St. Installation of a
storm system may be conducted in conjunction with future roadway improvements. Overflows and connection to the piped
conveyance system may be considered for the stormwater planters at that time.

|
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5.4.3 Basi

nF

CIP name

Objective addressed

T
:
3

F1 C“al‘dwell to Hull Pipe Replacement/Realignment

Flood control

Contributing
drainage area

59 acres

+ Modeling predicts existing-condition flooding along the 15" storm drain in the Tall Oaks apartment complex, located between
Caldwell Ave. and Hull Ave. Maintenance staff have not reported flooding at this location, but do receive complaints about

Statement of need flooding in Hardway Ct. and Durie Ct. (located directly west of the apartment complex).
» The storm drain currently serving Hardway Ct. and Durie Ct. is a 6" corrugated plastic line that is reported to have an
undulating slope due to poor installation.
» Install atotal of 1,347 LF of 24" RCP from MH F1000 at Franklin Ave., south of Cardwell Ave., to Durie Ct. at new MH F0110,
turning north along Durie Ct. and Hardway Ct. to a new connection to the County-owned pipe on Hull Ave. at MH F0105. This
Project description | realignment minimizes conveyance on private property.
» The cost of this CIP accounts for replacement of six catch basins with inlet leads and installation of 8-48" diameter
manholes.
Estimated total
project cost $570,000
+ The existing 15" storm drain alignment through the Tall Oaks apartment complex is currently used to convey private drainage
to Hull Ave. Subbasins F0400 and FO200 remain connected to the existing 15" storm drain in the CIP model. Therefore,
. . abandoning the existing 15" storm drain is not included in the CIP.
Design assumptions s . . . . . .
« Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
» This CIP requires connection to a County-owned pipe on Hull Ave. The condition and attributes of this pipe are unknown.
Evaluation of the County-owned pipe should be conducted during detailed design.
54.4 BasinH
ClPname H-1. System H Channel Improvement
Objective addressed | Water quality
Contributing 22 acres

drainage area

+ There is no water quality treatment in the contributing drainage area.

Statement of need | * Modeling predicts minor existing-condition flooding along the open-channel system between nodes H0700 and H0400.
Maintenance staff do not report system flooding. Field reconnaissance indicates that maintenance of the open channel
(which runs adjacent te railroad tracks and ballast) may improve system capacity and enhance water quality treatment.

Project description Conduct targeted maintenance activities including hand removal of non-native vegetation, sediment and trash removal, and

replanting activities on approximately 1,000 LF of open channel between nodes H1200 and H0300.

Estimated total

project cost $36,000

Design assumptions Cost estimate assumes 10' wide channel improvement and an average of 6" of sediment removal over the channel

improvement area.
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54.5

Basin J

. -1 Comel! at Landon Plpe Repklacement/Reahgnment

Ob)ectwe addressed

Flood control

Contributing
drainage area

74 acres

» Modeling predicts existing-condition flooding in System J between Kenmore St. and High St. and along Oatfield Rd. between
Ridgegate Dr. and Stone Oaks Ct.

+ Maintenance staff report the manhole cover at the upstream intersection of Oatfield Rd. and Ridgegate Dr. (MH J2700)

Statement of need blowing off during storm events. Maintenance staff also repont flooding and debris accumulation in the piped system from

Patricia Dr. and Kenmore St.

« Much of the storm drain alignment in System J is on private property.

+ Due to the extensive nature of flooding in System J, CiPs J-1 and J-2 should be conducted in tandem. CIP J-1 addresses the
downstream portion of the system and CIP J-2 addresses the upstream portion of the system.

+» Abandon 397 LF of existing 15" and 18" diameter storm drain that is routed through private property between Cornell Ave.
and High St. (16500 to 16400, J1200 to J0900).

Project description | . install 334 LF of 18" HDPE from MH J6500 on Comell Ave. south to MH 1300 on Comell Ave. This new pipe is located in the
public ROW and bypasses flow around the existing 18" storm drain on private property between Cornell St. and High St. (to be
abandoned).

* Replace 906 LF of 18" storm pipe with 30" HDPE from MH J1300 on Cornell Ave. to MH J0600 on High St., south of Kenmore
St.
Estimated total
project cost $640,000

Design assumptions

« Existing flooding from Patricia Dr. to Kenmore St. is pattially addressed by this CIP due to the flow diversion to Cornell $t. and
High St. CIP A-3 provides additional capacity downstream of High St. to address additional flow associated with this diversion.
Installation of CIP A-3 should occur prior to installation of CIP J-1.

- Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
» ltis recommended that CIP J-1 be instalied priorto CIP J-2.

Objective addressed | Flood control
Contributing
drainage area 38 acres
» Modeling predicts existing-condition flooding in System J between Ridgegate Dr. and Stone Oaks Ct.
Statement of need | . Maintenance staff report the manhole cover at the upstream intersection of Oatfield Rd. and Ridgegate Dr. (MH J2700)
blowing off during storm events.
+ Due to the extensive nature of flooding in System J, CIPs J-1 and J-2 should be conducted in tandem. CIP J-1 addresses the
downstream portion of the system and CIP J-2 addresses the upstream portion of the system.
Project description | - Replace 790 LF of 12" CSP with 18" RCP from MH J2800 at Oatfield Rd., north of Ridgegate Dr., to MH J2500 on Oatfield Rd.
- Replace 623 LF of 12" and 18" CSP with 24" RCP from MH J2500 on Oatfield Rd. to MH J2000 at the intersection of
Oatfield Rd. and Barbary Dr.
Estimated total
project cost $480,000
» City maintenance reports bedrock in the project vicinity. The CIP cost estimate does not include rock blasting, which may be
Desi . required for construction.
esign assumptions |, Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
« ltis recommended that CIP J-1 be installed priorto CIP J-2.
|
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546 BasinM
Objective addressed | Flood control
Contributing
drainage area 13 acres
« Modeling predicts flooding along the existing 15" storm drain from the connection to the county pipe system north of
Stat tof need Crownview Dr. to MH M0800, which is between Crownview Dr. and Valley View Dr. on private property. City maintenance staff
ement of nee also reports flooding, possibly due to routing (lack of manholes and catch basins) in this area.
+ Much of the storm drain alignment in System M is on private property.
Project description « Install 542 LF of 18" HDPE from MH M0500 on Crownview Dr. to the County-owned MH M0100.
« The cost of this CIP accounts for replacement of four catch basins with inlet leads and instaliation of three new manholes.
Estimated total
project cost $160,000
+ The existing 15" storm drain transitions from City to County ownership at MH M0100. The condition and attributes of this
Design assumptions| County pipe are unknown. Evaluation of the County-owned pipe should be conducted during detailed design.
« Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
5.4.7 BasinN
CiPname N-1.KraxbergerBioswale and Pipe Replacement
Objective addressed | Flood contral and water quality
Contributing drainage
area 93 acres
» Modeling predicts existing-condition flooding along Webster Rd. and upstream through the Kraxberger Middle School
Stat t of need grounds to Ridgegate Ct. Flooding along Webster Rd. was confirmed by City maintenance staff and Clackamas County staff.
atement of nee The flooding along Webster reportedly requires road closures during large storm events.
« Water quality treatment is limited throughout Basin N.
+ Install a parallel bioswale for 500 LF from MH N1050 at the school driveway entrance on Webster Rd. to MH NO80O near
Springhill Place and Webster Rd. The bioswale utilizes a grassy strip along the west side of Webster Rd.
» Replace 202 LF of 12" CSP with 24" RCP from MH N0O800 to MH N0500 near Los Verdes Dr. and Webster Rd.
Project description | . install 67 LF of 24" RCP from MH N0401 to MH NO500 to divert piped flow along the east side of Webster Rd. to the new
storm system along the west side of Webster Rd.
« Replace 905 LF of 21" and 24" CSP with 36" RCP from NO500 to the point of County ownership at MH N0100, north of SE
5th Ave. and Webster Rd.
Estimated total
project cost $940,000
» The existing 24" storm drain transitions from City to County ownership at MH N0100. The condition and attributes of this
. . County pipe are unknown, but both City and County maintenance staff report Webster Rd. as a location of severe flooding.
Design assumptions

Evaluation of the County-owned pipe should be conducted during detailed design.
« Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
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N-2 System N Inlet Rep!acement

Objectlve addressed | Flood control
Contributing drainage} ., .
area Varies
Statement of need Localized flooding in System N is reported by City maintenance staff and is attributed to a lack of catch basins, use of single
catch basins (as opposed to double catch basins or curb inlets), and clogging of catch basins with leaf debris.
Install new inlets in the following focations:
+ Los Verdes Dr. between Crownview Dr. and Via Del Verde:
= Install two new inlets near 7:'145 Los Verdes Dr. with a new 450 LF 12" HDPE storm drain to Crownview Dr.
= Install two new inlets at the west side of the intersection of Los Verdes Dr. and Crownview Dr.
= Install a new inlet on the southeast side of the intersection of Monte Verde Dr. and Los Verdes Dr., and connect the new
Project description inlet to the existing storm drain.

+ The intersection of Crownview Dr. and Valley View Dr.:
- Install two new inlets at the west side of the intersection of Valley View Dr. and Crownview Dr. Connect new inlets to the
existing storm drain.
« Lundgren Dr. and Charolais Way:
— Install a new inlet at the northwestern comner of Charolais Way and Lungren Way. Connect the new inlet to the existing

storm drain.
Estimated total
project cost $140,000
Design assumptions Inlet re;_)lacement Iocat?ons were identified based on a windshield survey of Monte Verde Dr., Los Verdes Dr., Valley View Dr.,
Crownview Dr., Charolais Dr., and Lundgren Dr.
548 BasinO
cp ‘ﬁan‘i‘é . Rxdgewood and Oatfield Pipe Replacement -
Objective addressed Flood control

Contributing drainage
area

67 acres

Statement of need

+ Modeling predicts existing-condition flooding along Clayton Way, Stonewood Dr., Ridgewood Dr., and Cason Cir. to the
outfall at the pond west of Poplar Ln. City maintenance staff reports that flooding from the intersection of Ridge Dr. and
Cason Rd. impacts Cason Cir.

+ Additional flooding is reported on private property between Ridgewood Dr. and Ridge Dr. The characteristics of the storm line
on private property are unknown.

Project description

+ Replace 384 LF of 12" and 15" CSP with 18" RCP along Clayton Way to Webster Rd. (MH 01930 te 01900).

» Replace 1,105 LF of 12" and 15" CSP with 24" RCP from Webster Rd. to Ridgewood Dr. (MH 01900 to MH 00700).
Approximately 336 LF of this alignment is on private property.

+ The existing 36" HDPE from MH 00700 to MH 00600 has sufficient capacity and is not replaced.

« Increase the capacity of the existing 257 LF of open channel on private property from node 00600 to the pond. Increase the
channel width from 1' to 2", depth from 1' to 2', and side slope from 2:1 (H:V} to 3:1 (H:V). Channel improvements are
costed to include installation of stream bed gravel and water quality facility plantings on the channel side slopes.

Estimated total
project cost

$650,000

Design assumptions

« There are known water system deficiencies on private property between Ridgewood Dr. and Ridge Dr. that should be
addressed concurrently with this CIP.

+ Property acquisition is notincluded in the cost estimate. Any easements required shall be obtained by the City.

+ An alternative alignment from Webster Rd. and Ridgewood Dr., down System E on Webster Rd., was evaluated and deemed
cost-prohibitive due to shallow bedrock in Webster Rd. and the length of required pipe replacement along this alignment,
which was more than 1 mile.
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Objective addressed

' 0-2. Church Pond Retrofit Evaluation

Water quality

Contributing drainage
area

73 acres

+ Water quality treatment is limited throughout Basin 0. The downstream location of this existing retention pond facility would
address water quality for a large contributing drainage area, comprising higher pollutant generating land use including

Statement of need commercial, industrial campus, and residential properties.
« The functionality and inlet/outlet controls of the pond are currently unknown. Standing water is reported in the pond at all
times.
Project description Cont.luct sglyey and evaluation of existing pond to determine functionality and ability to utilize the pond as a regional water
quality facility.
Estimated planning
cost $15,000
+ Detailed design and constructed facility improvements are not reflected in the cost estimate at this time. The cost estimate
Design assumptions | reflects a lump sum for a planning-level evaluation of the pond.

« City staff to identify ownership of the pond and obtain necessary easements prior to survey and evaluation.

5.4.9 Green Streets Pilot Project

CIP name Green Streets Pilot Project
Objective addressed | Flood control and water quality
Contributi -
a;natﬂbutmg drainage Varies (cost estimate by typical block area = 500’ length by 50' street width)
+» Water quality treatment is limited throughout the city. Green street applications in conjunction with infrastructure and
roadway improvements are one option for stormwater retrofit. The City installed planter boxes along Portiand Ave., which
Statement of need have f)roved successful at mitigating ponding 'fmd street flooding. . o
« The City opted not to include green street applications as a standalone CIP orin conjunction with proposed flood control
CIPs because applications are often opportunistic and based on available ROW. The City chose to include a green streets
pilot project as part of its CIP, which would provide dedicated funding for green street applications as opportunities arise.
Depending on measured infiltration rates, preliminary green street sizing by assumed block area is as follows:
+ Type A/B soils (infiltration rate = 0.25" /hr or greater) = 1,490 ft2 of planter area/block
+ Type C/D soils (infiltration rate = 0.10" /hrto 0.25" /hr) = 1,965 ft2 of planter area/ block
Targeted applications at this time include:
Project description | - System A: Portland Ave. (from Glen Echo to Abernathy)
+ System C: Portland Ave. (from Jersey St. to Arlington St.)
+ System D: Yaie Ave. (from Exeter St. to Ardington St.)
» System D: Comnell St. (from Clarendon St. to Arlington St.)
» System D: Columbia St. {from Gloucester St. to Arlington St.)
Estimated annual

project allocation

$110,000

Design assumptions

« Flood control CIP sizing does not account for flow reduction that would occur with installation of green street applications.
This is a conservative design assumption. Detailed design of flood controi CIPs, if combined with a green street application,
may be sized to account for flow reduction achieved with use of the planters in pipe sizing.

« Infiltration testing is required prior to installation of any green street facility.
» Property acquisition is not included in the cost estimate. Any easements required shall be obtained by the City.
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5.4.10 CIP Summary
Estimated costs associated with each CIP are summarized in Table 5-1. Appendix C contains a detailed

cost breakdown for each CIP.

IP nae

Toal ost %)

CIP number

A-1 Rinearson Creek Stream Enhancement 410,000
A-2 Portland Avenue Bypass and Upstream improvements 5,790,000
A-3 High School Storm Drain Improvements and Detention 1,840,000
A-4 High School Rain Garden 12,000
A-5 Tryon Rain Garden 220,000
A-6 Glen Echo Pipeline Realignment 280,000
A7 Meldrum Bar Bioswale 230,000
A-8 Riverdale Drainage Improvements 280,600
B-1 Basin B Drainage Improvements 270,000
F-1 Caldwell to Hull Pipe Replacement/Realignment 570,000
H-1 System H Channel Improvement 36,000
J1 Cormnell at Landon Pipe Replacement/Realignment 640,000
J-2 Oatfield Pipe Replacement 480,000
M-1 Crownview Drive Pipe Replacement 160,000
N-1 Kraxberger Middle School Bioswale and Pipe Replacement 940,000
N-2 System N Inlet Replacement 140,000
0-1 Ridgewood and Oatfield to Pend Pipe Replacement 650,000
0-2 Church Pond Retrofit 15,000

Total 12,963,000

Annual Green Streets Pilot Project 110,000/ year

Brown«w» Caldwell :
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Section 6

CIP Prioritization and
Implementation

This section summarizes the general process the City used to prioritize identified CIPs and schedule
project funding. The City conducted its CIP prioritization in conjunction with its stormwater financial
evaluation (separate deliverable).

6.1 CIP Prioritization Criteria and Process

As described in Section 5, a total of 18 CIPs were developed to address flood control and water quality
improvement within the city of Gladstone. To the extent possible, individual CIPs were developed to
address multiple objectives (e.g., addressing flood control, regulatory compliance, water quality
improvement, etc.). Please note that the Green Streets Pilot Project is not considered a CIP for inclusion
in the overall prioritization, as it is a programmatic activity proposed for annual funding.

All CIPs identified in Section 5 are considered priority and recommended for implementation. Due to the
significant cost of the CiPs proposed, the City’s limited existing stormwater fund balance, and the fact a
stormwater utility has not yet been formed, an extended implementation period of 30 years was used for
the financial evaluation. Therefore, the 30-year implementation period as opposed to the traditional
20-year planning horizon was used for CIP scheduling.

During the CIP development workshop on October 29, 2013, City staff identified criteria to be used to
schedule and prioritize CIP implementation {see Table 6-1). 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 creates an indirect weighting of projects for
implementation based on the City’s deemed importance of the overlapping issue.

U ¥ - P
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Section 6

Gladstone Stormwater Master Plan

Criterion

Higher Priority

Lower Priority

Historical problem/

City staff considers area or system to be of ongoing concern

New CIP identified as part of this evaluation

persistent problem
» Significant hazard or threat to public safety or property
Flooding + System experiences flooding for longer than a 2-hour duration
issue/safety dy . P g : g No safety hazard addressed with CIP
concern uring a modeled 10-year design event
+ Fooding currently observed.
NPDES permit Addresses NPDES permit requirement related to stormwater

requirements

retrofits

Does not directly address NPDES permit requirements

Ongoing
maintenance need

+ City staff frequently responds to citizen complaints in the area
« Frequent onsite response/maintenance required

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

Water quality Facility installation will directly reduce TMDL/303(d) pollutants to .

improvement receiving water bodies. CIP does not address water quality control
Concurrence Required prerequisite or preliminary project for other CIPs. iclg:):gtnesér:;t;f:esr(;:ﬁ?muug%:z?li?‘f': g:tlrmugfucrteo;:rz?e cts
Sustainability CIP would provide long-term benefits (aesthetics, livability, etc.) CIP would address immediate need but may not

enhance orimprove benefits over the long term

6.2 CIP Scheduling

As each identified CIP is recommended for implementation, the prioritization criteria identified in
Table 6-1 was used to identify those highest priority CIPs that should be scheduled and completed first
within the implementation period. CIPs that address the most criteria were considered highest priority.
Therefore, multi-objective CIPs (that address flood control and water quality) were prioritized over CIPs
that just address one objective.

After evaluating the CIPs and criteria, the highest priority projects in terms of scheduling are as follows:
1. Portland Avenue Bypass (CIP A-2.1, CIP A-2.2, and CIP A-2.3)

2. Riverdale Drainage Improvements (A-8)

3. Basin B Drainage Improvements (B-1)

4. Kraxberger Middie School Bioswale and Pipe Replacement (N-1)

Each of these projects addresses historic and reported flooding issues, water quality improvement and
NPDES compliance, and maintenance needs. Construction of CIP A-2.1, A-2.2, and A-2.3 are specifically
required prior to construction of numerous other upstream system improvements, thereby addressing
the project concurrence criteria. Two of the projects (A-8 and B-1) are proposed to eliminate known cross
connections between the stormwater and sanitary conveyance systems and may reduce intermittent
flooding.

It should be noted that water quality may also be considered with CIPs proposed solely to address
flooding issues, even though the CIP was not developed specifically with water quality in mind.
Incorporation of sedimentation or poliution control manholes or sumps could be installed in conjunction
with pipe and inlet replacement projects (see CIP F-1, M-1 and N-1). Implementation of the annual green
street pilot projects should be scheduled and located when other construction activities including
stormwater pipe replacement projects are being installed to provide efficiencies.

% » o N
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Gladstone Stormwater Master Plan Section 6

6.3 CIP Implementation

As stated above, CIP implementation is projected over a 30-year period.

The initial financial analysis and stormwater rate evaluation effort includes the CIP project costs and
anticipated project scheduling in development of recommended stormwater utility rates and system
development charges (SDCs) (see Section 6.1 and 6.2). In addition, the financial analysis includes
annual project costs (see the annual green street pilot project and expenditures (vehicle and equipment
replacement) in the calculation of rates. An annual cost of $110,000 is assumed for implementation of
the annual green street pilot project (see Section 5.4.9). An annual cost of $75,000 is dedicated for
replacement of vehicles and equipment in support of the stormwater system (street sweeper, vactor,
emergency response jetter, etc.).

Historically, due to limited staff availability, preventative maintenance of the stormwater system has not
been performed routinely and proactively. The City’s existing public works department consists of six full
time staff that are shared amongst stormwater, sanitary, water, parks, and streets. There is no dedicated
stormwater staff. Preventative maintenance is essential to optimizing functionality and performance of a
stormwater system. Each identified CIP will require routine maintenance to ensure ongoing operation.
Such maintenance efforts include regular vactoring and debris removal of catchbasins, manholes, and
ditches; TV-inspection of pipes; planting and grading of vegetated stormwater facilities; trash, debris, and
invasive vegetation removal along creeks and streams; and inspection and repair of hard infrastructure
(culverts, manholes, outfalls, outlet control structures).

