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Section 1

Introduction and Overview

1.1 Introduction

The City of Cornelius (City) owns and operates a sanitary sewer collection system, which
presently serves a population of approximately 10,000 people (roughly 2,600 connections) in
Washington County, Oregon. Wastewater is collected within two major (north and south)
drainage basins and routed to transmission and treatment facilities owned and managed by Clean
Water Services (CWS). CWS treatment facilities include the Forest Grove and Hillsboro
Wastewater Treatment Plants (see Exhibit 3-1).

As a part of planned activities, the City has retained Economic and Engineering Services, Inc.
(EES) to prepare a 20-year Sanitary Sewer System Master Plan designed to assist the City in
accommodating growth and identifying recommended future system improvements through the
year 2024.

The plan includes an evaluation of both current and future collection system requirements with
the intent of estimating future wastewater flow rates and comparing present day capacities in
meeting those needs. The goal of this report is to provide the City with a planning document that
will ensure an adequate collection and conveyance system for wastewater flows from within the
City’s service area. The plan is further designed to satisfy all existing regulatory standards and
policies including those established by the City, CWS, Washington County, METRO, Oregon
Department of Environmental Quality (ODEQ), Oregon Department of Land, Conservation and
Development (DLCD), and federal agencies.

1.2 Authorization

This Sanitary Sewer System Master Plan was prepared by EES for the City of Cornelius, under
the authority of the Cornelius City Council with supervision provided by the City Engineer,
Cornelius Public Works Committee (CPWC), Cornelius Planning Commission, and DLCD
through Goal 11 and OAR 660-011.

1.3 Purpose of the Plan

The purpose of this plan is to provide the City of Cornelius with a planning document for
meeting its wastewater collection system needs through the year 2024 within the existing city
limits, the urban growth boundary (UGB), and areas of interest (Al).

The current Sanitary Sewer Master Plan is 23 years old and does not meet the current planning
needs of the City. It neither addresses proposed future system developments nor provides
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relevant information to CWS necessary for upgrade and development of their existing
transmission and treatment facilities.

The overall objective of this plan is to evaluate the existing capabilities and limitations of the
system, project its future wastewater flows, and establish a schedule of system improvements
necessary to provide adequate service to existing and new customers. As part of this effort, a list
of improvements have been developed and incorporated into a recommended 20-year capital

improvement program, including an estimate of related capital improvement costs and
recommended schedule of implementation.

1.4 Scope of Work

The general scope of work for this study was to develop a Sanitary Sewer System Master Plan
for the City that includes:

m Review of existing information regarding the adequacy and capacity of the present sanitary
collection system,

m  Development of an inventory of existing sanitary sewer facilities within the study area,
m Analysis of future wastewater flow projections,

m Development of evaluation criteria and goals to be used in evaluating the existing system
capacities against future system needs,

m  Analysis and evaluation of the existing hydraulic capacities within the collection system for
serving the existing and future City’s customer base,

m Identification of system improvements and system expansion alternatives needed to support
anticipated growth and development,

m Creation of a 20-year Capital Improvement Program (CIP), along with a prioritization of the
most beneficial sanitary sewer improvements, phased schedule of project implementation,
and planning-level cost estimates for the recommended projects,

m Review of the financial fund organization and identification of available sources for
conducting the CIP,

m Update of existing system operating strategy, and

m Preparation of an approved Master Planning Document.

1.5 Related Studies

A number of related studies and reports were used in the development of this report. These
reports have been used as references in this document. In many cases, data, design criteria, and
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other recommendations from those documents were used or even duplicated in this study. Those
reports included the following:

m Comprehensive Plan for City of Cornelius, adopted July 1978, revised June 1984 and
January 1998, and amended in April 3, 2000 and July 21, 2003,

m 2000 Sanitary Sewer System Master Plan Update for Unified Sewerage Agency of
Washington County, OR, PMA Engineering, April 2001,

m Design and Construction Standards for Sanitary Sewer and Surface Water Management,
Clean Water Services, March 2004,

m Sewer System Master Plan Update 1995 for Unified Sewerage Agency of Washington
County, OR, David Evans and Associates and HDR Engineering Inc., April 1995,

m Sewer System Master Plan for City of Cornelius, R.A Wright Engineering Inc, February
1981,

m  Water Master Plan for the City of Cornelius, Cornelius Public Works Department, February
2004, and

m Storm Drainage/Surface Water Management Master Plan for City of Cornelius, Cornelius
Development and Operations Department, May 2004.

1.6 Sanitary System Ownership and Operation

The City fully owns, maintains, and operates its sanitary sewer collection system. It collects and
routes wastewater flows to the CWS major transmission facilities: 1) a 42-inch Council Creek
trunk along the north City’s boundary, and 2) to Linden Street lift station on the City’s south
side. Since 1974, the City has had an agreement with CWS regarding conveyance, wastewater
treatment, and other operational issues.

In this agreement, CWS takes full responsibility for all construction, maintenance, inspection,
and operation of wastewater treatment plants, lift stations, transmission lines, and collection
pipelines 24-inches or larger. The City is responsible for maintenance, replacement, and upgrade
of its collection system consisting of gravity lines sizes 21-inches and under.

CWS also takes full responsibility for non-structural line sealing and point repair, manhole
rehabilitation on all sanitary collection and transmission pipelines (24-inch and larger), as well as
for developing and performing flow monitoring, industrial waste, fat, oil and grease programs.
CWS shares responsibility with the City regarding infiltration and inflow (I/1) abatement and
system rehabilitation projects, and in several other areas including engineering, inspection and
support elements as described in Appendix B of this study.
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1.7 Summary of Recommended System Improvements
1.7.1 Goals for Collection System Improvements

Accommodate Growth

The City is expected to experience growth over next 20 years and to double its population to
approximately 20,000 people by year 2024. As part of this anticipated growth, the City’s service
territory will likely be increased through the addition of one or more Areas of Interest (Als). The
first group of Als for residential development covering an area of 674 acres approximately is
located on the south and southeast side of the city, between Tualatin Valley (TV) Highway,
Dairy Creek, existing City’s limits and the Tualatin River. The second group includes 130 acres,
located on the northeast side of the city, between TV highway and Council Creek, and an
additional 230 acres of land located adjacent, just north of Council Creek.

Furthermore, light industrial development on 920 acres of land located mostly north of Council
Creek, and 70 acres of commercial development along TV Highway are all planned to provide
economic support for the anticipated population growth.

Based on current water master planning documents those numbers translate into an overall
increase in average daily water demand from its present numbers of 1.30 MGD to approximately
1.60 MGD by year 2014 and 2.28 MGD by year 2024. Those water demands have direct
influence on the amount of wastewater flows and proposed future upgrades and development of
the existing sanitary collection system components.

Upgrade Existing Collection System

The sewer collection system within the City’s service area is comprised of approximately 27
miles of sanitary lines ranging from 6- to 18-inch diameter (Exhibit 3-1). The majority of the
system lines are 8-inch diameter. The collection system consists of various pipe materials
depending on the date of installation and size. The original City system, built in 1959, is made
of concrete sewer pipes. A majority of those pipes were later rehabilitated by the City and CWS
to reduce large infiltration rates. Since the 1980°s the City has been using PVVC pipes for all new
system developments.

For the most part, the City’s network of collection lines is in good shape. The capacity and
serviceability of those lines will generally meet the overall system needs for the next 20 years.
There are, however, a few areas recommended for improvement. The recommended
improvements are primarily due to future build-out of the UGAs, narrow access for maintenance
and other operational issues, and the proposed removal of the existing overflow lift station and
associated lines along 12™ Avenue. This plan is further refined in Section 7 with respect to
timing of pipeline replacement and repair of discovered pipe damages and deficiencies, including
infiltration areas, holes, cracks, areas with local low pipe velocity, flow backup, and build up of
grease and sediment.
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Expand Existing Collection System

The City’s collection system in the North Drainage basin will need to be slightly expanded by
adding 8- and 10-inch sanitary lines to collect wastewater from small infill areas within the
existing UGB adjacent to Council Creek. There is also a small residential area (approximately
30 acres) located within an Al just east of 18" Avenue and adjacent to Ginger Street (Subbasin
No. 27, Exhibit 7-1) that may be connected to the existing collection system in South Drainage
Basin. A similar possibility exists for the 45 acre Area of Interest (Al) adjacent to the east city
limits and south of TV Highway. This Al could be temporarily connected to the existing system
at Dogwood Street and 28™ Avenue. It is expected that all other Als will be drained toward the
Council Creek trunk as described in the following section.

Possible New Collection System Facilities to Serve Areas of Interest

Due to topography and the capacity of the existing collection lines it is expected that several
separate gravity collection systems will be built in the future to serve proposed industrial and
residential areas adjacent to or located north of Council Creek. Those collection systems will
mostly be built of 8- and 10-inch lines and will be connected to the Council Creek trunk at
several locations. Estimated wastewater flows are shown on Exhibit 6-1.

All other residential, commercial, and part of industrial Als located northeast, southeast, and east
of the existing City limits would probably be served by a separate sewer system. Based on
topography and wastewater flow estimates, such a system might consist of a 15- to 18-inch
wastewater trunk with two major branches (collectors) serving areas generally located west and
east of Job’s Ditch. Two smaller lift stations possibly could be added at the end of each branch
to serve local areas between elevations 155 and 165 feet. Sanitary collection lines within Als
might be built mostly of 8-inch sanitary PVC lines.

The collection systems to service these Als could possibly be served by a main trunk crossing
TV Highway and Burlington Northern Railroad approximately 0.4 miles west of Dairy Creek
Bridge and be connected to a Council Creek trunk just north of railroad crossing.

1.7.2 Recommended Sanitary System Improvement Plan

The recommended improvements to the existing collection system and additional infrastructure
required to meet future growth requires an estimated capital expense of approximately $1.58
million. These capital projects are generally divided into the following three categories:
pipelines, manholes, and recommended studies. The list of projects is staged based on relative
priority and timing of anticipated growth within the next 20 years.

In summary, recommendations are made to either install new or replacement piping for
approximately 2.1 miles of sanitary collection pipelines ranging in size from 8- to 18-inches,
rehabilitation of ten manholes, and four additional engineering and planning related studies.
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Sections 6 and 7 provide more detailed discussion of the recommended improvements. For
convenience, the capital improvements plan from that section has also been included here as
Table 1-1.

1.8 Financial Review of CIP

A financial review of recommended CIP is provided in Section 8.

1.9 Organization of This Plan

Section 2 is the Study Area description and covers existing and proposed UGB and describes
geography, climate and air conditions, and water sources, flooding areas, water sources,
administrative boundaries, existing and proposed zoning and land use.

Section 3 describes Existing Sanitary Collection System and includes regulatory review, system
inventory and system deficiencies.

Section 4 is a Planning Data section, which provides information on current and future
population, estimation of wastewater flows, selects planning criteria and for evaluation of the
existing and standard design criteria for planning and design of new system components.

Section 5 deals with Selection and Evaluation of Alternatives for upgrade and development of
the existing collection system within proposed urban growth boundaries.

Section 6 is a Collection System Evaluation section. This section analyze existing system
capacities, compares the existing system with current and future flow conditions and identifies
deficiencies in existing system components based on selected evaluation criteria.

Section 7 is the development of the sanitary collection system Capital Improvement Program
which combines the improvements for the system (from Sections 5 and 6) into a scheduled
program of costs and priorities for each project.

Section 8 provides Financial Review of the proposed CIP activities and describes available
sources (funding) for their implementation.

Section 9 describes current system Operating Strategy and provides recommendations for its
improvements.
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Table 1-1
City of Cornelius Sanitary Sewer System
Capital Improvement Program

Est.Total
Length Diameter Cost O&M SDC Eligible Anticipated Implementation Period
CIP No. Project (feet) (inches) Project Need in 2004 $ Costs Costs 2004 2005-2009 2010-2014 2015-2024
Operations / Maintenance
Collection System Pipelines
P-1 8-inch PVC sewer pipeline along Magnolia St 905 8 O&M $128,655 $128,655 $128,655
P-2 8-inch PVC sewer pipeline along Heather St 590 8 0&M $83,875 $83,875 $83,875
P-3 8-inch PVC sewer pipeline along Ginger St 588 8 0&M $83,591 $83,591 $83,591
P-4 8-inch PVC sewer pipeline along Fawn St 306 8 O&M $43,501 $43,501 $43,501
P-8 18-inch PVC sewer pipeline along S 12th Avenue 896 18 O&M $143,990 $143,990 $143,990
P-9 10-inch sewer pipeline rehabilitation, S 13th Avenue 1,054 10 0&M $104,235 $104,235 $104,235
P-10 10-inch sewer pipeline rehabilitation, S/N 14th Avenue 770 10 0&M $76,149 $76,149 $76,149
P-11 Repair/Modify existing sewer siphon lines 165 6 O&M/Capacity $23,457 $18,766 $4,691 $23,457
P-12 Repair/Modify existing sewer siphon lines 235 10 O&M/Capacity $33,408 $26,726 $6,682 $33,408
P-13 8-inch PVC sewer line in Drainage Area 31 1,668 8 New Development $237,124 $237,124 $237,124
Subtotal 7,177 $957,985 $709,488 $248,497 $143,990 $633,611 $104,235 $76,149
Major Collector Pipelines
P-5 18-inch PVC sewer pipeline, Future Drainage Area 20 1,250 18 New Development $146,796 $146,796 $146,796
P-6 15-inch PVC sewer pipeline, Future Drainage Area 21 1,400 15 New Development $147,105 $147,105 $147,105
P-7 15-inch PVC sewer pipeline, Future Drainage Area 22 1,320 15 New Development $138,700 $138,700 $138,700
Subtotal 3,970 $432,601 $432,601 $432,601
Total
Pipelines 11,147
Manholes
Selected Manhole Rehabilitation 10
MH-1 manholes 60 O&M $20,000 $20,000 $20,000
Subtotal $20,000 $20,000 $20,000
Recommended Studies
R-1 Sanitary Master Plan 2009 Regulatory $35,000 $17,500 $17,500 $35,000
R-2 Sanitary Master Plan 2014 Regulatory $35,000 $17,500 $17,500 $35,000
R-3 Sanitary Master Plan 2019 Regulatory $35,000 $17,500 $17,500 $35,000
Pipe Alignment Study and Final Design for South Part of Areas 20, 21
R-4 and 22, N.West of City New Development $60,000 $60,000 $60,000
Subtotal $165,000 $52,500 $112,500 $95,000 $35,000 $35,000
Total $1,575,586 [ $781,988 $793,598 $143,990 $1,181,212 $139,235 $111,149
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Section 2

Study Area

2.1 Location and Boundaries

The City of Cornelius (City) is located in the Tualatin River Valley in Washington County,
Oregon, approximately 25 miles west of Portland. It sits along the Tualatin Valley Highway
(Baseline and Adair Streets) corridor between the cities of Hillsboro and Forest Grove. The
City’s current Urban Growth Areas (UGAS) cover approximately 1,260 acres, extending west to
the city limit with Forest Grove, north to Council Creek, south to the Tualatin River, and east to
approximately 336" Avenue. The City’s character reflects unique blends of new and old, natural
and manmade environments. It enhances the quality of local natural, historic, and cultural
resources.
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Exhibit 2-1
City of Cornelius
Geographic Location

2.2 Topography and Drainage Areas

The City of Cornelius is located on a relatively flat plateau of the western Tualatin Valley with
an average elevation of 170 feet. The majority of the City’s service area slopes in two directions:
(1) from the administrative boundary with Forest Grove and Burlington Northern Railroad
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toward Council Creek on the north (North drainage basin) and (2) south and southeast from the
Burlington Northern Railroad toward the Tualatin River (South drainage basin). Portions of the
City’s eastern service area slopes toward Dairy Creek at the City’s east boundary (Exhibit 2-2).

2.3 Geology and Soils

The oldest geologic units in the Tualatin Basin are volcanic rocks, mainly basaltic lavas and
tuffs, overlain by the sedimentary rock layers: (1) the lower layer or pre-Quaternary sediments,
termed the Troutdale Formation and the Sandy River Mudstone equivalent, and (2) the upper
layer dating from the Missoula Floods consisting of 30 feet to 1,400 feet thick layers of clay, silt,
fine sand, and lenses of coarse sand and gravels.

Soils in the area are described as Aloha, Quatama, and Woodburn silty clay and clay loams.
Those soils are very fertile in the flood plains of the Tualatin River and its tributary creeks.
Those soils are characterized by high seasonal ground water level rising roughly four feet below
the surface. They have poor permeability, saturate easily, and might cause appreciable runoff
from undeveloped areas. Some of these soils are also acidic in nature and could be corrosive to
concrete, ductile iron and steel pipes.

2.4 Surface Water Bodies and Flood Plains

There are only three significant surface water bodies affecting the City of Cornelius
development. They are Council Creek on the north, Dairy Creek on the east, and the Tualatin
River along the City’s existing south and southeast UGB. Stream flow and water quality data is
monitored by CWS. According to Federal Emergency Management Agency (FEMA), the
floodplain elevation for the City of Cornelius is 151.6 feet and the City’s code calls for no
development below elevation 155 feet. Previously, the 100-year flood plain zones and
elevations were also established by FEMA and shown on 1982 Flood Insurance Rate maps. The
100-year flood plain elevation on the north varies from 146 feet for Job’s ditch to 151 feet for
Council Creek and its tributaries. Flood plain elevations for the Tualatin River vary from 153
feet at the upstream, southwest boundary of the City, to 148 feet at the downstream southeast
City boundary.

2.5 Climate

The City of Cornelius is located approximately 55 miles inland from the Pacific Ocean and has a
modified marine climate. The prevailing western airflow from the ocean moderates the colder
temperatures of the winter and the heat of the summer. Occasional extreme temperatures are
associated with outbreaks of dry continental air pushing through the Columbia River Gorge and
across the Cascade Mountains.
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2.5.1 Precipitation

Precipitation information is based on data from a precipitation gauge in Hillsboro, OR with data
collected from 1948 to 2002. The gauge is at an elevation of 160 feet above mean sea level.
Exhibit 2-3 shows the average day and average month precipitation from this gauge located near
Cornelius. Precipitation in the area consists mostly of rainfall from November to April. Dry
months are July, August, and September. Seasonal characteristics are well defined, and changes
between seasons are gradual. The average annual rainfall is 38-inches. Approximately 26
percent of the total annual rainfall is received in fall, 46 percent in winter, 21 percent in spring
and only seven percent in summer. Extremes in rainfall for individual years have varied from 24
to 61 inches. Snowfall amounts are low in Cornelius.
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Exhibit 2-3
City of Cornelius
Historic Rainfall Data

2.5.2 Temperatures

Temperatures in Cornelius are generally moderate, with the average daily low for January being
32° F, with an average July maximum of 82° F. Record extreme temperatures ranges from -18° F
in 1950 to 108° F in 1956. Hot afternoons of 90° F and above occur about 17 days per year on
the valley floor. Temperatures of 100° F or more are expected about every other year, and
minimums of 0° F or lower about one in every 20 years.
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2.6 Air Quality and Noise

2.6.1 Air Quality

Air quality in Cornelius is monitored and regulated as part of the entire Portland Air Quality
Maintenance Area (AQMA). The results of air quality and Air Quality Index that describes daily
air pollution might be obtained from Department of Environmental Quality (DEQ) and is
available on their web site (www.deq.state.or.us). The DEQ monitors, Carbon Monoxide, A&B
Particulate, Ozone, Oxides of Nitrogen and Hydrocarbons, Light Scattering, Hazardous air
pollution, lead and sulfur dioxide. In general air quality in Cornelius is good. There are no
major pollution sources in Cornelius or nearby. The only long term concern for air is future high
traffic volume and congestion that will likely increase exhaust emission levels.

2.6.2 Noise Sources

Based on information presented in the City of Cornelius Comprehensive Plan, significant noise
sources within Cornelius are:

Tualatin Valley Highway with Baseline and Adair Street,
The Southern Pacific Railroad,

The Burlington Northern Railroad,

The Fire Department fire horn at 13" North Avenue, and
Several companies in north and south industrial zones.

2.7 Natural Hazards and Soils

As described in the City’s Comprehensive Plan, there are no major hazards in Cornelius other
than within the 100-year flood plain. There are some hazards relative to earthquakes. Safety
standards and regulations are provided by the Uniform Building Code. As there are no major
areas with the land slope greater than five percent, landslides are not expected and erosion hazard
is very low.

2.8 Land Use

2.8.1 Land Use and Administrative Boundaries

Existing land use zoning and administrative boundaries for the City are shown in Exhibit 2-2.
The City has 1,260 acres within its UGB. Current zoning shows over 35% of land use is devoted
to single family residential, 6% multi-family residential, 12.5% commercial, 5% industrial, 12%
approximately as vacant land, and 20% for public rights-of-ways and about 10% for public
institutions and parks and small areas of rural land.
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City of Cornelius
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2.9 Water Sources

The City of Cornelius owns, operates and maintains its water distribution system. The City
receives all of its water from the City of Hillsboro through wholesale water purchase. Water is
supplied from the Joint Water Commission (JWC) water treatment plant (WTP), partially owned
by the City of Hillsboro, via the 72-inch North Transmission Line completed in 2002.

2.9.1 Numbers of Connections and ERUs

Based on certified census results on July 1, 2000, and the Portland State University 2003
estimate, the City’s projected population for 2004 is 10,450 persons through 2,529 connections
totaling 2,910 ERUs. The City’s customer base is largely residential, with some light
commercial and industrial accounts. The City’s accounts range in size from 3/4” to 3” meters.
Approximately, 96.5% of the City’s meters are the standard residential size of 3/4” x 5/8”. The
next largest percentage are 1” and 2” meters which make up 3%, followed by 1-1/2” and 3”
meters that make up 0.5% of the City’s inventory. An illustration of the City’s meter inventory
is shown in Exhibit 2-5.
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Exhibit 2-5
City of Cornelius
Water Meter Breakdown

2.9.2 Customer Classes Breakdown

In addition to a breakdown by meter size, an examination was also made of the City’s customers
by class of use. Nearly 95% of all accounts are classified as residential use. The next largest
user class is commercial/industrial, with the remainder comprised of schools and City (public)
use and others. A summary of the number of accounts by customer class for these main

categories is shown in Exhibit 2-6.