The financial analysis includes the addition of 2.5 full time employees (FTE) to supplement existing staff
in support of a preventative stormwater maintenance program. With the addition of staff, and as
preventative maintenance activities are conducted and tracked at specified intervals, the staffing
allocation shouid be revisited amongst all utilities to ensure that adequate levels of service are achieved
amongst all utilities.
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Appendix A: Stormwater Conveyance System Map
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Appendix B: Hydrologic and Hydraulic Results Tables

Table B-1: Hydrologic Results
Table B-2: Hydraulic Results
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A0102 BA0102 13.7 0.0 89 92 80 74 23% 39 6.1 7.2 8.9 4.6 6.8 8.0 9.7
A0104 BA0104 14.6 0.6 82 82 50 54 8% 3.1 5.1 6.2 7.9 3.4 54 6.5 8.2
A0150 BAO150 8.1 13 92 92 80 80 0% 2.9 4.2 4.8 5.8 29 4.2 4.8 5.8
AD170 BAO170 12.0 0.3 93 93 80 80 0% 4.2 6.1 7.1 8.6 4.2 6.1 7.1 8.6
A0190 840190 5.1 12 97 97 95 95 0% 2.0 2.8 3.2 3.8 2.0 2.8 3.2 3.8
A0191 BA0191 5.1 2.5 96 96 95 95 0% 1.9 2.8 3.2 3.8 1.9 2.8 3.2 3.8
AQ200 BA0200 6.1 10.3 88 92 55 73 33% 1.9 29 34 4.2 2.2 3.2 3.7 44
A0330 BA0330 10.7 0.9 20 91 65 70 8% 3.5 5.2 6.1 7.5 3.7 5.4 6.2 7.6
AQ410 BAQ410 4.6 0.5 97 97 95 95 0% 1.7 2.5 2.8 34 1.7 2.5 2.8 34
A0420 BA0420 3.2 0.1 97 97 95 95 0% 12 17 2.0 24 1.2 1.7 2.0 2.4
A0500 BAOS00 6.3 9.4 97 97 95 95 0% 2.4 3.4 39 4.7 2.4 3.4 3.9 4.7
A1000 BA1000 9.9 2.4 97 97 95 95 0% 3.8 53 6.1 7.3 3.8 53 6.1 7.3
A1300 BA1300 6.3 0.3 97 97 95 95 0% 2.4 3.4 3.9 4.7 2.4 34 3.9 4.7
A1600 BA1600 13.0 10.1 88 94 55 82 43% 4.1 6.1 7.2 8.8 4.8 6.8 7.9 9.5
A1820 BA1820 104 1.3 86 89 50 64 28% 2.8 4.5 5.3 6.7 34 5.0 59 72
A1802 BA1902 10.1 5.4 86 87 50 55 10% 3.0 4.6 5.4 6.7 3.2 4.7 55 6.8
A1930 BA1930 5.7 7.4 78 92 10 73 630% 0.7 1.5 2.0 2.6 2.0 3.0 3.4 4.2
A1952 BA1952 2.3 1.0 86 88 50 58 16% 0.7 1.0 1.2 15 0.7 1.1 1.3 1.6
A1954 BA1954 3.8 14 86 87 50 55 10% 1.1 17 2.0 2.5 1.2 1.8 2.1 26
A1975 BA1975 3.6 6.3 86 87 50 55 10% 11 1.6 1.9 24 1.1 17 2.0 24
A1985 BA1985 8.3 4.8 87 89 55 61 11% 2.6 39 4.6 5.6 2.8 4.1 4.7 5.8
A1989 BA1989 6.8 53 82 87 35 55 57% 16 2.6 3.2 4.0 2.1 3.2 3.7 4.6
A1992 BA1992 10.1 0.7 84 88 40 60 50% 2.2 3.8 4.6 5.9 31 4.7 5.5 6.8
A2000 BA2000 6.6 2.6 82 84 50 58 16% 1.9 2.9 34 4.2 2.0 3.0 3.8 4.4
A2210 BA2210 5.3 0.9 81 87 50 68 36% 14 2.2 26 3.3 1.8 2.6 3.0 3.7
A2720 BA2720 2.7 5.0 85 87 45 56 24% 0.8 1.2 1.4 1.8 0.9 1.3 1.5 19
A2920 BA2920 8.1 8.0 87 92 50 72 44% 2.5 3.7 4.4 5.4 2.9 42 4.8 5.8
A2965 BA2965 4.4 2.8 91 91 65 65 0% 1.5 2.2 2.6 3.1 1.5 22 2.6 3.1
A2967 BA2967 8.1 5.1 86 87 50 55 10% 2.4 3.6 4.3 5.3 25 3.8 4.4 54
A2969 BA2969 4.9 3.8 86 87 50 55 10% 15 22 2.6 32 15 2.3 2.7 3.3
A2987 BA2987 4.7 5.3 93 96 75 88 17% 1.7 2.4 2.8 34 1.8 25 29 3.5
A2993 842993 14.7 2.2 83 86 30 42 40% 2.9 52 6.4 8.2 3.7 6.1 7.3 9.2
A2999 BA2949 2.3 9.1 86 87 50 55 10% 0.7 11 1.2 15 0.7 11 13 1.6
A3020 BA3020 4.4 0.4 83 88 60 73 22% 13 2.0 2.4 2.9 15 2.2 2.6 3.1
A3100 BA3100 6.5 0.2 81 88 20 55 175% 0.7 1.3 1.7 2.4 1.7 2.7 3.2 4.0
A3200 BA3200 8.2 8.3 87 88 50 55 10% 2.8 4.2 5.0 6.1 2.9 4.4 5.1 6.3
A3410 BA3410 3.7 0.6 a3 93 70 74 6% 1.3 1.9 22 2.7 13 19 2.2 27
A34102 BA34102 3.3 2.1 87 88 50 55 10% 1.0 1.5 1.8 2.2 1.0 1.6 18 2.3
A3430 BA3430 1.7 3.8 86 87 50 55 10% 0.5 0.8 0.8 1.1 0.5 0.8 1.0 12
A3450 BA3450 4.9 3.9 85 87 45 55 22% 1.3 2.1 25 3.1 15 2.3 2.7 3.3
A3470 BA3470 3.1 0.3 84 87 40 55 38% 0.7 12 1.5 1.9 0.9 1.4 1.7 2.1
A3490 BA3490 43 2.7 85 87 45 55 22% 1.2 19 2.2 2.8 1.3 20 2.4 2.8
A3500 BA3500 7.2 4.7 85 88 40 55 38% 1.9 3.0 3.6 4.5 23 34 4.0 4.9
A3640 BA3640 6.2 8.4 85 87 45 58 22% 1.8 2.7 3.2 4.0 1.8 2.9 3.4 4.2
A3744 BA3744 3.6 6.4 86 87 50 55 10% 1.1 1.6 19 2.4 1.1 1.7 2.0 2.4
A3800 BA3800 2.0 15 87 88 50 55 10% 0.8 0.9 1.1 14 0.6 1.0 1.1 14
A3910 BA3910 5.8 7.6 83 88 35 55 57% 14 2.3 2.7 3.5 1.8 2.7 3.2 3.8
A4110 BA4110 2.0 0.2 87 88 50 55 10% 0.6 0.9 1.1 13 0.8 0.9 11 14
A4120 BA4120 2.9 6.4 84 87 40 55 38% 0.8 12 1.4 18 0.9 13 1.6 1.9
A4400 BA4400 6.8 2.1 84 87 40 55 38% 1.7 2.8 33 4.2 21 3.1 3.7 4.5
A4T00 BA4700 34 8.2 85 87 45 56 22% 1.0 1.5 1.8 2.2 11 1.6 1.9 2.3
A5000 BAS000 4.2 24 86 87 50 55 10% 1.2 19 2.2 2.8 1.3 2.0 2.3 2.8
A5020 BAS020 5.9 5.7 87 88 50 55 10% 1.8 2.7 3.1 3.9 1.8 28 3.2 4.0
BASINB

B0600 BBO60O 34 0.6 77.0 79.0 50.0 55.0 10% 08 1.3 1.6 2.0 039 1.4 1.7 21
B0620 880620 2.3 1.0 69.0 710 50.0 55.0 10% 0.5 0.8 1.0 13 0.5 0.9 1.1 1.3
80640 8B0640 3.1 0.7 69.0 78.0 50.0 87.0 34% 0.6 11 1.4 1.7 0.9 14 1.7 2.0
B08CO 880800 1.9 15 86.0 96.0 50.0 0.0 80% 0.6 0.9 1.0 1.2 0.7 1.0 1.2 14
80900 BB090O 4.5 0.1 86.0 87.0 50.0 55.0 10% 1.2 18 2.3 2.9 1.3 2.0 24 3.0
B0901 BB0901 4.8 2.5 91.0 91.0 70.0 720 3% 1.7 2.5 2.9 3.5 1.7 25 29 3.5
B0911 B8B0911 4.9 2.1 87.0 89.0 55.0 64.0 16% 1.5 2.3 2.1 3.3 1.6 2.4 2.8 34
80820 880920 1.6 1.1 86.0 87.0 500 55.0 10% 0.5 0.7 0.9 14 0.5 08 0.9 11
80921 BB0921 3.8 2.6 87.0 89.0 55.0 64.0 16% 1.1 17 2.0 2.4 12 18 21 25
80930 860930 15 0.9 86.0 87.0 50.0 55.0 10% 0.4 0.7 0.8 1.0 0.5 0.7 0.8 1.0
80931 BB0S31 36 4.7 87.0 89.0 55.0 62.0 13% 1.1 1.7 2.0 2.4 1.2 1.7 2.0 2.5
B0940 BB0940 5.6 6.1 820 84.0 50.0 58.0 16% 1.6 24 2.3 3.6 1.7 2.6 3.0 3.7
B1000 BB1000 3.3 1.0 770 79.0 50.0 55.0 10% 0.8 1.3 16 2.0 0.9 14 1.7 2.1
B1001 881001 1.6 0.2 70.0 3.0 50.0 55.0 10% 0.3 0.5 0.7 0.8 0.4 0.6 0.7 0.9
81010 BB1010 5.2 1.8 70.0 81.0 50.0 £9.0 38% 1.2 2.0 2.4 2.9 1.7 2.5 2.9 3.5
81011 881011 4.2 3.2 69.0 83.0 50.0 75.0 50% 0.9 1.6 1.8 2.4 1.4 2.1 24 29
81020 881020 5.7 1.6 70.0 82.0 50.0 72.0 44% 11 2.0 24 3.1 1.8 2.7 32 3.9
81040 BB1040 5.8 1.6 77.0 85.0 50.0 710 42% 15 2.4 2.8 3.5 2.0 29 3.3 4.1
B1070 BB1070 5.4 1.5 80.0 87.0 50.0 69.0 38% 1.3 2.2 2.6 33 1.8 2.6 3.1 3.7
B1100 BB1100 2.1 0.3 86.0 81.0 50.0 55.0 10% 0.6 09 11 14 0.6 1.0 11 14
81200 881200 5.9 0.4 80.0 82.0 50.0 §5.0 10% 15 2.4 2.9 36 1.6 26 3.1 3.8
B1300 BB1300 6.3 6.1 78.0 80.0 50.0 55.0 10% 1.6 26 3.1 3.8 1.7 2.7 3.2 4.0
81501 BB1501 4.1 1.0 80.0 81.0 50.0 55.0 10% 11 1.7 2.0 2.5 1.2 1.8 2.1 2.6
81510 BB1510 2.7 12 80.0 81.0 50.0 55,0 10% 0.7 1.1 1.4 1.7 0.8 12 14 1.7
81520 BB1520 2.4 0.3 80.0 81.0 50.0 55.0 10% 0.6 1.0 1.2 1.5 0.7 11 1.2 15
B1600 BB1600 2.3 0.5 80.0 81.0 50.0 55.0 10% 0.6 1.0 1.1 1.4 0.7 1.0 12 1.5
B1700 B81700 6.3 0.5 89.0 90.0 750 79.0 5% 2.1 3.1 3.6 4.5 2.2 32 3.7 45
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€0500 800500 2.8 0.1 69.0 92.0 50.0 §0.0 80% 0.6 0.9 11 14 11 15 1.7 2.1
C0810 BC0810 23 2.5 69.0 72.0 50.0 56.0 12% 0.5 0.9 1.0 1.3 0.6 0.9 11 1.4
C1000 BC1000 34 12 72.0 75.0 50.0 55.0 10% 0.7 1.3 15 13 0.9 14 1.6 20
C1100 BC1100 4.1 0.5 77.0 79.0 50.0 56.0 12% 0.8 1.4 1.7 21 1.0 15 18 23
€1301 BC1301 2.6 43 78.0 88.0 50.0 73.0 46% 0.7 11 1.3 16 0.9 1.3 1.5 1.8
C1302 BC1302 1.6 0.1 69.0 920 56.0 80.0 80% 0.3 0.5 0.7 0.8 0.6 08 1.0 1.2
C1303 BC1303 38 1.1 80.0 89.0 500 75.0 50% 1.1 1.6 18 24 14 2.0 2.3 28
C1305 BC1305 55 0.2 810 90.0 55.0 80.0 45% 1.4 2.3 2.7 34 1.9 2.8 33 39
C1310 BC1310 6.0 0.8 76.0 81.0 40.0 55.0 38% 1.0 1.8 2.2 29 15 24 2.8 386
C1320 BC1320 8.0 34 74.0 71.0 35.0 42.0 20% 1.3 2.5 3.1 4.0 1.8 29 35 4.4
C1370 BC1370 56 43 82.0 84.0 50.0 55.0 10% 1.6 2.4 2.8 3.5 1.7 2.5 30 3.7
€1380 BC1380 3.7 0.5 82.0 83.0 50.0 55.0 10% 0.9 1.5 18 2.2 1.0 1.6 1.8 23
C1400 BC1400 2.3 0.2 92.0 92.0 85.0 85.0 0% 0.9 1.2 14 17 0.9 12 14 17
C1700 BC1700 3.7 1.1 80.0 81.0 50.0 55.0 10% 0.9 15 1.8 2.2 1.0 16 1.8 23
€1830 BC1830 27 03 83.0 87.0 60.0 700 17% 0.8 1.2 14 138 0.9 1.3 15 1.9
€1900 8C1900 4.7 0.8 80.0 82.0 50.0 55.0 10% 1.2 2.0 2.3 29 1.3 21 25 3.0
€2030 BC2030 4.1 15.2 90.0 90.0 65.0 65.0 0% 1.4 2.0 2.4 2.9 1.4 2.0 24 2.9
€2510 BC2510 3.0 19.8 85.0 88.0 40.0 55.0 38% 0.8 1.3 L5 1.9 10 1.4 1.7 2.1
BASIND

00200 800200 20 05 77.0 79.0 50.0 55.0 10% 0.5 0.8 1.0 12 0.5 0.9 1.0 13
D0210 BDO210 33 0.1 80.0 810 50.0 55.0 10% 0.7 1.2 14 18 0.8 1.3 15 1.9
00240 8D0240 5.9 0.9 80.0 81.0 50.0 55.0 10% 1.5 2.4 29 3.6 1.6 2.5 3.0 3.7
00300 BDO300 6.8 0.2 78.0 81.0 45.0 55.0 22% 14 2.4 2.9 3.8 1.7 28 33 4.2
00310 800310 119 6.3 80.0 82.0 50.0 55.0 10% 29 47 5.7 7.1 3.2 5.1 6.0 75
D0320 BD0320 32 11 71.0 72.0 25.0 29.0 16% 0.5 1.0 1.2 1.5 0.6 1.0 13 16
00340 BD0340 2.0 5.0 82.0 82.0 45.0 46.0 2% 0.6 0.8 1.0 1.2 0.8 0.8 1.0 12
00350 BDO350 2.3 11.0 86.0 87.0 50.0 55.0 10% 0.7 11 1.3 16 0.7 11 1.3 16
DO360 800360 29 3.9 86.0 87.0 50.0 §5.0 10% 0.9 13 1.8 1.9 0.9 1.4 1.6 2.0
DO370 BDO370 9.2 5.1 36.0 87.0 50.0 55.0 10% 25 4.0 4.7 5.9 2.7 4.2 4.9 8.1
D40 800400 19 0.2 80.0 83.0 50.0 60.0 20% 0.5 0.8 1.0 1.2 0.6 0.9 1.0 13
D0410 BDO410 3.9 0.8 80.0 81.0 50.0 55.0 10% 1.0 16 19 2.4 1.1 1.7 2.0 2.5
D440 800440 53 09 80.0 81.0 50.0 55.0 10% 1.5 22 2.6 33 1.5 2.3 2.7 3.4
DO600 BD060O 4.4 0.7 92.0 92.0 85.0 85.0 0% 1.6 23 2.7 3.2 16 23 2.7 32
DO700 8DO700 3.8 3.9 80.0 85.0 45.0 63.0 40% 2.0 3.4 4.1 5.2 2.7 4.1 4.8 5.9
00800 B8DOB0O 73 73 84.0 86.0 50.0 55.0 10% 1.8 3.0 3.6 4.5 2.0 32 3.8 4.7
DOS00 8D0S00 34 6.3 84.0 86.0 50.0 55.0 10% 1.0 1.5 1.8 2.2 1.0 1.6 1.8 23
D1000 801000 4.4 3.6 86.0 87.0 50.0 55.0 10% 13 2.0 23 2.9 14 21 2.4 3.0
D1100 BD1100 28 54 86.0 87.0 50.0 55.0 10% 0.9 1.3 15 1.9 0.9 1.3 16 19
D1120 801120 2.0 5.4 86.0 87.0 50.0 55.0 10% 0.6 0.9 11 13 0.6 1.0 1.1 14
D1300 BD1300 2.1 43 84.0 87.0 40.0 56.0 38% 0.5 0.9 1.0 1.3 0.6 1.0 1.1 14
D1310 801310 4.8 13.4 86.0 87.0 50.0 55.0 10% 1.4 2.2 26 32 15 22 2.6 32

D1360 BD1360 7.7 4.8 86.0 87.0 50.0 55.0 10% 2.1 33 3.8 49 2.2 3.5 4.1 5.1

01700 BD1700 4.3 8.6 86.0 87.0 50.0 56.0 10% 1.3 2.0 23 2.9 14 2.0 2.4 2.9

01800 801800 3.3 10.0 82.0 87.0 35.0 55.0 57% 0.8 13 15 19 1.0 15 1.8 22

02200 BD2200 43 1.7 86.0 87.0 50.0 55.0 10% 1.3 2.0 2.3 2.9 1.4 2.0 24 29

BASINE

£0100 BE0100 1.6 6.0 80.0 92.0 70.0 90.0 29% 0.5 0.8 0.9 1.1 08 0.8 1.0 1.2

£0200 BE0200 8.9 8.7 91.0 93.0 85.0 89.0 5% 33 4.1 54 6.5 3.3 4.7 54 6.6
£0210 BEO210 3.4 0.0 94.0 94.0 90.0 90.0 0% 1.2 13 2.0 2.5 1.2 1.8 2.0 2.5

E0400 BE0400 4.3 6.1 93.0 93.0 80.0 80.0 0% 1.6 2.3 2.6 3.2 1.6 2.3 26 32

£0520 BE0520 2.6 4.4 95.0 96.0 85.0 80.0 6% 1.0 1.4 1.6 19 1.0 14 1.6 1.9

£0523 BE0523 4.6 2.0 96.0 96.0 80.0 90.0 0% 1.7 2.4 2.8 3.4 1.7 24 2.8 3.4

E0900 BEO900 206 5.5 79.0 86.0 20.0 50.0 150% 23 49 6.4 8.7 53 8.6 102 128
E£1300 BE1300 82 6.2 75.0 86.0 5.0 50.0 900% 0.3 1.9 25 34 2.4 3.7 4.4 54

E1600 BE1600 14.0 1.5 80.0 92.0 25.0 76.0 204% 1.6 3.1 3.9 5.4 4.8 70 8.1 99

E2200 BE2200 7.5 4.1 79.0 93.0 20.0 80.0 300% 1.1 2.2 2.8 3.7 27 39 A5 5.5

BASINF

F0100 BFO100 6.0 39 85.0 88.0 40.0 53.0 33% 1.3 2.3 2.8 3.5 1.7 2.7 3.2 38

F0200 8F0200 7.0 18.1 85.0 88.0 40.0 55.0 38% 1.9 3.0 3.6 4.4 2.2 33 39 4.8

FO400 BFO400 33 18.7 85.0 88.0 40.0 55.0 38% 098 1.4 1.7 2.1 11 1.6 19 2.3

F0610 BFO610 19 185 84.0 87.0 40.0 55.0 38% 0.5 0.8 1.0 12 0.6 0.9 1.0 1.3

F0630 BFO830 2.4 117 86.0 88.0 45.0 55.0 22% 0.7 1.0 12 15 0.8 1.1 1.3 1.6
F0650 BFO650 3.0 4.1 85.0 88.0 40.0 55.0 38% 0.8 1.3 1.5 1.9 03 1.4 1.6 2.0

FO710 BFO710 0.7 9.7 86.0 87.0 500 55.0 10% 0.2 0.3 0.4 0.5 02 0.4 0.4 05

£0720 BFO720 1.9 129 83.0 83.0 30.0 55.0 83% 0.4 0.7 0.9 1.1 0.6 09 1.1 13

F0900 BFOS00 45 4.5 83.0 88.0 35.0 55.0 57% 11 1.8 22 2.7 1.4 2.1 25 3.1

F1400 BF1400 8.3 116 84.0 88.0 400 55.0 38% 1.7 2.6 3.1 3.9 2.0 3.0 3.5 43

BASING

G0400 } BG0400 1 4.4 2.0 66.0 86.0 20.0 71.0 255% 0.4 1.0 1.3 18 15 22 i 25 3.1

GO700 { BGO700 I 1.2 1.2 85.0 85.0 65.0 65.0 0% 0.4 0.6 0.7 0.8 0.4 0.6 ‘ 0.7 08

BASINH

HO300 BHO300 0.9 11 87.0 87.0 70.0 70.0 0% 0.3 0.4 0.5 0.6 0.3 04 0.5 06

HO520 8H0520 1.8 1.1 87.0 87.0 70.0 70.0 0% 0.6 0.9 1.0 1.2 0.8 039 1.0 12

HO710 BHO710 2.4 12.8 £8.0 88.0 200 73.0 265% 0.3 07 0.8 1.1 0.8 12 14 1.7

HO720 BHO720 5.7 246 81.0 95.0 45.0 90.0 100% 1.5 24 2.8 3.5 2.1 3.0 35 42

H0820 BHO820 0.8 14.8 76.0 82.0 40.0 56.0 40% 0.2 0.3 0.4 0.5 0.3 04 04 05

HO870 BHOB70 10 1.7 83.0 89.0 40.0 64.0 60% 0.3 0.4 0.5 0.6 0.4 0.5 06 0.7

H1200 BH1200 7.4 6.4 770 94.0 40.0 89.0 123% 1.5 2.6 3.2 4.1 28 38 4.5 54

H2100 8H2100 4.6 11.7 84.0 96.0 40.0 90.0 125% 13 2.0 2.3 29 1.7 2.5 2.8 34




Appand B

10510 Bi0510 5.4 8.7 96.0 $6.0 90.0 90.0 0% 2.0 29 3.3 4.0 2.0 29 33 4.0
11030 B1030 4.0 6.2 96.0 96.0 90.0 90.0 0% 1.5 21 2.4 2.9 15 2.1 2.4 2.9
11400 811400 3.7 7.9 96.0 #REF! 35.0 90.0 157% 0.9 1.5 1.8 2.2 1.4 2.0 2.3 27
BASINS

30200 BJO200 9.3 164 83.0 88.0 35.0 55.0 57% 24 3.8 4.5 5.7 3.0 4.4 5.2 8.3
J0800 B0800 6.3 4.5 86.0 87.0 50.0 55.0 10% 19 29 3.4 4.2 2.9 3.0 35 4.3
11300 8J1300 3.2 4.3 84.0 87.0 40.0 55.0 38% 0.9 14 1.6 2.0 1.0 15 1.8 2.2
J1600 811600 4.4 14.0 84.0 87.0 40.0 55.0 38% 12 1.9 2.2 28 14 21 2.4 3.0
31710 BI1710 3.1 6.0 84.0 87.0 40.0 55.0 38% 0.8 1.3 1.5 1.9 1.0 15 1.7 2.1
31750 BJ1750 3.7 6.3 84.0 88.0 40.0 58.0 38% 1.0 1.6 1.9 23 1.2 18 2.1 26
J2000 8J2000 2.8 6.2 75.0 96.0 5.0 90.0 1700% 0.2 0.5 0.7 1.0 1.0 14 16 1.9
12300 BJ2300 8.6 8.4 81.0 89.0 25.0 59.0 136% 1.6 30 3.6 4.7 2.8 42 4.9 6.0
12520 812520 4.4 6.6 85.0 87.0 45.0 55.0 22% 12 1.9 2.3 2.8 14 2.1 24 3.0
j2560 Bj2560 3.4 7.0 85.0 88.0 40.0 54.0 35% 0.9 1.5 1.7 2.2 11 1.6 19 23
12610 BJ2610 1.8 7.0 85.0 87.0 45.0 55.0 2% 0.5 0.8 08 1.2 0.6 0.8 1.0 1.2
J2710 BI2710 6.4 11.7 85.0 86.0 40.0 460 15% 1.7 2.7 3.2 4.0 18 2.8 33 4.1
13000 BJ3000 2.8 7.3 85.0 87.0 45.0 55.0 22% 0.8 1.2 14 1.8 0.9 13 1.5 1.8
13218 8J3210 3.8 217 83.0 85.0 500 55.0 10% 1.1 1.7 2.0 2.5 1.2 1.8 2.1 2.5
13600 BJ3600 4.3 3.4 85.0 87.0 45.0 55.0 22% 1.2 1.9 2.2 2.8 14 2.0 2.4 2.9
15300 815300 7.1 1.2 86.0 81.0 50.0 55.0 10% 19 3.1 3.6 4.5 2.1 32 38 4.7
J5820 BI5820 2.7 2.6 86.0 87.0 50.0 55.0 10% 0.8 1.2 15 1.8 0.9 13 1.5 1.8
16100 8J6100 4.8 5.3 86.0 87.0 500 55.0 10% 14 2.2 2.6 3.2 1.5 2.3 2.6 33
16130 BJ6130 5.2 14.2 87.0 87.0 55.0 55.0 0% 1.7 2.5 29 35 17 25 29 3.5
16180 BJG180 8 04 86.0 87.0 50.0 55.0 10% 2.0 33 338 4.9 22 34 4.1 5.1
36331 BJ6331 5.1 4.4 86.0 87.0 50.0 55.0 10% 15 2.3 2.7 33 16 24 2.8 3.4
16500 BJ6500 2.8 2.9 84.0 87.0 40.0 55.0 38% 0.7 11 13 1.7 0.8 1.3 15 18
16600 BI6600 3.3 4.8 84.0 87.0 40.0 55.0 38% 0.9 1.4 1.6 2.1 10 15 1.8 22
J7100 BJ7100 8.6 7.0 86.0 88.0 50.0 55.0 10% 2.6 39 4.8 5.7 27 4.1 4.8 5.9
BASINK

K0120 8K0120 4.3 15.7 75.0 75.0 25.0 25.0 0% 0.8 14 1.7 2.2 0.8 1.4 1.7 2.2
k0130 BK0130 2.8 16.0 84.0 84.0 55.0 55.0 0% 0.9 1.3 1.5 1.9 0.9 1.3 15 19
K0160 8K0160 1.7 23.6 79.0 81.0 45.0 51.0 13% 0.5 0.7 0.8 1.0 0.5 0.7 0.8 11
K0200 BK0200 8.0 0.6 77.0 86.0 200 55.0 175% 0.8 18 2.1 29 2.1 33 4.0 5.0
K0500 BKO500 4.0 12 83.0 86.0 40.0 53.0 33% 1.0 1.6 18 2.4 1.2 1.8 2.1 28
K0720 BK(720 3.4 1.9 83.0 84.0 50.0 55.0 10% 10 15 1.7 2.1 1.0 15 1.8 2.2
K0900 BK0900 4.2 1.5 88.0 89.0 50.0 55.0 10% 1.3 19 2.3 2.8 13 2.0 23 29
BASINL

10100 8LO100 1.9 5.0 85.0 89.0 40.0 55.0 38% 0.5 0.8 1.0 12 0.8 0.9 1.1 13
10400 BLO400 39 17.2 77.0 87.0 15.0 55.0 267% 0.5 11 1.4 19 12 1.8 2.1 2.6
L0500 BLOS00 4.2 15.9 78.0 84.0 35.0 55.0 §7% 09 1.6 19 2.4 13 1.9 22 28
L0540 BLOS40 22 115 83.0 86.0 45.0 55.0 22% 0.6 1.0 1.1 1.4 0.7 1.0 1.2 15
L0570 BLO570 4.1 33 80.0 82.0 50.0 55.0 10% 11 17 2.0 25 12 18 21 2.6
10700 BL0700 2.7 226 87.0 88.0 50.0 55.0 10% 0.8 13 15 1.8 0.9 13 15 1.8
11000 BL1000 2.8 254 79.0 83.0 45.0 55.0 22% 0.7 11 13 1.7 0.8 1.2 15 1.8
BASINM

MO300 BMO0300 1.7 3.7 840 87.0 40.0 55.0 38% 0.5 0.7 0.9 11 0.5 0.8 0.9 1.1
M0610 BM0610 4.1 132 86.0 87.0 50.0 §5.0 10% 1.2 1.9 22 2.7 13 19 23 28
M0800 8MO800 2.2 4.0 82.0 87.0 35.0 55.0 57% 0.5 0.8 1.0 1.3 0.7 1.0 12 15
M1000 BM1000 53 8.0 87.0 87.0 50.0 50.0 0% 1.6 2.4 2.9 35 1.6 24 29 3.5
BASINN

NO300 B8N0300 4.7 12.7 91.0 91.0 £5.0 65.0 0% 1.6 2.4 2.8 3.4 1.6 24 2.8 3.4
R0330 BNO330 6.0 3.8 85.0 86.0 50.0 55.0 10% 1.8 2.7 3.2 39 19 2.8 33 4.0
NO350 BNO350 34 38 87.0 87.0 55.0 55.0 0% 11 1.6 1.9 23 11 1.6 19 2.3
NO360 BNO360 5.5 3.0 83.0 85.0 50.0 55.0 10% 1.5 2.4 2.8 35 1.7 25 3.0 3.7
N0400 BNO40O 3.4 9.0 89.0 90.0 50.0 55.0 10% 1.1 1.8 1.9 2.3 1.1 1.6 19 23
N0402 BND402 27 6.4 89.0 90.0 50.0 55.0 10% 0.9 13 1.5 1.8 0.9 13 1.5 1.9
N0403 BN0403 24 1.2 90.0 90.0 55.0 55.0 0% 0.8 12 1.4 1.7 0.8 12 14 1.7
N0404 BNO404 1.3 7.0 83.0 90.0 50.0 55.0 10% 0.4 0.6 0.7 0.8 0.4 0.6 0.7 0.9
NO405 BNO405 5.1 1.1 89.0 $0.0 50.0 55.0 10% 1.6 24 2.8 3.5 1.7 2.5 28 35
NO420 BNO420 5.2 7.4 80.0 0.0 55.0 55.0 0% 1.7 2.5 2.9 36 1.7 2.5 23 3.8
Ng422 BN0422 4.4 6.5 90.0 90.0 55.0 55.0 0% 14 2.1 25 3.0 14 2.1 25 3.0
NO460 BNO460 34 5.9 90.0 90.0 55.0 55.0 0% 1.1 17 1.8 2.4 1.1 1.7 1.9 2.4
N0470 BND470 4.5 2.0 90.0 90.0 55.0 55.0 0% 1.5 2.2 2.5 3.1 1.5 2.2 25 3.1
N0510 8NO510 7.1 2.8 85.0 85.0 55.0 55.0 0% 2.2 3.2 38 4.7 2.2 3.2 3.8 4.7
RO520 BNO520 4.0 19.7 88.0 88.0 60.0 60.0 0% 1.3 1.9 2.2 2.7 1.3 19 2.2 2.7
NO600 BNOGOO 8.3 11.0 90.0 90.0 65.0 65.0 0% 2.2 3.1 3.7 4.5 2.2 3.1 3.7 4.5
N1100 BN1100 9.8 0.8 84.0 87.0 40.0 55.0 38% 2.1 3.8 4.4 5.6 2.7 4.3 8.1 6.4
N1400 BN1400 5.2 1.0 76.0 87.0 10.0 55.0 450% 0.4 1.0 1.3 1.8 1.5 2.3 2.7 3.4
N1800 BN1800 8.4 7.0 85.0 86.0 45.0 510 13% 24 3.7 43 5.4 2.5 38 4.5 56
Ng9991 BNG9981 4.0 6.8 78.0 84.0 35.0 §5.0 57% 0.9 15 18 2.2 1.2 1.8 2.1 26




Appendix B Gladsione

able B-1. Hydrologic Input Data and Peak Flow Results
RN

BASING

00400 800400 | 41 136 8.0 86.0 15.0 50.0 233% 07 13 16 21 12 19 22 27
00700 800700 | 2.8 0.0 92.0 92.0 75.0 75.0 0% 10 1.4 17 2.0 10 14 17 20
00712 800712 | 11 6.1 8.0 80.0 50.0 55.0 10% 03 0.5 0.6 0.7 03 05 06 07
00715 B00715 | 9.9 6.5 86.0 87.0 50.0 55.0 10% 29 44 5.2 65 31 46 54 67
00750 BOO7S0 | 42 03 86.0 86.0 50.0 50.0 0% 12 19 22 27 12 19 22 27
01100 B01100 | 18 66 86.0 87.0 50.0 55.0 10% 05 08 1.0 12 06 08 10 12
01300 B01300 | 29 11.4 86.0 87.0 50.0 55.0 10% 039 13 16 19 [ 14 16 20
01800 801800 | 52 7.1 86.0 87.0 50.0 55.0 10% 15 23 28 34 16 24 28 35
01810 BO1810 | 66 253 87.0 88.0 50.0 55.0 10% 2.0 31 36 44 21 31 37 45
01922 B01922 | 40 60 84.0 88.0 40.0 55.0 38% 10 17 20 25 13 19 22 2.7
01932 801932 | 56 39 94.0 940 | 850 85.0 0% 2.1 30 34 4.1 2.1 30 34 41
01933 801933 | 52 2.6 86.0 80.0 | 450 55.0 2% 15 23 2.7 33 17 25 29 36
01940 801940 | 4.2 12.0 86.0 880 | 500 55.0 10% 13 19 23 238 13 20 23 29
01970 801970 | 4.0 5.7 83.0 880 | 350 55.0 57% 09 16 19 24 12 19 22 27
02000 02000 | 36 239 86.0 8.0 | 400 55.0 38% 11 16 19 24 12 18 21 25
02150 802150 | 18 6.7 89.0 90.0 50.0 55.0 10% 06 0.9 10 13 06 039 10 13
02170 802170 | 35 05 87.0 90.0 | 400 55.0 38% 09 15 17 22 1 17 19 24
02300 B02300 | 2.0 372 86.0 89.0 | 400 55.0 38% 06 09 10 13 0.6 10 11 14
BASHN P

PO110 BPO110 | 2.3 1.0 86.0 87.0 50.0 55.0 10% 0.6 1.0 12 15 0.7 1.0 12 15
P0500 BPOS00 | 25 214 830 87.0 350 55.0 57% 0.6 1.0 12 15 08 12 14 17
POE00 BPOS0O | 29 19.4 820 870 | 350 55.0 51% 0.7 12 14 17 09 14 16 19
BASING

Q0200 | BQO200 | 30 | 184 | 860 | 890 | 400 | 550 | 38% | 08 | 13 T 1s | 2.0 T w1 15 | 17 ! 2.1
Q0400 | BQO400 | 56 | 65 | 900 | 900 | 550 | 50 | 0% | 18 127 b 3p 39 T 27 | 31 39
BASINR

RO120 | BRO120 | 19 | 04 | 860 | 870 | 500 | 550 | 10% | 05 | o9 | 10 | 13 [ o8 1T pe | 0 | 13
RO200 | BRO200 | 35 | 50 | 860 | 870 | 500 | 550 | 10% | 14 1 16 | 18 | 23 T 17 ] 19 | 24
BASINS

50500 BSOS00 | 2.7 62 86.0 870 | 500 55.0 10% 08 12 15 18 0.9 13 15 18
50530 BS0530 | 29 55 81.0 83.0 50.0 55.0 10% 08 12 15 18 09 13 15 19
50900 BS0S00 | 3.1 12.4 84.0 86.0 50.0 55.0 10% 09 1.4 16 20 1.0 14 17 21
51100 BS1100 | 35 10.7 87.0 880 | 500 55.0 10% 11 16 19 23 1.4 L7 19 24
BASINT

10100 BI0100 | 32 35 80.0 850 | 350 55.0 57% 0.7 12 14 1.8 1.0 15 17 21
70500 BI0S06 | 27 0.9 7.0 820 | 400 56.0 38% 05 09 12 15 0.7 12 14 L7
70900 BI0S00 | 2.8 15 860 890 | 450 55.0 2% 07 12 1.4 1.8 09 1.3 15 19
BASIN U

UD300 | BUO30O | 38 | 58 | 820 | 830 500 | 550 10% 11 | 18 9 | 24 T ] 17 | 20 i 25
BASINV

V0102 BYO102 | 13 1.0 80.0 81.0 | 500 55.0 10% 04 05 0.6 08 04 06 07 0.8
V0110 BVO110 | 1.7 155 73.0 848 | 200 55.0 175% 0.2 0.5 0.6 0.8 05 08 09 11
V0210 BV0210 | 06 158 68.0 7.0 | 200 430 115% 0.1 0.2 02 03 02 02 0.3 03
V0400 BV0400 | 02 35 65.0 71.0 10.0 280 180% 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.1
V0520 BVOS20 | 14 16 82.0 84.0 50.0 55.0 10% 04 0.6 0.7 0.9 04 0.7 08 09
V0530 BY0S30 | 2.2 10.7 86.0 87.0 50.0 55.0 10% 07 1.0 12 14 07 10 12 15
V0600 BV0S0C | 13 0.3 76.0 810 | 400 55.0 38% 02 0.4 0.5 0.7 03 05 0.6 0.8
V0700 BVO700 | 06 33 2.0 810 | 300 55.0 83% 0. 02 02 03 02 03 0.3 04
V710 BYO710 | 11 73 80.0 82.0 50.0 56.0 10% 03 05 06 07 03 05 0.6 0.7
V0720 BVO720 | 41 6.9 82.0 84.0 50.0 55.0 10% 12 18 2.1 26 12 19 22 27
V1000 BVIOOD | 39 125 80.0 810 | 500 55.0 10% 11 1.7 2.0 25 12 17 2.0 25
V1100 BVi100 | 338 0.7 80.0 810 | 500 55.0 10% 09 15 18 23 10 16 19 24
V1200 B8V1200 | 39 1.1 80.0 810 | 500 55.0 10% 10 16 19 24 11 1.7 2.0 25
V1600 BVISO0 | 256 54 84.0 8.0 | 500 55.0 10% 0.8 11 13 1.7 08 12 14 17
V5000 BVS000 | 09 21 61.0 81.0 0.0 53.0 0.0 0.1 0.2 03 03 04 05 06
V5200 BV5200 | 04 1.1 80.0 81.0 50.0 56.0 10% 0.1 0.2 0.2 0.2 0.1 02 0.2 02
V5300 BV5300 | 34 17 80.0 81.0 50.0 55.0 10% 03 1.4 17 21 09 15 17 22
BASINX

X100 [BX0100 | 46 | 73 | 80 | 830 300 | 600 100% | 10 | 18 | 21 ] 2.7 ! 15 22 | 26 | 32
BASINZ

70300 820300 | 04 0.0 71.0 770 | 650 65.0 0% 0.1 02 02 0.3 01 02 0.2 03
20400 820400 | 11 0.7 79.0 79.0 65.0 65.0 0% 03 0.5 0.6 0.7 03 05 0.6 07
20500 820500 | 10 17 83.0 830 | 650 65.0 0% 03 05 0.5 0.7 03 05 05 0.7
20600 820600 | 29 0.0 830 86.0 65.0 7.0 18% 08 12 14 18 09 14 16 2.0
20710 BZ0710 | 17 1.0 85.0 850 | 650 65.0 0% 0.6 0.8 1.0 12 06 0.8 10 12
20830 B20830 | 03 40 96.0 360 | 900 90.0 0% 0.1 02 02 02 01 02 02 02
22010 Bz2010 | 40 3.0 67.0 67.0 15.0 15.0 0% 03 0.8 1.1 15 03 0.8 11 15
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Appendix B Gladstone Stormwwater Master

A2710 A2700 93 12'* DIA 3 0.8% | 7273 | 71.94 75.4 73.9 73.9 74.5 744 1.2 1.4 1.3 1.5 -
A2720 A2710 68 12" DIA 3 0.8% | 73.40 | 72.83 76.2 73.8 73.9 74.5 745 12 1.4 1.3 15 -
A2800 A2700 35 4',5', Box 186 0.6% | 69.64 | 69.42 75.2 73.9 73.9 745 74.4 86.3 83.9 g2.1 98.6 -
A2800 A2800 13 36'' DIA 36 0.3% | 69.68 | 69.64 752 74.2 73.9 74.7 74.5 86.3 93.9 92.1 98.6 -
A2920 A2800 231 24" DIA 9 0.1% | 7051 | 70.18 76.6 78.4 74.2 79.0 74.7 30.8 32.0 31.2 32,3 Existing 10-yr
A2930 A2920 231 24" DIA 11 0.2% | 71.06 | 70.51 76.2 82.0 78.4 82.6 79.0 28.8 29.5 29.0 28.8 Existing 10-yr
A2940 A2930 102 24" DIA 7 0.1% | 7112 | 7101 76.1 83.6 82.0 84.2 82.6 287 29,5 28.9 29.7 Existing 10-y¢
A2950 A2940 105 24'' DIA 11 0.2% | 7137 | 71.12 75.2 86.2 83.6 85.9 84,2 28.6 28.4 28.7 29.5 Exisling 10-yr
A2960 A2950 212 18" DIA 3 0.1% | 7152 | 71.32 739 100.7 85.2 1015 85.9 28,5 29.3 28.6 29.4 Existing 10-yr
A2965 A2060 330 18" DIA 4 0.2% | 72.11 } 7152 117 125.0 100.7 126.0 101.5 28.8 29,7 29.0 29.9 Existing 10-yr
A2966 A2965 386 12'' DIA 8 2.3% | 84.29 | 75.11 88.1 128.9 125.0 130.2 126.0 4.5 5.2 4.6 5.4 Existing 10-yr
A2967 A2966 32 12" DIA g 5.6% | 86.08 | 84.29 88.1 129.2 128.9 130.6 130.2 4.9 5.7 5.0 5.8 Existing 10-yr
A2968 A2967 34 12'' DIA 2 0.4% | 86.31 | 86.18 88.4 128.3 129.2 130.6 130.8 1.7 2,0 1.8 2.1 Existing 10-yr
A2069 A2968 214 12'' DIA 7 3.2% | 93.25 | 86.46 | 96.1 129.6 1203 130.9 130.6 2.2 2.6 2.3 2.7 Existing 10-yr
A2970 A2865 411 18'' DIA 2 0.0% | 72.24 | 72.11 77.0 146.3 125.0 147.4 126.0 24.3 24.5 24.3 245 Exlsting 10-yr
A2875 A2970 74 18'' DIA 6 -0.3% § 72,02 | 7224 78.2 150.2 146.3 151.2 147.4 24.2 243 24.2 244 Existing 10-yr
A2980 A2975 216 18'' DIA 9 -0.7% { 70.60 | 72,02 7.0 1615 150.2 162.6 151.2 24.6 24.8 24.6 24.9 Existing 10-yr
A2986 A2980 252 12'' DIA 2 0.4% | 7195  71.00 776 161.7 1615 162.8 162.6 6.3 6.3 6.3 6.3 Existing 10-yr
A2987 A2986 116 12'' DIA 3 0.6% | 72.86 | 72.11 | 751 161.8 161.7 162.9 162.8 5.7 5.7 5.7 5.7 Existing 10-yr
A3000 A2900 128 36'' DIA 36 0.3% | 70.05 | 69.68 74.9 75.0 74.2 75.8 74.7 55.9 62.3 61.2 66.6 Existng 10-yr
A3010 A3000 49 48'" DIA 72 -0.9% | 69.62 { 70.08 | 74.7 75.1 75.0 75.9 75.8 37.0 420 40.9 44.7 Existing 10-yr
A3020 A3010 30 48" DIA 29 0.1% | 69.66 | 69.62 74.8 75.2 75.1 76.0 75.9 37.0 42.2 41.0 44.8 Existing 10-yr
A3030 A3020 310 48'" DIA 37 0.2% | 70.47 | 69.76 75.0 75.8 75.2 76.8 76.0 35.4 40.3 35.2 42.9 Existing 10-yr
A3050 A3030 46 48'' DIA 34 0.2% | 70.56 { 7047 75.1 75.9 75.8 76.8 76.8 35.6 40.5 39.4 43.0 Existing 10-yr
A3100 A3000 325 18" DIA 4 -0.2% | 69.56 | 70.05 74.6 86.9 75.0 89.0 75.8 20.7 224 217 23.2 Existing 10-yr
A3200 A3100 378 18'' DIA 0 0.0% | 69.56 | 69.56 75.1 74.6 99.8 86.9 102.6 89.0 19.5 21.0 20.3 217 Existing 10-yr
A3300 A3200 289 18" DIA 7 0.4% | 70.78 | 69.56 753 75.1 108.1 99.8 111.5 102.6 17.8 18.2 18.6 19.8 Existing 10-yr
A3400 A3300 162 - 18' DA 2 0.1% | 70.86 | 70.78 75.6 75.3 1127 108.1 116.5 1115 17.7 19.1 18.5 19.8 Existing 10-yr
A3410 A3400 154 18" DIA 2 0.1% | 70.94 | 70.86 754 75.6 1129 112.7 116.7 116.5 6.1 5.1 6.1 5.5 Existing 10-yr
A34102 A3410 38 15'" DIA 11 2.9% | 7232 | 7119 74.8 75.4 112.9 112.9 116.7 118.7 1.6 2.2 2.6 4.3 Existing 10-yr
A3420 A3410 210 18" DiA 9 0.7% | 7243 | 7094 75.7 75.4 113.0 112.9 116.8 116.7 2.8 3.0 2.9 3.0 Existing 10-yr
A3430 A3420 236 12" DIA 8 4.8% | 83.82 | 72.43 85.0 75.7 114.2 113,0 118.1 116.8 3.1 2.8 27 3.0 Existing 10-yr
A3440 A3430 75 12" DA 6 3.1% | 86.11 | 83.82 874 85.0 114.5 114.2 118.4 118.1 3.4 2.8 2.9 3.0 Existing 10-yr
A3450 A3440 344 12'' DIA 5 1.7% | 92.07 | 86.11 94.1 874 115.8 114.5 118.8 118.4 4.1 4.2 4.2 4.2 Existing 10-yr
A3470 A3450 219 12" DA 4 1.3% | 95.10 | 92.17 87.0 94.1 116.1 115.8 120.1 118.8 2.3 2.2 2.3 23 Existing 10-yr
A3480 A3470 57 6' DIA 0 0.7% | 95.59 | 95.20 | 96.8 87,0 1171 116.1 121.1 120.1 2.0 2.2 2.1 2.2 Existing 10-yr
A3490 A3480 198 12’ DIA 5 2,0% | 99.21 | 9519 | 1013 96.9 117.2 117.1 121.2 121.1 1.9 2.2 2.0 2.4 Existing 10-yr
A3500 A3400 117 24'' DIA 24 1.1% | 72.18 | 70.86 75.4 75.8 1131 112.7 117.0 116.5 19.9 16.9 174 15.9 Existing 10-
A3600 A3500 646 24' DIA 38 2.8% | 90.44 | 72.18 94.8 75.4 115.1 113.1 119.1 117.0 20.1 17.2 18.3 17.3 Existing 10-yr
A3610 A3600 21 12 DIA 13 11.8% | 92.94 | 90.44 94.8 94.8 115.1 115.1 119.1 118.1 23 2.2 2.2 13 Existing 10-yr
A3620 A3610 56 12'" DIA 2 0.3% | 93.23 | 83.04 95.1 94.8 115.1 115.1 118.2 118.1 22 2.1 23 1.6 Existing 10-yr
A3640 A3630 35 8.04'' DIA 0 0.1% | 93.38 | 93.33 95.7 95.1 315.3 115.1 119.3 118.2 2.7 3.2 2.8 3.4 Existing 10-yr
A3700 A3600 10 24" DIA 58 6.6% | 91.09 | 90.44 95.1 94.8 1161 115.1 119.2 119.1 18.5 16.6 16.7 17.0 Existing 10-yr
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Appendix 8 Gladstone Stormwalnr Master Plan