Residential,
2380 connectins

Other,
82 connections

Churches,
7 connections

Schools,
3 connections

Commercial,
12 connections

Mobile Home Parks,
13 connections

Gas Stations,
6 connections City Buildings,
19 connections

Restaurants,
7 connections

Exhibit 2-6
City of Cornelius
Customers Breakdown
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2.9.3 Water Demand

Average annual and peak day water demand for the City of Cornelius is shown on Exhibit 2-7.
This demand was adopted from the City’s 2004 Water Master Plan and is calculated based on the
average water use per ERU of 397 gal/day or approximately 114 gallons/person day multiplied
by estimated population from 10,450 in year 2004 to total of 20,000 people in the year 2024. A
peaking factor of 2.4 was assumed (PDD: ADD).

5.38 MGD

O Average Day Demand
B Peak Day Demand

3.22 MGD

2.86 MGD

2.18 MGD

1.73 MGD

1.19

0.91 MGD

MGD

0.72
MGD

1995 2001 2004 2009 2014 2019 2024

Exhibit 2-7
City of Cornelius
Historic and Future Water Demand
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Section 3

Existing Wastewater System

3.1 System Description and History

The City owns and operates a sanitary sewer collection system, which presently serves a
population of approximately 10,000 people through nearly 2,600 residential, commercial and
industrial connections located within the existing UGB.

The existing sanitary system collects wastewater within two major (north and south) drainage
basins. For maintenance and operational purposes, these primary basins are further divided into
18 subdrainage basins or secondary system sections as shown in Exhibit 3-1. The secondary
system sections numbered 1, 2, parts of 3 and 4, 6 and 18 are a part of the north drainage basins
while remaining system sections are part of the south drainage basin. Wastewater from the south
drainage basin is routed to Forest Grove while the north drainage basin is conveyed to Hillsboro
Wastewater Treatment Plants respectively. Both plants are owned and operated by CWS of
Washington County.

3.1.1 South Drainage Basin

The South drainage basin is served by the City’s oldest sewer collection system and encompasses
approximately 80% of the City’s existing sanitary collection capacity. The drainage area is
located between the administrative boundary with the City of Forest Grove on the west side, 28"
Avenue on the east side and it slopes mildly from the Burlington Northern Railroad on the north
toward the Tualatin River on the south.

The oldest portion of the sanitary sewer collection system in this basin was built in 1959 and is
almost 50 years old. It was constructed to serve the Old City center located along Baseline and
Adair Streets and a residential area bounded by 4™ and 19™ Avenue or 19" Place, North Fremont
and South Ginger Street. Wastewater was collected and routed via 12" Avenue trunk to the
former City of Cornelius treatment plant on the Tualatin River.

The City operated and maintained the plant for almost 26 years. Under increasing operating
cost, regulatory constraints and discharge criteria, the City decided to seek an alternate solution
for treatment of wastewater flows in terms of a long term agreement with Clean Water Services
(formally Unified Sewerage Agency). After finalization of the agreement, the treatment plant
was abandoned in 1974 and wastewater from the plant was diverted via a new 15-inch
transmission main to a newly constructed (2,300 gpm) lift station on Linden Street.

Wastewater from Linden Street lift station was then pumped via 12-inch force main along South
Heather Street to the manhole at the boundary with Forest Grove, and further by gravity, via 30-
inch transmission line, to the Forest Grove WWTP.
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Over the next few years, three major sewer collectors were added to this lift station. One of them
was a 12-inch trunk, built in 1974, collecting and diverting sewage from 4™ Avenue area. A
second 12-inch trunk was also constructed in 1974 to provide service to the 20th Avenue area
and additional areas further east to be developed in the future. In 1979, a third 10-inch trunk was
added to collect wastewater along Linden Street, west of the lift station.

The City of Cornelius routes a small percentage of its wastewater from Subbasin No. 8 to the
City of Forest Grove collection system. At the same time the City of Cornelius receives
wastewater from Neil Armstrong Middle School and Fernhill Elementary School in the City of
Forest Grove High School located at Heather and Mountain View Streets. The school has
capacity for approximately 350 students.

CWS has also increased the total transmission capacity from the City of Cornelius south drainage
basin to the Forest Grove WWTP (to 4,750 gpm or 7 MGD) by adding a parallel 14-inch force
main along South Heather Street in 2002, and upgrading its existing Linden Street lift station in
2004.

3.1.2 North Drainage Basin

The North drainage basin covers approximately 20% of the existing UGB and slopes north from
Burlington Northern Railroad tracks toward Council Creek. The sanitary sewer collection
system for this area was constructed over the last 20 years and connects to the existing 42-inch
CWS Council Creek Trunk at five (5) different locations.

This major trunk has an approximate capacity of 13 MGD. It was constructed by CWS in 1991
and routes wastewater flows from the Cites of North Plains, Banks, and a northern portion of
Forest Grove to the Hillsboro WWTP. There is a plan to increase capacity of this trunk. Based
on discussions with CWS, the upgrade of the trunk will occur as wastewater flows increase
within its drainage area.

CWS expanded both treatment plants in Forest Grove and Hillsboro, in 1997, to meet National
Pollutant Discharge Elimination System (NPDES) permit requirements.

3.2 Service Area Policies and Regulatory Overview

3.2.1 Service Area Policies

Operation of the Cornelius Sanitary Sewer System is governed by policies established by the
City, an Intergovernmental Agreement (IGA) between the City of Cornelius and Clean Water
Services, Washington County, METRO, Oregon Department of Environmental Quality, DLCD
and federal agencies (see Appendix B)
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3.2.2 Regulatory Overview

The federal regulatory structure provides guidance and compliance direction to the state and
local authorities. The state provides an effective role in defining requirements, while the legal
ordinances are most typically a local instrument.

As authorized by the Clean Water Act, the National Pollutant Discharge Elimination System
(NPDES) permit program controls water pollution by regulating point sources that discharge
pollutants into waters of the United States. Point sources are discrete conveyances such as pipes
or man-made ditches. Individual homes that are connected to a municipal system, use a septic
system, or do not have a surface discharge do not need an NPDES permit; however, industrial,
municipal, and other facilities must obtain permits if their discharges go directly to surface
waters. In the City’s case, CWS holds the NPDES permit that covers the City of Cornelius
because it receives the City’s raw sewage discharge. The NPDES permit is administered by
Oregon Department of Environmental Quality (DEQ). The City itself does not have its own
NPDES permit; however, per the City’s intergovernmental agreement with CWS, it must fulfill
its responsibilities to satisfy CWS’ NPDES requirements. Furthermore, in 1996, DEQ modified
its water quality standard for bacteria, which established sewer overflow restrictions in the
Oregon Administrative Rules (OAR) that specifically prohibited summer and winter overflows,
except during certain defined storm events.

3.2.3 CWS Intergovernmental Agreement (IGA)

Clean Water Services is a wastewater and stormwater public utility that was formed in 1970 as
the Unified Sewerage Agency of Washington County to address serious health and pollution
problems in the Tualatin River and its tributaries. In 2001 the Unified Sewerage Agency
formally changed its name to Clean Water Services to more appropriately reflect its mission
objectives. Today CWS works in partnership with 12 member cities—Beaverton, Tigard,
Tualatin, Hillsboro, King City, Forest Grove, Sherwood, Cornelius, Banks, Gaston, Durham, and
North Plains along with urbanized portions of unincorporated Washington County to improve
water quality in local streams, manage flooding, protect fish habitat, manage flow in the Tualatin
River and operate and maintain the public sanitary sewer and surface water management system.
Over the last 30 years, CWS has unified 26 small local wastewater treatment plants into one
coordinated system of four wastewater treatment plants and 41 lift stations. CWS treats more
than 64 MGD of wastewater a day to one of the highest standards in the nation before returning
the water to the Tualatin River.
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Clean Water Services
Boundary and Major Facilities

Since 1974, the City has maintained an IGA with CWS regarding wastewater treatment,
operation and maintenance of sanitary collection and transmission utilities, and other shared
responsibilities. The latest IGA was approved by the City on July 6, 2004. The IGA includes
two appendices “A” which describe the shared responsibilities between CWS and the City for
July 1, 2004 - June 30, 2005 and modifications effective July 1, 2005. The shared
responsibilities will form the basis of a future reevaluation of the current rate split between CWS
and the City. The current IGA and both Appendices “A” are included as Appendix B of this
master plan.

This agreement defines CWS’s responsibility for all construction, maintenance, inspection,
repair and replacement, and operation of wastewater treatment plans, lift stations, force mains
between lift station and wastewater treatment plants, and all other collection pipelines 24-inch or
larger. CWS is also taking full responsibility for non-structural line sealing and point repair,
manhole rehabilitation on all sanitary collection and transmission pipelines, as well as
developing and performing flow monitoring, industrial waste, fat, oil and grease programs.
CWS will also share responsibility with the City regarding Infiltration and Inflow (1/1) abatement
and system rehabilitation projects, and several other engineering, inspection and support
elements.
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The City takes full responsibility regarding maintenance, replacement and upgrade of its
collection system consisting of pipelines sizes 21-inch and under, and participates in shared
responsibility with CWS, as described above.

3.3 Facilities Inventory

The City’s collection system consists of major collector pipes (trunks) 10-inch and larger,
collection system pipes 8-inch and smaller, overflow lift station and associated pipelines, siphon
pipes, and manholes (see Exhibit 3-1)

Major collector pipelines in the South drainage basin were mostly built as an original part of the
system, between 1959 and 1977, and upgraded in 1978 by adding a 15-inch overflow line along
South 12" Avenue between Dogwood and Ginger Street (Subbasin No. 17) and 24-inch line
along South 12" Avenue and South Flax Plant Road and between Ginger Street and Linden
Street Lift Station (Subbasins No. 12 and 17). This 24-inch line now belongs to CWS. There is
no major collector lines (10-inch and larger) in North drainage basin. The existing sanitary
collection system in this area is mostly made of 8-inch PVC pipes and collect and convey
wastewater to the Council Creek trunk.

3.3.1 Collection Pipelines
Pipe Sizes and Pipe Material

The City’s sanitary collection system is made up of approximately 27 miles of 18-inch or smaller
sewer lines. Exhibit 3-3 shows the distribution by size. The majority of the City’s pipes are 8-
inch in diameter which makes up approximately 75% of the total.

8"-75.32%

6"-6.48% 10"-9.03%

12"-6.58%

18"-1.19% 15"-1.40%

Exhibit 3-3
City of Cornelius
Sewer System Pipe Sizes
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Exhibit 3-4 provides a breakdown of the City’s sanitary lines based on material. The majority of
the City’s pipelines are made of concrete sewer pipes which make up approximately 59% of the
total. Concrete pipes were exclusively used for the construction of original sanitary system since
1959 until the late 80’s, after which City started using PVC pipes to serve new developments.
PVC pipe material currently makes up 35% of the total pipes by installed length. A small
amount of ductile iron lines are used for shallow applications, local overflow, and siphon lines.

Since the 1980°s CWS has been financing pipeline/manhole rehabilitation projects of the City’s
oldest sanitary collection system. Those projects consist mostly of replacing or upgrading the
majority of the existing concrete pipes by implementing pipe-bursting and/or slip-lining
techniques, using High Density Polyethylene (HDPE) material for pipe and epoxy lining for
rehabilitation of manholes. By doing so, CWS is trying to reduce the 1/l flow component, delay
upgrade of the existing its major treatment and transmission system facilities.

Rehabilitated
Concrete Pipes,
21.67%

PVC Pipes, 35.19%

Concrete Pipes, DI Pipes, 4.26%

37.04%
Unknown Pipe
Material, 1.85%

Exhibit 3-4
City of Cornelius
Collection System - Pipe Material

Pipe locations based on age (year of construction) and pipe material, are shown on Exhibits 3-5
and 3-6.
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Pipe Alignments

The majority of the existing collection lines and related manholes are laid inside the southbound
lane of the City’s streets and eastbound lane of the City’s avenues. The streets mostly follow
south-north and avenues east-west alignments, respectively. There are some of collection lines
laid in narrow, three to four feet wide utility easements, between the tax lots in the old residential
areas, located mostly between 8" and 16™ Avenue and N. Davis and S. Fawn Street (Subbasins
No. 11, 12 and 13). Those easements are slightly narrower between S. Fawn and Heather Street
or even disappear as could be noticed between Linden and Nectarine Street. Even though the
city has permanent utility easements the sanitary lines and manholes are inaccessible for
inspection and maintenance in those areas.

Pipe Cover and Pipe Crossings

The majority of the existing sanitary lines are between five and ten feet deep. Average pipe
cover is about eight feet. However, in some locations at the east City’s boundary, pipe invert
elevation rises to three feet from the surface, mostly due to minimum pipe slope requirements
and large distance from Linden Street lift station. There are several sites where sanitary lines
cross Burlington Northern and Pacific Railroad, Baseline and Adair Streets. Based on discussion
with the City personnel, all of those crossings are fairly deep and were made of concrete pipes as
carrier pipes. There is no knowledge if casing pipes were installed at those crossings.

3.3.2 Lift Station

There is only one emergency overflow lift station located at S. 12" Avenue and Dogwood Street
(Subbasin No. 13). It operates only during high intensity rainstorms when capacity of the
existing 15-inch sanitary line is exceeded due to high 1/l flow component. This lift station was
built as a manhole structure and is equipped with two submersible sewage pumps type SK 60 (6
Hp, 1,200 gpm) and SPI1 (10 hp, 2,000 gpm). The lift station pumps to a 15-inch PVC overflow
line in an adjacent manhole that gravity drains to the manhole in Ginger Street. Wastewater
flows from this manhole are routed by gravity toward CWS’s Linden Street lift station, via 24-
inch PVC line built by CWS in 1998. Both pumps operate automatically based on manhole
water level.

The City plans to remove this pump station in the future if replacement of the dual piping in S.
12™ Avenue between Ginger and Dogwood and the new Linden Lift station successfully prevent
winter system backups.

3.3.3 Siphons

The City’s collection system has two (2) inverted siphons built in 1976. Both are located in the
South Drainage zone (Subbasin No0.17). The first siphon is located between Emerald Loop and
15™ Avenue. The second, located further downstream, is located between 15" Avenue and
Heather Street. Both siphons consist of 2 lines made of 6-inch and 10-inch cast iron pipes. The
City flushes both siphons regularly, every two months, due to excessive sediment (waste)
deposition during low flow conditions.
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3.3.4 Manholes

The sanitary sewer collection system consists of 650 prefabricated concrete manholes with cast
iron lids and inside steps. There are only a few manholes that have inside or outside pipe drops.
All of City’s manholes are four (4) feet ID, except several five (5) feet ID manholes built along
Heather Street in 2002/2003. As mentioned before, CWS’ has been rehabilitating some of those
manholes to reduce I/1 flows. Those projects include removal and replacement of highly
damaged or broken manhole segments, plugging of cracks by grouting, and lining by epoxy or
similar manhole lining material. The locations of these rehabilitated pipelines are shown on
Exhibit 3-6.

3.4 System Deficiencies lIdentified by Operation Staff

An interview with the maintenance crew was held to obtain more specific information about
existing system deficiencies and operational and maintenance issues. Those are summarized and
presented on Exhibit 3-7. The sanitary sewer system O&M team completes video surveillance of
the entire system once every 7 years and keeps sewer graphical inspection reports for each of
collection lines. Those reports provide date and time of inspection, operator’s name, subbasin
(system section) number, street name, upstream and downstream manhole number, pipe ID and
pipe material, lateral location, and finally station and description or code of identified pipe
defect, pipe deficiencies or obstructions. Those reports are often followed with photos and
identify localized pipe sags, plugs in sewer laterals, pipe cracks, broken pipe sections,
longitudinal or perpendicular pipe fractures, grease accumulation and build up, root intrusion and
infiltration locations. All of those reports are discussed and followed with recommended
solutions and proposed actions.

Based on discussion with the maintenance crew, the majority of identified deficiencies might be
solved under regular system maintenance activities. There are other issues that need additional
attention:

m significant build-up of grease along several pipe sections,

m pipe sections that could not be video surveyed or easily accessed due to small pipe or
insufficient space at pipe entrance,

m pipe sections that could not be easily maintained due to very narrow easement or no
easement at all,

m need for frequent line flushing due to sediment buildup in siphon pipes, and

m need for frequent line flushing due to back up of flows in a sanitary line along Heather
Street, west of 4™ Avenue (Subbasin No. 10).

This study will further analyze those issues and provide suggestions or recommendations for
their solutions.
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Section 4

Planning Data

4.1

Introduction

This section includes the population projections, land use development, wastewater flow
components and unit values, design criteria, and cost criteria that will be used for evaluation of
the existing and planning of future system components. Based on discussion with the City of
Cornelius Operations and Engineering staff and CWS’s personnel, the following data and
assumptions as well as planning and design criteria, previously adopted by CWS and/or the City,
will also be used in this study.

Developments

1)

2)

3)

4)

5)

Population projections as defined in the latest 2004 City of Cornelius Water Master Plan
(Exhibit 4-1) shall be used to estimate future wastewater flows.

Population density of 3.04 people per dwelling unit for all new residential areas per 2000
Cornelius Amended Comprehensive Plan.

Estimated population growth will be distributed within proposed UGB based on zoning
maps and expected land use, as provided by the City’s Planning Department. This will
also be the extended study area for the 2004 Sanitary Sewer System Master Plan.

The City of Cornelius will provide sewer service to the total projected population within
the proposed study area by 2024.

Wastewater flow definitions and unit flows are as defined by the Year 2000 CWS’s
Sanitary System Sewer Master Plan Update. Those flows are divided on dry weather
flows (or sanitary flows), wet weather flows, and I/l flows and described further in the
text.

Existing City Limits and UGB

6)

7)

Population density for single residential and multi-residential areas, within the existing
City limits and existing UGB will be estimated based on the 2004 population of 10,450
people and a total number of tax lots or dwelling units within each of those areas.

Existing residential, commercial and industrial dry weather unit flows (or sanitary unit
flows) will be estimated from existing cumulative dry weather flows. Those existing
cumulative dry weather flows are anticipated to be approximately at 85% of the current,
year 2004, average potable water use (demand). For more detailed unit flow estimates
see Section 6, Subsection 6.3.1 Base Sanitary Flows of this report.
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8) Wastewater flow definitions and unit wet weather and I/l flow values will be as defined
by the Year 2000 CWS’s Sanitary System Sewer Master Plan Update

Both, Existing City Limits and new Developments

9) Design Criteria for evaluation of existing and planning and construction of new
wastewater facilities, are as defined by Design and Construction Standards for Sanitary
Sewer and Surface Water Management, Clean Water Services, March 2004.

10) The unit cost criteria, as presented in this section, outlines the level of detail of the cost
estimates.

4.2 Population Projections

The purpose of population projections is to distribute the population based on land use data
throughout the UGB and Als, and apply wastewater unit flow factors to determine future
wastewater quantities. Those quantities will be calculated for the entire City’s collection system
and for individual or group of drainage basins to define maximum discharge rates and connection
locations to the existing CWS’s transmission or pumping facilities. Those flow projections will
also be used to evaluate capacity of the existing collection system and adequately size future
improvements within the proposed City’s UGB.

The population projection presented in the Year 2004 Water Master Plan is based on certified
census results on July 1, 2000, and the Portland State University Population Research Center
2003 estimates, and provides population projections up to year 2024. For the purposes of this
study the year 2024 will be used as the end of the planning period.

Assuming slow to moderate growth rate it is estimated that by the year 2024 the City’s
population will reach about 20,000 people. However, to accommodate that growth, the UGB
will need to be expanded beyond its current boundaries.
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4.3 Urban Growth Area Expansion

The City expects expansion of the existing UGB within the 20-year planning period. When
approved by METRO, the boundary expansion may add up to a total of 1,670 acres of new land
to the UGB. It is anticipated that approximately 1,400 acres will be added by year 2014 and
additional 270 acres between 2014 and 2024.

Based on a zoning map provided by the City’s Planning department, the proposed Als might
consists of approximately 815 acres of single family residential zone (R-7), 700 acres of
industrial/institutional zone, and 55 acres of commercial area. Possible land use and locations of
Als are shown on Exhibit 4-2.

4.4 Distribution of Total Population throughout possible
UGB including Als

Single family residential zone is expected to have a maximum density of not more than five (5)
dwelling units per net acre having a tax lot of not less than 6,000 square feet. A net acre is equal to
32,670 square feet, and excludes roads, common open space, flood plains, riparian, setbacks and
slopes over twenty-five (25) percent. Based on these assumptions it is assumed that 4,075 dwelling
units will be added by the year 2024.

Those low density residential areas are expected to consist of: (1) 200 acres or 1,000 dwelling units
located north of Council Creek and east and south of the proposed industrial zone, (2) 110 acres or
approximately 550 dwelling units located east of Council Creek and north of TV Highway, (3) 80
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acres or 400 dwelling units located south of the existing city limits, and (4) 425 acres or 2,125
dwelling units located east and southeast of the existing city boundaries and south of TV Highway.

Possible industrial zones may occur in Als on the north side of the city between Council Creek and
Long Road, and along Baseline Street, southeast of the current city limits. Development of a
commercial zone is anticipated along Baseline Street, east toward the City of Hillsboro (Exhibit 4-2).

4.5 Wastewater Flow Components and Projections

The wastewater flows for the City of Cornelius will be calculated for each sewer basin and
subbasin to determine total system flows. Those flows will be further divided into two groups,
sanitary and I/1. The sanitary group includes residential, commercial, and industrial flow
components. 1/l flows include infiltration and inflow components. Typical values of unit flows,
as described in CWS’s master planning documents were used to estimate existing and future
flow scenarios for years 2014 and 2024

4.5.1 Wastewater Flow Components

The latest CWS’s Sewer System Master Plan has defined basic wastewater flow components as
described below. Those CWS’s definitions will be used throughout this study.

Dry Weather Flow (DWF)

Dry Weather Flow is the collection’s system base flow or sanitary flow component. Typically
this component is predictable as it has direct correlation with potable water hourly, daily, weekly
and monthly usage pattern and values. Those dry weather flow values could be further estimated
as a percentage of a corresponding water usage as is done for the evaluation of the existing
collection system (Subsection 6.1.3)

Average Wet Season Infiltration Flow (WWI)

Average Wet Season Infiltration Flow is assumed to be a constant flow during the wet weather
season. WWI is site specific and depends mostly on ground water level and physical condition of
the collection system. Infiltration into collection system is only possible in sewer lines, sewer
laterals and manholes through defects, cracks, pipe joints and at the pipe manhole connections.
The ground water level during the wet season in Cornelius is estimated to be very high, generally
three to four feet below the surface in all areas of the City, suggesting that this flow component
will stay constant throughout the system.

Storm Responsive Infiltration Flow (SRI)
Storm Responsive Infiltration Flow is related to significant increase in inflows and infiltration

rates through manholes and pipe defects, caused by specific storm event, street flooding and
temporary rapid change in ground water level. Experience shows that often roof drains and/or
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area drains are often connected to the sanitary lines, instead of to stormwater system, causing
such an increase in 1/ flow component during storm events.

4.5.2 Unit Flows

Dry Weather Unit Flows

Based on the existing zoning and possible land use within new Als, the following unit flows
were adapted from the CWS’ Sewer Master Plan and slightly modified to meet City’s specific

water demand/sanitary flow conditions. Those unit flows, as shown in Table 4-1 will be used to
generate average daily dry weather flows for the proposed developments.

Table 4-1
City of Cornelius

Dry Weather Flows
Residential and Commercial / Industrial Unit Flow Rate

Land Description Dwelling Unit (du)  Residential Unit Commercial/Industrial Unit
Use Density (pop/du) Rate (gpcd) Rate (gpd/1000sq. ft.)
CG General Commercial 84
LI Light Industrial 84
SFR Single Family Residential 3.04 67
MFR Multi- Family Residential 3.04 87
POS Parks and Open Spaces 0

Average Wet Season Unit Flows

As suggested by CWS’s Master Plan Update, average wet season unit flows of 200 gallons per
acre per day (gpad) will be applied in this study to all new and already developed city areas.

Storm Responsive Infiltration Unit Flows

The 1969 CWS Master Plan used rate of 900 gpad for 1/ allowance. In 1981 this allowance was
increased to 1,500 gpad for new development. At the same time, it was estimated that actual 1/1
rates for the existing collection system exceeded 1,500 gpad. In 1979 Cornelius-Forest Grove
Sewer Master Plan it was estimated that 1/l flows in developed areas were in excess of 2,000
gpad. Measurement taken on South 12" Avenue during storm event in January of 1980,
indicated I/l of approximately 2,400 gpad.

Since its 1985 Master Plan, CWS has required that new facilities within the sanitary sewer
system convey rate of 4,000 gpad from upstream of new developed areas. The 1995 CWS Sewer
Master Plan suggested rate of 1,850 gpad for new development based on statistical analysis of
flow monitoring data and used that rate in modeling and evaluating future system improvements.
The 2000 CWS Sewer Master Plan Update suggested that those I/1 rates for new development
shall be reduced to 1,650 gpad. That master plan found that typical I/l rates from developed
portions of Rock Creek and Durham were approximately 2,000 gpad.
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Even though the existing system was producing average I/l rates of 2,000 gpad, CWS has
decided to use an I/l flow rate of 4,000 gpad throughout the new system to ensure that all
facilities would be adequately sized. This rate will also be used in this study for future system
upgrades. For the existing system evaluation, a rate of 2,000 gpad is assumed to determine I/1
storm responsive flows.

4.6 Hydraulic Criteria

4.6.1 Hydraulic Evaluation Criteria

As mentioned earlier, estimated flows in the collection system include sanitary flows derived
from unit flow rates based on population (DWF), wet flows (WW]1), and storm event response 1/1
contributions (SRI) from each sanitary basin at a constant rate. It is anticipated that this
combination of flows would provide for sufficiently conservative results. It is assumed, that for
the purposes of evaluating both the existing collection system and future system improvements,
no other safety factors will be applied.

4.6.2 HGL Analysis and Improvement Ranking System

This study will use CWS’s adopted ranking system to determine the severity of surcharging
problems within the gravity sewer pipes. The ranking system was developed as part of the 1995
Collection System Needs Analysis and summarized in Table 4-2, and illustrated in Exhibit 4-2.
Sewer system improvements and the phasing of those improvements were defined based on
analysis of the peak hydraulic grade line (HGL) within the system. The HGL freeboard is the
difference between the HGL elevation and the ground elevation. There are three ranges of HGL
established:

m  Shallow HGL < 3.0 feet below ground
m Intermediate HGL Range 3 feet < HGL< 10 feet below ground
m  Deep HGL> 10.0 feet below ground

A significance test is used to determine if the difference between the slope of the HGL and the
slope of the pipe is excessive.
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Table 4-2
City of Cornelius

Definition and Description of

Hydraulic Grade Line Ranking
Rank | Description Improve HGL Freeboard
LS HGL daylights with significant HGL Slope increase (HGL Yes Less than zero feet
elevation> ground elevation)

LH HGL daylights (HGL elevation> ground elevation) Yes Less than zero feet
HS High HGL with significant HGL Slope Increase Yes Between 0 and 3 feet
HH High HGL Yes Between 0 and 3 feet
IS Intermediate HGL Yes Between 0 and 3 feet
IH Intermediate HGL With Significant HGL Slope Increase Yes Between 3 and 10 feet
DS Deep HGL with Significant HGL Slope Increase No Greater than 10 feet
DH Deep HGL No Greater than 10 feet
OK No surcharging No HGL is within pipe crown

For each planning scenario model run, the HGL ranking will be computed. However, the pipe
will only be improved if two conditions occur: 1) the HGL rank is one of the six improvement
conditions identified in Table 4-2; and 2) the peak flow exceeds the maximum allowable
capacity of the pipe (i.e., no pressure flow in pipe is allowed).

A schematic illustration of the hydraulic grade line categories is shown on Exhibit 4-3.

4.7 Design Criteria

Recommended projects are based on the City’s standards and development guidelines, and the
Design and Construction Standards for Sanitary Sewer and Surface Water Management, Clean
Water Services, February 2002.

Pipe sizes for replacement projects are the same as existing, except where required to
accommodate growth. Pipeline sizing for the existing system is calculated by the computer
model, SewerCad (described in Appendix A). General design standards for gravity sewers, force
mains, and pump stations are described below.

m Existing and proposed gravity sewers are evaluated and/or designed with capacity for the
peak day flow rate and maximum d/D (depth of flow/pipe inside diameter) ratio of 0.8. This
ratio of 0.8, instead of proper ratio of 0.95, will be used to provide the City with enough time
for planning and design activities, prior to the pipe reaching its full capacity. Pipes are
concrete or PVC with a Manning’s pipe roughness coefficient of 0.013 laid on minimum
slope as defined by CWS design criteria to ensure a minimum flow velocity of 2 fps when
flowing full. This criteria is summarized in Table 4-3. Minimum depth of cover is
established at 3 feet with a maximum depth of 12 feet approximately.
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Table 4-3
City of Cornelius

Pipe Capacity Based on Pipe Diameter
and Minimum Pipe Slope

Pipe ID Minimum Pipe Maximum Capacity Pipe Gravity Flow
Slope

(in) ft/100 ft cfs gpm mgd

6 0.6 0.44 197.5 0.28

8 0.4 0.77 345.6 0.50
10 0.28 1.16 520.6 0.75
12 0.22 1.68 754.0 1.09
15 0.15 2.51 1126.6 1.62
18 0.12 3.65 1638.2 2.36
21 0.1 5.02 2253.1 3.24
24 0.08 6.42 2881.5 4.15
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B Manholes are precast concrete and located approximately every 300 linear feet at an average
depth of 8 feet. Replacement of existing pipes includes replacement of existing service
connections from the new pipe to the existing building, consistent with City policy.

B Force mains are designed with capacity for the peak daily flow rate with flow velocities
ranging from 2 to 6 fps. Pipes are ductile iron with Manning’s roughness coefficient of 0.013,
and minimum cover of four feet. Friction loss was calculated based on a variation of the
Manning’s equation for the projected flows. Minor losses were estimated at five percent of
the pipeline friction loss.

B Pump stations include a duplex wet well with two submersible pumps, each capable of
pumping the peak day flow rate (equivalent to the pump station pumping peak day flow with
one pump out of service). The pump stations include odor control components, a building to
house controls, and an emergency generator. Pump stations are assumed to be located within
the right-of-way if a generator is not included, and located on adjacent property where a
generator building is required. No land acquisition or right-of-way analysis was conducted
for this project.

4.8 Cost Criteria

The costs estimated in this study are comprehensive planning level estimates, and are considered
to be accurate to = 50 percent. The estimates are based on costs per unit for each item. Pipelines
are estimated based on dollars per lineal foot and include material, installation, and restoration.
Pump station estimates are based on dollars per horsepower of total pumping capacity, which
takes into consideration the flow rate and head added by the pump, and a cost per each for the
pump station facility. Additional cost for a generator and control building is estimated per each.
The estimated capital costs include two components: construction costs and indirect costs.

4.8.1 Construction Costs

Construction costs include the base cost plus construction contingency. The base cost is the unit
cost multiplied by the number of units estimated for the facility. The construction contingency is
estimated at 50 percent of the base cost. Total construction cost is the sum of the base cost, plus
50 percent for construction contingency.

4.8.2 Indirect Costs
Indirect costs include engineering, (design and construction) administration, legal, surveying,
geotechnical, and financial costs. Engineering design costs are estimated to be 30 percent of the

construction cost, administration costs are estimated to be 15 percent, and legal and financial
costs are estimated to be five percent. Total indirect costs are 50 percent of the construction cost.

4.8.3 Total Capital Cost

The total capital cost is the sum of construction and indirect costs.
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4.9 Alternative Evaluation for New Development Areas

Alternative analyses for gravity sewers, force mains, and pump stations were developed and
evaluated prior to selection of recommended projects. The criteria used to evaluate the
alternatives are described below.

Total Capital Cost
Economic Opportunity
Environmental Impacts
Public Acceptability
Ease of Maintenance
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Section 5

Selection of Alternatives

5.1 Potential Alternatives

Exhibit 7-1 shows Areas of Interest (Als) divided into fifteen subdrainage basins. Those basins
were delineated based on local topography and site specific natural and manmade features that
influence drainage patterns within the proposed urban growth boundaries. Those features
include Council Creek, Dairy Creek, and Job’s Ditch water courses, smaller ditches and drainage
valleys, state highways, railroads, and local roads.

EES has analyzed potential alternatives to collect and route wastewater flows from those
subbasins toward the two major CWS’s transmission utilities, a 42-inch Council Creek trunk and
Linden Street Lift Station.

Those alternatives include:

B Alternative 1: Increase capacity or upsize the existing major collection system lines to carry
additional flows from the Als.

B Alternative 2: Wastewater flows from the Als would be routed through new sewer system
components to the existing or future CWS transmission facilities.

B Alternative 3: Combination of Alternatives 1 and 2, wastewater flows will be collected and
routed via existing and new system components.

5.2 Selection of Alternatives

One, or a combination of alternatives was then assigned to each of the subbasins. Those
alternative allocations are based on unrefined and insufficient topography and planning data and
such must be used for preliminary planning only. Potential solutions for collection and diversion
of wastewater flows, as described below, must be revisited and refined prior to any development
in those areas.

Acknowledging previously mentioned assumptions, it is suggested that:

B New sewer system components within all subdrainage basins located north of Council Creek
(subbasins 19 to 23) and Subbasin 24 will be developed under Alternative 2. Each of those
subbasins will require construction of separate collection systems possibly consisting of 10 to
12-inch collection lines and 12 to 18-inch major collectors connected to the existing 42-inch
or a CWS proposed 33-inch Council Creek trunk at several locations. (see Exhibit 7-1)
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B Sewer system within Subbasin 27 will be developed under Alternative 1 assumptions. Based
on capacity and topography of the existing system and surface elevation in the area, this
subdrainage basin with might be connected to the existing 8-inch sanitary line along S.
Ginger Street.

B New collection system within Subbasin 26 and southern portion of Subbasin 28 might be
developed under Alternative 3 assumptions. Those areas might be served partially by gravity
and partially by temporary lift station pumping (routing) wastewater to the existing sewer
manhole located in the south drainage basin (Subbasin No.14) at S. 28" Avenue and S.
Dogwood Street. The northern portion of subbasin 28 might be served by the existing
collection system that for the City’s new east commercial zone along Tualatin Valley
Highway. This system is made of 8-inch lines and diverts flow north toward Council Creek
trunk.

B Sewer system for drainage areas 25, 29, 30, 31, 32 would be built under Alternative 3
assumptions. Most wastewater from those areas will be diverted via new collection system
and major collectors (trunks) toward the existing or proposed Council Creek trunks.
Subdrainage area 31 might be served by the existing east commercial zone collection system,
as mentioned previously.
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Section 6

Collection System Evaluation

6.1 Introduction

The existing collection system was evaluated through the development of a collection system
model to determine and quantify the location of areas with deficient or excess capacity. The
model’s loading conditions included a calculation of base sanitary flows consistent with current
water use as well as estimates of inflow/infiltration flows that occur due to groundwater levels
and storm events. Anticipated impacts of proposed development were also considered. The City
provided guidance on the areas marked for development, Areas of Interest (Als) and the
proposed land uses of these areas. Under this guidance and consistent with CWS’ assumptions
for residential, commercial/industrial base sanitary flows with weather related I/, a calculation
of future flows to the system was also conducted. Finally, a proposed plan for collection of these
future flows was developed for ultimate inclusion in a capital improvement program.

6.2 Hydraulic Modeling Approach

A model of the system was developed to provide the ability to simulate the collection system’s
response to specific loading conditions. The software package used in this task was Haestad
Methods’© SewerCAD Sanitary Modeling software. SewerCAD provides the ability to build a
computational model through the Autodesk Map interface and allows for easy transferal of data
between various other GIS and database applications.

The model classifies loads as sanitary (dry weather) loads, wet weather loads, and known loads.
Sanitary base flows are not weather dependent and are a function of residential, commercial, and
industrial activities. Wet weather loads are related to rainfall activity and are normally
categorized as inflow or infiltration.

The sanitary (dry weather) base flows were calculated as a function of residential population and
commercial/industrial activities. The residential portion of flow was calculated from an estimate
of the volume of flow per capita per day. The commercial/industrial loads were calculated based
on an estimate of volume of flow per acre per day.

Wet weather flows were considered as two components, wet season infiltration/inflow and storm

response infiltration/inflow. The flow-monitoring data collected by CWS’ as part of their most
recent master plan update formed the basis for these estimates of weather-driven flow conditions.

6.2.1 Data Collection

The model was created by combining data from multiple resources in an effort to create the most
accurate picture of the existing system. The key sources of data include a GIS shapefile of
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sanitary sewer lines and manholes developed by CWS staff. This data was matched against the
City’s Autocad sanitary sewer basemaps and discrepancies between the two data sources were
noted. The City’s basemap was assumed to have precedence over the CWS data. Areas of the
system without invert elevations were calculated based on a known downstream elevation and a
minimum slope of 0.004 ft/ft.

6.2.2 Scenario Development

The collection system model was used to simulate base sanitary flows and a combination of base
and inflow/infiltration flows. The scenarios modeled include base sanitary flow, base plus wet
season I/l flows, and base plus wet season and storm response I/l flows. In addition to these
three scenarios, the model was run with storm response I/l flows ranging from 2,000 gpad to
10,000 gpad to summarize the excess capacity within the existing collection system. These
results were categorized by drainage basin within the existing city limits. A taxlot map was used
to allocate loads to the model. Taxlots were assigned to manholes based on proximity. Then,
loads for each taxlot were calculated based on existing land use (i.e. single family residential,
multi-family residential, or commercial/industrial) and, in the case of wet weather and storm
responsive infiltration flows, total area. Each load was then assigned to the appropriate manhole
and imported to the hydraulic model.

The future development was evaluated by comparing the additional flow requirements and
excess capacity, as determined by the hydraulic model output, within the existing collection
system. A large portion of the Als lies north of the 42-inch Council Creek trunk and, due to
natural drainage patterns, would most likely have little or no impact on the City’s existing
collection system. These areas were considered separately and the flow requirements were
summarized to quantify the anticipated impacts to the Council Creek trunk.

6.3 EXxisting Collection System Evaluation

6.3.1 Base Sanitary Flows
Residential Base Flow

The most recent taxlot information as published by Metro’s Regional Land Information System
(RLIS) was used to estimate the total number of developed residential lots. The City estimates a
current population within the city limits of 10,450 people. The taxlot database showed a total of
2,220 single family and 33 multi-family residential lots within the city limits. Based on this
information, it was assumed that the City has a current population density of approximately 4.6
people per single family lot and seven people per multi-family lot. Although higher than typical
for other urban settings, the population density assumptions combined with current taxlot data
are consistent with the current population estimate of 10,450 people.
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Commercial/Industrial Base Flow

Due to the lack of industrial/commercial flow data, a commercial/industrial unit flow was
estimated to be consistent with the City’s average annual water demands and anticipated base
sanitary flows. Approximately 60% to 85% of water consumption is generally converted to
wastewater (Metcalf and Eddy 1991). The City’s most current water master plan reports an
average annual consumption of approximately 1.3 mgd. Therefore, the city’s average base
sanitary flow should be on the order of 0.8 mgd and 1.1 mgd. In an effort to remain
conservative, the higher estimate was assumed for total base flow.

The RLIS taxlot database contains a total commercial/industrial area within the city limits of
8.77 million sqg. ft. This area multiplied by a unit flow of 45 gpd/1,000 sq. ft. resulted in a
commercial/industrial base flow of 0.39 mgd. Adding the residential base flows (0.71) results in
a total base flow of 1.1 mgd. This commercial/industrial unit flow of 45 gpd/1,000 sq. ft. is
approximately 54% of that used in CWS’s 2000 Master Plan Update (84 gpd/1,000 sg. ft). This
discrepancy may be explained by the different nature of industrial/commercial activity within the
City of Cornelius as compared to the surrounding communities served by Clean Water Services,
most significantly Beaverton, Hillsboro, and Forest Grove.

A summary of base flows grouped by major drainage basins are provided in Table 6-1. A map
showing the 19 drainage basins is provided in Exhibit 3-1.
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Table 6-1

City of Cornelius
Base Sanitary Flow Estimates

Commercial/  Multi-Family  Single Family
Drainage Industrial Residential Residential MFR SFR Com/Ind
Basin Area Population Population Load* Load* Load* Total
(sf) (9pd) (9pd) (9pd) (9pd)

1 1,548,428 14 453 1,218 30,351 69,679 101,248
2 456,443 1,241 0 83,147 20,540 103,687
3 1,722,660 21 55 1,827 3,685 77,520 83,032
4 514,488 29 336 2,523 22,512 23,152 48,187
5 432,674 43 361 3,741 24,187 19,470 47,398
6 1,616,166 0 0 72,727 72,727
7 357,051 14 19 1,218 1,273 16,067 18,558
8 1,147,579 78 103 6,786 6,901 51,641 65,328
9 1,004 0 67,268 0 67,268
10 1,055 0 70,685 0 70,685
11 604 0 40,468 0 40,468
12 710,550 14 303 1,218 20,301 31,975 53,494
13 863 0 57,821 0 57,821
14 18,581 1,669 0 111,823 836 112,659
15 35,694 1,086 0 72,762 1,606 74,368
16 31,440 655 0 43,885 1,415 45,300
17 181,466 22 298 1,914 19,966 8,166 30,046
18 116 0 7,772 0 7,772

Totals 8,773,220 235 10,221 20,445 684,807 394,795 1,100,047

Total Population 10,456 Total Base Flow 1,100,047

! Unit loading factor assumptions include: MFR - 87 gpcd, SFR — 67 gpcd, and Com/Ind — 45 gpad.
Discussion of Model Results

Under an average base flow loading of approximately 1.1 mgd, there were no pipes in the
existing system deficient in capacity. In addition, there were no pipes operating at more than
80% capacity.

6.3.2 Wet Weather and Storm Response Infiltration Flows

Clean Water Services’ 2000 Sanitary Sewer Master Plan Update includes an extensive analysis
of wet season and storm response infiltration flows based on a comprehensive review of flow
monitoring throughout the system. Due to a lack of flow monitoring data within the City and the
level of comprehensiveness of Clean Water Services analysis, this data was used as the basis for
estimating wet season and storm-driven infiltration flows for the City’s collection system.
Exhibit 6-1 provides wet weather unit flows (gpad) as calculated from CWS’ flow monitoring
data. Of approximately 116 monitoring locations, 63% had wet weather unit flows of 400 gpad
or less, with 41% having flows less than 200 gpad. From this review, a 200 gpad wet season unit
flow was selected for application within the City’s collection system model.
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Histogram - Wet Weather Unit Flows (gpad)

Table 6-2 provides a summary of the loads input to the model under this scenario. Under an
assumption of 200 gpad, the total wet weather load to the system was 0.2 mgd. The combination
of base sanitary flows and wet weather flows produced a total system flow of approximately 1.3
mgd.

Discussion of Model Results

Under a loading condition of base flow with wet weather flows of approximately 1.3 mgd, there
were no pipes in the existing system deficient in capacity. In addition, there were no pipes
operating at more than 80% capacity.