15" DIA
A1992 | A1980 | 70 | 12'* DIA [ 1 Jo2%| 8524 | 8512] 8.0 | 890 | 903 89.5 92.7 91.6 3.8 4.6 4.7 5.5 Existing 10-yr
Outfall 42993 72.40 739 73.4 734 6.2 7.6 7.2 8.6
A2994 42993 382 1'H, 1'BW, 2SS Channel 6 0.6% | 7461 | 7240 [ 756 | 739 75.1 734 75.1 73.4 1.1 1.2 1.1 13 -
A2995 A2994 147 12" DIA 3 0.5% | 7535 | 7461 ] 774 | 756 75.8 75.1 75.8 75.1 11 12 11 13 -
A2996 A2995 49 1'H, 1'BW, 2SS Channel 9 1.3% | 7600 | 7535 | 770 | 7.4 | 764 75.8 76.4 75.8 11 12 1.1 1.3 -
A2998 A2996 103 12" DIA 5 21% | 7815 | 76.00 | 812 | 770 78.5 76.4 785 76.4 1.1 1.2 1.1 13 -
A2999 A2998 186 12'' DIA 8 4.4% | 8656 | 7835 | 963 | 81.2 86.8 78.5 86.8 78.5 11 1.2 11 13 -
BASINB
Outfall 80100 5.98 10.5 10.5 10.5 43.4 515 48.1 56.4
80200 80100 86 54" DA 434 | 50% | 1028 | 598 | 314 | 105 11.2 10.5 113 10.5 43.4 515 48.1 56.4 -
80300 B0200 164 54" DIA 140 | 0.5% | 18.96 | 1814 | 526 | 314 20.7 11.2 20.8 113 434 515 48.1 56.4 -
80400 80300 62 54'' DIA 87 | 02% | 19.28 | 1816 | 53.0 | 528 213 20.7 214 20.8 43.4 515 48.1 56.4 -
80500 B0400 43 54'* DIA 434 | 45% | 27.11 | 2536 | 538 | 530 28.1 213 28.1 214 43.4 515 48.1 56.4 -
80600 BO500 46 54" DIA 482 | 6.0% | 3590 | 33.11 557 | 53.9 36.8 28.1 369 28.1 43.4 515 48.1 56.4 -
B0610 80600 207 12" DIA 3 0.9% | 4797 | 46.16 | 570 | 557 48.5 36.8 48.6 36.9 2.0 24 2.3 2.7 -
80630 B0620 278 12" DIA 3 0.6% | 5249 | 50.80 | 58.7 | 573 52.9 50.3 53.0 50.4 1.1 14 14 1.7 -
B0640 B0630 65 12" DIA 3 0.7% | 53.09 | 52.62 | 583 | 587 53.5 52.9 53.6 53.0 1.1 14 14 17 -
BO700 B0600 96 54'' DIA 28 | 0.0% | 39.94 | 39.96 | 55.6 | 55.7 42.1 36.8 42.2 36.9 40.2 47.6 44.4 52,0 -
80800 80700 88 54'' DIA 236 | 1.4% | 4141 | 4034 | 538 | 556 42.8 42.1 42.9 42.2 40.2 47.6 444 52.0 -
B0900 B0800 291 54'* DIA 61 | 0.1% | 42.00 | 4172 53.8 44.2 42.8 44.3 429 30.3 46.6 43.4 50.9 -
80901 80300 439 15" DIA 6 0.8% | 49.89 | 4635 | 539 | s§3.4 50.5 44.2 50.5 44.3 25 2.9 25 2.9 -
80910 80900 247 42" DIA 35 | 0a% | 4506 | 4476 | 550 | 534 46.2 44.2 46.3 44.3 9.4 111 8.9 11.6 -
B0911 80910 440 18" DA 8 0.6% | 48.46 | 4591 | 550 | 550 49.0 46.2 49.0 46.3 2.3 2.7 2.4 2.8 -
80920 80910 273 30" DiA 19 | 02% | 4565 | 45.06 | 54.9 | 550 46.7 46.2 46.7 46.3 7.2 8.4 7.5 8.8 -
80921 80920 450 15" DiA 4 0.4% | 47.67 | 4587 | 53.8 | 548 48.2 46.7 48.3 45.7 17 2.0 1.8 2.1 -~
80930 80920 245 30" DIA 18 | 02% | 4615 | 45.65 | 53.9 | 54.9 47.0 46.7 47.0 46.7 4.7 5.6 5.0 5.8 -
80931 80930 445 18'' DiA 6 0.3% | 47.59 | 46.27 [ 513 | 539 48.1 47.0 482 47.0 1.7 2.0 17 2.0 -
80940 80830 251 12'' DIA 3 0.9% | 49.98 | 47.82 | 600 | 539 50.6 47.0 50.6 47.0 2.4 29 2.6 3.0 -
81000 80900 547 48" DIA 80 | 0.3% | 43.68 | 4200 | 551 | 534 45.2 44.2 45.4 44.3 25.6 305 29.1 34.1 -
81001 81000 247 18" DIA 9 0.6% | 48.82 | 47.25 [ 540 | 5.1 49.1 45.2 49.1 45.4 0.5 0.7 0.6 0.7 -
81010 81000 537 36" DIA 9 0.0% | 46.26 | 46.47 | 57.8 | 55.1 48.0 45.2 48.2 45.4 10.0 12,0 12.7 14.8 -
B1011 81010 244 15" DIA 7 1.2% | 49.16 | 46.26 | 54.6 | 578 49.6 48.0 49.6 482 1.6 19 2.1 2.4 -
B1020 81010 276 24" DIA 14 | 0.4% | 4959 | 4850 | 564 | 5.8 50.5 48.0 50.7 48.2 6.5 7.8 8.2 9.5 -
81030 B1020 221 24'" DIA 19 [ 07% | 5129 | 4981 573 | 564 52.0 50.5 52.0 50.7 45 5.4 55 6.4 -
B1040 81030 299 24" DIA 11 | 0.3% | 5204 | 51.29 | 8§82 | 57.3 52.9 52.0 53.0 52.0 4.5 5.4 5.5 6.4 -
B1050 81040 259 18'' DiA 9 0.7% | 53.91 | 52,04 62.7 58.2 54.4 52.9 54.5 53.0 2.2 2.6 2.6 3.1 -
81060 B1050 259 15" DIA 4 0.4% | 55.00 | 53.91 | 609 | 627 55.6 54.4 55.7 54.5 2.2 2.6 26 3.1 -
B1070 B1060 261 12" DIA 8 4.9% | 67.94 | 5516 | 73.7 | 60.9 68.3 5.6 68.3 55.7 2.2 2.6 2.6 3.1 -
B1100 B1000 275 36" DIA 69 1.1% | 46.73 | 43.68 | 561 | 85.1 47.6 45.2 417 45.4 13.8 16.3 14.4 17.0 -
81200 81100 223 36" DIA 43 | 0.4% | 47.65 | 4673 | 554 | 56.1 48.8 47.6 48.8 47.7 12.9 15.2 13.5 15.8 -
81300 B1200 296 36" DIA 36 | 03% | 4851 | 4765 | 559 | 554 49.6 48.8 49.6 48.8 10.5 12.4 10.9 12.8 -
81400 B1300 223 30" DIA 53 1.6% | 52.08 | 4861 | 615 | 559 52.7 49.6 52.8 49.6 7.9 9.3 8.2 9.6 -
B1500 81400 270 30" DIA 18 | 0.2% | 5271 | 5216 | 612 | 615 53.8 52.7 53.9 52.8 7.9 9.3 8.2 9.6 -
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Appendix B

Gladstone Stornwwvater Master Plan

i

12" DIA 70.5% 773 2.0 2.3 2.0 2.1 mx_m.._:m pka.ﬁ
€2020 C2010 155 12'' DIA 3 0.8% | 7247 | 7116 | 74.8 75.4 76.5 76.2 77.8 77.3 2.0 23 2.0 23 Existing 10-yr
€2030 C2020 106 12" DIA 3 0.7% | 73.20 | 7247 | 767 74.8 76.7 76.5 77.8 77.6 2.0 2.4 2.0 2.4 Existing 10-yr
C2200 C2000 183 18" DIA 6 0.3% | 69.16 | 68.62 74.9 75.4 76.6 76.2 7.7 773 6.1 6.2 6.2 6.2 Existing 10-yr
C2300 €2200 101 18" DIA 15 1.9% | 7122 | 69.26 74.8 74.9 76.8 76.6 77.9 77.7 13.2 14.6 14.5 156 Existing 10-yr
C2400 C2300 10 18'' DIA 15 2.0% | 7142 | 7122 754 74.8 76.7 76.8 77.9 77.9 8,12* 9.56* 8.09* 10.15* Existing 10-yr
C2400A A3050 381 48" DIA 36 0.2% { 7142 | 7056 | 754 75.1 76.7 75.9 779 76.9 35.56* 40.45* 39.36* 43.02* Existing 10-yr
C2500 2400 9 27'' DIA 8 0.2% | 7147 | 7145 | 755 75.4 77.0 76.7 78.2 77.8 27.6* 31.12* 30.47* 33.09* Existing 10-yr
C2500A €2300 13 18" DIA 15 2.0% | 71.47 | 7122 755 74.8 77.0 76.8 78.2 77.9 13.16* 14.63* 14.46¢ 156.57* Existing 10-yr
2510 C2500 128 12'' DIA 4 1.1% | 72.94 | 71.53 74.9 75.5 77.1 77.0 783 78.2 13 1.5 14 17 Existing 10-yr
BASIND
Outfail 00160 52.79 §5.0 54.8 54.8 36.1 38.5 37.5 41.0
D0200 D0100 33 27'' DIA 29 3.0% | 53.77 i 52.79 614 55.0 56.3 54.8 56.5 54.8 36.1 385 375 41.0 -
00210 D0200 227 21" DIA 13 0.7% | 55.56 | 53.94 62.4 614 56.4 56.3 56.5 56.5 3.6 4.3 3.8 4.4 -
D0220 D0210 264 21 DiA 13 -0.7% | 53.80 | 55.85 60.6 62.4 56.5 56.4 56.6 56.5 2.4 2.9 2.5 3.0 -
00240 D0220 238 18" DIA 13 1.7% | 60.21 | 56.25 §1.9 60.6 60.6 56.5 60.7 56.6 2.4 2.8 2.5 3.0 -
D0300 00200 466 24" DIA 24 1.1% | 59.07 | 53.77 84.3 61.4 65.8 56.3 66.7 56.5 32.5 35.4 33.7 36.6 Existing 10-yr
00310 D0300 597 24" DIA 10 0.2% | 60.58 | 59.30 63.9 64.3 67.3 65.8 68.2 66.7 12.0 13.5 12.4 13.8 Existing 10-yr
00320 D0310 712 18' DA 5 0.3% { 62.51 | 60.58 64.4 63.8 70.6 67.3 71.7 68.2 7.8 8.6 8.0 8.7 Existing 10-yr
D0330 00320 117 18' DIA & 0.3% | 62.84 | 62.51 66.3 64.4 711 70.6 72.2 71.7 7.5 8.3 7.7 8.4 Existing 10-yr
D0340 D0330 108 15" DIA 15 5.7% | 68.98 | 62.84 72.5 66.3 72,5 711 73.3 722 75 8.3 7.7 8.4 Existing 10-yr
D0350 DO340 460 15'' DIA 7 1.1% | 74.23 | 69.19 78.1 725 78.1 72.5 78.1 733 6.4 7.5 6.6 7.8 Future 10-yr
D0360 00350 256 12'* DIA 10 7.1% | 92,75 | 74.55 973 78.1 93.3 78.1 833 78.1 5.3 6.3 5.5 6.5 -
D0370 D0360 268 12" DIA 7 3.5% | 102.21; 92.75 | 107.6 97.3 102.8 93.3 102.8 93.3 4.0 4.7 4.2 4.9 -
D0400 00300 464 24’ DIA i1 0.2% | 60.51 | 59.38 66.3 64.3 69.2 65.8 70.3 66.7 23.4 24.8 25.0 24.7 Existing 10-yr
D0410 00400 301 21" DIA 7 0.2% | 61.13 | 60.51 65.6 66.3 69.3 69.2 70.5 70.3 5.1 5.5 5.8 5.1 Existing 10-yr
D0420 00410 214 18'' DIA 7 -0.4% | 60.57 | 61.41 65.7 65.6 69.4 69.3 70.5 70.5 4.4 4.8 4.3 4.4 Existing 10-yr
00440 D0430 263 18'' DIA 9 0.8% | 63.26 | 61.20 67.9 65.7 69.5 69.4 70.6 705 2.7 2.9 2.3 2.7 Existing 10-yr
D0500 00400 320 24" DIA i1 0.2% | 61.56 | 60.83 67.6 66.3 70.9 69.2 72.1 70.3 21.7 217 21.7 21.6 Existing 10-yr
D0600 D0500 138 24" DIA 6 0.1% { 61.70 | 6159 86.2 67.6 716 70.9 72.8 72.1 16.6 17.7 17,2 18.4 Existing 10-yr
DO700 D0600 758 21" DIA 11 0.5% | 65.25 | 6176 69.4 66.2 78.0 71.6 79.7 72.9 16.2 16.8 16.8 17.3 Existing 10-yr
D0800 D0700 378 24'' DIA 36 2.5% | 74.91 | 65.30 774 §9.4 79.1 78.0 80.8 79.7 12.5 13.2 126 13.4 Existing 10-yr
D090o 00800 378 12'' DIA 6 25% | 84.52 | 7491 | 885 774 107.4 79.1 108.3 80.8 10.5 10.5 10.4 10.5 Existing 10-yr
D1000 D0300 188 12" DIA 11 9.6% | 102.46 | 84.53 | 106.1 88.5 119.1 107.4 1211 109.3 10.1 9.8 10.2 8.7 Existing 10-yr
D1100 D1000 92 12" DIA 6 3.0% | 105.28 | 102,55 | 110.2 106.1 123.3 118.1 1253 1211 8.6 8.0 8.8 9.2 Existing 10-yr
D1120 01100 706 12" DIA 7 2.9% | 126.00 | 105.28 | 128.0 110.2 126.3 123.3 126.3 125.3 0.9 11 1.0 1.1 -
D1200 D1100 321 12'' DA 6 3.1% | 115.25 ; 105,39 | 118.3 110.2 133.7 123.3 135.9 125.3 7.4 7.8 7.6 8.1 Existing 10-yr
D1310 01300 172 12" DIA 8 4.8% | 12342} 116.25| 125.7 119.3 135.3 133.7 137.5 135.9 5.2 6.2 5.4 6.1 Existing 10-yr
D1320 D1310 56 12*' DIA 7 3.4% | 125,33 | 12345 1279 125.7 135.5 1356.3 137.7 137.5 3.7 4.0 3.7 4.2 Existing 10-yr
D1330 D1320 162 12'" DIA 7 3.3% | 130.73 ] 125.37{ 1335 127.9 136.1 135.5 138.3 137.7 3.3 3.9 3.4 4.0 Existing 10-yr
01340 D1330 297 12'' DIA 6 3.0% | 138.68 ] 130.73 | 1417 133.5 140.2 136.1 140.2 138.3 3.3 3.9 3.5 4.1 -
D1500 D1300 20 8.04'' DA 1 11.5% | 117.54 | 115251 1183 1193 142.1 133.7 144.7 135.9 33 3.5 3.5 3.6 Existing 10-yr
D1600 D1500 50 0.71' H, 1'BW, 385 Channel 10 5.4% | 120.28 | 117.54 | 121.3 118.3 142.3 142.1 144.9 1447 5.0 5.5 5.2 5.9 Existing 10-yr
D1700 01600 198 12" DIA 8 5.2% | 130.54 | 120.28] 1343 1213 143.3 142.3 146.0 144.9 5.2 6.1 5.6 6.5 Existing 10-yr
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Appendix 8

Gladstone Stomwwvater Masler Plan

e

15" DIA Existing 10-yr
F0710 FO700 186 12" DIA 10 7.3% | 137.08 | 123.59| 138.86 126.5 137.3 129.5 137.3 134.8 11 13 1.3 1.5 -
F0720 FO710 328 12" DIA 12 10.8% | 172,32 | 137.13 | 174.4 138.6 172.5 137.3 172.5 137.3 0.7 0.9 0.9 1.1 -
F0900 FO700 279 12" DIA 6 3.3% | 132,75 | 12359 136.2 126.5 136.2 129.5 143.8 134.8 5.9 73 7.1 8.2 Future 10-yr
F1000 F0900 32 12" DIA 5 2,1% | 133.44 1 132.75| 1364 136.2 136.5 136.2 144.4 143.8 4.0 6.1 5.9 7.1 Existing 10-yr
F1100 F1000 392 12'* DIA 7 4.2% | 150.01 ) 133.44| 1605 136.4 150.5 136.5 158.5 144.4 4.0 6.1 5.8 7.1 --
F1500 F1400 71 12'' DIA 11 9.7% | 156.84 | 150.01| 1608 160.5 157.1 150.5 157.2 158.5 1.4 3.0 2.8 3.9 -
F1600 F1500 49 12" DIA 3 0.9% | 157.46 | 157.04 | 160.4 160.9 157.9 157.1 158.2 157.2 1.4 3.0 2.8 4.2 -
F1700 F1600 33 12'' DIA 7 3.7% | 168.60 | 157.36| 1617 160.4 158.9 157.9 158.0 158.2 1.4 3.0 2.8 4.2 -
F1800 F1700 92 12'' DIA 4 1.0% | 159.66 | 158.70 | 163.1 161.7 160.1 158.9 160.3 159.0 1.4 3.0 2.8 4.4 -
BASING
Qutfall G0100 48.58 50.1 50.1 50.1 1.6 2.0 2.7 3.1
60300 G0100 49 18'' DIA 10 3.0% | 50.04 | 48.58 52.5 50.1 50.5 50.1 50.6 50.1 1.6 2.0 2.7 3.1 -
G0400 G0300 308 12" DIA 3 0.5% | 51,56 | 50.04 55.5 52.5 52.1 50.5 6524 50.6 1.6 2.0 2.7 3.1 -
G0500 60400 76 12" DIA 3 0.6% { 52.08 | 51.66 59.2 55.5 52.4 52.1 52.4 52.4 0.6 0.8 0.6 0.8 -
60600 G0500 66 12'" DIA 3 0.5% | 5239 | 52.08 59.6 59.2 52.7 52.4 52,7 52.4 0.6 0.7 0.6 0.7 -
G0700 G0600 279 12" DIA 3 0.5% | 53.90 | 5239 58.0 59.6 54.2 52,7 54.2 52.7 0.6 0.7 0.6 0.7 -
BASINH
Qutfall HO100 43.15 44.7 44.7 44.7 83 9.5 10.2 11.0
HO200 HO100 408 18'' DIA 16 2.3% | 52,73 | 43.15 | 58.6 44.7 53.5 44,7 53.6 44.7 8.6 9.5 10.2 11.0 -
H0300 H0200 47 18'' DIA 29 7.2% | 56.13 | 52.78 58.9 58.6 56.7 53.5 56.8 53.6 8.7 9.5 10.2 11.0 -
HO400 H0300 327 18'' DIA 6 0.3% | 57.30 | 56.37 60.4 58.9 60.4 56.7 60.2 56.8 9,1 9.1 9.8 10.6 -
HO500 H0400 115 18" DIA 7 0.4% | 57.80 | 57.30 §9.3 60.4 59.9 60.4 61.1 60.2 8.3 8.2 9.9 10.7 Existing 10-yr
H0510 HO500 147 15'H, 1.5'BW, 2SS Channel 21 1.0% | §9.32 | 57.80 613 §9.3 59.9 59.9 61.1 61.1 0.9 1.0 0.9 1.0 -
H0520 H0510 91 24'' DIA 11 0.8% | 60.06 | 59.32 63.1 613 60.5 56.9 61.1 61.1 0.9 1.0 0.9 1.0 =
HO700 HO500 42 18" DIA 5 0.7% | 58.11 | §7.80 59.6 59.3 60.6 56.9 62.2 61.1 7.8 9.1 9.9 10.8 Existing 10-yr
HO710 HO700 48 1.25' H, 1.5'BW, 10 S$ Channel 39 0,6% | 58.40 | 58.11 | 59.7 59.6 60.6 60.6 62.2 62.2 3.0 3.6 4.2 49 Existing 10-yr
HO720 HO710 119 15' DIA 8 1.7% | 60.37 | 58.40 68.7 §9.7 60.8 60.6 62.4 62.2 2.4 2.8 3.0 3.5 -
H0800 HO700 169 1.5'H, 1.5'BW, 2SS Channe! 28 1.7% | 61.00 | 58.11 63.0 59.6 61.7 60.6 62.4 62.2 5.1 6.0 6.4 6.9 -
HO810 HO800 24 1,5'H, 1'BW, 255 Channel 19 -0.9% | 60.78 | 61.00 62.3 63.0 617 61.7 62.4 62.4 0.7 0.9 0.9 1.0 Future 10-yr
H0820 HO810 56 18" DIA 9 0.7% | 61.20 | 60.78 62.7 62.3 61.7 61.7 62.4 624 0.7 0.9 0.9 1.0 -
HO830 HO820 34 1.5' H, 1.5'BW, 258 Channel 22 1.6% | 6175 | 61.20 63.3 62.7 61.9 61.7 62.4 62.4 0.4 0.5 0.5 0.6 -~
HO840 H0830 579 12'' DIA 2 0.3% | 63.70 | 61.75 67.9 63.3 64.0 61.9 64.1 62.4 0.4 0.5 0.5 0.6 -
HO850 H0840 142 12'' DIA 4 1.0% | 65.40 | 63.93 68.1 67.8 65.6 84.0 65.7 64.1 0.4 0.5 0.5 0.6 -
H0860 HO850 188 12'' DIA 3 0.9% | 67.13 | 85.49 70.8 69.1 67.4 65.6 674 85.7 0.4 0.5 0.5 0.6 -
HO870 H0860 88 12'' DIA 3 0.9% | 67.97 | 67.21 718 70.8 68.2 67.4 68.2 67.4 0.4 0.5 0.5 0.6 -
H1000 HOB0O 143 12" DIA 3 -0.7% | 59.84 | 61.00 62.3 63.0 £63.8 61.7 65.9 62.4 4.4 5.1 5.8 6.1 Existing 10-yr
H1200 H1000 143 12'* DIA 3 0.7% | 61.10 | 60.14 64.2 62.3 65.9 63.8 69.0 65.9 4.4 5.2 5.9 6.3 Existing 10-yr
H1300 H1200 148 12'' DA 2 0.5% | 61.86 | 61.15 §5.5 64.2 66.3 65.9 70.1 69.6 1.9 2.2 2.3 2.6 Existing 10-yr
H1400 H1300 120 12'' DIA 3 0.9% | 63.06 | 61.96 | 66.2 65.5 86.7 66.3 705 70.1 1.9 2.3 2.4 2.7 Existing 10-yr
H1500 H1400 166 12'* DIA 4 1.2% | 65.156 | 63.16 68.7 66.2 67.2 66.7 711 70.5 1.8 2.3 2.5 2.9 Future 10-yr
H1600 H1500 117 12" DIA 6 3.2% | 68.97 | 6525 | 713 68.7 69.4 67.2 716 71.1 1.8 23 2.5 3.0 Future 10-yr
H1700 H1600 138 12'' DIA 2 0.4% | 69.46 | 6897 | 714 713 70.2 69.4 72.1 718 19 23 2.5 2.9 Future 10-yr
H1800 H1700 142 12'" DIA 2 0.4% | 69.96 | 69.46 | 734 714 70.7 70.2 73.4 721 2.0 2.3 25 2.9 -
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Appendix B Gladstone Stonmwater Master Plan