Storm Response Infiltration Flows

Storm response infiltration flows (SRI) are those flows that result from precipitation events and
the associated infiltration of water through the soil or inflow through other likely pathways.
Much like the wet season unit flows shown above, a similar analysis is presented for storm
response infiltration flows. Exhibit 6-2 shows a similar chart presenting the number of
occurrences for eleven different flow ranges. The flow ranges presented are in increments of 100
gpad and represent the 80™ percentile peak flow rates resulting from various precipitation events.
Approximately 54% of the sites had SRI flows ranging from 0 to 1,000 gpad and 24% ranging
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from 1,000 to 2,000 gpad. After reviewing this data an SRI flow of 2,000 gpad was assumed for
application within the City’s collection system model.
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Exhibit 6-2
Histogram - 80th Percentile Storm Responsive Infiltration (gpad)

Under an additional SRI flow of 2,000 gpad, the total SRI load to the system was 2.0 mgd. The
combination of base sanitary flows and wet weather flows produced a total system flow of
approximately 3.3 mgd. A summary of flows by drainage basin for base, wet weather, and SRI
flows is provided in Table 6-2.
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Table 6-2

City of Cornelius
Summary of Modeled Sanitary Loads

Drainage Basin Base Load Wet Weather Load SRI Load Total
(gpd) (9pd) (gpd) (gpd)

1 101,248 19,599 195,992 316,839

2 103,687 12,026 120,260 235,973

3 83,032 14,971 149,713 247,716

4 48,187 9,732 97,320 155,239

5 47,398 13,027 130,265 190,690

6 72,727 11,914 119,136 203,777

7 18,558 7,470 74,702 100,730

8 65,328 17,517 175,168 258,013

9 67,268 9,109 91,092 167,470

10 70,685 13,635 136,345 220,665

11 40,468 6,873 68,730 116,071

12 53,494 6,294 62,935 122,723

13 57,821 11,524 115,242 184,587

14 112,659 18,184 181,842 312,685

15 74,368 9,601 96,006 179,975

16 45,300 7,497 74,971 127,768

17 30,046 6,016 60,161 96,223

18 7,772 8,396 83,956 100,123
3,337,199

Total (Base Flow) 1,099,980
Total (Base + Wet Flow) 1,303,363
Total (Base + Wet Flow + SRI) 3,337,199

Discussion of Model Results

The collection system model was run under with a loading of 3.3 mgd which includes wet
weather infiltration (200 gpad), storm response infiltration (2,000 gpad), and base sanitary flows.
One pipeline did not meet the evaluation criteria discussed in previous sections. This pipeline
had a flow which exceeded 80% of pipe capacity (see Table 6-3). However, it should be noted
that due to a lack of field verified data, the invert elevations should be verified before a decision
IS made as to appropriate actions regarding this section of pipe.
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Table 6-3
City of Cornelius

Gravity Pipe Deficiencies

Wet Weather and Storm Response Infiltration + Base Flow Scenario
Constructed HGL HGL Velocity Velocity  Percent  Drainage

Label Slope Slope  Ranking In Out Capacity Basin Notes
(ft/ft) (ft/ft) (fps) (fps) (%)
50399 0.0002 0.0013 IS 1.30 2.46 131% 2

6.3.3 Existing System Capacity Analysis

In addition to the three scenarios (base flow, wet season + base flow, SRI + wet season + base
flow), the model was also used to evaluate total system capacity. The purpose of which was to
provide an understanding of the available capacity by drainage basin. This capacity analysis will
help the City to target future rehabilitation efforts based on those areas that have less of an ability
to carry I/l flows. The Storm Response Infiltration flows were increased in increments of 1,000
gpad. The pipes that were in excess of 80% of their constructed capacity were identified under
each of the different loading conditions. Table 6-4 provides a summary table of the number of
pipes in excess of 80% capacity for each SRI loading condition.

Table 6-4

City of Cornelius
Number of Pipes >80% Capacity
Storm Response Infiltration Flow (gpad)

Drainage
Basin 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
1 1 3 4 4 4 4 5 7
2 1 2 4 4
3 1 3 3 3 4
4 1 4 6 6 6 6 6
5 2
7 2 2 2 2
8 1 3 3 3
10 2 2 2 3 3 3 3 3
12 3 3 3 3 3 3
13 2 4 5 8 9 10 10 10
14 2 5 8 9
15 1 2 4 6
16 6 6 6 6 6 6 6
17 5 5 6 6 8 9 9 9
Note: Drainage Basins 6, 9, and 11 did not have pipes > 80% capacity at an SRI unit flow of 10,000
gpad.

From this table and based on assumptions stated earlier, drainage basins 1, 10, 13, and 17
currently have little excess capacity using the assumptions stated earlier and should be prioritized
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for rehabilitation and other maintenance activities to guard against increasing I/l flows and to
maintain the maximum flows allowable based on pipe size and constructed slope.

6.4 Future Collection System Evaluation

Development of a capital improvement program requires an analysis of the impacts of future
development on existing infrastructure as well as identification of new infrastructure. The City
is planning that future development will occur in those areas outside the City limits and within
the UGB. In addition, there are portions of land, Als, that are considered for possible expansion
of the UGB and, based on the City’s guidance, have been generally addressed in this report.
Also, the City has identified possible land uses for Als. These land uses consist of low-density
residential, commercial, and industrial land use types. The type of land use, total area, and
anticipated growth in population will be the major factors driving the capital improvement needs.
The analysis of future development was separated into two categories based on the natural
drainage patterns of the surrounding area and the location of a 42-inch sanitary sewer trunk
owned by CWS. In general, the areas of the City north of the Council Creek would drain south
towards the Council Creek trunk. The areas south of Council Creek could drain to the north and
west towards the City’s existing collection system or directly north, terminating at the Council
Creek Trunk. Analysis of these areas north and south of Council Creek is considered in more
detail in sections 6.4.1 and 6.4.2.

6.4.1 Future Flow Estimates

The City projects a 2024 population of 20,000. To accommodate this growth the City anticipates
that the existing UGB will have to extend beyond its current boundary (See Exhibit 4-2). The
City’s most recent water system master plan states that the current reserve of R-7 zoned land will
be exhausted by 2006. Assuming these constraints, it is anticipated that the majority of growth
in base sanitary flow will be experienced outside of the existing city limits and there will be little
increase in flow resulting from infill and population growth within the current City limits.

Estimates of future flow were based on the Als identified by the City for possible growth. The
unit flows used to calculate the base sanitary flow are shown in Table 6-5. The unit flow
estimates of base sanitary flow are consistent with CWS’ master plan update completed in year
2000. The unit flow estimates for 1/1 are consistent with previously defined estimates discussed
previously (Section 6.3.2).

Table 6-5

City of Cornelius
Unit Flow Assumptions for Future Areas

Unit Flow Type Units Value
Commercial/Industrial gpd/1,000 sq ft 84
Low Density Residential gpcd 67
Wet Season I/ gpad 200
Storm Response I/I gpad 2,000
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6.4.2 Possible Al Development North of Council Creek Trunk

The majority of the area north of Council Creek has been identified for industrial land use (See
Exhibit 4-2). The areas north of the City include approximately 490 acres of industrial land and
200 acres of low-density residential areas identified for development within the next 10 years.
Past 2014, there are an additional 265 acres of commercial/industrial area marked for
development between 2014 to 2024. Table 6-6 provides a summary of the six main drainage
areas north of Council Creek.

Table 6-6

City of Cornelius
Future Areas - North of Council Creek

Year 2004 - 2014 Year 2014 - 2024
Area Commercial/lndustrial ~ Low Density Residential ~ Commercial/Industrial

(acres) (acres) (acres)
19 129.9 0.0 84.4

20 150.5 6.8 1114
21 87.5 0.0 69.2
22 124.2 47.9 0.0
23 0.0 143.2 0.0
24 0.0 1.4 0.0

Total 492.1 199.2 265.0

From these areas, base sanitary flows, wet season flows, and storm response infiltration flows
were calculated consistent with the unit flow assumptions. A summary of the estimated base
sanitary flows for each drainage area are shown in Table 6-7.

Table 6-7

City of Cornelius
Future Base Sanitary Flows — North of Council Creek

Area Industrial Low Density Residential Total Sanitary Base

(gpd) (gpd) (gpd)

19 784,143 0 784,143

20 958,412 5,437 963,849

21 573,244 0 573,244

22 454,409 38,528 492,937

23 0 115,291 115,291

24 0 1,106 1,106

Total 2,770,208 160,362 2,930,570
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A summary of base, wet season I/l and storm response I/1 flows is provided in Table 6-8.

Table 6-8

City of Cornelius
Year 2024 Flow Summary — North of Council Creek

Area Base Wet Season SRI Total
(gpd) (gpd) (gpd) (gpd)
19 784,143 42,861 428,606 1,255,610
20 963,849 53,737 537,366 1,554,952
21 573,244 31,333 313,330 917,907
22 492,937 34,409 344,086 871,432
23 115,291 28,640 286,398 430,329
24 1,106 275 2,748 4,129
Total 2,930,570 191,253 1,912,534 5,034,358

It is assumed that these flows would drain to the 42-inch Council Creek Trunk. The general
locations of connection points are shown in Exhibit 7-1. In summary, it is anticipated that the
future development would require a capacity of 5.03 mgd, of which 2.93 mgd is base sanitary
flow. The level of impact these flows will have on future infrastructure needs is dependent on
the available capacity in the Council Creek Trunk.

6.4.3 Possible Als Development South of Council Creek Trunk

The areas south of the Council Creek have the potential to drain to the existing collection system
or to the north towards the Council Creek Trunk. A summary of the areas south of Council
Creek are shown in Table 6-9.

Flow Estimates

Table 6-9

City of Cornelius
Future Areas - South of Council Creek (2004 - 2024)

Drainage Area Commercial/Industrial ~ Low Density Residential Total
(acres) (acres) (acres)

25 17.80 110.42 128.21

26 0.52 44.56 45.08

27 0.00 33.39 33.39

28 41.21 0.24 41.45

29 0.00 98.35 98.35

30 0.00 50.36 50.36

31 31.68 0.00 31.68

32 5.28 215.17 220.44

33 0.00 63.45 63.45

Total 96.48 615.92 712.41
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From these areas, base sanitary flows, wet season flows, and storm response infiltration flows
were calculated consistent with the unit flow assumptions. A summary of the estimated base
sanitary flows for each drainage area are shown in Table 6-10.

Table 6-10

City of Cornelius
Future Base Sanitary Flows - South of Council Creek

Area Commercial/Industrial Low Density Residential Total Sanitary Base
(9pd) (9pd) (9pd)
25 65,113 88,897 154,010
26 1,917 35,873 37,791
27 0 26,885 26,885
28 150,789 190 150,979
29 0 79,179 79,179
30 0 40,542 40,542
31 115,911 0 115,911
32 19,305 173,233 192,538
33 0 51,087 51,087
Total 353,035 495,886 848,921

A summary of base, wet season I/ and storm response I/l flows is provided in Table 6-11.

Table 6-11

City of Cornelius
Year 2024 Flow Summary by Area — South of Council Creek

Area Base Wet Season SRI Total

(9pd) (gpd) (9pd) (9pd)
25 154,010 25,642 256,422 436,074
26 37,791 9,016 90,162 136,969
27 26,885 6,679 66,786 100,350
28 150,979 8,289 82,892 242,160
29 79,179 19,669 196,692 295,540
30 40,542 10,071 100,712 151,325
31 115,911 6,336 63,356 185,603
32 192,538 44,089 440,886 677,513
33 51,087 12,691 126,906 190,683
Total 848,921 142,481 1,424,814 2,416,216

Proposed Collection Plan

Based on the natural drainage patterns south of Council Creek, the drainage areas proposed to
impact the existing collection system include areas 26, 27, 28, 29, and 30. Drainage area 27 has
an estimated flow of 100,350 gpd. This flow is proposed to drain to the sanitary sewer along
Ginger Street on the southern side of the City. The model output, under a loading condition of
base flow, wet and storm response 1/ showed that the sewer lines along Ginger Street had excess
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capacity of more than 300,000 gpd. However, there are capacity problems with the sewer lines
in the vicinity of the siphon lines near 15™ street (labeled in the model as P-580, P-581, P-582,
and P-583).

In addition, considering that portions of drainage area 26, 28, and 29 will be developed in the
near future, a proposed collection system for the near term has been identified. Due to the
natural topography, these areas will either need to be pumped to the existing collection system
along Ginger Street or a new sewer trunk should be built to drain to the north towards the 42-
inch Council Creek Trunk. A new sewer trunk draining this system would have a length of
slightly less than 2 miles. Due to the anticipated construction expense, in the near term, it is
proposed to pump this flow until the capacity of the sewer line along Ginger Street has been
reached, a flow of approximately 200,000 gpd.

Considering longer term development and the incorporation of the other areas south of Council
Creek, it is proposed to construct a collection system draining to the north and terminating at the
42-inch Council Creek trunk. The anticipated flows and preliminary sizing of the main trunks
involved in the system are presented in Table 6-12. Preliminary alignments are presented in
Exhibit 7-1.

Table 6-12

City of Cornelius
Preliminary Sizing of Proposed Sewer Lines

Required Pipe Size Based on % Capacity at
Pipe Section Capacity Length Minimum Slope Minimum Slope
(gpd) (ft) (in) (%)

P-5 1,255,610 1,684 18 41.0%

P-6 1,554,952 1,061 18 50.8%

P-7 917,907 1,655 15 43.7%

P-8 871,432 1,299 15 41.5%

P-9 430,329 1,764 12 30.7%

P-10 4,129 850 8 0.6%

P-11 122,254 1,194 8 19.1%

P-12 151,325 1,739 8 23.6%

P-13 825,995 1,656 15 39.3%

P-14 825,995 905 15 39.3%

P-15 2,315,867 1,695 21 43.0%

P-16 960,997 636 15 45.8%

P-17 868,196 3,951 15 41.3%

P-18 151,325 1,658 8 23.6%

P-19 190,683 4,092 8 29.8%

P-20 436,074 2,259 12 31.1%

P-21 918,796 2,094 15 43.8%

P-27 185,603 1,668 8 29.0%
F-1to F-2 1,255,610 n/a Council Creek Trunk
F-2to F-3 2,810,562 n/a Council Creek Trunk
F-3to F-4 3,728,468 n/a Council Creek Trunk
F-4 to F-5 5,030,229 n/a Council Creek Trunk
F-5to F-6 7,350,225 n/a Council Creek Trunk

Section 6 - Collection System Evaluation 6-13

/{‘&s City of Cornelius



Lift Stations

Drainage areas 30 and 33 will require a pump station to lift wastewater to an elevation where it
can flow by gravity through the proposed collection system. Based on the calculated flow
estimates the approximate capacities of these possible lift stations are presented in Table 6-13.

Table 6-13

City of Cornelius

Capacity Requirements of Proposed Lift Stations
%

Facility Area Contributing Flow
Temporary Lift Station 26 50% 68,484
29 10% 29,554

28 10% 24,216
Total 122,254
Lift Station 1 30 100% 151,325
Lift Station 2 33 100% 190,683

The drainage areas incorporated in this analysis are presented in Exhibit 7-1.
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Section 7

Capital Improvement Program

7.1 Capital Improvement Program

This section provides a detailed description of the Capital Improvement Program (CIP) that has
been developed using the hydraulic model and evaluation described in Section 6 and the
planning data/criteria from Section 4. A series of capital improvements have been identified to
address current and future sanitary flows and to sustain system reliability. The capital
improvement projects have been separated into the following categories:

B Pipelines
B Manholes
B Recommended Studies

The recommended capital improvements included in this master plan report focus on the needs
of the City of Cornelius’ (City) sanitary sewer system. The City relies on CWS to treat its
sanitary flows and, as a result, a majority of the flow leaves the City’s system by a lift station
located on the southwest side of the City. The other major portion of flow leaves the City’s
system to the north and drains to the existing 42-inch or the proposed 33-inch CWS Council
Creek trunks. This capital improvement program includes major infrastructure needs of the
City’s collection system to the point of connection to CWS’ system.

A summary of the sanitary sewer system CIP is developed and presented in Table 7-1. This
tabular summary provides total probable project cost, a brief description of each project, as well
as prioritizes each capital improvement based on recommended year of implementation. Project
priorities should be considered flexible in order to accommodate concurrent construction during
other street opening projects, budgetary constraints, specific development projects, and other
factors that may affect project implementation. A location map of the various projects is
included in Exhibit 7-1.
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Table 7-1
City of Cornelius Sanitary Sewer System
Capital Improvement Program

Est.Total
Length Diameter Cost o&M SDC Eligible Anticipated Implementation Period
CIP No. Project (feet) (inches) Project Need in 2004 $ Costs Costs 2004 2005-2009 2010-2014 2015-2024
Operations / Maintenance
Collection System Pipelines
P-1 8-inch PVC sewer pipeline along Magnolia St 905 8 o&M $128,655 $128,655 $128,655
P-2 8-inch PVC sewer pipeline along Heather St 590 8 O&M $83,875 $83,875 $83,875
P-3 8-inch PVC sewer pipeline along Ginger St 588 8 O&M $83,591 $83,591 $83,591
P-4 8-inch PVC sewer pipeline along Fawn St 306 8 o&M $43,501 $43,501 $43,501
P-8 18-inch PVC sewer pipeline along S 12th Avenue 896 18 o&M $143,990 $143,990 $143,990
P-9 10-inch sewer pipeline rehabilitation, S 13th Avenue 1,054 10 O&M $104,235 $104,235 $104,235
P-10 10-inch sewer pipeline rehabilitation, S/N 14th Avenue 770 10 O&M $76,149 $76,149 $76,149
P-11 Repair/Modify existing sewer siphon lines 165 6 O&M/Capacity $23,457 $18,766 $4,691 $23,457
P-12 Repair/Modify existing sewer siphon lines 235 10 O&M/Capacity $33,408 $26,726 $6,682 $33,408
P-13 8-inch PVVC sewer line in Drainage Area 31 1,668 8 New Development $237,124 $237,124 $237,124
Subtotal 7,177 $957,985 $709,488 $248,497 $143,990 $633,611 $104,235 $76,149
Major Collector Pipelines
P-5 18-inch PVC sewer pipeline, Future Drainage Area 20 1,250 18 New Development $146,796 $146,796 $146,796
P-6 15-inch PVC sewer pipeline, Future Drainage Area 21 1,400 15 New Development $147,105 $147,105 $147,105
P-7 15-inch PVC sewer pipeline, Future Drainage Area 22 1,320 15 New Development $138,700 $138,700 $138,700
Subtotal 3,970 $432,601 $432,601 $432,601
Total
Pipelines 11,147
Manholes
Selected Manhole Rehabilitation 10
MH-1 manholes 60 O&M $20,000 $20,000 $20,000
Subtotal $20,000 $20,000 $20,000
Recommended Studies
R-1 Sanitary Master Plan 2009 Regulatory $35,000 $17,500 $17,500 $35,000
R-2 Sanitary Master Plan 2014 Regulatory $35,000 $17,500 $17,500 $35,000
R-3 Sanitary Master Plan 2019 Regulatory $35,000 $17,500 $17,500 $35,000
Pipe Alignment Study and Final Design for South Part of Areas 20, 21
R-4 and 22, N.West of City New Development $60,000 $60,000 $60,000
Subtotal $165,000 $52,500 $112,500 $95,000 $35,000 $35,000
Total $1,575,586 | $781,988 $793,598 $143,990 $1,181,212 $139,235 $111,149
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7.2 Pipelines

Several pipelines have been identified for replacement, rehabilitation, or new construction.
These segments have been identified through discussions with City staff, results of hydraulic
modeling, and evaluation of proposed areas of development.

Table 7-2

City of Cornelius
Collection System Improvements (Pipelines)

Project Model Length Construction
ID ID (ft) Description Year Cost
P-1 n/a 905 8-inch PVVC sewer pipeline along Magnolia St 2005 $128,655
p-2 n/a 590 8-inch PVVC sewer pipeline along Heather St 2006 $ 83,875
P-3 n/a 588 8-inch PVVC sewer pipeline along Ginger St 2006 $83,591
P-4 n/a 306 8-inch PVVC sewer pipeline along Fawn St 2005 $ 43,501
P-5 n/a 1,250  18-inch PVC sewer pipeline, Future Drainage Area 20 2007 $146,796
P-6 n/a 1,400  15-inch PVC sewer pipeline, Future Drainage Area 21 2008 $147,105
P-7 n/a 1,320  15-inch PVC sewer pipeline, Future Drainage Area 22 2009 $138,700
36553,
36555,
P-8 50541 896 18-inch PVC sewer pipeline along S 12" Avenue 2004 $143,990
36546,
36545,
36544,
P-9 P-676 1,054  10-inch sewer pipeline rehabilitation, S 13" Avenue 2014 $104,235
36527,
36526,
P-10 36525 770 10-inch sewer pipeline rehabilitation, S/N14"™ Avenue 2019 $ 76,149
P-11 36518 165 Repair/Modify existing sewer siphon lines 2007 $ 23,457
P-12 36509 235 Repair/Modify existing sewer siphon lines 2007 $ 33,408
P-13 n/a 1668  8-inch PVC sewer pipeline, New development, Area 31 2006 $237,124

7.3 Manholes

From discussions with City staff, 10 manholes were identified for rehabilitation. Those manholes
are located within the primary (oldest) sewer system, made of concrete pipes. Existing pipe
penetrations at those manholes are embedded in thick layers of concrete which do not provide
enough space for video camera access. Those excessive concrete layers should be removed and
pipe penetration repaired to allow for inspection of adjacent sewer lines. It is estimated that a
rehabilitation work will cost about $20,000.

7.4 Recommended Studies

It is estimated that this Sewer Master Plan will need to be updated within a 5 year period to
address expected changes in planning criteria, land use, and possible development of the Als. It
is also recommended, prior to any development in the proposed Als, to further analyze potential
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alignments and optimize sizing major new sewer system components based on more specific
land use and planning information and refined topography.

Table 7-4

City of Cornelius
Recommended Studies

Project

ID Description Cost
R-1 Sanitary Master Plan Update (2009)

$35,000
R-2 Sanitary Master Plan Update (2014) $35,000
R-3 Sanitary Master Plan Update (2019) $35,000
R-4 Pipe Alignment Study and Final Design for Areas 20, 21, and 22, N.West of City $60,000
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Section 8

Financial Review

8.1 Current Rates and Charges

This section presents an overview of the financial responsibilities and resource alternatives for
the operation, maintenance, and expansion of the City’s sanitary sewer system.

The City currently maintains a sanitary sewer operations fund #06 and a sanitary sewer fixed-
assets reserve fund #14 for its sanitary sewer system. The operations fund #06 is the City's main
account for tracking the revenue and costs for routine operations and maintenance of its sanitary
system. Revenue sources for this fund are derived entirely from monthly customer rate
payments, the CWS system development charge (SDC) that is passed directly through to CWS,
and net working capital. Personal services, and materials and services outlays are expenditures
accounted for in this fund. The capital investment portion of the maintenance and operations
budget is in the form of a transfer to the fixed-asset fund #14 where operation funds will be
combined with Cornelius SDC reserves to construct system improvements.

The City also maintains a sanitary sewer fixed-assets reserve fund #14. The source of funding for
this account is from the collection of SDC fees and transfers from the operations fund #06. This
fund is used for tracking and accounting for fixed assets under GASB 34. Depreciation for
building and equipment maintenance, and replacement costs must be funded by the sanitary
sewer operations fund #06, while expansion of lines and facilities must be funded from Cornelius
SDC monies from new development. This fund will receive Cornelius SDC revenues for
sanitary sewer and transfers from the operations fund #06 to fund major capital projects and the
purchase of equipment. Because of the cost of these projects, large reserves may result as fiscal
year carryovers until the projects are completed.

The effective implementation of the CIP is dependent upon accurately developing a program that
can be financially supported by the utility, will meet state and local regulatory requirements, and
provides the flexibility needed to deal with unforeseen changes. The following subsections
present an overview of the elements available to address each of these issues.

8.2 Recommended CIP

The CIP is described in detail in Section 7 of this report. Many needed improvements were
defined in the CIP. The capital improvements have been separated between those that are
renewal and replacement and hence are paid for through monthly user rates and those, which are
growth-related, which can be funded by system development charges. A summary of the cost for
the CIP for financial planning purposes is provided in Table 8-1.
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Table 8-1
City of Cornelius

Capital Improvements Program Summary
For Financial Planning Purposes

Project Type 2004 2005-2009 2010-2014 2015-2024
Operations-Related Costs

Manholes $0 $20,000 $0 $0
Collection $143,990 $385,114 $104,235 $76,149
Recommended Studies $0 $17,500 $17,500 $17,500
Total Operations-Related $143,990 $422,614 $121,735 $93,649
Growth-Related Costs

Manholes $0 $0 $0 $0
Collection $0 $681,098 $0 $0
Recommended Studies $0 $77,500 $17,500 $17,500
Total Growth-Related $0 $758,598 $17,500 $17,500
Total CIP $143,990 $1,181,212 $139,235 $111,149

The complete recommended CIP recommends $143,990 for fiscal year ending (FYE) 2005, and
an annual average of $295,303 for FYE 2006-2009. For FYE 2010-2014, the annual average is
$27,847. It is important to note that these CIP annual averages are split between rates funded
(O&M) and growth funded (SDCs). Both monthly sewer rates and sewer SDC fees will need to
be reviewed to ensure adequate funding of the recommended sanitary system CIP.

8.3 Funding Sources

8.3.1 Monthly Users

Monthly user charges for municipal utilities are generally structured to satisfy revenue
requirements related to O&M expenses, taxes, debt service obligations from bond sales, and
those capital construction items funded directly from rates. These revenue requirements are
distributed to different classes of customers using cost of service techniques to develop equitable
monthly rates.

The level of these rates is impacted by several important items, including the level of exterior
grant funding, debt service requirements related to bond sales and other loan issuances, and
additional debt service coverage required in the bond covenants to ensure satisfactory
maintenance of existing facilities. Debt service coverage frequently consists of 20 to 50 percent
of the total debt service. This extra debt service overage must be collected annually from rates,
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but can be completely expended each year in the performance of routine system maintenance and
repairs or capital improvements.

8.3.2 System Development Charges

This source of funding is a one-time charge, paid at the time a user makes a connection to the
municipal sewer system. It is frequently called a SDC, a general facility charge, a connection
charge, a main capacity reserve charge, and a variety of other phrases. In essence, the SDC is for
the right to use capacity in the major facilities of the system. Municipalities charge the fee as a
way for a new property to pay an equitable share in the cost of the existing, as well as new,
facilities. The basis of the charge may be upon the historical value of the existing facilities, the
projected new facilities required to meet projected growth, or combinations thereof.

8.3.3 Developer Participation

Developer extension policies frequently dictate the extension of sewer service be installed in
accordance with improvements recommend in the sanitary system plan. This is commonly done
by the developer and turned over to the City for ownership and O&M. Assets acquired in this
way are generally classified as contributed capital or contributed assets.

8.3.4 External Sources of Funds in Oregon

The typical external funding alternatives for municipal wastewater capital improvement
programs include state and federal grant/loan programs and municipal bonds financed through
either rate revenue or by property assessments. Internal sources of capital funding available to
the City include a combination of monthly user rates, SDCs, and contributions in aid of
construction received from work done at customer request. Listed below is a general description
of these potential sources of revenue.

Oregon’s cities and public wastewater utility districts often need financial help in the form of
grants and loans to upgrade and maintain services. Publicly owned wastewater utilities in Oregon
have four sources of public funds for grants and loans available to them for the planning, design
and construction of wastewater systems. The funding agencies are the Oregon Department of
Environmental Quality (ODEQ), the Oregon Economic and Community Development
Department (OECDD), the United States Department of Agriculture - Rural Utilities Service
(USDA-RUS), and the Rural Community Assistance Corporation (RCAC).

B The DEQ administers the Clean Water State Revolving Fund (CWSRF) providing low
interest loans to public agencies for planning and environmental studies, design and
construction of wastewater facilities; and for non-point source and estuary water pollution
control projects.

B The OECDD administers both the Federal Housing and Urban Development Community
Development Block Grant program (grant) and the Oregon Lottery funded Water/Wastewater
Financing and Special Public Works Fund programs (grant/loan). These programs can
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finance planning and environmental studies, design and construction of public wastewater
systems.

B The RUS administers several loan and grant programs focused on constructing and upgrading
needed public and private non-profit utility systems, including wastewater systems in small
rural communities of less than 10,000 in population.

B The RCAC is a Community Development Financial Institution (CDFI) designated by the
U.S. Department of Treasury to provide low interest loan for projects, and provides technical
assistance with USDA Rural Utilities Services and US Environmental Protection Agency
(EPA).

Other federal and state funding programs with a focus on wastewater include:

B Clean Water Act Water Quality Cooperative Agreements
B Oregon 319 Nonpoint Source Grant Program

8.3.5 Revenue Bonds

Cities and utilities also have the authority to issue public debt that is not secured by property tax
authority but rather by the ability of the improvements to generate revenue collected in the form
of fees, tolls, and development charges. Voter approval is not needed to issue revenue bonds.
Some Oregon cities place revenue measures on the ballot anyway as a litmus test of public
approval for planned capital projects that are financed with user fees.

While it is easier for municipalities to issue revenue bonds, this convenience generally comes at
a cost in the form of higher interest rates. Furthermore, revenue bond issues sometimes have
higher reserve and debt coverage requirements as added insurance to bond holders that the
community will be able to meet its debt service obligation.

8.4 Funding Comprehensive Utility Rate Study

To determine the best options to fund the recommended water system CIP, a comprehensive
sanitary rate study is scheduled for late summer 2004. This comprehensive study will evaluate
utility system Master Plans, utility operational plans, and the ability to fund these plans at current
monthly user rates and SDC rates. Where rates need to be adjusted to be consisted with the CIP,
the study will recommend various financial alternatives for the City’s consideration.
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Appendix A

Hydraulic Evaluation/Calculation Data
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18494
15202
15497
168.08
17056
157,63
150.48
152,67
185.47
151.47
156.52
160.15
15091
101.69
157.45
1513
185.80
160.28
158,65
17187
187.42
15296
158.10
180.48
158.68
161.49
164.58
16223
149.18
15535
158.30
147.87
18878
163.98
16591
15953
16232
1687.51
160.09
10252
181.27
18251
180.02
15183
129.77
17058
168221
184.98

Upstwarn

Ground  Dorwns resm

Elev

167.10
180.00
18200
177.78
163,00
18300
158 00
176.00
175.38
187.00
158.70
181.00
171.00
165.00
185.00
17500
178,00
160.38
180.00
161.50
14580
17885
181.00
150,00
165.30
17400
178.50
180,00
187.30
185.00
163.00
179.40
158.70
155.67
176.00
hrzk.-4
17738
160.70
15870
17824
178.80
17200
15721
16025
178.00
18106
184.00
177.80
159.44
17405
185,00
159.47
183.00
185.00
168,00

17415
158.40
187.00
17240
184.00
175.00
181,50
173.04
184 41
18200
18200
164.00
178.18
177.00
178.00
180,00
178.12
177.00
17200
178.00
174.31
170.94
175.00
16235
151 60
18170
18423
17500

Upstrewn  Downstresm

Ground Elev Covr

188.57
168.00
1850
17700
158.00
15800
159.00
176.00
175.00
18500
158.40
181.00
187.00
185.00
16200
171,09
178.03
158.70
178.85
181.C3
158.00
176.00
180.00
181.00
151.60
168.00
180.00
181.00
158.00
188.00
164.41

158.70
167.30
178.00
172,04
hred -3
181.50
180.38
177.30
179.40
164.00
150.84
160.70
178.00
150.47
162.0¢
17416

17431
180.00
159.44
176.00
163.00
17200
131.70
175.18
100.25
184.00
17200
16200
175.00
178.50
17405
184.00
162,00
165.00
167.28
17824
170.00
181.60
167.00
169.95
178.00
169.00
175.38
17240
168.58
17400
161.08
145,00
178 80
16235
177.20

783
1124
598
89t
ans
17.38
19.50
1402
1270
702
430
13.34
10.79
7.07
7.88
1357
13.01
581
1397
917
8.05
M
13.44
278
1245

Cover Dapth In Depth Out
1 m

7.42
1228
885
831
196
10.74
21.38
1357
1296
7.07
208
12.44
782
7.68
e.15
177
14.02
420
1444
0.80
10.48
1347
1397
437
9.04
842
nas
1334
985
1099

Avoroge  Surchwgo Surcharge
Volocly  Up Down  Cover Up

0.99

7.83
1124
598
891
8.88
17.38
19.50
14.02
1270

10.11
1055
1288
n=
755
AL
9.48
7.40
1345
840
7.2
1018
032
0.37
851

182
8.70
ale
10.78
18,52
842
10,39
LX)
260
7.47
11.00
490

10.01
15.05
548
asd
1482
7.78
1194
849
881
1208
831
1138
218
1242
az
1251
1024
9.04
12,008
11.72
8.67

Caover
Down

‘6.'4
1674

Frooboard Froeboord

Up
t
8.15
1158
635

Down
{
782
1270
10.10
875
254
10.85
2173
13.96
13.00

Tost
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Upstrosm Upstream

o
2

Constucled  HGL HGL  Veloclly Veloclty Excess Full % Secton Awg Pl Crown  Downbesm Gromd D Upstioem  Ox Avoroge  Surchsrge Surchargo Cover Freeboord Freeboard
Lotel Slope Slops  Aankdngs  In Oul  Capoclty  Copaclty Totol Flow Copacity Sl Cover Elv  CrownBev  Elev  GromdBev  Covr Cover Dopthin Dopth Out Velocly  Up Down CovecUp  Dewn up Down
__(ipe) (fps) (gpd) {epd) d d )
36610 00047 0.0047 DH 22 198 898018 544,248 152.268 8inch 1329 168.81 165.44 178.36 180.48 11.85 15.02 o2 025 247 042 11.55 15.02 1200 15.44
50634 00074 00073 H 245 309 671714 881358 190358 Binch 069 18267 160.51 17578 187.40 13.09 (L] 025 021 2.00 o4 1309 e 12,51 735
50534 00039 00039 H 252 243 1148252 699205 250046 f0inch 868 187.55 166.33 17820 175.00 X 867 (X4 028 281 058 285 (X4 021 92
a6e0a Q0017 a.oo1s " 155 247 1.237 288 Pe8.556 288,731 12 Inch 064 148.04 147.70 15728 157.50 .22 o.50 0.32 a.27 185 0.73 .22 X .00 10,58
50638 00040  DOO4D H 223 218 82112 503975 138,137 @inch 1018 17187 170.37 184.00 178.60 12.13 8.2 021 0.22 227 045 1213 &2 1260 888
P-a2e 00040 0 0040 OH 223 227 842112 504.840 137,472 8inch 1115 17368 17309 184.00 185.00 1034 1197 o221 o1 227 0.48 1034 11.67 10.79 1242
50845 00040 0.0039 H 1.74 147 493933 389757 10437 8inch 781 15880 155.70 188,00 16200 9.0 621 021 02 174 0.43 9.40 621 9.88 (XN
P625 00040 00040 H 221 225 ed2112  BOT.340 134771 Binch 959 17414 173,68 183.00 184.00 e08 1022 028 021 225 -0.48 0.8 1032 932 10.77
P-62¢ 00040 00040 H 221 225 842112 507948 134,184 Binch 711 17482 174.18 180.00 183.00 5.8 884 021 021 225 0.48 528 aed 5.84 9.30
5C644 00040 00040 H 172 191 492,670 391,578 101,084 . 8inch 1019 1687.01 15882 188.00 188.00 1099 938 020 019 172 -0.48 1069 .38 11.48 8.68
620 OIOY 00108 H 238 185 817038 649565  167.489 205% 8khch 810 15570 15301 162,00 163.00 621 9.99 az24 0z7 285 -0.40 0.1 9.99 N 10,39
36603 00025 0.0025 H 2,08 188 921554 730267 188287  204% 10inch 1044 186.08 185.08 175.00 177.00 854 1154 0.28 0.3 208 -0.54 854 1184 851 1247
50451 00040 00040 H 172 200 493148 292774 100474  204%  Binch 943 17548 17483 188,00 18254 10.54 77 020 0.18 172 048 w08 7 1.0 a2
36471 Q0040 0004 H 172 198 498343 033073 100374 203%  8ihch 993 17867 175.48 188.00 188.00 LX) 10.52 020 0.18 172 0.48 929 1052  9.80 11.01
38554 0.0048 0 0048 OH 224 210 890,230 550,899 139,032 V2% 8inch 1202 168.18 108 81 180,64 178.98 1248 1155 02t oz 240 -0.44 12.48 11.55 12904 12.00
28541 00038 00038 H 245 230  1,132060 903898 220184  202% 10khch 506 18873 187,55 178.20 17620 9.67 a5 028 0z 251 058 5.47 265 1004 221
26438 00108 ooroe DH 253 250 1,045,890 835 405 210420 20.1% 8inch 1es 184.68 15408 17850 176.42 nez 1208 0.2e 0.27 36 Q.40 11.92 1208 123 1248
5061t 00037 00038 DH 211 193 613810 493548 120264  19.8%  Binch 1230 1692 168.18 181.39 180.64 211 12.48 020 021 2n 045 1241 1248 1258 1284
P623 00040  0.0040 tH 217 221 642112 516663 125448  195%  Binch 478 17445 17484 7.0 180.00 a1s 536 020 020 221 -0.47 415 538 482 583
P673 00044 00040 DS 402 484 12671049 10.196614 2474435 195% 24inch 1998 13858 13630 15483 158.00 1825 270 089 080 as 140 1825 2170 1966 2310
38821 00025 0.0025 H 201 195 v10.011 737,268 178,743 10.5% 10inch 7R 187.10 168.008 174.00 176.00 8.00 a0 02% [-}-..] 201 -0.58 6.90 884 74 0.51
PE22 00040 00040 H 218 220 42112 617813 124289  19.4%  Binch 445 17624 17467 180.00 179.00 478 413 0.20 020 220 0.47 478 <13 523 48
P.621 00040 0.0040 IH 215 219 ea2112 619510 12601 19.1%  8inch 612 17551 17528 181.00 180.00 549 an 020 020 219 047 5.43 474 535 521
so404 Qo4 001 H 258 138 1175443 952874 222569  188% Oinch 778 1e232 168.17 169.05 187.10 7.83 793 027 045 401 022 7.63 783 a.03 .15
55561 00032 00014  OH 348 251 10721154 8,830,132 1890022 17.6% 2dinch 1135 15008 149.92 163.00 150.67 1284 9.75 0.63 0.80 398 120 1294 875 U 10w
s0424  DO0S2 00052 DM 218 207 731240 603470 120770 17.5%  8inch 1202 17280 171.97 184.50 184.30 170 123 020 021 24 ©045 1170 1233 1217 1279
50467 00027 00028  OH 1.76 113 530689 438705 8884 173%  8ich 1158 17307 17217 188.00 18250 128 1039 0.19 028 178 041 1283 1033 1331 1074
36483 00040 0.0012 ™ 208 049 842,112 531,088 17.9% Binch 171.09 170.83 17029 178.80 7.80 7.97 0.9 0.88 21 0.19 7.80 7.87 8.08 7.78
6428 00173 00173 H 257 258 1336131 1,111,103 225028  168%  8lch 158.15 167.47 16657 165.30 742 783 027 028 4.40 0.39 742 783 782 82
36540 00038 00037  DH 232 202 1,128,457 040221 188,238  167%  10inch 1991 168.73 179.40 178.20 5.49 9.47 022 028 b4 058 548 9.47 1009 1004
50607  0.0047  0.0047  DH 212 204 693048 581854 116,195  166%  Binch 170,00 189.22 181.28 181.30 1128 1211 0.19 020 229 047 28 12t N4 125
50521 00642 00395 DS 453 1282 13750384 11475923 2274461 185%  1Sinch 1185 14584 14109 158.00 15483 10.18 12.74 078 034 12.62 091 1018 1374 1065 1485
36434 00038 00038 H 201 191 627854 531843 06011  153%  Bihch 798 16251 161.18 169.98 17083 845 a7 0.8 o8 261 0.48 8.45 047 6.54 9.66
50450 00065 00045 " 205 200 881942 579008 102834 154%  Binch 748 17483 173.88 18284 181.12 7 728 0.18 019 218 -0.48 771 728 820 774
36439 00083 00070 H 223 008 624228 788833 137494  149%  Ahch 1062 17197 160.87 184.30 17770 23] 0.91 021 040 284 028 1233 891 1279 918
P-538 00748 00748 OH 394 362 5188204 697537 1212828  148% 12ihch 1250 15370 151,53 168.00 18422 1230 1270 058 0.63 11.56 Qa7 R 1270 2T 1307
P-550 00018  0.0017 ™ 122 148 411070 351361 58709 145%  Sinch 888 14832 140.12 15620 157.00 10.88 0.17 0.14 130 051 888 1088 538
36435 00051 00047 H 205 0.78 721.595 8183311 103262 14.3% Binch B804 161.18 159.20 17063 187.00 7.80 o1e 038 227 028 247 7.80 858
36620 00040 00027 H 193 082 842112  E51743 50388  141%  Binch 903 17209 17178 177.90 184.00 1225 017 013 201 034 581 1225 631
50425 0.0040 0.0040 H 183 20 043,187 852858 00,508 1415 8 inch 781 17125 170.09 178.70 \T7.%0 7.7 017 0.17 201 -0.50 745 77 7.85 827
P-591 0.0037 0.0037 H 1.91 192 020,173 538,948 8227 13.4% 8 inch 0.48 172.82 mzr 184.00 178.70 1148 74 ote 0.168 101 -0.50 11.48 743 11.98 794
36613 0.0039 00039 H 194 185 830905 546315  BASS0  134%  Bheh 550 17282 17208 17900 177.90 5.18 5.1 017 0.17 195 .50 518 581 568 831
5057 00123 00118 DH 256 148 2040211 1773676 266835  13.1%  10Ich 1281 18408 182,99 7720 178.00 1222 1301 028 o4 400 040 22 w1277 134
53617 00058 00058 DM 372 340 12407804 12607.118 1890887 130%  2dbch 1120 15038 150.08 150.84 163.00 9.48 1294 0.0 0.63 489 -1.37 9.48 1294 1088 1431
50660 00120 00120 1H 226 187 1113784 £69.510 144283 130%  Binch 785 17037 18894 1738 174.00 823 7.08 022 025 340 042 ax 7.08 a8 7.48
50422 0.0040 0.0040 HH 103 1.96 B42.581 560.338 a2 226 128% Binch 78 175.08 173.68 188 00 170.00 1281 234 .18 0.18 1.00 .61 1201 234 1342 288
50423 0040 00040  HH 1.93 140 843844 SBIAIG 82226 128%  8inch 700 17384 17280 178.00 184.50 238 "7 0.18 020 156 -0.48 238 170 267 1217
s063s 00228 00217 DS 245 463 1536130 1345774 190356  124%  Binch 1408 18544 16287 180.48 175.76 1502 12.08 025 0.18 483 051 1502 1309 1544 1380
P-551 00023 0.002¢ oH 148 177 489605  429.117 80488 124%  Binch 1123 14892 145.92 157.00 167.50 1088 11.58 018 0.4 148 051 1088 115 113 1211
50637 00041  0.0041 H 189 177 651688 574525 77163 11.8%  Binch 452 17874 17382 9.8 179.00 e 5.8 v.18 017 134 -0.50 288 5.18 a7 5.68
28491 00027 00027 HH 156 165 525338 464362 61576  (1T%  Binch 6688 16517 184.11 187.90 17530 213 118 0.15 0.15 1.56 052 213 [ER G114 17
36524 00045 00044 H 191 113 679914 8004 79451  117%  8inch B4t 17123 16975 180.40 170.40 2.17 ves 018 023 202 -0.43 2.17 9.65 s.es 10.09
50622 Q0044 0.0044 H 180 1.82 874,955 600.410 75045 11.3% 8inch 9.7 17183 72 181.0Q 180.40 2.7 8.7 0.8 0.8 1828 051 917 8.7 f.08 o.68
50576 © 0035 00035 DH 170 170 802418 535,351 87,004 11.1% Binch 1142 157.28 156.09 188.40 187.00 1112 "7 018 0.18 1.78 -0.51 1142 1.71 1164 1220
P-620 00040 00040 H 185 145 842112 571048 71064  11.1%  Binch 850  178.48 17559 184.00 181.00 754 547 015 0.18 187 049 7.54 547 808 595
36578 00040 00040 H 1.4¢ 172 453932 439602 54330 11.0%  Binch 1115 18968 10844 183.00 177.40 13.3¢ 890 oI5 a.13 1.44 054 1334 8ge 1388 o8
P-689 00040  0.0040 H 184 187 642112 572051 70081 109% Bimch 875 16289 16261 173.00 170.00 10.11 739 0.15 016 187 082 1ot 739 1063 73
P-549 00029  0.0029 H 1.50 176 548037 480882 53,374 10.9%  Slch 854 14887 148.52 15528 15520 8.39 268 015 0.14 158 053 8.09 8.83 091 921
50454 00085 00095 H 207 261 090473  BBIEG8 108776  10B%  Alnch 743 17388 17169 18112 17929 728 7.0 018 019 267 -0.48 728 7.60 7.74 2.08
36452 00038 00039 M 18 183 632949 564,103  BB048  108%  8keh 856 16444 18304 17530 17084 nie 750 015 0.15 189 052 119 790 1.7 842
P68 00035 00035  DH 173 166 559,642 535400 64242  10T%  Bich 1036 16547 185.32 178.00 175.50 10.69 1018 0.15 015 173 051 1053 1018 1105 1070
P677 00100  0.0044 DS 259 287 2993348 2674576 316769  108%  12inch 2107 $37.93 127.92 169.00 158.00 2107 2108 028 028 984 074 2107 2108 2178 2182
"36539 0.0009 0.0010 DH 1.50 232 2833977 2357395 276582  105% 1Binch 1033 14811 urme 157.58 1E300 9.45 1121 033 024 1.50 -1.28 9.45 n21 10.62 12.47
P850 DOCAO 00037 DM 182 081 642112 574880 67421  105%  Blch 1044 167.65 186.47 18200 185.00 1435 1859 015 0.26 185 040 1435 1851 1487 1853
50553 0.0052 0.0038 DH 1.87 032 730,100 658.032 74,088 10.1% 8inch 11.84 158,09 154.43 167.850 108.00 1.7 11.57 0.156 0.68 208 -0.01 1"nn 11.57 1223 11.50
P53 00059  0.0059 H 150 222 783005 704088 78837  10.1%  Binch 981  174m brckes 18265 184.00 8.3 1129 o.18 o 222 052 833 1128 a4 18
50518 00OS3  0QOS3 ] 187 183 741448 67587  73BEY  100%  f8inch 908 17247 17188 181.45 181.00 858 0.17 0.15 0.18 210 051 898 9.17 9.50 9.68
50532 00013 00014 H 105 192 arege2 336018 3603 99%  Bch 798 17200 17149 179.00 180,40 7.00 891 0.14 014 1.05 -0.53 7.00 891 783 9.44
P-653 00040 00040  DH 1.79 1.81 842112 570091 63021 06%  Binch 1247 16839 167.67 179.00 16200 10.81 1 0.14 014 1.81 053 1081 WB 1113 1488
P.635 00040 00040  DH 179 181 842481 ETSS42 62941 88%  Sinch 1045 1722 185.40 177.00 178.00 978 10.51 0.14 0.4 1.81 053 078 1051 1031 1104
P65 00040 00040 M L7 179 642112 EBLETD  60.44] 84%  Binch 941 18877 188.41 177.00 170.00 e 10.50 014 0.14 179 -0.53 EE] 1058 a7 112
50009 Q0042 0 004t DH 177 1.12 658,619 657,205 Cl414 0.3% 8inch 10.45 171.01 170.00 180.64 181.28 s.63 1128 0.14 0.19 18 0.47 .83 1128 10.18 11.74
P60 00040 00038 H 176 077 ed11d1 582343 58797 92%  8ich 1083 170631 169.31 18400 Rt 1337 843 0.44 0% 177 042 1337 B4p 10 801
SD452 00040 0.0039 ™ 138 089  a@If1f 447854 45157 92%  ginch 021 17789 176.69 187.00 186,00 o1 831 a4 018 138 .48 en 031 9.84 9.80
SC657 00041 00040 H 177 117 853540 833762  S9.778  84%  Bich 724 15778 157.03 16129 168.00 251 1087 014 0.18 1.80 048 351 1097 404 11.48
P-657 00040 00040 H 176 177 842112 583857 58455 9.4%  Blch 790  1ew4t 168.79 177.00 177.00 750 821 0.14 o4 (et 053 188 LE 842 874
36577 00043 0.0043 ] [ied 183 686049 605996 60053  9.0%  8lch 681 16842 188.72 177.40 177.35 858 1069 0.14 0.14 1.83 -0.53 858 1083 851 1n.1s
38476 00030 00029 H 1.51 092 555,834 507,870 47,004 8% 8inch .78 174.27 17317 181.00 188.00 8.73 1283 0.13 0.19 1.581 043 873 1263 727 1391
50442 00048 00048  OH 178 160  8BO.610  627.699 58912  BE%  Binch 1045 16795 168.77 17852 177.10 1067 1033 0.14 0.15 1.88 052 1057 103 1110 1088
60664 00044 0.0044 H 178 159 670,143 812885 s7279 8.5% alneh a4n 159.53 157.78 18393 s 510 35 D14 a.14 185 -0.53 510 s 5083 404
3653 00045 00044 H 175 082 682538 624658 57879  B5%  Sinch 828 17149 169.75 180.40 179.40 891 9.85 0.14 023 1.84 043 891 9.65 9.44 10.09
50334 0DO742 00651 5 258 740 2785345 259521 226824  82%  8inch 1037 15168 14878 183.90 155.30 122 852 0.28 0.13 7.40 084 122 es2 1261 9.08
P-520 00045 00044 DH 1.73 134 678298 620145 55147  8a%  8ineh 1560 16752 18848 18368 18172 1556 15,24 013 0.18 1.81 -0.51 1596 1524 1650 1575
36625 0 o040 0.0038 DH in 078 483,402 453,721 39.680 B.0% 8inch 1200 157.90 157.03 171.00 188.00 13.04 10.97 0.13 0.18 1.3 -048 13.04 10.97 13,58 11.48
36567  0000R 00010 H oar 130 303367 279113 24253  80%  Bkch 95 15578 155 58 165.19 165.30 041 972 013 0.08 081 .58 9.41 972 .95 1030
P-858 0.0040 00040 iH 1.69 170 842,112 ser.27e 50.833 7% 8 kch 8.54 169.89 16%9.43 176.00 177.00 an 7.57 0.13 LRE] 170 .54 .M 157 8.85 B
50309 00040 Q.0033 DH 168 Q.51 842,928 £93.108 49730 1TV 8inch 11.89 14380 142 87 15500 155.30 1134 1z4Q 0.13 0.30 1.69 0a7 1.4 12.43 11.80 1280
P-655 0.0040 00040 IH 188 169 822,112 562,628 49 482 7.T% a8 inch 4.65 168.99 188.71 17300 170.00 3.01 829 013 0.13 1.89 -0 54 a0 8.25 355 LX)
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Valoelty  Velosity