18'' DIA
J2200 12100 149 . 18'' DIA 9 0.7% | 193.83 | 192.85{ 198.3 197.4 195.6 193.8 196.1 193.9 10.5 11.7 12,0 13.1 -
12300 12200 42 18" DIA 19 | 3.2% | 19535 | 19403 [ 1992 | 1983 | 1963 | 1956 | 1965 196.1 105 117 12.0 13.1 -
12400 12300 48 12" DIA 6 | 2.5% | 196.74 | 19551 199.8 | 199.2 | 1989 | 1963 | 189.1 | 1965 7.9 8.6 8.2 8.8 ~
12500 12400 327 12" DIA 5 1.6% | 201,03 | 196.65 | 205.1 | 199.8 | 2150 | 1989 | 216.3 199.1 8.3 3.8 8.5 9.0 Existing 10-yr
12510 12500 250 12'7 DIA 7 4.2% | 212.70 | 20218 | 2147 | 2051 | 2162 | 2150 | 217.6 | 2163 3.7 4.1 4.0 43 Existing 10-yr
12530 12520 66 12'' DIA 5 1.8% | 213,90 ] 212,70} 217.4 214.7 216.3 216.2 2177 217.6 1.5 1.7 1.7 2.1 Future 10-yr
32540 J2530 45 i2'' DIA 6 2.5% | 215,03 | 213.90| 219.6 217.4 216.3 216.3 217.8 217.7 1.5 1.7 1.6 2.1 -
12550 12540 103 12" DA 6 | 2.0% | 217.97 | 21503 | 220.0 | 210.6 | 2183 | 2163 | 2183 | 217.8 15 17 1.6 1.9 -
12560 12550 364 12 DA 6 | 3.0% | 229.26 | 21832 | 233.9 | 220.0 | 229.6 | 2183 | 2296 | 2183 15 1.7 1.6 1.9 -
2610 J2500 408 12" DIA 3 0.8% | 205.23 | 202.06 | 207.7 205.1 224.9 215.0 226.6 216.3 5.9 6.2 6.0 6.4 Existing 10-yr
12700 12610 242 12" DIA 4 1.4% | 208.65 | 205.23| 212.6 | 207.7 | 2208 | 2249 | 2318 | 2266 5.3 6.9 5.5 7.1 Existing 10-y
12710 12700 209 12" DIA 10 | 7.5% | 224.31 | 208.74 | 229.4 | 2126 | 2303 | 220.8 | 2323 | 2318 27 3.2 2.8 3.3 Existing 10-y7
12800 12700 140 12" DIA 5 2.3% | 211.97 | 208.74| 214.6 | 212.6 | 2308 | 2298 | 233.0 | 2318 4.7 54 5.0 5.6 Existing 10-y7
12900 12800 183 12° DIA 7 43% | 210.93 | 21213 | 2275 | 2146 | 2325 | 2308 | 2346 | 2330 4.7 54 5.0 57 Existing 10-y¢
13000 12900 76 127 DA 9 7.0% | 225.20 | 219.93 | 230.0 | 2275 | 233.1 | 2325 | 2353 | 2346 4.8 57 5.1 5.9 Existing 10-yr
13100 13000 112 12" DIA 9 6.0% | 233.19 | 225.50 | 237.4 | 2300 | 233.8 | 2331 | 2374 | 2353 36 4.2 38 4.4 .
13200 13100 87 12' DIA 12 | 12.1% | 243.87 | 23334 | 2483 | 237.4 | 2442 | 2338 | 2443 | 2374 2.6 42 38 4.4 -
J3210 J3200 126 12'* DIA 9 5.9% | 251.38 | 243.97 | 256.1 248.3 251.7 2442 2517 244.3 1.7 2.0 1.8 2.1 -
13300 13200 108 12' DA 15 | 16.0% | 260.96 | 243.97| 263.9 | 2483 | 2612 | 2842 | 2612 | 2443 19 2.2 2.0 2.4 -
13400 13300 205 12' DIA 14 | 13.9% | 289.34 | 261.11| 2935 | 263.9 | 289.6 | 2612 | 289.6 | 2612 19 2.2 2.0 2.4 -
13500 13400 279 12" DIA 7 | 3.9% | 30034 | 289.41| 305.2 | 293.5 | 3007 | 289.6 | 3007 | 289.6 1.8 22 2.0 2.4 -
13600 13500 103 12" DIA 3 0.0% | 301.42 | 30048 | 303.6 | 305.2 | 3020 | 3007 | 3020 | 300.7 19 22 2.0 24 -
15000 10200 136 18" DA 4 0.2% | 7211 | 71.90 | 763 | 769 84.5 0.9 86.5 82.9 17.9 19.6 185 20.1 Existing 10y
15100 15000 47 15" DIA 11 2.8% | 73.71 | 72.38 774 76.3 87.8 84.5 90.1 86.6 17.9 19.6 18.4 18.8 Existing 10-yr
15200 15100 228 18" DIA 13 | 14% | 7713 | 73.84 | 804 | 774 94.0 87.8 96.5 90.1 18.3 195 185 19.8 Existing 10-y7
15300 | 5200 31 18" DIA ) 0.6% | 77.30 | 77.13 | 80.6 | 80.4 94.8 94.0 973 96.5 18.8 20.3 19.6 21.0 Existing 10-yr
15500 15300 55 24" DIA 71 | 8.6% | 82.00 | 77.30 | 850 | 80.6 95.0 94.8 97.6 97.3 17.7 15.5 18.3 20.0 Existing 10-y1
15600 15500 124 2'H, 1'BW, 255 Channel 126 | 11.0% | 9550 | 82.00 | 975 | 85.0 96.4 95.0 97.8 97.6 17.7 20.3 18.7 20.7 Futute 10-yr
15700 15600 29 24'" DIA 40 | 10.8% | 98.60 | 9550 | 100.6 | 975 99.5 96.4 99.6 97.8 18.0 211 19.3 217 -
15800 15700 112 2'H, 1'BW, 255 Channel 120 | 11.0% | 110.85 | 98.60 | 1169 | 100.6 | 1117 995 1117 99.6 19.9 22.8 213 23.0 -
15820 15800 100 12'* DIA 4 1.5% | 112,34 | 110.85] 1184 116.9 112.7 111.7 1127 1117 1.2 1.5 1.3 1.5 -
15900 15800 79 24" DIA 11 | 03% | 111.05 | 110.85| 1180 | 1169 | 1127 | 1117 | 1128 1117 163 19.0 174 19.7 -
16000 15900 99 24" DIA 11 | 02% | 11137 | 111.15] 1168 | 1180 | 1132 | 1127 | 1134 112.8 16.2 19.0 171 19.7 -
16100 16000 30 24" DIA 26 | 13% | 11250 | 111.37| 1187 | 1168 | 1138 | 1132 | 1138 1134 16.2 19.0 17.0 19.7 -
J6110 J6100 173 24" DIA 13 0.3% | 113.76 | 113.18 116.9 118.7 114.7 1138 114.7 113.8 55 6.2 5.6 6.3 .
16120 16110 167 24" DIA 12 | 03% | 114.32 | 113.86] 117.1 | 1169 | 1153 | 1147 | 1153 114.7 55 6.2 5.6 6.3 -
16130 16120 246 12 DA 2 05% | 115.72 | 11452| 1183 | 117.1 | 1210 | 11563 | 1213 1153 5.6 6.3 5.7 6.4 Existing 10-y1
16140 J6130 42 12 DIA 2 0.4% | 11597 | 115,82 ] 1183 118.3 121.4 121.0 121.7 1213 3.2 3.6 3.3 3.7 Existing 10-yr
16160 16140 110 12' DIA 1 | 01% | 116.18 | 116.07] 1200 | 1183 | 1222 | 1214 | 1226 1217 3.3 3.7 3.4 3.8 Existing 10-yr
16170 16160 54 12'' DIA 3 0.9% | 116.78 | 11628 | 1227 | 1200 | 122.7 | 1222 | 1230 | 1226 3.3 3.9 3.4 4.1 Future 10-y7
J6180 J6170 242 12" DIA 10 8.1% | 136.32 | 116.85| 145.6 122,7 136.7 122.7 136.7 123.0 3.3 3.9 3.4 4.1 -
16200 16100 115 24" DIA 33 | 2.1% | 11549 | 113.08| 1200 | 1187 | 1162 | 113.8 | 1162 113.8 8.7 103 9.2 108 =
16300 16200 168 24" DIA 41 2.9% | 120.54 | 115.59| 125.6 120.0 121.2 116.2 121.2 116.2 8.7 103 9.2 10.8 -
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Appendix B

12" DIA

Gladstone Stormwater Master Plan

4.3%
L0600 L0500 188 18'' DIA 26 6.4% | 222,96 | 210.97 | 2263 | 2188 223.3 211.6 223.3 211.7 2.4 2.8 2.5 3.0 -
L8700 L0600 155 18'' DIA 18 3.2% | 228.07 | 223.06| 233.0 | 226.3 2284 223.3 228.4 223.3 24 2.8 2.5 3.0 --
L0800 L0700 132 12'* DIA 12 11.5% | 243.23 | 228,171 249.1 | 233.0 243.4 228.4 243.5 228.4 1.1 1.3 1.2 1.5 -
10900 10800 67 12'' DIA 9 7.0% | 248.01 | 243.34 1 2524 | 249.% 248.2 243.4 248.3 243.5 1.1 1.3 1.2 1.5 -
L1000 10800 233 12'' DIA 14 14.0% | 280,21 | 248.05| 283.7 | 2524 280.4 248.2 280.4 248.3 1.1 1.3 1.2 1.5 --
BASINM
Dralns to Clackamas County Stormdraln
M0200 M0100 189 15'* DIA 6 2.8% | 283.82 | 278.50] 2864 | 279.8 284.7 279.8 284.8 279.8 5.1 5.7 5.3 5.9 -
M0300 M0200 194 15" DIA 4 1.2% | 286.27 { 283.92| 289.0 | 2864 289.0 284,7 289.3 284.8 5.2 5.7 5.3 5.9 Existing 10-yr
M0400 M0300 130 15'" DIA 2 0.2% | 286.68 | 286.37| 288.1 | 289.0 2012 289.0 291.6 289.3 4.6 5.2 4.8 5.3 Existing 10-yr
M0500 M0400 28 15'' DIA 5 0.5% | 286.88 | 286.73 | 288.7 | 288.1 2913 2912 2917 291.6 4.7 5.3 4.9 5.5 Existing 10-yr
M0510 M0500 138 9,96'" DIA 2 0.8% | 288.27 | 287.18 289.5 | 288.7 2919 2913 292.3 2917 1.6 1.8 1.6 1.9 Existing 10-yr
M0600 M0500 151 12" DIA 5 1.6% | 289.30 | 286.881 2916 | 2887 2924 281.3 292.9 2817 4.2 4.5 4.3 4.5 Existing 10-yr
M0610 0600 148 12" DIA 5 1.9% | 282.24 1 289,50 293.7 | 2916 292.7 292.4 2933 292.9 1.9 2.2 1.9 2.3 -
M0700 M0600 94 12" DIA 3 0.8% | 290.16 | 289.40| 2919 | 2916 292.6 292.4 293.1 292.8 2,51 2.64* 2.61* 2.7 Existing 10-yr
MO700A M0510 134 12" DIA 3 1.7% | 290.61 | 288.27 | 2919 | 289.5 292.6 291.9 293.1 292.3 1.55* 1.75* 1.61* 1.86* Existing 10-yr
M0800 M0700 82 12'' DIA 2 0.2% | 290.45 [ 290.26 | 292.1 | 2819 293.2 292.6 293.7 293.1 3.3 3.9 3.4 4.0 Existing 10-yr
M0800 MO0800 129 12" DIA 6 2.7% | 294.00 | 280.55] 296.0 | 292.1 294.4 293.2 284.5 293.7 2.4 2.9 2.4 2.9 e
M1000 M0900 101 12" DIA [ 2.7% | 296.69 | 294.00{ 298.7 | 296.0 297.1 294.4 297.1 294.5 2.4 2.9 2.4 2.9 -
BASINN
Dralns to Clackamas County Stormdraln

N0200 N0100 82 24" DIA 24 1.1% | 220,57 | 219.67} 223.2 | 2216 223.4 2216 223.6 2217 34.3 38.1 35,1 38.9 Existing 10-yr
N0300 N0209 454 24" DIA 27 1.4% | 227,12 | 220,67} 2314 | 223.2 233.9 223.4 234.4 223.6 34.5 38.4 35.3 39.2 Existing 10-yr
NO310 N0300 165 18' DIA 35 10.9% | 245,63 | 227.68 | 249.6 | 2314 246.1 233.9 246.1 234.4 6.6 7.8 6.9 8.1 -
NO320 N0310 165 15" DIA 21 10.9% | 263,59 | 245.63| 267.4 | 249.6 264.1 246.1 264.1 246.1 6.6 8.3 7.1 8.8 -
NO330 NO320 21 15" DIA 7 1.0% | 263.80 | 263.59 | 268.8 | 2674 264.9 264.1 264.9 264.1 6.6 7.8 6.9 8.1 --
N0340 NO330 84 12'' DIA 5 2.2% | 265.60 | 263.80 | 270.0 | 268.8 266.3 264.9 266.3 264.9 4.0 4.7 4.1 4.8 -
N0350 N0340 287 12" DIA 10 8,2% | 288,95 | 265.60 | 292.7 | 270.0 289.4 266.3 289.4 266.3 4.0 4.7 4,1 4.8 -
N0360 N0350 277 12" DIA 5 1.7% | 293.59 | 28895 287.3 | 292.7 294.1 289.4 294.1 289.4 2.4 2.8 2.5 3.0 -
N0400 NO300 101 21" DIA 14 0.8% | 227,80 | 227.14| 230.7 | 2314 236.6 233.9 237.3 2344 26.1 28.9 26.7 29.5 Existing 10-yr
N0402 NO40O 489 12'* DIA 2 0.4% | 230.09 | 228.08 [ 233.0 | 230.7 245.3 236.6 246.4 237.3 5.4 6.4 5.6 6.5 Existing 10-yr
N0403 N0402 300 12" DIA 12 11.9% | 265,55 |{ 230.09 270.0 | 233.0 266.0 245.3 266.0 246.4 4.2 4.9 4.3 5.0 --
N0404 N0403 54 12" DIA 9 6.9% | 269.44 | 265,73 2728 | 2700 269.8 266.0 269.8 266.0 3.0 3.5 3.1 3.6 -
NO405 N0404 295 12'* DIA 7 3.7% | 280.39 | 269.47 | 285.2 272.8 280.8 269.8 280.8 269.8 2.4 2.8 2.5 2.9 -
NO410 N0400 87 12" DIA 4 1.1% | 228.85 | 228.08 1 231.1 230.7 239.7 236.6 240.4 237.3 8.4 9.5 8.4 9.4 Existing 10-yr
N0420 N0410 376 12'' DIA 10 8.4% | 260.40 | 228.95 | 2712 | 2311 261.2 239.7 261.2 240.4 8.4 10.1 8.4 10.1 -
NO421 ND420 226 12" DIA 4 1.1% | 263,36 | 260.77 ] 266.7 271.2 263.9 261.2 263.9 261.2 2.1 2.5 2.1 2.5 .-
NO422 N0421 187 12'' DIA 11 9.2% | 280.67 | 263.49| 283.2 | 2667 281.0 263.9 281.0 263.9 2.1 2.5 2.1 25 --
NO430 NO420 231 12'* DIA 6 2.8% | 273.16 | 266.71| 2782 | 2712 273.7 261.2 273.7 261.2 3.8 4.4 3.8 4.4 -
N0440 N0430 177 12'* DIA ] 6,3% | 284.41 | 273.28| 2867 | 278.2 284.9 273.7 284.9 273.7 3.8 4.4 3.8 4.4 -
NOAS0 N0440 103 12" DIA 6 2.9% | 287.58 | 284.56 | 280.4 | 286.7 288.2 284.9 288.2 284.9 3.8 4.4 3.8 4.4 -
N0460 N0450 158 12" DIA 2 0.5% | 288.30 | 287.58 1 292.0 | 2904 292.0 288.2 292.0 288.2 3.8 4.4 3.8 4.4 -
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Appendix B Gladstone Stonmwater Master Plan

13 3 ¥
shi i e

214.05 . . . 4.9 . Existing

15" DIA 3 10-yr
01921 01920 41 12'' DIA 4 1.1% | 214,82 | 214.38] 2165 216.4 229.4 229.4 2314 2314 1.4 1.7 1.7 1.8 Existing 10-yr
01922 01921 85 12'' DIA 7 3.6% | 218.07 | 21497 2210 216.5 229.5 229.4 2315 231.4 1.7 2.0 1.9 22 Existing 10-yr
01930 01920 294 12" DIA 3 0.5% | 215.81 | 214.33] 2181 2164 231.4 229.4 233.4 231.4 3.7 3.8 3.7 3.9 Existing 10-yr
01931 01930 189 12! DIA 1 0.0% | 215.80 | 215.81]| 2169 218.1 2317 231.4 233.7 233.4 3.8 5.0 4.0 5.2 Existing 10-yr
01932 01931 223 1'H, 1'BW, 2 85 Channel 2 0.0% | 215.99 | 215.80] 217.0 216.9 244.4 231.7 247.1 233.7 4.6 5.3 4.7 5.5 Existing 10-yr
01933 01932 232 12" DIA 2 0.4% | 216.88 | 215.99| 218.2 217.0 244.5 244.4 247.2 247.1 23 2.7 2.5 2.9 Existing 10-yr
01940 01930 247 12" DIA 4 1.3% | 21957 | 21641 223.1 218.1 2319 231.4 234.0 233.4 3.3 3.7 3.6 4.1 Existing 10-yr
01950 01940 280 12" DIA 4 1,1% | 222.53 | 219.59{ 226.6 223.1 232.0 231.9 234.1 234.0 1.6 2.1 1.8 2.4 Existing 10-yr
01960 01950 84 12" DIA 6 3.2% | 225,18 | 222,531 2274 226.6 232.1 232.0 234.2 234.1 1.6 1.9 2.0 2.3 Existing 10-yr
01970 01960 146 12'' DIA 5 2.1% | 228.49 ] 225.481 230.0 227.4 232.1 232.1 234.2 234.2 1.6 1.9 1.9 2.2 Existing 10-yr
02000 01500 283 12" DIA 6 3.0% | 222.84 | 214.29 1 225.2 217.6 2311 228.1 233.1 2311 5.4 5.9 5.7 6.0 Existing 10-yr
02100 02000 29 12" DIA [ 2.7% | 223.77 ] 222,98 226.0 225.2 2313 2311 233.2 233.1 3.2 3.7 3.7 4.0 Existing 10-yr
02110 02100 143 12'* DIA 9 5.6% | 231.80 | 223.87 234.1 226.0 232.2 2313 233.6 233.2 2.3 2.7 2.5 3.0 -
02120 02110 200 8.04'' DIA 3 8.1% | 248.35 | 232,11} 249,86 234.1 248.8 232.2 248.8 233.6 2.3 2.7 2.5 3.0 -
02130 02120 102 8.04'" DIA 3 7.1% | 255.65 | 24842 256.9 249.6 256.1 248.8 256.1 248.8 2.3 2.7 2.5 3.0 -
02140 02130 47 8.04'' DIA 4 9.8% | 260.27 | 255.70 | 260.9 256.9 260.6 256.1 260.7 266.1 2.3 2.7 2.5 3.0 -
02150 02140 343 0.67' H, 1'BW, 185 Channel 8 12.1% | 301.54 | 260.27 | 303.5 260.8 301.9 260.6 3019 260.7 2.3 2.7 2.5 3.0 .
02160 02150 104 12" DIA 3 0.5% | 302.06 | 301.54 | 304.4 303.5 302.6 3019 302.6 301.9 1.4 1.7 1.7 1.9 -
02170 02160 518 12'' DIA 2 0.4% | 304.00 § 302,06 | 306.5 304.4 304.6 302.6 304.7 302.6 1.5 1.7 1.7 1.9 -
02200 02100 388 12" DIA 4 1.0% | 227.56 | 223.87| 231.2 226.0 2313 231.3 233.3 233.2 1.0 15 1.9 1.8 Existing 10-yr
02300 02200 127 12'' DIA 3 0.7% | 228.52 | 227.66] 2323 231.2 2316 2313 233.3 233.3 0.8 1.1 12 1.1 Future 10-yr
BASINP
Outfall P0100 133.77 136.8 134.2 134.2 3.1 3.7 3.6 4.2
F0110 PO100 76 12'' DIA 12 10.6% | 141.77 | 133.77 ] 144.8 136.8 142.0 134.2 142.0 134.2 1.0 1.2 1.0 1.2 -
P0200 P0100 105 12" DIA 4 1,0% | 134.84 | 133.77] 136.5 136.8 135.4 134.2 135.5 134.2 2.2 2.6 2.5 3.0 -
P0400 P0200 86 12'* DIA 3 0.7% | 135.54 | 134.941 138.% 136.5 136.2 135.4 136.2 135.5 2.2 2.6 2.5 3.0 -
PO500 P0400 58 12' DiA 4 1.5% | 136,51 | 135.59 | 138.4 139.9 137.0 136.2 137.1 136.2 2.2 2.6 2.5 3.0 -
PO600 PO500 32 12" DiA 4 1.6% | 137.01 | 136,51 139.6 138.4 137.4 137.0 137.4 137.1 1.2 1.4 1.4 1.6 -
BASINQ