Consbucted  HGL HaL
Label Stope Slope  Rankinge  in
ips
36624 00020 0.0040 OH 129
8571 00040 00040 DH 129
P.654 00040  ©0040 H 187
P-878 00020  0.0029 0s 184
26589 00084 00080 OH 177
50430 00035 0.0034 OH 150
P-897 00040 0.0040 H 148
50610 00042 00042 H 188
50577 00050 QUOST DH 169
50388 00041 00041 DH 185
50604 00087 0.0067 ] 1.5t
P-653 0.0040 0.0040 H 184
50598 00050 00047 DH 168
P-548 00040 00040 H 1.84
50440 00044 0.0044 H 188
26468 0.0045 0.0045 H 188
P.492 00038 00036 DH 1.5
16598 00032 00032 H 1.48
50483 00040 0.0040 H 182
50462 0.0040 0.0040 H 182
50591 00045  0.0045 H 164
50537 00045 00042 H 164
50398 01113 00346 18 258
P-674 00123 00114 1S 23
s0474 00038 0003 HH 1.58
P.589 00040 0.0038 H 1.60
38608 0.0184 0.0182 DH 162
50663 00043 00043 DH 1.82
50643 00055 00055 DH 1.87
30813 00087  0.0088 H 178
P-633 00040  0.0040 H 1.58
P-612 Q0017 0.0017 DH 1.03
36570 0.0040 0.0040 oH 122
P.631 00018 00018 H 108
P-545 00025 0.0025 IH 1.24
36458 0.0044 00044 DH 1.60
50603 0.0041 00041 H 158
36484 00030 00030 H 138
P-679 00040 0.0040 DH 121
P51 Q0040 ©0000 o az8
P-547 00045 00045 H 159
36617 00041 00041 H 12
50421 00040 00039 H 119
36423 0.0041 0.0041 DH 1.85
50566 000286 00026 H 1.28
50550 00040 0.0040 IH 154
P-523 00048 0,0048 14 159
P.832 00040 00040 H 1.55
36835 00048 00047 H 1.58
38480 00040 00040 H 118
26424 0.0040 0.0040 DH 1.52
50958 00040 00027 OH 228
LV 00040 00040 ) 152
38642 0.0047 0.0047 H 158
36460 00050 0.0050 DH 157
P-694 00040 00040 I .51
36497 00049 00043 H 155
50832 00116 00116 DH 197
50514 00054 00052 IH 168
P.652 00043 00043 DH 151
50489 00041 00041 IH 149
P-608 00021 0021 H 1.03
P-692 00049 00043 H 1.52
36463 00049 00049 H 151
50515 00045 00084 H 149
P.546 00052 0.0052 H 152
50497 00034 00034 1H 1.3
50623 00034 0.0034 DH 1.75
36520 00048 00047 H 1.49
o518 008 gools ™ 161
50550 00038 00040 OH 1.10
35485 L) 00009 H 085
P.593 00083 0.0055 H 154
P.519 00055 00055 DH 1.51
50510 00050 00050 IH 149
P.544 00049 00048 IH 148
50665 00053 00052 H 149
36462 00047 0.0047 H 1.47
50200 cocie  ooota HH 0.04
50458 00044 0.0044 H 144
50588 00043 00082 H 1.45
36629 00040 0.0040 IH 141
20535 00984 qoory " 157
P-631 00048 00048 H 144
p-527 00058 00059 H 1.48
P.563 00038 00038 IH 1.03
pP-521 00083 00063 H 148
50662 0go42 00042 H 1.40

Out

Capazlly

483,003
484771
642,112
1,338,668
809.505
601,491
894784
85%.575
712,901
848,183
388383
842,112
71587
640,831
874044
&79.081
08,357
575,288
842,112
842112
681,313
879,252
3,387,805
3320821
622 500
642,112
1058274
1211434
1,368,440
942,167
842112
418,437
494,583
433,042
503313
673,237
850847
652.794
493,292
842,192
679,528
501,143
432,643
850,292
521,868
842,110
706,714
845,709
701,137
403,112
640,221
5,581,668
B42p87
892,627
717.898
642618
707.704
1,979,132
742,748
665,755
853.441
481,081
708.639
700518
877575
733343
688,150
1748814
701,887
29222
489,502
378,650
803,608
751139
717.904
707.074
742,005
697.751
424 097
671.743
862.875
842,112
929913
688,242
781.182
473328
808.851
658,076

Excese Full
Capaclty

455.458
457,104
£53,301
1237872
749.852
557.038
829.704
s11.772
688,182
s93.023
358,770
696,330
665,128
595.730
626.750
832,052
585,907
535.357
598,428
698.428
35,485
820,651
3181158
2,100,435
581.891
€00.908
990,807
1,134,418
1282012
289,111
602,138
392,287
4836814
408,418
472396
631,098
811,052
519,018
483,383
203.508
629.083
anezr
484,821
a12892

Talal Flow  Capacly

37,548
37.088
48811
100,793
80,053
44,453
85,090
47 804
51,719
46,340
27.813
45.781
50.535
45,101

1.6%
7.6%
7.6%
7.5%

45%

4.5%
44%
4%
43%
4%
4%
a2
a2%
4.1%
1%

39%
9%
39%

Secten  AwPips  Crown  Downtiosn  Oraund  Dorwnsiieem

Size

8inch
glxch
8 nch
12!nch
8inch
8inch

8lnch

Cover

R
1273
438

1258
1137
11.18

Upseeam

Elov
)
158.51
170.68
17028
168.79
188.72
174.29
185.48
17212
157.08
N
18213
171.01
170.80
14807
177 47
175.87
173.24
16016
178.80
177.03
159.34
171.18
157.47
160.80
165.87
17484
14532
147.62
148.3¢
164.83
177.00
172.18
17240
177.69
15207
189.19
180.54
188.34
155.58
148.97
149.82
101.01
178.82
144 85
17327
17248
171.84
177.39
150 45
158.27
14567
147.77
161.04
160 19
170,01
18849
7zn
145,34
17
17197
17239
17320
17055
170.78
181.20
151.58
17438
14352
17308
17482
17264
183.04
17815
189 80
1741
152.88
14878
17204
188,02
167.38
17320
155 11
159.68
17214
17074
150.39
1750
18549

Crown Elev

167 98
169,68
17001
168.78
164 90
172,80
184.31
17101
157 28
14367
160.37
170.30
170.00
147.07
17567
17427
17203
158.82
176.59
178.79
16758
169.75
151.68
18000
18517
17432
14319
1468.39
145.34
155.79
17850
17254
170.88
17739
151.78
16795
159.34
16567
154,02
148 68
14827
160.17
176.11
18423
17248
17118
17817

158,63
187.07
144.67
148.08
160.19
159.45
169.19
172
170.58
140.67
17247
17103
72
17254
160.79
170 01
159 83
150 02
17330
14287
17247
172.68
17242
18267
17407
187.72
ma2a
152.07
147.46
170.7¢
185.7%

170.80
154.51
157.18
17055
170 00
149.83
17447
155.11

Upatream
Elev
H
168.05
18300
178.00
181,72
17736
185,00
175.60
18021
187.80

184 80
184.00
18189
15568
182.50
180.10
184 00
168,01
187.00
181.70
188.20
180 40
185.30
167.40
172.00
182.75
157.50
158.05
158 07
164.74
185.00
184 00
184.00
185.00
15825
180.00
163.10
169.60
185.30
160.98
185.72
16364
180.20
16450
180.00
179.20
180.38
1500
184.68
175.20
165.50
159.00
170.00
165.53
178.50
177.10
18175
155.77
181.80
184 00
18090
178.68
177.89
178.70
17000
169.80
180 80
154.30
181.60
178.40
184.00
17084
18183
17957
18200
152.71
156.41
179.84
173.00
173.10
178.15
181.90
170.00
178.15
177.47
158.69
180 67
163.42

163.10
176.00
181.28
18528
180.10
181.00
184.00
164.74
183.60
187.00
167.60
179.40
163.50
167.40
167.30
18265
15420
158,07
165.77
16200
18400
184.00
183.00
185,00
159.60
178.52
168.20
173.00
166,00
159 40
165,60
162.05
188.00
154.50
178.20
180.40
18023
18500
18253
17470
154.50
183.00
185.53
184.86
180.00
172.00
179.40
154,83
18148
184 00
18475
184.00
17873
179.50
17000
155.712
18090
154.60
191.45
181.80
184.00
17084
182,65
18348
181.80
169.35
158.05
17870
167.30
189.80
181.89
163.00
185.00
177.99
179.67
167.20
179 81
181.90

Avecege Surchorge Surchargo
Down  Cover Up

DepthIn Dopth Owt Valochy  Up
1) i)

-0.54
-0.54
-0.54
082
&3
-0.54
068
-0.54
0.64
-0.55
-040
-0.55
-0.54
-0.55
0.54
-0.54
055
058
055
055
085
-0.55
0.3
-0.76
-0.55
-0.55
052
-0.60
088
0.53
-0.55
-0.55
-0.55
-0.65
085
-0.55
0.85
065
-0.56
-0.25
-0.55
058
-0.58
056
-0.58
058
-0.55
058
-0.55
058
0.58
125
058
-0.58
0.58
058
-0.56
-0.68
-0.56
-0.58
057
-0.57
058
-0.58
.57
0.58
0.67
-085
057
057
-0.57
-0.57
-0.58
068
057
-0.57
-0.57
-057
-057
-0.57
-0.57
as?
-0.58
-057
057
-0.58
-0.57
-0.58

"
9.54
1214
572
1483
a3
10.81
10.02
8.09
9.82
10,18
267
1299
11.09
759
L1
4
10.78
508
1020
467
888
924
78
8.60
g~
821
AL
10.43
o88
5.81
8.00
10.84
11.60
731
728
10.81
7.58
J48
974
1201
590
78
338
9.85
873
arz
872
k)
521
LEx]
9.8
12
8.96
5.34
9.49
8381
9.84
10,42
a7
1200
761
6.40
744
a4
877
8.02
6.42
10.78
T4
ase
1138
7.90
688
77
789
483
702
780
sg8
674
495
€79
1032
801
°.73
831
538
793

10.2
1210
11.70
aey
983
1192
1133
.7
570
128
B.19
4
873
1.97
581
7.00
1021
g82
285
222

001
0.00
0.00
034
-0.05
-0.02
0,01
-0.01
Q0
0.00
0.00
0.00
-0.04
0.00
0.00
0.00
000
000
0.00
0.01
0.00
004
030
o.10
-0.03
-0.08
0.c
0.00
001
.03
0.00
om
0.00
000
0.01
001
0.00
o
.00
-0.40
0.00
0.01
.01
0.00
0.00
0.00
0.00
0.00
.02
0.00
0.00
L8
0.00
0.00
0.00
001
0.06
0.01
-0.03
ooa
0.0
0.0
0.00
0.00
9.00
a00
0.00
0.00
0.02
0.00
0.0t
-0.05
-0.08
0.00
.01
001
0.02
0.00
0.01

-0.01
o000
-0.12
0.00
ool
aat
0.01
0.00
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Vetoclty  Velocity

Concbucied  HGL HGL
Labol Sopo Slope  Fonkings  In
{Ips)
36503 00040  0.0040 H 1.38
36512 00080 0.00€0 IH 125
26643 00040 D.OO4O H 137
36481 00130 00124 IH 1.51
96479 00041 0.0040 IH 137
26633 00020 00023 OH 132
p-532 00048 a.0043 W 1.4
6453 00028 00013 DH 129
50565 00038 00033 H 131
50433 00046 00045 H 140
50671 00C40  0.0040 DH t3
6473 00032 000X H 119
36598 00052 00052 H 141
P-698 00040 00040 H 169
p.s7a 00039 0.0037 H 130
6628 00053 D.OOSY DH 140
P-819 00040 00033 H 131
P.600 00040 00007 ™ 1.30
P-§07 0.0031 0.0030 H 1.14
36458 00438 00412 OH 182
50675 o002 000z DH 124
P-692 00120 oony H 152
36472 00040  0.0040 IH 0.99
50508 00034 00033 M 117
36454 0 D049 0.0048 H 1.35
50650 00036 00039 H 121
5054¢ Qo001 0.000% OH 03a
36616 00038 0.0039 o 085
P.53§ 0003¢ 00034 0] 118
26031 00043 00043 H 1.1
50872 00040 0.0040 OH 128
36604 oo124 00122 DH 186
36450 00034 00034 DH 1.34
P-558 00048  0.0048 H 131
28812 00041 0.0041 H 097
50647 00056 00056 H 134
50439 00044 00044 H 128
50525 00057 00052 H 132
36532 002860 00268 H 138
50581 00041 00039 IH 122
P.588 0.0041 0.0037 H 1.2
50666 00058 00058 H 131
36500 00033 00033 H 1.10
50485 00036 00026 M 115
P-493 0.0041 0.0041 H 1.2
P18 00040 0.0040 H 120
P-68S 00040 00040 H 155
P-668 00020 00020 H 064
36448 00038 0.0038 oH 112
P.524 00307 00305 tH 161
36595 0.0037 00037 4 115
P-669 00042 00042 H 121
36427 00079 0007 H 134
50530 00074 D007 H 113
36478 00126 00128 H 1.42
50508 00041 0.0041 H 058
P-595 00031 0.0031 H 102
50586 00067 0.0067 M 150
P-562 00041 0,0041 H 091
50120 00040  Do0O4Q ™ 118
50677 00026 00028 H 0.4
50682 00040 0.0040 H 118
36622 00057  0.0048 H 108
P-688 00035  0.0035 IH 158
36597 00183 00183 IH 145
P34 00077 00077 H 1.30
P17 00040 00040 H 114
36426 gonz o0 H 138
26574 000%0 00030 [ 113
36461 00048 00048 OH 122
an839 00028 0.0023 H 108
P.689 00040 00024 H 113
36649 00027 00027 OH 1.08
p.575 00040 0.0040 H 113
50466 00408 00453 ] 162
P-599 00040 00040 H 112
36632 00072 0.0072 H 127
36559 00021 0.0021 ™ 113
50628 00016 00018 H 341
P-687 0.0044 00044 H 1.18
P.577 coo12  DooT2 H 071
26514 00080 00060 H 105
50528 00047 0.0034 IH 118
P.s522 00200 00292 1S 150
50668 00056 00053 H 121
P-caa 00048 0.0048 H 118
26572 00130 00128 IH 135
36830 00040 00039 H 084

out
1)
118
0ss
1.40
023
1.04
on
148
0.30
137
1)
137
108
128

1.07

119
191

0.84
021
0.08
0.80

084
117
115
058
0.71
118

e
Qo7
303
[X7)
1.19
0.58
053

Capacity
845,239
385,183
842,112
988,808
846,181
86,440
710.687
965,328
830,560
891,404
842,112
s75.501
733,478