Dralns to Clackamas County Stormdraln
Q0200 Q0100 32 12'' DIA 15 17.9% | 216.99 | 211.38 | 2189 216.2 217.3 212.2 2174 212.2 4.0 4.7 4.1 4.9 -
Q0300 Q0200 241 12" DIA 15 18.1% | 260.05 | 217.09 | 2655 219.8 260.3 2173 260.3 217.4 27 3.1 2,7 3.1 -
Q0400 Q0300 300 12" DIA g 6.1% | 278.58 | 260.21| 282.1 265.5 279.0 260.3 279.0 260.3 2.7 3.1 2,7 3.1 -
BASINR
Dralns to Clack County St

RO110 RO100 69 12" DIA 6 2.4% | 281.05 | 279.39| 2833 | 2822 | 2813 279.6 | 2813 279.6 0.9 1.0 0.9 1.0 -
R0O120 RO110 121 12'* DIA 4 1.1% | 282.60 | 281.25| 2854 283.3 282.9 2813 282.9 2813 0.9 1.0 0.9 1.0 -
R0200 R0O100 241 12'' DIA 8 2.9% | 286.27 | 279.19] 288.8 282.2 286.6 279.6 286.6 279.6 1.6 1.9 1.7 1.9 -
BASINS :
Qutfall 50100 274.19 275.7 274.2 274.2 5.4 6.4 5.6 6.6
$0200 _ $0100 _ 44 ~ 12'' DIA _ i1 8.2% | 278.27 1 274.69 | 284.9 275.7 278.8 274.2 278.8 274.2 5.4 6.4 5.6 6.6 -
50300 | so200 | 67 | 18" DIA [ 18 8.2% | 283.78 | 278.27] 2935 | 284.9 | 2844 278.8 284.4 278.8 5.4 6.4 5.6 6.6 -
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Appendix B Gladstone Stormwater Master Plan

Ll ; it % ol EA i

V0720 ' DIA 7 287.00

V1000 V0700 265 15" DIA 6 0.8% | 286.39 | 284.14 | 2910 | 2018 | 2874 | 2850 | 2874 285.0 5.9 7.0 6.2 73 -
V1100 V1000 243 12" DIA 4 1.1% | 280.12 | 286.44| 2955 | 2020 | 2904 | 2874 | 2907 287.4 43 5.1 4.4 5.2 -
V1200 V1100 109 12 DIA 4. | 12% [ 29053 | 289.22] 293.9 | 2955 | 2911 | 2904 | 2913 290.7 2.7 3.2 2.9 3.4 -
V1400 V1200 363 12" DIA 5 1.8% | 297.03 | 290.58| 299.4 | 2938 | 2074 | 2911 | 2974 2913 1.1 13 12 14 -
V1500 V1400 82 12" DIA 2 0.3% | 297.24 | 207.03| 299.9 | 2994 | 2978 | 297.4 | 297.8 297.4 11 13 1.2 14 -
V1600 V1500 71 12" DIA 6 2.6% | 299.20 | 297.34| 3013 | 2099 | 2995 | 297.8 | 2095 297.8 11 13 12 1.4 -
Outfali V5000 247.23 248.2 247.4 247.4 17 2.0 2.0 2.4

V5100 V5000 173 12" DIA 16 [ 203%] 28161 |247.23| 288.8 | 2482 | 2818 | 2474 | 2818 2474 16 18 16 19 -
V5200 V5100 211 12'" DIA 8 4.9% | 296.27 | 285.96| 3002 | 288.8 | 2966 | 2849 | 2965 284.9 16 18 1.6 1.9 -
V5300 V5200 312 12" DIA 7 3.5% | 307.43 | 296.47| 3100 | 3002 | 3077 | 2966 | 3078 296.6 14 17 15 17 -
BASINX

Outfall X0100 72.00 74.0 73.3 73.3 11.4 11.4 114 11.4

X0100 X0110 93 2'H,3'BW, 155 Channel 42 | 11% | 7200 | 71.00 | 740 | 730 73.3 73.1 73.3 73.1 11.4 11.4 114 114 -
X0110 X0120 47 24'" DIA 15 | 04% | 7100 | 7080 | 730 | 728 73.1 72.8 73.1 72.8 23.1 23.1 23.1 23.1 Existing 10-yr
BASINZ

Outfall 20700 52.72 53.7 53.7 53.7 0.8 1.0 0.8 1.0

20720 | zoto0 | 75 ] 12'' DIA | "9 154% 5677|5272 69.6 | 53.7 57.0 53.7 57.0 53.7 0.8 1.0 0.8 1.0 -
outfall 22000 32.05 33.1 33.1 33.1 1.2 12 12 12

72010 | 22000 | 86 | 12" DIA ] 3 [os%]| 3248 | 3205 | 352 | 331 33.4 33.1 334 33.1 12 1.2 1.2 1.2 -

*Maximum flow values were modified in instances where (wo pipes share the same US node. In these cases maximum flow is provided for the conduit. All other maximum flow values pertain to the US node.
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Gladstone Stormwater Master Plan

Appendix C: CIP Cost Summaries

Brown«oCaldwell :







City of Gladstone - Stormwater Master Plan
Capital Improvement Project
Preliminary Engineering Unit Cost

ITEM | uNiT UNIT COST ($)
Water Quality Facility Installation

General Earthwork & Off-site removal cY $18
Clearing Brush AC $1,850
Clear and Grub brush including stumps AC $6,500
Clear and Grub brush including stumps - 50' Width LF $80
Amended Soils and Mulch cY $40

Jute Matting, Biodegradeable Sy $10
Rip-Rap, Class 50 cy $60
Drain Rock cY $40
Pond Outflow Control Structure EA $6,000
Water Quality Facility Plantings SF $3
Water Quality Facility Plantings with Trees SF $6

Rain Garden SF $25
Stormwater Planter SF $37
Beehive Overflow EA $1,500
Structure Installation

Precast Concrete Manhole (48", 0-8' deep) EA $3,500
Precast Concrete Manhole (48", 9-12' deep) EA $5,100
Precast Concrete Manhole (48", 13-20' deep) EA $8,300
Precast Concrete Manhole (60", 0-8' deep) EA $5,000
Precast Concrete Manhole (60", 9-12' deep) EA $9,000
Precast Concrete Manhole (72", 0-8' deep) EA $7,000
Precast Concrete Manhole (72", 9-12' deep) EA $13,000
Curb Inlet EA $1,900
Concrete Ditch Inlet (0-8' deep) EA $2,000
Catch Basin EA $2,300
Connection o Existing Structure EA $1,000
Abandon Existing Manhole EA $440
Abandon Existing Pipe, no excavation (15-18") FT $22
Abandon Existing Pipe, no excavation (21"-24") FT $27
Abandon Existing Pipe, no excavation (27"-36") FT $36
Flow bypass EA $10,000
Qutfall Improvements EA $5,000
Concrete Fill - Catch basin disconnection cY $140
Drywelt (48°, 20-25' deep) EA $10,000
Restoration/ Resurfacing

Riparian Planting SF $3
4-foot Chain Link Fence LF $21
Hydroseed AC $2,300
Stream Bed Gravel cY $40

Fish Removal EA $3,000
Project Totals

Project Sub-Total

Mobilization/Demobilization (10%) LS 10%
Erosion Controf (2%) IS 2%
Construction Contingency (30%) LS 30%
Construction Cost Estimate

Engineering and Permitting (%) * LS Varies by project (20-40%)
Construction Administration (%) LS 5%
Total Project Engineering and Construction Cost

* Engineering and permitting costs will be documented in each project's write-up.
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CIP A-1. Rinearson Creek Stream Enhancement
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
Channel Maintenance/Clearing
Clear and Grub brush including stumps - 50' Width 500 LF $ 80 $ 40,000
Flow bypass 1 EA $ 10,000 $ 10,000
Fish Removal 1 EA $ 3,000 $ 3,000
Rip-Rap, Class 50 50 cY $ 60 $ 3,000
Olson Wetlands improvements
General Earthwork & Off-site removal 1,200 cY $ 18 $ 21,600
Amended Soils and Mulch 300 cY $ 40 $ 12,000
Water Quality Facility Plantings with Trees 7,500 SF $ 6 $ 45,000
Water Quality Facility Plantings 10,500 SF $ 3 % 31,500
Flow bypass 1 EA $ 10,000 $ 10,000
Jute Matting, Biodegradeable 2,000 SY $ 10 $ 20,000
Capital Expense Sub-Total $ 196,100
Mobilization/Demaobilization 10% LS $ 19,610
Traffic Control/Utility Relocation 0% LS $ -
Erosion Control 10% LS $ 19,610
Construction Cost Sub-Total $ 235,320
Construction Contingency 30% LS $ 70,596
Capital Expense Total $ 305,916
Administrative Expenses
Engineering and Permitting 30% LS $ 91,775
Construction & General Administration 5% LS $ 15,296
Administrative Expense Total $ 107,071
Capital Implementation Cost Total $ 412,987

Appendix C: Gladstone Stormwater Master Plan Page 3 of 22



CIP A-2. Portland Avenue Bypass and Upstream Improvements
A-2.1 Portland Avenue High Flow Bypass
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
HDPE Pipeline (48", 5-10’ Deep) 1,400 LF $ 470 $ 658,503
HDPE Pipeline (48", 10-15' Deep) 1,250 LF $ 571 $ 713,319
RCP Outfall Pipeline (48", 10-15' Deep) 500 LF $ 590 $ 294,930
Outfall Improvement - On Clackamas 1 EA $ 50,000 $ 50,000
Precast Concrete Manhole (72", 9-12' deep) 13 EA $ 13,000 $ 169,000
Capital Expense Sub-Total $ 1,885,752
Mobilization/Demobilization 10% LS $ 188,575
Traffic Control/Utility Relocation 2% LS $ 37,715
Erosion Control 2% LS $ 37,715
Construction Cost Sub-Total $ 2,149,757
Construction Contingency 30% LS $ 644,927
Capital Expense Total $ 2,794,685
Administrative Expenses
Engineering and Permitting 30% LS $ 838,405
Construction & General Administration 5% LS $ 139,734
Administrative Expense Total $ 978,140
Capital Implementation Cost Total $ 3,772,824
A-2.2 Sanitary Sewer Disconnect
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
Retrofit Combined Manhole CO500 1 LS $ 5,000 $ 5,000
Catch Basin 12 EA $ 2,300 $ 27,600
HDPE Inlet Leads {12", 2-5' Deep) 120 LF $ 78 $ 9,414
Capital Expense Sub-Total $ 42,014
Mobilization/Demobitization 10% LS $ 4,201
Traffic Control/Utility Relocation 2% LS $ 840
Erosion Control 2% LS $ 840
Construction Cost Sub-Total $ 47,895
Construction Contingency 30% LS $ 14,369
Capital Expense Total $ 62,264
Administrative Expenses
Engineering and Permitting 20% LS $ 12,453
Construction & General Administration 5% LS $ 3,113
Administrative Expense Total $ 15,566
Capital Implementation Cost Total $ 77,830
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CIP A-2. Portland Avenue Bypass and Upstream Improvements
A-2.3 Portland Avenue Pipe Replacement/Realignment North of Jersey
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline (24", 2-5' Deep) 416 LF $ 194 % 80,713
RCP Pipeline (36", 5-10' Deep) 153 LF $ 453 § 69,340
HDPE Pipeline (42", 5-10' Deep) 1,168 LF $ 404 $ 471,669
Catch Basin 8 EA $ 2,300 $ 18,400
RCP Inlet Leads (12", 2-5' Deep) 80 LF $ 78 $ 6,276
Precast Concrete Manhole (60", 0-8' deep) EA $ 5,000 $ 10,000
Precast Concrete Manhole (72", 9-12' deep) EA $ 13,000 $ 65,000
Capital Expense Sub-Total $ 721,397
Mobilization/Demobilization 10% LS $ 72,140
Traffic Control/Utility Relocation 2% LS $ 14,428
Erosion Control 2% LS $ 14,428
Construction Cost Sub-Total $ 822,393
Construction Contingency 30% LS $ 246,718
Capital Expense Total $ 1,069,111
Administrative Expenses
Engineering and Permitting 20% LS $ 213,822
Construction & General Administration 5% LS $ 53,456
Administrative Expense Total $ 267,278
Capital Implementation Cost Total $ 1,336,388
A-2.4 Duniway to Barclay Pipe Replacement/Realignment
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline (12", 2-5' Deep) 116 LF $ 97 % 11,217
HDPE Pipeline (18", 5-10' Deep) 252 LF $ 162 $ 40,765
HDPE Pipeline (24", 5-10' Deep) 692 LF $ 213 $ 147,465
HDPE Pipeline (30", 5-10' Deep) 385 LF $ 273 % 105,098
Precast Concrete Manhole (48", 0-8' deep) 6 EA $ 3,500 $ 21,000
Concrete Ditch Inlet (0-8' deep) 1 EA $ 2,000 $ 2,000
Capital Expense Sub-Total $ 327,545
Mobilization/Demobilization 10% LS $ 32,754
Traffic Control/Utility Relocation 2% LS $ 6,551
Erosion Control 2% LS 3 6,551
Construction Cost Sub-Total $ 373,401
Construction Contingency 30% LS $ 112,020
Capital Expense Total $ 485,421
Administrative Expenses
Engineering and Permitting 20% LS $ 97,084
Construction & General Administration 5% LS $ 24,271
Administrative Expense Total $ 121,355
Capital Implementation Cost Total $ 606,777
Appendix C: Gladstone Stormwater Master Plan Page 5 of 22



CIP A-3. High School Stormdrain Improvements and Detention Pond
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline
(30", 2-5' Deep) 718 LF 297 213,100
Precast Concrete Manhole (48", 0-8' deep) 4 EA $ 3,500 $ 14,000
Pond Outflow Control Structure 1 EA $ 6,000 $ 6,000
General Earthwork - Excavation 5,815 cY $ 18 $ 104,667
Amended Soils and Mulch 1,336 CY $ 40 $ 53,425
Drain Rock 1,336 cy $ 40 $ 53,425
Water Quality Facility Plantings 7,770 SF $ 3 % 23,311
4-foot Chain Link Fence 650 LF $ 21 % 13,650
RCP Pipeline
(36", 2-5' Deep) 740 LF $ 377 % 278,862
Precast Concrete Manhole (60", 0-8' deep) 4 EA $ 5000 $ 20,000
RCP Pipeline
(48", 2-5' Deep) 389 LF 490 $ 190,440
Precast Concrete Manhole (72", 0-8' deep) 3 EA $ 7,000 % 21,000
Capitat Expense Sub-Total $ 991,879
Mobilization/Demobilization 10% LS $ 99,188
Traffic Control/Utility Relocation 2% LS $ 19,838
Erosion Control 2% LS $ 19,838
Construction Cost Sub-Total $ 1,130,742
Construction Contingency 30% LS $ 339,223
Capital Expense Total $ 1,469,964
Administrative Expenses
Engineering and Permitting 20% LS $ 293,993
Construction & General Administration 5% LS $ 73,498
Administrative Expense Total $ 367,491
Capital Implementation Cost Total $ 1,837,456
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CIP A-4. High School Rain Garden
General Earthwork & Off-site removal 15 cY $ 18 $ 270
Amended Soils and Mulch 15 cY $ 40 $ 600
Water Quality Facility Plantings 200 SF $ 3 600
Rain Garden 200 SF $ 25 % 5,000
Capital Expense Sub-Total $ 6,470
Mobilization/Demobilization 10% LS $ 647
Erosion Control 2% LS $ 129
Construction Cost Sub-Total $ 7,246
Construction Contingency 30% LS $ 2,174
Capital Expense Total $ 9,420
Administrative Expenses
Engineering and Permitting 20% LS $ 1,884
Construction & General Administration 5% LS $ 471
Administrative Expense Total $ 2,355
Capital Implementation Cost Total $ 11,775
Appendix C: Gladstone Stormwater Master Plan Page 7 of 22



CIP A-5. Tyron Rain Garden
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
General Earthwork & Off-site removal 250 cy $ 18 $ 4,500
Amended Soils and Mulch 250 cY $ 40 $ 10,000
Water Quality Facility Plantings 3,330 SF $ 3 % 9,990
Rain Garden 3,330 SF $ 25 $ 83,250
HDPE Leads
(12", 2-5' Deep) 100 LF $ 97 $ 9,670
Capital Expense Sub-Total $ 117,410
Mobilization/Demobilization 10% LS $ 11,741
Traffic Control/Utility Relocation 2% LS $ 2,348
Erosion Control 2% LS $ 2,348
Construction Cost Sub-Total $ 133,847
Construction Contingency 30% LS $ 40,154
Capital Expense Total $ 174,001
Administrative Expenses
Engineering and Permitting 20% LS $ 34,800
Construction & General Administration 5% LS $ 8,700
Administrative Expense Total $ 43,500
Capital Implementation Cost Total $ 217,501
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CIP A-6. Glen Echo Pipeline Realignment
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline
(12", 2-5' Deep) 203 LF $ 97 $ 19,629
HDPE Pipeline
(24", 2-5' Deep) 625 LF $ 161 $ 100,639
Catch Basin 2 EA $ 2,300 $ 4,600
HDPE Inlet Leads
(12", 2-5' Deep) 20 LF $ 78 $ 1,569
Precast Concrete Manhole (48", 0-8' deep) 3 EA $ 3,500 $ 10,500
Abandon Existing Pipe, no excavation (15-18") 620 FT $ 22 % 13,330
Abandon Existing Manhole 3 EA $ 440 $ 1,320
Capital Expense Sub-Total $ 151,587
Mobilization/Demobilization 10% LS $ 15,159
Traffic Control/Utility Relocation 2% LS $ 3,032
Erosion Control 2% LS $ 3,032
Construction Cost Sub-Total $ 172,809
Construction Contingency 30% LS $ 51,843
Capital Expense Total $ 224,652
Administrative Expenses
Engineering and Permitting 20% LS $ 44 930
Construction & General Administration 5% LS $ 11,233
Administrative Expense Total $ 56,163
Capital Implementation Cost Total $ 280,815
Appendix C: Gladstone Stormwater Master Plan Page 9 of 22



CIP A-7. Meldrum Bar Bioswale
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
420 LF of Bioswale and 340 LF of Channel
Restoration
Abandon Existing Pipe, no excavation (15-18") 402 FT $ 22 % 8,643
RCP Pipeline
(18", 2-5' Deep) 15 LF $ 141 $ 2,110
Concrete Ditch Inlet (0-8' deep) 1 EA $ 2,000 $ 2,000
Precast Concrete Manhole (48", 0-8' deep) 1 EA $ 3,500 $ 3,500
General Earthwork & Off-site removal 917 cY $ 18 $ 16,500
Amended Soils and Mulch 324 cy $ 40 $ 12,971
Jute Matting, Biodegradeable 2,151 SY $ 10 $ 21,507
Stream Bed Gravel 103 cY $ 40 $ 4,102
Water Quality Facility Plantings 17,511 SF $ 3 % 52,532
Capital Expense Sub-Total $ 123,864
Mobilization/Demobilization 10% LS $ 12,386
Traffic Control/Utility Relocation 2% LS $ 2,477
Erosion Control 2% LS $ 2,477
Construction Cost Sub-Total $ 141,205
Construction Contingency 30% LS $ 42,361
Capital Expense Total $ 183,566
Administrative Expenses
Engineering and Permitting 20% LS $ 36,713
Construction & General Administration 5% LS $ 9,178
Administrative Expense Total $ 45,892
Capital implementation Cost Total $ 229,458
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CIP A-8. Riverdale Drainage improvements
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
Stormwater Planter 1,765 SF 37 $ 65,305
Water Quality Facility Plantings 1,765 SF 3 5,295
Catch Basin 3 EA $ 2,300 $ 6,900
HDPE inlet Leads
(12", 2-5' Deep) 300 LF $ 97 $ 29,008
Concrete Fill - Catch basin disconnection CcY $ 140 $ 1,260
Drywell (48", 20-25' deep) EA $ 10,000 $ 30,000
Precast Concrete Manhole (48", 13-20' deep) EA $ 8,300 % 8,300
Capital Expense Sub-Total $ 146,069
Mobilization/Demobilization 10% LS $ 14,607
Traffic Control/Utility Relocation 2% LS $ 2,921
Erosion Control 5% LS $ 7,303
Construction Cost Sub-Total $ 170,901
Construction Contingency 30% LS $ 51,270
Capital Expense Total $ 222,171
Administrative Expenses
Engineering and Permitting 20% LS $ 44,434
Construction & General Administration 5% LS $ 11,109
Administrative Expense Total $ 55,543
Capital Implementation Cost Total $ 277,713
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CIP B-1. Basin B Drainage Improvements
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
Gloucester Street
Stormwater Planter 745 SF 37 % 27,565
Water Quality Facility Plantings 745 SF $ 3 2,235
Beehive Overflow 10 EA $ 1,500 $ 15,000
HDPE Leads
(12", 2-5' Deep) 250 LF 97 24,174
Connection to Existing Structure 10 EA $ 1,000 10,000
Arlington Street
Stormwater Planter 1,335 SF 37 49,395
Water Quality Facility Plantings 1,335 SF $ 3% 4,005
Concrete Fill - Catch basin disconnection 6 cY 140 $ 840
Capital Expense Sub-Total $ 133,214
Mobitization/Demobilization 10% LS $ 13,321
Traffic Control/Utility Relocation 2% LS $ 2,664
Erosion Control 2% LS $ 2,664
Construction Cost Sub-Total $ 151,864
Construction Contingency 30% LS $ 45,559
Capital Expense Total $ 197,423
Administrative Expenses
Engineering and Permitting 30% LS $ 59,227
Construction & General Administration 5% LS $ 9,871
Administrative Expense Total $ 69,098
Capital Implementation Cost Total $ 266,521
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CIP F-1. Caldwell to Hull Pipe Replacement/Realignment
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline
(24", 2-5' Deep) 1,347 LF $ 194 $ 261,348
HDPE Inlet Leads
(12", 2-5' Deep) 60 LF 78 $ 4,707
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 $ 28,000
Catch Basin EA $ 2,300 $ 13,800
Capital Expense Sub-Total $ 307,855
Mobilization/Demobilization 10% LS $ 30,785
Traffic Control/Utility Relocation 2% LS $ 6,157
Erosion Control 2% LS $ 6,157
Construction Cost Sub-Total $ 350,954
Construction Contingency 30% LS $ 105,286
Capital Expense Total $ 456,241
Administrative Expenses
Engineering and Permitting 20% LS $ 91,248
Construction & General Administration 5% LS $ 22,812
Administrative Expense Total $ 114,060
Capital Implementation Cost Total $ 570,301
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CIP H-1. System H Channel Improvement
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
General Earthwork & Off-site removal 185 cY $ 118 3% 3,330
Clearing Brush 0.5 AC $ 1,850 $ 925
Riparian Planting 5,000 SF $ 3 % 15,000
Capital Expense Sub-Total $ 19,255
Mobilization/Demobilization 10% LS $ 1,926
Traffic Control/Utility Relocation 2% LS $ 385
Erosion Control 2% LS $ 385
Construction Cost Sub-Total $ 21,951
Construction Contingency 30% LS $ 6,585
Capital Expense Total $ 28,536
Administrative Expenses
Engineering and Permitting 20% LS $ 5,707
Construction & General Administration 5% LS $ 1,427
Administrative Expense Total $ 7,134
Capital Implementation Cost Total $ 35,670