1,893,159
832277
737,575
842.112
842112
564,557

2119267
968,246
1,110,153
493,932
587,857
707.184
011479

1,758,495
763,058
890,174
1,158,985
493,922

Excass Fult
Capaclty

620.418
351,268
817.710
855218
621.884
850.728
885311
830,567
€08,167
657.036
812.672
635,605
708,255
1,828,070
810,801
713,071
621,156
621.407

Totel Fow  Capacity

24823
13,695
24,402
33581
24277
s
25376
34381
231
24388
240
19.808
25223
85,090
21.618
24.505
20558
20.704
18171
6.827
30,022
34368
15.167
17210
21374
18.213
18,458
14233
12181
19.200
18513
95,309
30,449
19,168
13842
21,053
17.756
18818
20.141
18,496
10519
19.547
14.640
15.308
1821
15973
48,883
10.953
20774
42210
14842
15,360
21173
8,373
25,998
8,844
12,637
18,584
11.138
14,304
11,464
14,057
7.788
12,050
29172
18.808
13,533
2.587
9,392
12,881
18,058
12850
12.342
12,861

12622
16.929
12,694
7912

12950

%

8%
38%
%
as%
38%
2.8%

Secton  Avg Pips  Crown Downtromm

Slize

8lnch
Gnch
8nch
8inch
8inch
10 Inch
Binch
10 Inch
Binch
8inch
8inch
8inch
8Inch

Cowoe
M)
7.85
8.31s
1024
1050
7.3
1488
9.70
10.02
595
9.88
113a
v.01
7.35
9.15
.10
1028
708
v.6e
632
hRE.1]
15.02
788
7.14
808
7.84
10.48
876
<]
873
apd
10.40
1288
10.04

878
720
B48
728
803
823
880
LX)
7.08
6.31
8.60
8.98
575
9.87
1218
7.81
818
5.90
£.04
720
5n
719
a7y
8.38
azs
418
7.5
8.58
88l
825
757
565
71
9.62
1025
[ >24
8.84
1453
8.89
o2
7.7¢%
554
782
7.43
.48
are
773
586
7.03
438

937
819

Upstroam

Elov
1
178.35
189.60
101.48
185,48
189.87
15021
173.09
183.38
17534
175.99
18185
17013
185.08
164.48
154.47
148.79
177.40
17472
17387
160.77
151.04
188.59
7.2
18239
17302
152.99
151.72
18178
17508
158.70
16233
14287
18439
153.26
18187
149.83
174.04
170.42
16720
168.78
175.97
14945
175.38
178.75
148.91
177.58
179.7¢
167.81
185.01
7ma7
18821
167.85
150.79
17250
169.15
170.79
17872
168.59
151.87
17797
180.17
163.08
187.82
148.08
183.67
180.18
178.09
14871
180.45
168.81
16335
14891
15168
154.60
17059
176.63
157.19
171.89
184.33
14504
154,83
185.32
157.47
17427
158 67
18128
167 67
181.58

174.11
18720
161.08
160.32
163.27
149.30
171.89
183.03
17372
17439
181.48
182.15
16367
18322
15262
147.48
170.48
173.72
173.20
16494
15021
188.40
169.87
R P~
172.04
151.88
15187
18122
17477
185,49
181.87
140.84
183.38
15203
18122
148.78
17302
18857
154,75
185.78
174 42
148.78
17438
175.35
149.45
177.42
177.82
187.85
184.39
180.48
185.08
167.1%
14871
17132
167,28
169.60
17544
167.87
15058
176.84
159.57
18248
188.77
1856
180.15
177.71
177.80
147.67
158.00
187.85
187.10
144.90
151.04
153.64
17317
175.64
158.70
17057
164.13
148.20
154.63
16292
15581
17184
158.83
150.87
163 80
181 08

Upatroam

Greund  Dorwnaywsen
Ciown Elov Elev

()
18275
178,00
173.00
17478
177.80
184.89
180.41
173.39
180.85
184.70
173.00
179.50
173.13
173.00
158 ¢
15872
184 00
185.00
178.84
177.10
168.40
17673
177.85
185 80
180.89
181.37
161.40
18881
18254
18284
17200
154.80
17444
157.70
109.70
15728
18074
179.80
173.50
183.40
184.10
16583
181.10
18350
154.34
184.00
188.00

174.70
18023
172.38
174,08

181.50
17700
175.80
183.00
175.80
158.27
16230
164,89
188.58
173.80
168.24
170.50
188.00
183.00
165.20
188.60
178.73
174,00
15399
185.38
160.01
183,60
18284
182%
173.00
171.68
158 02
158.05
171.80
162.00
179.81
18322
158.81
17420
188.00

Ground Elev:

185,00

170.50
173.00

158.05
184.00
18275
178.68
177.02
164.69
177.10
177.60
17000
179.64
164.41
18150
16864
180.74
163.42
173.00
164.83
1739
5771
168.64
158.72
180.89
178.20
167.00
185.19
18276
15841
180.860
18275
15563
184.00
18350
17408
174.44
181.72
17313
173.00
155.30
130.40
173.10
178.00

17420
168,69
180.20
18322
17200
17400
15380
188.01
185.00
184.00
155.30
18890
178,52
174.00
155,50
188.4C
188.00
188.00
105.00
16284
178.10
171.68
15824
158.94
171.90
162.00
180 38
183,93
158.02
178.00
70.00

Cover Cover Depth In Depth Out Veloclty Up Down CoveeUp  Down Up Down dH - Dia
1 ) oW [W) 0] (tps) m " () 6] ] ) ()]
18230 7.40 789 0.09 o.10 1238 0.58 0.57 7.40 7.89 788 8.48 000 0.03 0.87
a0 4% L iug o098 138 -0.43 L4 8.40 8.30 883 e 0.00 0.03 os0
11.64 8.94 003 008 137 -0.58 -0.58 11.54 894 12212 B.52 0.00 0.03 087
9.32 1nea .10 0.34 189 -0.56 013 8.32 188 9es 1201 .06 004 087
773 633 0.09 011 137 -0.58 056 773 883 B3t 7.49 0.00 0.03 0.67
1468 15.05 o1 ©.30 132 Q.72 -0.53 1488 1505 16.40 1558 ©.07 0.04 [-X~]
7.38 1201 0.0% 0.09 148 -0.58 053 7.38 1201 7.98 1259 0.00 0.04 ] 74
10,00 1001 011 0.30 129 -0.73 053 10.03 10.01 1075 10,54 0.18 0.04 0.83
5.61 e28 0.08 0.08 1.3 -0.58 -058 561 €28 819 [.X:24 0.00 003 0.67
arn 10.81 0.09 0.12 1.44 -0.58 0.54 an 1081 928 11.1¢ 0.01 L] 0e&?
1115 11.52 008 o.o8 133 -0.58 058 1.5 11.82 11.73 1211 0.00 003 0.7
237 885 0.08 009 1.19 -0.58 -0.58 837 aes 0.98 23 0.00 003 0.67
8.07 L2~ 0.09 .10 151 -0.58 067 8.07 683 885 720 0.00 004 067
8.52 .78 01 0.15 174 -087 -0.85 8.52 978 038 10.83 -0.01 005 1.00
aq eT3 s08 o.08 1.90 058 058 a4z 073 5.08 10.32 2.00 Q.03 087
093 10.59 009 018 151 058 052 (1] 10.80 1051 11.11 002 004 087
860 752 a08 0.13 191 -058 0.54 8.60 7.52 7.18 808 -0.02 003 0.67
1028 2.03 0.08 0.94 1.30 -0.58 027 1028 9.03 10.87 a.78 -0.34 0m 067
517 5.48 ocs 0.10 114 058 -0s7 517 S48 578 6.03 -0.01 oo D87
10.33 1288 016 029 428 -0.52 038 10.33 1288 10.85 1328 -0.34 005 087
1538 1468 0.10 011 124 <73 072 1538 1468 18.09 15.40 0.00 0.04 oal
7.4 881 0.10 0.08 222 058 -0.59 714 861 k2l 920 0.03 .04 0.67
854 773 X3 0.09 099 -0.59 058 0.54 773 713 831 Q.00 0.03 067
24 v.77 ocs 0.10 117 -0.59 -087 34 877 400 M -0.0t 0.03 oa7
7.87 7.80 a.08 0.10 141 -0.58 057 7.87 7.60 8.48 8.37 -0.01 003 087
a3 1289 0.08 0.08 21 -0.5¢ .58 a3 1253 897 1312 000 0.0 0.67
(X & 014 oos 035 -1.11 S99 983 283 10.79 11.02 0.02 0.08 125
703 T.42 [ oo7 0s$s 059 080 703 T42 782 802 0.0 003 087
748 597 0.8 007 118 -0.59 -059 7.48 597 8.07 e.57 0.01 0.03 087
6.84 7.83 0.08 o.08 131 -0.59 0.58 604 7.8 8.53 851 0.00 003 o.07
9.67 1113 0.08 0.08 128 050 050 0.67 11.13 1028 1.72 0.00 0.03 0.87
11.99 12.99 o8 012 291 084 -0.88 1193 1399 1277 14.87 0.03 0.08 1.00
1005 1003 010 L AL 134 074 073 10.05 10.63 10.73 10.76 0.00 0.04 0.83
444 478 0.08 0.08 133 -0.59 0.59 a4 478 5.03 537 0.00 0.03 0.67
773 742 008 0.07 og7 0.59 0.60 7.73 7.42 832 B.02 001 0.03 0.87
783 8.93 008 009 147 -0.59 -0.58 7.83 LA az 1051 0.00 0.4 0.67
870 787 0.07 oos 1.28 -0 58 -0.58 &70 787 73 a4ds 003 003 0.87
9.32 2.4 0.08 0z 145 059 -0.41 932 063 89 10.04 -0.05 [oXee] 0.67
8.30 a2 0.09 0.48 285 -0 41 -0.04 8.30 a.2s &n 829 -0 12 0.03 050
LX) .41 007 013 12 058 -0.64 884 sS4 724 #.85 -0.02 0.03 087
8.13 833 0.07 024 123 ©.59 -0.42 813 833 871 8.78 -0.04 003 .67
AL 782 008 0.10 148 059 -0.57 LAL] 7.82 677 8.18 -0.02 0.03 0.67
6.74 042 0.07 010 110 -069 .67 574 642 834 889 001 o003 0.67
875 7.40 (X2 0.0 1.15 -059 -0.58 875 7.40 7.35 7.98 0.00 003 0.67
449 s18 007 008 12 -0.59 058 449 818 5.03 877 -0.01 0.0 0.67
8.42 8.5 007 007 120 58 -0.80 842 L1 7.04 747 0.0 0.3 087
824 568 o.1% o1 187 -0.89 <88 8.24 se8 .13 6.57 0,00 0.05 100
5.07 LEX] 0.07 0.07 oM -0.60 .60 507 84 5.67 703 0.00 003 067
.60 10085 0.09 o.10 132 -0.74 074 LX) 1005 100 10.78 0.00 004 LX)
208 1624 0.12 0.18 229 -0.55 -0.51 .08 16.24 9.81 16.75 .03 004 087
7.8 807 0.07 009 115 -0.60 -0.58 715 8.07 775 8.85 -0.01 a0l 0.67
843 5.89 0.07 0.07 121 -0.80 -0.60 LEL] 5.89 7.03 8.49 000 0.03 0.87
21 8.59 oo8 0.08 188 -0.59 -0.58 521 859 530 7.8 0.00 0.04 0.87
.00 200 008 014 13 04 -0.36 800 9.08 944 D44 -0.08 0.03 050
aes 574 oo 009 208 .58 057 L) 5.74 823 632 0.00 0.04 0.87
501 8.40 0.05 0.07 .98 -0.45 -0.43 501 8.40 [-20.) LX< -0.0t 003 0.50
728 7.10 0.07 008 1.02 .60 -0.60 28 7.10 788 . 77 001 0.02 067
701 853 0.08 0.08 1.51 -0.59 058 7.01 8.53 7.60 712 0.00 o.04 0.87
880 811 007 008 081 -0.80 -0.81 680 (311 720 672 000 0.03 087
43 J3e Qo7 0.09 1.18 0.80 .50 43 Jas 49 304 -0.01 0.03 0.67
460 aes o.07 007 0.94 080 -0.60 488 385 628 425 0.00 0.0 087
5.52 954 007 007 1.10 -0.60 £.60 5.52 9.54 8.12 10.14 0.00 [X<] 067
588 T 0.05 025 1.14 -0.45 -0.25 5.88 722 833 748 ©.10 DA 050
1018 70 0.07 0.00 1.08 £.80 “0.80 10,18 703 10.78 784 0.00 0.03 0.67
LA 688 0.10 0.12 248 0.57 0.55 a8 5.88 720 641 -0.01 0.04 087
784 729 008 009 159 -0.59 57 784 7.29 8.43 7.87 0.00 0.04 os7
a9 0.40 0.07 007 114 -060 .60 an 8.40 551 700 Qoo 0.03 0e7
859 7.63 008 007 191 -0.58 080 459 781 EALY 223 0.02 04 087
8.5 10.90 0.08 008 142 044 0.44 8.35 1090 8.79 1134 0.00 0.03 0.50
9.82 10.67 0.07 .14 128 -0.60 083 092 1057 1082 11.10 -0.04 o 0.87
5.65 850 0.08 0.25 1.08 0.76 -0.58 5.65 8.50 840 7.48 -0.03 0.04 0.83
7.08 10.60 Qo7 oss 113 -0.60 o1 7.08 10.80 7.68 10.28 -0.18 0.09 067
1370 15.38 0.08 010 108 ©.75 -0.73 13.70 15.38 1445 18.09 -0.01 0.4 083
541 1238 0.07 008 113 -0.60 -0.80 541 12.38 801 1297 000 0® 0.87
701 12.83 0.12 0.19 385 055 042 701 1283 758 133 .10 .04 0.87
s21 030 0.08 0.08 112 -0.860 -0.60 & 938 882 9.98 0.00 0.03 087
513 584 Qa7 0028 1% 053 059 513 594 873 853 0.0t 0.04 067
EAL B.53 0.08 a07 113 -0.60 -0.59 7 8.53 e 9.13 000 003 067
73 753 0.08 0.08 o7 080 -060 7.33 7.53 7.94 8.14 0.00 0.03 087
a.90 2.98 000 0.08 118 -0.60 -0.60 8.98 958 7.59 10.59 0.00 003 067
= 431 o.08 008 o7 0.75 -0.75 Iz 4 97 508 000 0.04 083
848 898 0.os 0.08 113 -0.45 -044 8.48 8.98 853 742 o0 003 0.50
45 7.19 0.06 054 1.20 -0.60 013 453 719 514 732 0.14 003 067
554 852 o.10 .08 303 -0.58 -0.60 554 852 811 9.13 0.05 0.04 067
385 510 007 o 131 -0 60 -0.53 65 510 425 5.63 -005 003 as7
553 5.35 008 0.08 118 -080 -080 553 6.35 814 556 0.00 0a3 067
653 1220 oog 015 198 -0.58 052 6.53 1220 712 1272 -002 0.04 067
744 894 0.08 0.09 084 -0.80 -0.58 744 8.94 805 .52 -0.02 003 0.67

Upsteen  Downatroem

Aveage Surcharga Surchorgo
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Labol

50660
P-§16
o498
50558
36501
P01
50444
36534
38644
38552
P-60§
50819
P-557
36465
P-587
50563
P-540
6640
50536
P-650
50457
50684
P-642
50415
36569
P-8as
5088

P-517
26615
50395
50513
6638
36623
50570
38517
50589
50568
36568
P-635
36449
50502
36470
P-§72
36588
50551
P-a32
26587
P-543
50562
P-568
50582
36508
50473
50412
P-585
P-663
P-55§
36548
50484
50413
50396
P-615
50584
50402
36607
P-553
36443
50538
£0390
50393
P-862
36435
50596
2659

P-554
P-598
50529
50449
36563
36573
36504
50509
36498
36850
36513
S046

36551
P.550

Canstructod
Slopa

00038
00040
00043
© 0062
00040
0.0040
00045
00177
00025
00100
00081
0.0041
0004C
00052
00031
00031
0.0010
00038
0.0040
0.0059
noai2
0.0045
0.0040
0.0040
D 0003
00040
0.0044
0.0039
0.0084
00052
D 0C38
0cods
00040
00039
0.0040
00072
00041
00071
00081
00040
00054
00050
oaist
0.0041
00040
00044
00045
00049
00021
00037
0004t
0057

Q.0040
00021
00040
00043
00081
0003t
00040
00157
Q0040
00028
00083
00083
0.0045
00040
oot128
¢ o053
00225
Q0040
00112
0.0040
0.0040
ao114
0003%
00171
0.0040
00028
00281
0.0044
oocost
00040
00073
00049
00040
00295
00050

HGL
Slope

00058
00040
0.0063
0000t
0.0038
0.0040
0.0045
0.0164
00025
0.0085
0.0081
0.0041
0.0048
00052
0.0031
0.0031
0.0011
00024

90150

0.0044
0.0045

HaL
Rankings

Velocity  Velaity

ta

QOut
3

1.06
1.14
118
093
.57
113
070
0.09
074
0.19
os1
083
1.13
.58
1.08
053
083
0.40
0.08
1.26
o
047
109
0.09
007
115
083
012
114
oes
0.19
.87
oat
0.62
0.42
oesa
0.81
064
1861
010
028
0.82
1.48
047
77
1.08
0.79
1.08
114
0.05
060
on.ca
04g
80
0.09
104
1.04
119
0.51
no7
114
103
a.08
073
020
103
oos
0186
109
2z
(0]
0.14
019
100
157
100
040
049
(-]
0.09
077
[
00s
1.21
100
012
9az
1.00

Copacity

483125
842,112
882,027
797,734
493,423
645,487
683,898
628,733
511,303

1,015,268
791.981
853,006
885,171
734799
563.600
567.801
fecadetad

1,100,941
298,154
70.591
345708
681,083
842112
493,931

2.860.755

1,893,158
671.920
637,994
716,992
730,014
284.797
018227
484.334
630,467
842,112
399,962
852727
397,880
068,503
495,178
345.928
720372
$EH.288
647.209
643,085
870,834
883,322
707,370

2,613,450
812281
848,788
769.617
520,980
433,474
852126
643184
867,836
794.831
665,857
484,705

1272709
542,112

2.865.138

736673
570,254
493,532
1,149,784
740,n28
1,622,178
842,132
1,076,853
493932
641,234
1,084,832

1,327,840
494706
532.428
708.784
672377
367 798
842,112
884,582
713847
250154

717,503

Upatoam

Excosa Ful % Secion AvgPipe  Crown
Copnclly  Towl Flow Capacity  Ske Covar Elov
(apd) W
474,467 8,658 8%  Bich 545 164.78
830715 11.397 18% 8inch 409 178.70
850,279 11.748 18%  8kch az7 15109
783,668 14,089 18% Binch 7.94 18370
484,764 8,859 1.8% Binch a5 183.36
634,206 11201 17% Binch 739 17471
872152 11,745 1.7% 8nch 8.69 17170
618,114 10,619 1.7% 8inch 819 16252
502.658 8845 17% 8lnch 5.64 160.52
998,630 18,6808 1.8% 8inch 867 17057
779.104 12877 1.8% 8inch 583 175.10
842,531 10.585 16%  Binch 7.38 168.69
874.118 11,053 16%  8inch LRE] 15382
722,947 11,852 1.6% Binch 928 189.47
554,037 8,963 1.6% Binch 653 177 88
558.850 8852 1.8% 8inch 473 17676
w1988 6,088 1.8% Binch 772 17934
1,084,157 18,782 16%  10inch 1082 14855
293,833 4.521 15%  Bich 1237 10825
788275 11.718 1.5%  Binch 726 17524
340517 5,189 15%  Binch 913 169.23
670.891 10,071 15% Blnch 740 150.59
832,621 9,481 1.5%  Sinch 7.90 177.73
488,722 7,210 16%  8hmch 1887 14765
2622242 38513 14%  1Binch 999 149.56
1885827 2733 14%  12inch 598 18128
862.267 8,653 14% 8inch 735 155
628,887 8.107 14% 8inch 10.62 170.08
708,784 10228 14% 8inch 7.00 16374
719.630 10,384 14% 8inch 876 185.41
200.758 4041 14%  Ginch 7.89 17358
804.677 11,550 14% Binch 499 157.72
487,358 0.078 14%  flch 1238 15976
621,599 8,888 1.4% Blnch 732 189.77
833,109 9.002 Binch 588 18245
304,257 §.605 @inch 7.88 163,43
643,684 9,062 Binch 809 17313
392,378 5484 8inch LF-] 10533
955.411 13093 8inch 819 18305
488,497 6.680 8inch 791 16821
341.270 4857 8inch 8.17 17528
710,858 9.515 Binch 777 17020
948,888 12,802 8inch 782 162.85
638,713 8,497 8inch 893 166,08
834755 8.330 8linch 828 17393
662231 8,803 8inch 734 175.20
874,593 8.728 8nch 833 150.93
858,449 8,921 8inch 307 154.43
2481817 31638 t5inch 1116 150.7%
810513 2.7869 Sinch 720 15685
640,712 8.077 8lnch 51 158.03
760,073 9,544 8inch 37w 157.89
§22.425 6,555 8inch 821 177.23
487.005 8109 8inch 481 189
841,847 10,483 Dich 417 155,52
835,400 7785 &inch 1023 17387
659,848 7.990 8inch 32 154.47
785,355 9478 8inch a.48 15868
559,120 6737 8inch 520 178,08
488,827 6.877 8inch 1553 {6580
1257018 15089 Slnch B4 15485
634,524 7.588 8lnch a0 179.28
2831453 30,685 15inch 1164 14999
798,338 9,432 Binch 758 18871
728,308 8268 8inch (37 185.01
870,723 7,021 Binch 842 151.47
488,387 5.545 8 inch 589 188.08
1137085 12,689 sinch 871 17261
732,678 8,169 8inch 1471 14299
1505626 18,648 8inch 851 154 10
835,173 6539 ainch 1094 169.09
1085309 11,544 8inch 1227 18809
488,649 5283 Binch 1084 15868
634,408 8828 ainch 1273 14842
1.073,300 11,532 8lnch 728 14997
620,538 6,405 ®inch 648 VT
1,314,254 13,586 8inch 867 16413
489718 4987 ginch 842 17281
527.075 5.353 8inch 6.28 173.38
781.837 7.920 6 lnch 1010 18878
665.706 8.671 8inch 384 158.64
364164 3834 8inch 599 168.30
635,767 6344 8lnch 849 158 85
858,405 8,176 8inch 852 15675
707.197 6.750 8inch 963 17077
295248 2.808 8lnch 629 177.26
a02.298 781 8inch B9 168 43
711,181 8,741 8linch 395 154 43