Appendix C: Gladstone Stormwater Master Plan

Page 14 of 22



CIP J-1. Cornell at Landon Pipe Replacement/Realignment
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
HDPE Pipeline
(18", 5-10' Deep) 334 LF $ 162 $ 54,030
HDPE Pipeline
(30", 5-10' Deep) 906 LF 273 $ 247,321
Precast Concrete Manhole (48", 0-8' deep) 7 EA $ 3,500 $ 24,500
Catch Basin 4 EA $ 2,300 $ 9,200
HDPE Inlet Leads
(12", 2-5' Deep) 40 LF 78 $ 3,138
Abandon Existing Pipe, no excavation (15-18") 397 FT 22 $ 8,536
Capital Expense Sub-Total $ 346,725
Mobilization/Demobilization 10% LS $ 34,672
Traffic Control/Utility Relocation 2% LS $ 6,934
Erosion Control 2% LS $ 6,934
Construction Cost Sub-Total $ 395,266
Construction Contingency 30% LS $ 118,580
Capital Expense Total $ 513,846
Administrative Expenses
Engineering and Permitting 20% LS $ 102,769
Construction & General Administration 5% LS $ 25,692
Administrative Expense Total $ 128,461
Capital Implementation Cost Total $ 642,307
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CIP J-2. Oatfield Road Pipe Replacement
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline
(18", 2-5' Deep) 790 LF $ 141 $ 111,118
RCP Pipeline
(24", 2-5' Deep) 623 LF $ 194 $ 120,876
Precast Concrete Manhole (48", 0-8' deep) 7 EA $ 3,500 $ 24,500
Capital Expense Sub-Total $ 256,494
Mobilization/Demobilization 10% LS $ 25,649
Traffic Control/Utility Relocation 2% LS $ 5,130
Erosion Control 2% LS $ 5,130
Construction Cost Sub-Total $ 292,403
Construction Contingency 30% LS $ 87,721
Capital Expense Total $ 380,124
Administrative Expenses
Engineering and Permitting 20% LS $ 76,025
Construction & General Administration 5% LS $ 19,006
Administrative Expense Total $ 95,031
Capital Implementation Cost Total $ 475,155
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CiP M-1. Crownview Drive Pipe Replacement
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
HDPE Pipeline
(18", 2-5' Deep) 542 LF $ 122 % 65,937
HDPE Inlet Leads
(12", 2-5' Deep) 40 LF 78 3,138
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 10,500
Catch Basin EA $ 2,300 $ 9,200
Capital Expense Sub-Total $ 88,775
Mobilization/Demobilization 10% LS $ 8,878
Traffic Control/Utility Relocation 2% LS $ 1,776
Erosion Control 2% LS $ 1,776
Construction Cost Sub-Total $ 101,204
Construction Contingency 30% LS $ 30,361
Capital Expense Total $ 131,565
Administrative Expenses
Engineering and Permitting 20% LS $ 26,313
Construction & General Administration 5% LS $ 6,578
Administrative Expense Total $ 32,891
Capital Implementation Cost Total $ 164,456
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CIP N-1. Kraxberger Middle School Bioswale at Webster Road
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
Bioswale
HDPE Pipeline
(12", 2-5' Deep) 30 LF $ 141 $ 4,220
Concrete Ditch Inlet (0-8' deep) 1 EA $ 2,000 2,000
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 $ 3,500
500 Linear Feet of Open Channel
General Earthwork & Off-site removal 444 cY $ 118 $ 8,000
Amended Soils and Muich 176 cy $ 40 $ 7,027
Jute Matting, Biodegradeable 1,165 Sy $ 10 $ 11,652
Stream Bed Gravel 56 cY $ 40 $ 2,222
Water Quality Facility Plantings 9,487 SF $ 3 3 28,460
Pipe Replacement
RCP Pipeline
(24", 2-5' Deep) 270 LF $ 194 $ 52,386
HDPE Inlet Leads
(12", 2-5' Deep) 40 LF 78 3,138
Catch Basin EA $ 2,300 9,200
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 10,500
RCP Pipeline
(36", 5-10' Deep) 905 LF 377 341,165
Precast Concrete Manhole (60", 0-8' deep) 5 EA $ 5,000 $ 25,000
Capital Expense Sub-Total $ 508,470
Mobilization/Demobilization 10% LS $ 50,847
Traffic Control/Utility Relocation 2% LS $ 10,169
Erosion Control 2% LS $ 10,169
Construction Cost Sub-Total $ 579,656
Construction Contingency 30% LS $ 173,897
Capital Expense Total $ 753,553
Administrative Expenses
Engineering and Permitting 20% LS $ 150,711
Construction & General Administration 5% LS $ 37,678
Administrative Expense Total $ 188,388
Capital Implementation Cost Total $ 941,942
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CIP N-2. System N Inlet Replacement
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
HDPE Pipeline & Inlet Leads
(12", 2-5' Deep) 530 LF $ 78 $ 41,577
Curb Inlet EA $ 1,900 $ 15,200
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 $ 14,000
Connection to Existing Structure EA $ 1,000 $ 7,000
Capital Expense Sub-Total $ 77,777
Mobilization/Demobilization 10% LS $ 7,778
Traffic Control/Utility Relocation 2% LS $ 1,556
Erosion Controf 2% LS $ 1,556
Construction Cost Sub-Total $ 88,665
Construction Contingency 30% LS $ 26,600
Capital Expense Total $ 115,265
Administrative Expenses
Engineering and Permitting 20% LS $ 23,053
Construction & General Administration 5% LS $ 5,763
Administrative Expense Total $ 28,816
Capital Implementation Cost Total $ 144,081
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CIP 0-1. Ridgewood and Oatfield to Pond
Unit Cost
Description Quantity Unit (2013) 2013 Cost
Capital Expenses
RCP Pipeline
(18", 2-5' Deep) 384 LF $ 141 $ 54,012
RCP Pipeline
(247, 2-5' Deep) 1,105 LF $ 194 % 214,395
HDPE Inlet Leads
(12", 2-5' Deep) 60 LF % 78 $ 4,707
Precast Concrete Manhole (48", 0-8' deep) EA $ 3,500 $ 21,000
Catch Basin EA $ 2,300 $ 13,800
Precast Concrete Manhole (60", 0-8' deep) EA $ 5000 $ 10,000
Bioswale
263 Linear Feet of Open Channel
General Earthwork & Off-site removal 321 cY $ 18 $ 5,786
Amended Soils and Mulch 92 cYy $ 40 $ 3,696
Jute Matting, Biodegradeable 613 SY $ 10 $ 6,129
Stream Bed Gravel 29 cY $ 40 $ 1,169
Water Quality Facility Plantings 4,990 SF $ 3 $ 14,970
Capital Expense Sub-Total $ 349,664
Mobilization/Demobilization 10% LS $ 34,966
Traffic Control/Utility Relocation 2% LS $ 6,993
Erosion Control 2% LS $ 6,993
Construction Cost Sub-Total $ 398,616
Construction Contingency 30% LS $ 119,585
Capital Expense Total $ 518,201
Administrative Expenses
Engineering and Permitting 20% LS $ 103,640
Construction & General Administration 5% LS $ 25,910
Administrative Expense Total $ 129,550
Capital Implementation Cost Total $ 647,752
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CIP 0-2. Church Pond Retrofit Evaluation

Planning Expenses
Conduct survey and functional evaluation 1 LS $ 15,000 $ 15,000

Planning Cost Total $ 15,000
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General CIP. Green Streets Pilot Project

Description Quantity Unit Unit Cost (2013) 2013 Cost
Capital Expenses
Green Streets in Public ROW (Calculated per 500" block, Type A/B soils)
Stormwater Planter 1,490 SF $ 37 % 55,130
HDPE Overflow Connections
(12", 2-5' Deep) 180 LF $ 78 14,120
Beehive Overflow 6 EA $ 1,500 $ 9,000
Connection to Existing Structure 6 EA $ 1,000 $ 6,000
Capital Expense Sub-Total $ 69,250
Mobilization/Demobilization 10% LS $ 6,925
Traffic Control/Utility Relocation 2% LS $ 1,385
Erosion Control 2% LS $ 1,385
Construction Cost Sub-Total $ 78,945
Construction Contingency 30% LS $ 23,684
Capital Expense Total $ 102,629
Administrative Expenses
Engineering and Permitting 20% LS $ 20,526
Construction & General Administration 5% LS $ 5,131
Administrative Expense Total $ 25,657
Capital Implementation Cost Total $ 128,286
Green Streets in Public ROW (Calculated per 500" block, Type C/D soils)
Stormwater Planter 1,965 SF $ 37 % 72,705
HDPE Overflow Connections
(12", 2-5' Deep) 240 LF $ 78 $ 18,827
Beehive Overflow 8 EA $ 1,500 $ 12,000
Connection to Existing Structure 8 EA $ 1,000 $ 8,000
Capital Expense Sub-Total $ 111,532
Mobilization/Demobilization 10% LS $ 11,153
Traffic Control/Utility Relocation 2% LS $ 2,231
Erosion Control 2% LS $ 2,231
Construction Cost Sub-Total $ 127,147
Construction Contingency 30% LS $ 38,144
Capital Expense Total $ 165,291
Administrative Expenses
Engineering and Permitting 20% LS $ 33,058
Construction & General Administration 5% LS $ 8,265
Administrative Expense Total $ 41,323
Capital Implementation Cost Total $ 206,613
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Gladstone Stormwater Master Plan

Appendix D: CIP Hydraulic Results

Table D-1 CIP Hydraulic Table

Brown o Caldwell :
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Appendix D

A2720 A2710 - 68 12" DIA 3 0.8% 73.40 72.83 76.2 754 73.8 73.2 73.9 73.2 1.3 15 - -
A2800 A2700 - 35 4',5', Box 185 0.6% 69.64 69.42 75.2 7.2 715 716 71.8 71.8 46.0 52.6 0.6 -
A2900 A2800 - 13 36'' DIA 36 0.3% 69.68 69.64 75.2 75.2 719 1.5 721 718 38.8 43.3 1.1 -
A2920 A2900 - 231 24" DIA 9 0.1% 70.51 70.18 76.6 75.2 72.5 71.9 72.9 7214 124 14.0 4.3 -
A2930 A2920 - 231 24" DIA 11 0.2% 71.06 70.51 76.2 76.6 72.8 725 73.2 729 8.2 9.2 333 -
A2940 A2930 - 102 24" DIA 7 0.1% 71.12 71.01 76.1 76.2 729 72.8 734 73.2 8.2 9.2 343 .
A2950 A2940 - 108 24" DIA 11 0.2% 71.37 71.12 752 76.1 73.0 72.9 736 734 8.2 9.2 35.1 -
A2860 A2950 - 212 18" DIA 3 0.1% 7152 71.32 739 75.2 743 73.0 75.2 73.6 8.2 9.4 359 1.3
A2965 A2960 - 330 18" DIA 4 0.2% 72,11 7152 7.7 739 76.3 74.3 Al 752 8.3 9.2 35.9 0.0
A2966 A2965 - 396 12'' DIA 6 2.3% 84.29 75.11 88.1 77.7 85.2 76.3 90.3 7.7 6.0 6.8 35.1 0.9
A2967 A2966 - 32, 12" DIA 9 5.6% 86.08 84.29 88.1 88.1 86.7 85.2 91.3 90.3 6.0 7.0 35.2 1.1
A2968 A2967 - 34 12'' DIA 2 0.4% 86.31 86.18 88.4 88.4 87.0 86.7 91.4 913 2.3 2.7 35.1 1.1
A2969 A2968 - 214 12"’ DIA 7 3.2% 93.25 86.46 96.1 884 93.7 87.0 93.7 914 2.3 2.7 34.2 -
A2962 A3300 CIPA-2 385 30" DIA 27 0.4% 69.90 68.30 7 753 714 70.9 717 71.1 175 17.9 -
A2970 A2965 CIPA-2 402 24" DIA 14 0.4% 71.54 69.90 77.0 .1 73.9 763 74.0 al 175 17.9 36.0 -
A2975 A2970 CIPA-2 74 24" DIA 14 0.4% 71.83 71.54 78.2 77.0 743 73.9 74.5 74.0 175 17.9 36.0 -
A2980 A2975 CIPA-2 216 24 DIA 11 0.3% 72,37 71.83 79.0 78.2 75.6 743 779 74.5 175 17.9 36.0 -
A2986 A2980 CIPA-2 252 18" DIA 5 0.2% 7287 7237 776 79.0 770 756 776 779 3.3 3.3 36.0 0.0
A2987 A2986 CIPA-2 116! 12'* DIA 2 0.2% 73.10 72.87 75.1 778 763 710 766 776 2.5 2.9 36.0 2.2
A3000 A2800 - 128 36'" DIA 36 0.3% 70.05 69.68 74.9 75.2 72,1 718 723 721 523 53.9 2.3 -
A3000_2 C1307 CiPA-2 43 48'' DIA 101 0.5% 63.80 63.60 74.9 749 66.7 66.5 67.0 66.8 89.9 1017 -
A3020 A3000 CiPA-3 79 48'' DIA 48 0.1% 70.14 70.05 74.8 749 724 72,1 72.6 723 522 59.9 2.4 -
A3020 A3000 CIPA3 79 48" DIA 48 0.1% 70.14 70.05 74.8 74.9 724 72.1 726 723 522 59,9 24 -
A3030 A3020 CIPA-3 310 48" DIA 41 0.1% 70.47 70.44 750 748 73.2 724 735 72.6 51.4 59.2 2.5 -
A3050 A3030 CiPA-3 41 36'" DIA 31 0.2% 70.56 70.47 75.1 75.0 733 732 73.6 735 36.7 41.8 2.5 -
A3100 A3000 CiPA-2 327 42" DIA 66 0.4% 65.60 64.30 746 74.9 68.3 72.1 68.6 72.3 644 713 18.5 -
A3200 A3100 CiPA-2 378 42" DIA 66 0.4% 67.10 65.60 75.1 746 69.8 68.3 70.1 68.6 61.8 68.2 21.5 -
A3300 A3200 CiPA-2 299 42'" DIA 66 0.4% 68.30 67.10 75.3 75.1 70.9 69.8 711 70.1 575 63.2 22.3 -
A3400 A3300 CiPA-2 163 42" DIA 73 0.5% 69.10 68.30 75.6 75.3 71.2 70.8 714 711 40.0 45.3 224 -
A3410 A3400 CIPA-2 153 36'" DIA 56 0.7% 70.70 69.60 754 75.6 723 71.2 724 71.4 311 34.8 225 -
A34102 A3410 - 39 15" DIA 7 1.3% 72.32 71.80 74.8 754 72.7 723 728 724 1.8 1.8 22.6 -
A3420 A3410 CiPA-2 210 24" DIA 22 1.0% 72,73 70.70 75.7 754 75.7 723 76.5 724 27.6 30.9 22.3 0.9
A3430 A3420 - 30] 12" DA 8 4.8% 83.82 82.40 85.0 75.7 84.5 75.7 84.5 765 6.1 6.8 15.0 -
A3440 A3430 - 75 12" DIA 6 3.1% 86.11 83.82 874 85.0 86.8 84.5 86.9 845 5.3 59 14.0 -
A3450 A3440 - 344 12" DIA 5 1.7% 92.07 86.11 94.1 87.4 95.2 86.8 97.0 86.9 5.6 6.1 12.3 1.5
A3470 A3450 - 219 12" DIA 4 1.3% 95.10 92.17 97.0 94.1 97.0 95.2 99.1 97.0 3.3 36 115 1.2
A3480 A3470 - 57 6" DIA 0 0.7% 95.59 95.20 96.9 97.0 102.2 87.0 105.4 99.1 1.9 24 11.7 2.9
A3490 A3480 - 198 12" DIA 5 2.0% 99.21 95.19 1013 96.9 102.6 102.2 105.9 105.4 2.0 24 10.6 1.7
A3500 A3400 CIPA-2 116 24'' DIA 20 0.8% 72.18 71.30 754 75.6 731 71.2 732 71.4 8.9 10.5 224 -
A3600 A3500 - 646 24" DIA 37 2.8% 90.44 72.18 94.8 75.4 910 73.1 91.0 732 55 6.5 11.8 -
A3610 A3600 - 21 12" DIA 12 11.8% 92.94 90.44 94.8 94.8 93.2 91.0 93.2 91.0 2.2 2.5 11.8 -
A3620 A3610 - 56| 12'" DIA 2 0.3% 93.23 93.04 95.1 94.8 94.0 93.2 94.0 93.2 2.2 25 11.7 -
A3640 A3630 - 35 8.04' DIA 0 0.1% 93.38 93.33 95.7 95.1 95.0 94,0 954 94.0 2.9 34 11.5 -
A3700 A3600 - 10; 24" DIA 55 6.6% 91.09 90.44 95.1 94.8 914 91.0 915 91.0 33 4.0 11.7 -
A3710 A3700 - 102 12'' DIA 5 1.7% 93.09 91.39 95.6 95.1 93.6 914 93.7 915 23 2.9 115 -
A3720 A3710 - 18 12" DIA 9 5.4% 94.05 93.09 96.0 95.6 94.4 93.6 94.5 93.7 2.3* 2.9 114 -
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Appendix D

e ,M.Mn
A1992 . 5.5
Outfall A2993 73.4 734 73.4 734 7.2 8.6 - -
A2994 A2993 - 382 1'H, 1'BW, 2 88 Channel 8 0.6% 74.61 7240 75.6 0.0 75.1 734 75.1 734 1,1 13 - -
A2985 A2094 - 147] 12'* DIA 3 0.5% 75.35 74.61 774 75.6 75.8 75.1 75.8 75.1 1.1 13 - -
A2996 A2995 - 49 1'H, 1'BW, 2 8S Channel 8 1.3% 76.00 75.35 710 774 76.4 75.8 76.4 75.8 1.1 1.3 - -
A2998 A2996 - 103 12" DIA 5 2.1% 78.15 76.00 81.2 77.0 78.5 76.4 785 76.4 1.1 1.3 - -
A2999 A2998 - 186 12'* DIA 8 4.4% 86.56 78.35 96.3 81.2 86,8 78.5 86.8 78.5 1.1 13 - -
BASIN B - No Modeled ClPs
¥ T Y T ;i 1 T
BASINC T T T ;
Qutfall €0100 16.7 16.7 16.9 16.9 118.4 134.0 - -
Qverflow Outfall 20200 50.6 50.6 50.7 50.7 39 5.1 - -
£0200 C0100 CiPA-2 101 48'' DIA 162 1.2% 15.38 14,18 19.4 0.0 17.9 16.7 18.1 16.9 1184 134.0 - -
€0300 C0200 CIPA-2 223 48' DIA 79 0.3% 16.05 15.38 20.1 19.4 19.5 17.9 20.3 18.1 1184 134.0 2.8 0.4
£0400 €0300 CiPA-2 35 48" DIA 658 20.3% 23.00 16.05 325 20.1 24.2 19.5 24.2 203 118.4 134.0 - -
0500 €0400 CiPA-2 125 48'" DIA 592 15.4% 45.62 26.51 60.6 325 46.8 24.2 46.9 24,2 1184 134.0 - -
€0600 C0500 - 68 36" DIA 48 0.5% 49.46 49.14 §9.4 60.6 50.9 46.8 51.0 46.9 219 24.4 - -
€0700 C0600 - 385 36" DIA 4 0.4% 51.24 48.72 613 59.4 52.8 50.9 52.8 51.0 219 24,4 - -
€0800 C0700 - 29, 36" DIA 61 -0.8% 51.02 51.24 61.9 613 52.9 52.8 53.0 52.8 259 29.5 - -
CO0800A 20200 - 82 18" DIA 5 0.9% 50.52 49.81 61.9 0.0 51.5 50.6 51.7 50.7 39 5.1 - -
€0810 €0800 - 218 18 DIA 9 0.8% 52.67 50.52 58.1 61.9 53.0 52.9 53.1 53.0 0.9 11 - -
€0900 C0800 - 17 36" DIA 17 0.1% 5137 5136 62.0 61.9 53.0 52.9 53.2 63.0 24.9 28.4 - -
C1000 C0%00 - 233 36' DIA 45 0.4% 52.36 51.37 58.5 62.0 54.0 53.0 54.1 53.2 24.9 28.4 - -
C1100 C1000 - 283 30" DIA 39 0.9% 54.83 52.42 60.3 58.5 56.2 54.0 56.4 54.1 236 26.8 - -
C1200 C0500 CIPA-2 179 48" DIA 134 0.8% 47,25 45.82 60.8 60.6 49.8 46.8 50.0 46.9 96.2 107.9 -
1300 C1100 - 262 30" DA 17 0.2% 55.24 54.83 80.2 60.3 57.2 56.2 57.5 56.4 221 250 - -
C1301 C1300 . 232 15'' DIA 5 0.5% 56.31 55.26 59.8 60.2 57.3 57.2 57.6 575 13 1.5 1.2 -
C1302_2 C1301 CIPA-2 801 48" DIA 130 0.8% 53.40 41.25 60.3 59.8 55.9 57.3 56.2 57.6 95.2 107.9 2.2 -
C1303 C1302 CiPA-2 231 48" DIA 133 0.8% 55.26 53.40 62.1 60.3 571.7 85.9 58.0 56.2 94.4 107.0 24 -
C1304 €1303 CIPA-2 281 48" DIA 134 0.8% 57.50 55,25 64.6 62.1 60.0 57.7 60.2 58.0 92.5 104.8 2.1 .
1305 C1304 CIPA-2 242 48" DIA 105 0.5% 58,90 57.70 67.1 64.6 618 60.0 62.1 60,2 925 104.8 1.8 -
C1306 €1305 CIPA-2 511 48’ DIA 112 0.6% 62,00 59.10 75.0 67.1 64.7 61.8 65.0 62.1 89.9 101.7 -
C1307 C1306 CIPA-2 368 48'" DIA 99 0.4% 63.60 62.00 749 75.0 66.5 64.7 66.8 65.0 80.2 101.7 -
C1310 C1300 - 456 24'' DIA 14 0.3% 56.89 55.36 62.4 60.2 58.1 57.2 58.3 57.5 9.3 111 - -
1320 €1310 - 270 24" DIA 16 0.5% 58.11 56.89 63.0 62.4 59.0 58.1 59.1 58.3 6.9 83 - -
C1330 1320 . 71 18" DIA 14 1.7% 59.31 58.11 65.1 63.0 59.9 59.0 58.9 5§9.1 4.1 4.8 - -
C1340 C1330 - 172] 18" DIA 13 14% 61.64 59.31 69.2 65.1 62.2 59.9 82.3 59.9 4.1 4.8 - -
C1360 £1350 - 245 15'" DIA 10 2.2% 87.15 61.79 718 69.2 67.7 62.2 67.8 62.3 4.1 5.0 - -
€1370 1360 . 43 12'* DIA 4 1.3% 67.71 67.15 727 718 68.5 67.7 68.6 67.8 4.1 4.8 - -
€1380 C1370 - 248 12'' DIA 4 14% 71.21 67.71 77.0 72.1 71.6 68.5 7.7 68.6 1.6 1.8 - -
C1400 €1300 - 283 24" DIA 20 0.7% 57.25 55.24 66.2 60.2 58.4 57.2 58.4 57.5 11.6 12,5 - -
1500 €1400 - 225 24'" DIA 16 0.5% 58.48 5741 66.6 66.2 59.6 58.4 59.7 58.4 10.4 111 - .
£1600 €1500 - 93, 24" DIA 19 0.7% 60.73 60.10 664 66.6 61.8 59.6 618 59.7 104 111 - -
C1700 C1600 - 165, 24" DIA 20 0.7% 61.88 60,73 68.2 66.4 62.9 61.8 63.0 61.8 10.4 11.1 - -
€1800 C1700 - 282 15" DIA 5 0.5% 64.87 63.52 74.8 68.2 69.3 62.9 69.9 63.0 8.8 9.3 . -
C13810 C1800 - 204 12'' DIA 5 1.5% 68.03 65.03 73.1 74.8 69.6 69.3 70.2 68.9 1.3 15 - -
£1820 1810 - 35 12'' DIA 5 1.7% 71.33 70.72 73.0 73.1 71.7 69.6 717 70.2 1.3 1.5 - -
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Appendix D

 Table D-1.CIP Hydraglic Madel Parameters and Res
i w s

8
F0400 F0300 - 114 15" DIA 5 0.7% 114,61 113.86 1177 116.5 115.1 114.2 115.1 114.2 1.6 1.9 2,9 -
FO500 F0400 - 73 15'' DIA - 3.0% 117.18 114,96 119.5 117.7 117.2 115.1 117.2 1161 0.0 0.0 2.8 -
FO600 FO500 Di US End 179 16" DIA -~ 2.0% 120.81 117.18 124.8 118.5
F0600_2 FO110 120.81 116.57 120.7 117.7 117.8 12.4 16.7 2.5 -
F0610 FO600 - 403, 12" DIA 10 8.0% 153.13 121.11 157.7 1249 153.5 121.8 153.6 1220 3.3 3.8 - -
F0620 F0610 . 45, 12'' DIA 17 22.8% 163.21 153,13 165.6 157.7 163.5 153.5 163.5 153.6 2.4 2.8 - -
FO830 F0620 N 184 12" DIA 12 11.9% 185.30 163.61 188.0 165.6 185.6 163.5 185.6 163.5 24 2.8 - -
FOG40 F0630 - 182 12'' DIA 6 2.4% 189.70 185.30 191.2 188.0 190.0 185.6 190.1 186.6 1.3 1.5 - -
FO650 F0640 - 182 6'' DIA 1 2.4% 194.13 189.70 195.2 191.2 200.1 190.0 203.0 190.1 1.4 1.6 2.2 2.2
FO700 FO600 CIPF-1 31 24" DIA 48 4.6% 122.49 121.06 126.5 124.9 123.1 1218 1232 122.0 9.1 11.9 2.4 -
FO710 FO700 - 186 12'' DIA 10 7.3% 137.08 123.59 138.6 126.5 137.3 123.1 137.3 123.2 1.3 1.5 1.0 -
FO720 FO710 - 328 12" DIA 11 10.8% 172.32 137.13 174.4 138.6 1725 137.3 1725 137.3 0.9 11 - -
FO900 FO700 CIPF1 279 24" DIA 41 3.3% 132,75 123.59 136.2 126.5 1333 123.14 1334 123.2 7.9 104 2.2 -
F1000 FO900 CIPF-1 32 24'" DIA 34 2.1% 133.44 132,75 1364 136.2 134.0 1333 134.1 133.4 58 7.9 2.0 -
F1100 F1000 - 392 12"’ DIA 7 4.2% 150.01 133.44 160.5 1364 150.7 134.0 158.7 134.1 58 7.9 0.9 -
F1500 F1400 - 71 12'* DIA 11 9.7% 156.84 150.01 160.8 160.5 167.2 180.7 157.5 188.7 2.8 4.4 0.9 -
F1600 F1500 - 49 12" DiA 3 0.9% 157.46 157.04 160.4 160.9 168.2 157.2 158.7 157.5 2.8 4.4 1.0 -
F1700 F1600 - 34 12 DIA 7 3.7% 158.60 157,36 161.7 160.4 158.0 158.2 159.3 158.7 2.8 4.4 0.9 -
F1800 F1700 - 92 12'* DIA 4 1.0% 159.66 158.70 163.1 161.7 160.3 159.0 161.0 159.3 2.8 4.4 0.8 -
BASIN G - No Modoeled CiPs
i T X T 1 I 1 3 T T ¥ I T
BASIN H - No Modeled CiPs
¥ 1 T T T 1 3 s I 1 T
BASINI-No !o.no_oan_wn ) } . . ! . . ; .
BASINJ
Basln j drains to Basin A st A3030 & 2500
10200 C2500 CIPA-3 299 36'" DIA 27 0.2% 71.80 71.40 76.9 75.5 75.5 74.5 764 75.2 38.7 451 2.9 -
10300 10200 - 124 36" DIA 104 2.3% 74.78 71.90 79.8 76.9 76.0 755 76.5 764 34.4 40.0 2.2 -
30400 J0300 - 126 36" DIA 344 25.1% 105.32 74.78 112.6 79.8 106.0 76.0 106.0 76.5 34.4 40.0 - -
30500 10400 - 81 36" DIA 149 4.6% 111.04 107.32 116.9 112.6 112.0 106.0 12,1 106.0 344 40.0 - -
10600 J0500 - 255 36" DIA 19 0.1% 112.63 112.44 1211 116.9 115.2 112.0 1156 112.1 344 40.0 - -
10800 10600 CIPJ-1 329 30" DIA 67 2.8% 122.38 113.33 1283 1211 123.6 115.2 1238 115.6 344 400 0.0 .
30900 10800 CiPJ-1 248 30'" DIA 73 3.3% 130.45 122.38 140.5 1283 131.6 123.6 1317 123.8 31.5 366 - -
J1000 10900 ABANDON 222 18" DIA - 3.7% 142.20 133.90 141.2 140.5
112002 10900 CIPJ-1 245 30" DIA 66 2.6% 136.70 130.45 148.9 140.5 137.8 1318 138.1 1317 315 36.6 - -
11300 11200 CIPJ-1 85 30" DIA 63 2.2% 138.55 136.70 146.9 148.9 139.8 137.8 138.8 138.1 31.5 366 1.0 -
11400 11300 - 2261 30" DIA 89 4.7% 149,10 138.55 165.3 146.9 150.0 139.8 150.0 139.9 23.1 26.8 0.8 -
31600 11400 - 2571 1.5'H, 1'BW, 2SS Channel 52 1.8% 169.30 149.42 171.8 155.3 1704 150.0 1704 150.0 23.1 26.8 - -
1700 11600 - 102 18" DIA 13 1.3% 170.67 169.30 1750 171.8 1745 1704 1759 1704 21.0 244 - 0.8
n710 11700 . 39 12" DIA 4 1.5% 17177 171.20 174.9 175.0 174.9 1745 176.3 175.9 3.2 3.7 - 1.0
11720 1710 - 182 12" DIA 3 0.8% 173.48 171.97 176.8 174.9 175.3 174.9 176.8 176.3 1.8 2.1 - 0.1
J1730 J1720 - 103] 12" DIA 6 2.2% 175.98 173.68 179.4 176.8 176.4 1753 1771 176.8 1.8 21 - -
11740 11730 - 175 12'' DIA 6 2.6% 180.73 176.18 184.4 179.4 181.1 176.4 1811 177,14 18 2.1 . -
11750 11740 - 66 12'* DIA 6 2.4% 182.55 180.93 186.2 184.1 182.9 181.1 183.0 181.1 1.8 21 - -
11800 J1700 - 87| 18" DIA 16 2.1% 172.70 170.87 176.4 175.0 1769 174.5 1791 1759 17.9 208 - 1.0
11900 11800 - 136 18" DIA 19 3.0% 177.03 172.90 182.0 176.4 181.3 1769 184.0 179.4 17.8 21.0 - 0.8
J2000 11900 - 179 18'' DIA 31 8.1% 191.69 177.23 196.5 182.0 1925 1813 192.7 184.0 17.9 210 - -
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Appendix D

el
2'' DIA

J6400 16300 ABANDON mm_ 18" DIA - 3.4% 123.76 120.74 1284 125.6 - -
16500 J6400 ABANDON 176 18" DIA - 10.0% 141.82 124.36 145.6 128.4 - -
16500_2 31300 CIPJ-1 334 18'' DIA 9 0.7% 141.90 139.55 145.6 146.9 1429 139.8 143.0 139.9 6.9 8.1 - .
J6600 16500 . 140/ 18" DIA 9 0.7% 143.04 142.10 146.2 145.6 143.9 142.9 144.0 143.0 5.6 6.6 - -
J6700 16600 - 149 15’ DIA 6 0.7% 144.33 143.22 148.1 146.2 145.1 143.9 145.2 144.0 4.1 4.8 - -
16800 J6700 - 94 15" DIA 17 6.8% 150.77 144.36 153.6 148.1 151.2 145.1 151.2 145.2 4.1 4.8 - -
16900 16800 - 190, 15" DIA 12 3.2% 156.97 150.87 161.3 153.6 157.5 151.2 157.5 151.2 4.1 4.8 - .
37000 16900 - 170 15" DIA 13 3.8% 165.22 158.72 169.0 161.3 165.7 157.5 165.8 157.5 4.1 4.8 - -
37100 J7000 - 107! 15'' DIA 6 0.8% 166.21 165.32 170.1 169.0 167.0 165.7 1671 165.8 4.1 4.8 - -

BASIN K - No Modeled CiPs

T T T
BASIN L - No Modeled CiPs
1 0
BASINM
Dralns to County St
M0200 M0100 CiPM-1 189 18" DIA 19 2.8% 283.82 278,50 286.4 0.0 284.4 279.8 2845 279.8 6.1 72 - -
M0300 M0200 CIPM-1 194 18" DIA 8 0.5% 284.88 283.92 2880 286.4 2859 284.4 286.0 284.5 6.1 7.2 1.6 -
M0500 M0400 CiPM-1 29 18'' DIA 8 0.5% 285.68 285.53 288.7 288.1 286.6 286.5 286.7 286.6 5.3 6.3 24 -
M0510 M0500 - 138! 9.96" DIA 2 0.8% 288.27 287.18 289.5 288.7 288.5 286.6 288.7 286.7 0.5 1.1 2.2 .
MO600 M0500 - 151 12" DIA 5 1.6% 289.30 286.88 291.6 288.7 290.2 286.6 290.6 286.7 4.9 5.2 1.9 -
M0610 M0600 - 143] 12" DIA 5 1.9% 292.24 289.50 293.7 291.6 292.7 290.2 292.7 290.6 1.9 2.3 1.1 -
M0700 M0600 - 94 12" DIA 3 0.8% 290.16 289.40 291.9 2916 290.9 290.2 291.1 250.6 3.0* 3.1 1.8 -
MO700A M0510 - 134 12" DIA 3 1.7% 290,61 288.27 2919 289.5 2809 288.5 291.1 288.7 0.4* 1.1° 1.8 -
M0800 MO700 - 82 12" DIA 2 0.2% 290.45 290.26 282.1 291.9 291.8 290.9 292.1 2911 34 4.0 1.9 0.2
M0900 MO0800 - 129 12" DIA 6 2.7% 294.00 290.55 296.0 292.1 294.4 291.8 2945 292.1 2.4 2.9 0.5 -
M1000 M0900 - 101 12" DIA 8 2.7% 296.69 294.00 298.7 296.0 297.1 294.4 297.2 294.5 24 2.9 - -
BASINN
Drainsto County

NO200 NO100 CIPN-1 82 36" DIA 67 1.0% 219.48 218.67 223.2 2225 222.3 221.6 2223 221.6 43.9 49.9 1.6 -
NO300 N0200 CIPN-1 454 36" DIA 67 1.0% 224.22 219.68 2314 223.2 226.0 2223 226.2 2223 42.9 49.9 1.8 -
N0O310 N0300 . 165 18'' DIA 34 10.9% 245.63 227.68 249.6 2314 246.1 226.0 246.1 226.2 6.9 8.1 - -
NO320 N0310 - 165 15" DIA 21 10.9% 263.59 245.63 267.4 249.6 264.1 246.1 264.1 246.1 7.1 8.8 - -
N0330 N0320 - 21, 15" DIA 6 1.0% 263.80 263.59 268.8 267.4 264.9 264.1 265.0 264,1 6.9 8.1 - -
NO340 NO330 - 84 12'' DIA 5 2.2% 265.60 263.80 270.0 268.8 266.3 264.9 266.4 265.0 4.1 4.8 - -
NO350 N0340 . 287 12" DIA 10 8.2% 288.95 265.60 2927 270.0 285.4 266.3 289.4 266.4 4.1 4.8 - -
NO360 NO350 - 277 12 DIA 5 1.7% 293.59 288.95 297.3 292.7 294.1 289.4 294.2 289.4 25 3.0 - -
NO40O N0300 CIPN-1 101 36" DIA 67 1.0% 225.43 224.42 230.7 2314 227.0 226.0 227.1 226.2 33.7 39.2 2.3 -
NO402_1 N0400 - 187 12" DIA 2 0.4% 230.09 229.32 233.0 230.7 235.2 227.0 237.0 227.1 5.6 6.5 2.9 1.8
N0403 ND402 - 300, 12'" DIA 12 11.9% 265.55 230.09 270.0 233.0 266.0 235.2 266.0 237.0 43 5.0 - -
N0404 N0403 - 54 12" DIA 9 6.9% 269.44 265.73 272.8 270.0 269.8 266.0 269.9 266.0 3.1 3.6 - -
N0405 NO404 - 295 12'' DIA 7 3.7% 280.39 269,47 285.2 272.8 280.8 269.8 280.8 269.9 2.5 2.9 - -
NO410 N0400 - 67, 12" DIA 4 1.1% 228.85 228.08 2311 230.7 232.5 227.0 233.8 227.1 8.4 9.9 2.3 1.8
N0420 NO410 - 376 12" DIA 10 8.4% 260.40 228.95 271.2 231.1 261.1 232.5 261.2 2338 8.4 9.9 - -
N0421 N0420 - 226 12" DIA 4 1.1% 263.36 260.77 266.7 271.2 263.9 261.1 264.0 261.2 2.1 25 0.7 -
NO422 N0421 - 187 12'' DIA ' 11 9.2% 280.67 26348 283.2 266.7 281.0 263.9 281.0 264.0 2.1 2.5 - -
NO430 NG420 - 231 12" DIA 6 2.8% 273,16 266.71 278.2 271.2 273.7 261.1 273.8 261.2 3.8 4.4 - -
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Appendix D

8

01920 01910 CIP0-1 46 18" DiA 8 0.7% 213.53 213.20 2164 217.6 2147 2144 215.2 214.8 8.8 10.1 118 -
01921 01920 - 41 12" DIA 4 1.1% 214.82 21438 216.5 2164 215.3 214.7 215.4 2152 1.9 2.2 11.6 -
01922 01921 - 85 12" DIA 7 3.6% 218.07 214.97 221.0 2165 218.4 2153 218.5 215.4 1.9 2.2 7.8 -
01930 01920 CIPO-1 294 18" DIA 9 0.7% 215.81 213.73 218.1 216.4 216.8 214.7 2169 215.2 6.9 7.9 114 -
01931 01930 - 189; 127" PIA 1 0.0% 215.90 215.81 216.9 218.1 218.2 216.8 218.6 216.9 3.1 34 226 5.9
01932 01931 - 223] 1'H, 1'BW, 2SS Channel 2 0.0% 215.99 215.90 217.0 2169 2214 218.2 2240 218.6 23 2.7 228 5.6
01933 01932 - 232 12'' DIA 2 0.4% 216.88 215.99 2182 217.0 221.8 221.4 2244 224.0 25 2.9 21.7 4.7
01840 01930 - 247 12" DIA 4 1.3% 219.57 216.41 223.1 218.1 220.4 216.8 223.1 216.9 3.9 4.5 8.2 0.0
01950 01940 - 280 12" DIA 4 1.1% 222.53 219,59 226.6 223,14 223.0 2204 223.1 223.1 1.8 2.2 7.0 -
01960 01950 - 84 12" DIA 6 3.2% 225.18 222.53 227.4 226.6 2256 223.0 225.6 223.1 1.9 2.2 6.8 -
01970 01960 - 146 12" DIA 5 2.1% 22849 22548 230.0 227.4 2289 225.6 2290 225.6 1.9 2.2 5.8 -
02000 01900 - 283 12° DIA 6 3.0% 222.84 214,28 225.2 217.6 2235 2140 223.7 214.2 5.2 6.1 6.3 -
02100 02000 - 29 12'* DIA 6 2.7% 223.77 222.98 226.0 2252 224.3 2235 224.4 223.7 3.5 4.1 6.1 -
02110 02100 - 143 12’ DIA 8 5.6% 231.80 223,87 234.1 226.0 232.2 2243 232.2 2244 25 3.0 3.3 -
02120 02111 - 200 8.04' DIA 4 8.1% 248.35 232.11 249.6 234.1 2488 232.2 248.8 232.2 2.5 3.0 - -
02130 02120 - 102 8.04'* DIA 3 7.1% 255,65 248.42 256.9 249.6 256,1 248.8 256.2 248.8 25 3.0 - -
02140 02130 - 47 8.04"" DIA 4 9.8% 260.27 255.70 260.9 256.9 260.7 256.1 260.7 256.2 25 3.0 - -
02150 02140 - 343; 0.67'H, 1'BW, 15S Channel 8 12.1% 301,54 260.27 3035 260.9 3019 260.7 3019 260.7 2.5 3.0 - -
02160 02150 - 104! 12" DIA 3 0.5% 302.06 301.54 304.4 303.5 302.6 301.9 302.7 301.9 1.7 1.9 - -
02170 02160 - 518 12'' DIA 2 0.4% 304.00 302.06 306.5 304.4 304.7 302.6 304.7 302.7 1.7 1.9 - -
02200 02100 - 388 12" DIA 4 1.0% 221.56 223.87 231.2 226.0 2279 2243 2279 224.4 1.0 1.1 4.5 -
02300 02200 - »Ni 12" DIA 3 0.7% 228.52 227,68 2323 231.2 228.9 227.9 228.9 2219 1.0 1.1 3.9 -
BASINP

Outfall PO100 134.1 134.1 134.2 134.2 3.6 4.2 - -
PO110 PO100 - 76] 12" DIA 13 10.6% 141,77 133.77 144.9 136.8 142.0 134.1 142.0 134.2 1.0 1.2 - -
£0200 P0100 - 105 12" DIA 4 1.0% 134,84 133.77 136.5 136.8 1355 134.1 135.5 134.2 2.5 3.0 - -
P0400 P0200 - 86! 12" DIA 3 0.7% 135.54 134.94 139.9 136.5 136.2 135.5 136.3 135.5 25 3.0 - -
P0500 P0400 - 59 12" DIA 4 1.5% 136.51 135.59 138.4 138.9 137.1 136.2 137.1 136.3 2.5 3.0 - -
PO600 POS00 - 32 12'' DIA 5 1.6% 137.01 136.51 133.6 138.4 1374 137.1 137.4 137.1 14 1.6 - -

BASIN Q- No Modeled Cifa
BASIN R -No Modsiod GiPs
BASINS - No Modeled CIPs
BASINT - No Modeled CiPs
BASIN U- No Modeled CiPs
BASINV -No Modelod C1Ps
BASINX- o Modeled GiFs

BASIN Z - No Modaled CiPs
* Maximym fow values wen: modified in instances where two pipes share the same US node. In these cases maximum flow is provided for the conduit. All other maximum flow values pertain to the US node,
**Existing node names were n CIP Cost assume of any affacted existing node and the addition of new fiodes when needed. Invert elevations and conduit size reflect preliminaty design of the CIFs,