Downtream
Crown Elev

163.08
7811
15001
15299

17538

154 10
17872
14831

16276
160.17
167 42
188.67
14917
16147
189,49
164,58
168.44
147 89
147.07
17883
158.83
17129
173.27
158.22
157 89
18532
157 97
155 80
163.97
176 88
159 %0
153.48

Upstroam

Ground  Dorwmt tream

Elev
]
170.18
18200
155.30
181.19
187 00
178 es
179.70
171.90
16773
178.10
181.18
174.28
157.7¢
176.10
184.01
180 80
187.00
159.78
18200
183.00
17883
167.7
188 00
188.00
159 40
185 00
163 50
183.00
17095
168502
180.80
16258
176.00
177 40
185.00
170.80
178.20
171.20
188.00
170.29
181.00
177.10
170.37
171.88
178.70
17828
157.55
167.39
181 50
7B
161.60
161.58
183.40
188.00
16829
183 00
15723
18389
180 85
185.00
18264
182.00
181.60
17523
17124
157.85
172.00
180.40
174.07
163,08
184 00
18070
181,00
184 00
15883
18478
17168
178 92
17920
17320
162.62
171 80
17100
184.21
18300
185.00
17520
158,18

Grouns! Elev
n
183.68
183,00
15434
181.37
18580
18400
17950
185.20
1843
178 20
178.34
17338
157.70
178.73
184.10
180.05
187.20
158.05
17500
180.41
177.80
156.41
185.00
18150
150,67
188.00
161.19
177.00
16881
18254
181.60
16232
168,05
17560
17000
188,80
179.00
170.40
188.00
175.18
180,80
178.10
16870
17313
180.40
18400
167.10
157.71
16160
1742
163.40
18100
183 50
180.70
180.38
184.00
152.74
165.38
181.10
176.50
163.08
18200
160.88
17266
17037
158.59
175.16
178.20
164.50
156 50
177.00
1785
177.40
157 58
15528
182,84
184.74
177.85
180.00
172.00
161.58
17180
185 00
18538
176.00
18170
171.00
157.70

Upstreem

1y
5.40
30
an
749
364
414

7

Downztrenm
Cover Dopl
w g

550 0.08
am 008
43 0,08
238 ©.07
14 0.08
084 008
.37 0.0e
7.40 0.08
4ec8 o.08
as1 007
817 aoe
7.15 008
4% Dos
.2 oos
773 0.08
581 008
7 008
10.43 007
2.00 005
8.74 008
885 008
782 008
7.5 008
15.59 vos
10.16 oes
LE-] 0.08
745 008
831 008
e84 0.08
7.89 co8
B54 0.04
5.13 0.08
052 008
7.01 oo
a coe
8.35 005
™ 005
0.58 0.04
782 0.08
174 oos
858 004
883 .05
7.7 0.08
8.07 0.06
7.7 005
10.5¢ 005
722 0.05
478 0.05
11.81 0.10
97 005
sed 005
J8 005
875 0.05
1261 008
658 o008
133 0os
a2 0es
.58 Q05
574 aos
1182 0.05
858 ooz
pX-] 005
11.67 0.10
683 005
78 005
818 oos
774 ocs
9.63 008
533 0.05
40 oo7
7.57 005
AAR--3 008
L3 0.05
ea7 00s
819 oos
801 005
581 008
8.52 005
a3 aos
13.78 005
arn 005
848 004
703 005
.58 co0s
7.03 cos
484 oo3
11.10 .05
424 005

Awrege  Sutchwege Surcharge
th In Depth Out  Veleeity
h

109

Up
h
.60
Deo
-060
-0.60
-0.61
ot
081
0.4
Q81
058
-0.60
o8t
0.8
061
081
0.6t
-0.81
-0.76
-045
-o8t
081

-0.81
081
081
-0.58
059
o6l
058
004
B
040
-0.58
-0.80
081
-0.80
081
058
.63
-0.69
022
081
-0.50
057
-0.81
042
0,80
-0.81
060
044
-0.81
-0.80
-a.38
-0.59
-0.58
-0.59
057
044
-0.60
0.4
081
-0.44
0.0
-a.61
08t
-0.58
0.60
081
-0.60
061
-118
021
-0.59
=031
0.58
061
-0.52
-0.62
082
-0.62
-0.59
-0.40
-0.58
062
-0.59
-0.60
~0.50
062
044
a4
-0.62
.62
055
-0.40
055
062
062
-0.62
053
-0.81
058
018
061
-045
027
082
-082
028
-0.07
-0.82

5.40
3%
a1
7.49
364
414
800
8.98
72
B.53
s08
71.57
392
883
813
a4
7.68
1121
16.78
778
9.60
718
827
1835
9.84
374
721
1282
721
11~
224
484
1524
7.63
E3-
77
5.07
587
485
a0s
574
asa
752
578
477
408
862
296
1071
84
357
37
587
16.61
27
212
278
733
a8s
19,14
7.89
274
11,61
8.52
822
s4
82
17
24.08
LX)
1431
120
1232
15.68
856
695
7583
831
$82
a42
368
5.50
1235
7.48
1223
774
877
373

478
861
9.42
782
9.13
ees
8.18
453
924
874
445
827
11.97
18.20
337
1021
778
8.88
18.98
10.88
4088
782
1353
7.82
1023
770
6.45
15,85
824
218
782
569
8.33
555
8839
8.20
782
813
840
5.39
470
724
as8
11.88
705
4.19
4R
a3
1723
264
.75
338
7.95
5.48
18.76
B0
238
12.78
8.14
8.05
710
454
8.40
24.70
9.58
{281
B2
1293
1620
797
757
8.14
653
844
887
4.60
5.96
1287
8.08
12.85
L)
Tz
435

0.03
003
003
0.03
0.03
0.03
003
0.03
003
004
0.0
0.03
003
0.03
003
o
0.03
0.04
003
[ Ae<]
o.0a
003
0.03
00
0.08
0.05
03
003
003
003
2]
oc3
0.03
0.0
003
0.03
0.03
o.ca
0.04
003
0.03
0.03
0.04
LX)
0.03
003
003
002
aoe
0.03
003
0.03
002
0.03
0.04
0.03
0.03
0.03
0.03
003
0.04
0.03
0.08
003
0.03
0.03
0.03
0.04
0.03
0.04
0.0
0.04
003
0.03
ot
003
0.04
0.03
oa3
0.03
0.03
Qa3
00
0.02
0.ca
0.0
0.03
00y

Tast
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Upstoan

Conztucted  HGL HGL  Volocity Valocity Excess Ful % Soction  AwgPipe  Ciown
Lol Stope Siopo  Rnnkings  In Out Capncity  Copecly  Total Fkow Capachy  Sizo Cover Elav
(ipa) fpa} (gpd) (ged) (gpd) )

P-565 00045 00045 H 673 05 523755  518.839 4918 05%  Binch 492 5281
50548 00055 00055 [ o8z 0.47 350606  347.325 2281 D% Binch en 109,84
P592 00087 0.0047 i} 097 100 695945 690,435 es10 09%  Binch 508 178.02
50498 00040 0004} IH 089 080 496379 491.768 w622 08%  Binch s 183.99
50817 00040 D004 DH 089 087 840847 634,988 5.961 08%  Binch 1651 14954
26614 ooorz ooqrz H 052 0.97 81,009 654877 0.132 00%  Binch a8 tssa2
36564 oo1é8 00140 H 1.14 010 1235698 1225279  11.419 0%  8inch 750 163.99
36837 00033 0.0040 IH o8 07 430441 485875 4488 09%  8inch 7.7 181.86
50487 00033 00034 H oaf 025 582744  E77.467 5277 09%  Binch 8.05 1752
38468 00040 00040 H ong 088 642108 628313 £795 9%  Sinch 510 17354
50678 00091 0.0091 H 1.08 088 969,857 981,128 8729 09%  8inch 574 160 12
36441 00013 00033 IH 094 047 1064782 1055238 .55 9% foinch  B11 185.90
50661 00031 0.0032 4 060 087 48047 434,140 307 08%  Binch 7.58 185.14
P.g41 Q0075 00475 " 104 121 880757 872947 7810 09%  Bineh a2 y7e21
P81 00040 0.0040 oH o008 056 841234 625,000 5.834 08%  B8inch 1480 17044
p.d37 0oo3g  0.0019 H 087 0.53 837,134 831552 5.562 09%  Binch 435 15211
50694 00049 00049 H 097 079 711178 705016 0,163 08%  Binch 691 157.54
36585 oolot 0o H 108 035 102022 1011480  BA0Z 08%  Binch (X 185.64
P-637 00083 0.0063 HH 100 108 805844  708.987 6857 09%  8inch 258 185.01
36452 00040 0.0040 H 087 088 492932 489732 4189 0% Binch LR 188.92
50529 00081 0.0060 H 085 038 388972 383856 ang 08%  Binch 774 17423
P-§02 DOO4D 0003 OH 0.87 051 842112 836,680 5431 0%  8inch 1008 17544
264544 00047  0.0044 H 034 0.33 697.178 691,318 5858 08%  Binch 834 185.43
P.574 00060 00080 H 100 1.08 786423 779.678 8547 08%  Binch 533 155.13
P.584 00043 0.0043 H 069 oes 509,688 505454 4231 8%  &inch 582 15127
36507 00027 00000 H 008 007 1565823 1532791 12831 08%  12Inch 307 157.45
50597 00059 00058 H 084 041 383515 360,503 2012 08%  8inch 5.90 188,10
P-584 00049 0.0049 IH 036 096 711484 705,577 5.887 08% Binch 593 17797
306851 0005¢ 00050 U3 038 088 TIBg14 7906 5919 08%  8lnch 765 15756
P-501 Q0055 00051 H 078 013 581248 576,447 4201 06%  Binch sa7 147.37
20575 00055 00053 H 097  'o0z0 751310 745.144 6165 08%  8inch 8.38 157.85
50561 00047 00047 H o077 070 322289 320855 2628 08%  6Ginch 858 17128
50558 00040 0.0040 ] 086 039 643465  629.234 5231 08%  Binch 545 158,18
50435 00045 0.0045 H 091 062 882571 877.033 s5a7 08%  8inch 671 170.21
50549 00083 00079 H oos Q.17 428765 420911 2454 06%  Blnch 808 17354
36560 00180 00173 H 096 aos 613179 628131 5047 08%  Sich 783 185 60
50448 00044 00043 H 0950 028 675850  670.488 5.389 08%  8inch 872 17307
s0642 00040 0.0040 DH 065 084 453614 489743 a8 08%  8inch 1495 18133
26521 00040 0.0040 HH o84 08 s2112 8777 4935 08%  8inch 227 18299
P-560 00040 Q0040 H 0.65 05 494839 490853 3780 oY% Sinch 422 13440
50830 00115 00115 H 0.50 053 505920 502.008 3087 08%  8inch 581 17128
50465 00177 00178 IH 112 051 1,349,034 1338845 10,190 08%  8inch 772 167.20
sce7a Q0048 00048 DH 050 084 6oas27 883738 5,189 08%  8inch 1082 15631
P-581 00038 00038 H 062 085 478248 474889 3579 1%  8inch 855 15238
50580 00072 0.0069 H op4 012 400753 297.760 2893 07%  Binch 8.04 159 68
P.498 00007 00067 H ora 0gg 384915 382059 2858 07%  8inch 7e9 173.88
P-673 00034 00034 H oe 0.09 590,762 SBE.A4S 4018 07%  8inch 462 155.78
50472 00184 00153 tH 109 Q08 1789936 1290574 8420 7%  Binch 7.64 18299
36428 00535  0.0504 1H 128 112 2475882 2458050 17,610 07%  8lnch 528 15519
50579 00342 00317 DH 118 035 1878402 1865188 13215 07%  Binch 1083 15817
50583 00040 00040 H 062 0.83 842112 637,669 a2 07%  B8inch 8.30 17422
S0455 00047 0.0046 H 088 0585 852,337 587,588 4769 0% 8inch 563 171.33
P-569 00035 00039 H 081 0.89 635340 830,990 4351 07%  8kxch 7.18 1687.51
50698 0.0048 0.0047 H 0.89 0.52 702,124 697,335 4,789 0.7% Binch 664 15191
36562 00352 0.0348 H 118 032 1904457 1801494 12969 0.7%  8inch 915 14087
5093 opozs  Doo2a H 074 0.34 e10.471 013,288 2203 07%  10inch 4563 180,59
36593 0.0247 0.0243 H 1.12 029 1,594,438 1,583,775 10,881 0.7% Binch B850 148.32
50613 0.0044 0.0044 H oes 053 875.553 671.060 4483 0.7% 8lnch 7.08 18868
P-630 00040  0.0038 ] 08§ 0 €42112 637863 4243 0%  8inch 839 1785
50806 00040 00016 DH o8t 0,03 842112 837.865 4248 07%  B8inch 1114 17024
36647 00040 00039 DH 0.2 027 493972 490726 3,208 08%  Olnch 1165 18263
36431 0.0595 0.0595 H 125 117 2478818 2460572 16,048 08% 8inch 5.97 18802
P-g0a 20012 0.0013 i3 0.44 07s 353470 351,088 2283 0.8% 8inch 838 176.2%
50558 0.0041 0.0041 H oat 051 850.341 646,152 4189 0.8% 8inch 22 158.70
50594 00045 D004 H oas 052 satces  677.323 4381 06%  Binch 627 15258
38455 00051 0.0048 H 0.89 a9 2878 718.318 4,560 0.8% 8inch 82 17074
P-613 00053 00053 H 091 091 737767 723,116 4851 06%  Binch 509 176.83
50851 opoa0 00040 H 081 051 492,517 430,439 2079 08%  Binch 881 18277
36447 00287 0.0248 I 11 055 1596810 1586910  0.089 08%  8inch ass 189.08
P-542 00040 0.0040 H 079 087 63%08  &9a3] 1978 06%  8bxh 284 15615
50554 00059 00058 H 079 03 362538 380298 2.238 06%  Binch 855 18255
50483 00059 00053 H 002 a.98 780287 775470 4817 06%  Bich 7.88 184.18
P-§10 00055  0.0055 H 091 0.92 750768 746.135 463 08%  Binch 494 176 58
50531 00098 0.0088 H 081 100 481282 458457 2825 06%  Sinch 7.0 184,90
50511 00148 00145 H oen Q.10 573,973 589,007 a.468 o6 8 Inch LY 176 .44
50555 00191 00177 H 1.06 004 1402213 1393748 8465 06%  Bnch 863 161.62
50508 0o110 0.0109 H 0.99 067 1,062,516 1,056,159 8357 0.6% 8inch 718 151.08
0572 00030 00028 " 0867 v4m 552842 549.355 a.287 06%  Binch 810 169.01
50683 00046 00046 H 083 04s e89.345 885311 4038 D8%  Bich 528 157.25
ace30 00040 0.0040 ot 080 v 492822 491088 2078 0.6%  Binch $.90 18262
P-520 0006s 0 008S H 091 (3] 621526 516774 4783 06%  flnch 7.0 17238
50624 00052 00051 i o 0.38 730780 72685%4 27 06%  Binch 7.34 165.62
P.605 Qoois 0008 H 084 0.80 701008 694.558 4,050 06%  Binch 6.29 178 48
P.649 00051 00051 H 087 074 726015 721.820 4185 08%  Binch 857 178.81
36504 00123 00122 H oe4 042 523213 520202 3011 08%  8inch &.10 187,32
RS78 00027 00027 " 083 L% 626123 525155 2988 08%  B8linch 3.04 158,13
P.535 00080 00080 H 0.90 094 787870 783.451 4418 06%  8inch 8.10 173 68
50503 00040 00040 OH 0.76 085 642,112 838527 3585 06%  8inch 1161 17199

Downtream  Ground Ok

Crown Elov

151.87
18843
176.30
18338
148.44
183.97
169.42
181.58
17438
173.00
157.72
185.01
184,88
177.75
189.71
151.00
154.75

155.02

1e1.88
171.84
164 33
175.23
17526
185 a7
15521
172 59
170 79

Upstieam
Upstrasm
Elev  Qround Blev Corer Cowor
Gy o {

15825 15827 334 8.40
17540 17520 548 a7
12260 181.1 458 563
173.00 167.30 9.01 382
187.00 184.00 1748 16.50
17284 17003 822 so8
170.40 16820 641 858
170.00 169.00 814 742
180 50 180.00 ca7 842
17888 177.85 634 485
168.7¢ 16258 664 484
17244 174.70 8.54 0.9
175.00 170.18 9808 5.30
187 00 188,00 779 825
186 00 184.00 16.50 142
156 60 155.90 449 421
163.90 16421 6.38 748
172.00 163.20 6.8 7.58
184.00 18a.ca 099 L8-<]
177.52 1709 8.60 8.05
180,80 18100 847 900
185.00 185.00 988 1026
17245 17470 802 .85
160,69 180.01 558 521
150.40 158,69 513 611
18100 160.00 385 259
173.80 17320 5.50 042
182,60 183.00 48 183
185.52 18389 7.98 733
15627 156.07 7% 583
16520 185.10 7.35 L2l
17775 te gl 047 LE]
16244 183.42 425 864
178.35 17835 0.14 17
178.80 179.20 s28 0.89
17210 168,00 850 875
17880 179.84 583 7.80
176.00 175.00 1467 1522
165.00 165.00 201 253
16000 15822 £51 213
17660 17280 5.4 sea
175.40 17094 7.54 7.50
180.23 168.40 992 172
150.08 15827 870 840
185.75 167.80 800 .98
178.45 184.00 457 10.80
159.84 180.60 a8 538
170.02 168.00 003 924
160 60 158.00 531 521
168.50 163 40 10.73 112
185.00 179.20 1078 582
175.80 177.10 447 890
175.50 17328 799 833
158.00 157.17 803 7.18
157.10 154,60 L= 1228
172.00 174.00 41 585
158.20 154.30 7.8 1nn
175.00 171.86 834 578
184.00 185.00 5.48 7.9
12128 1812¢ 1102 128
175.00 173.0C 12.17 113
17265 160.5¢ 6.83 531
18508 184.1¢ BT 7.9
16258 181.6C 288 357
158.50 167.55 582 662
17370 17950 898 9.49
181,08 181.18 ax 6.95
172.00 169.00 1023 742
178.35 174.70 127 085
150.88 167.09 251 278
168.20 168.50 5.65 7.45
17204 170.94 788 7.90
120.78 178.85 20 408
171.40 171.70 850 7.70
182.00 182,00 558 0.00
16890 185.00 728 3]
157.55 15620 847 7es
17532 174,08 6.31 5.89
160.59 183,10 3 721
172.00 170 00 10.48 812
179.88 180.38 27 852
172.97 171.88 7.35 733
181.09 181.18 48 595
186.00 183 00 939 774
17300 17200 sar 653
169,38 158.05 3z 284
18281 179.68 9.13 r.07
18300 183.00 11.01 1221

Depth In

Dopth Out

fverage Surcharge Surchorge
Valogity Up

073
osr

Down  Cover Up

Cover  Freaboars
Cown up
u

0.40 408
8.77 63
5.53 520
e 5.8
1558 18.08
a50 X
858 7.02
742 arnr
c42 830
485 597
484 726
(X 731
5% 10.48
825 841
1429 16.19
421 512
7.48 859
758 8.98
493 1.81
805 9
.00 8.84
1026 10.48
9.5 B85
&21 819
81 5.78
258 419
8.42 5.87
2 528
7.3 a.59
9.83 B53
9.41 798
689 8.94
8.84 488
727 8.77
LR 572
a.75 836
7.80 e28
1522 16.30
25 28
13 6.14
5.88 .60
7.90 8.15
1y 1055
8.40 7.3
9.99 8.56
10.80 504
538 51
24 8.65
6821 591
112 11.34
s82 1141
8.90 5.10
833 862
7.18 072
1228 7.04
5.85 18
ot 849
678 ag?
129 6.11
nze 1164
11.13 12.80
531 1
78 9.42
as7 as1
o682 855
9.49 959
585 488
742 1088
.85 7.88
278 214
7.45 812
7.0 8.40
408 48
770 (X4
806 6.02
ase 7.80
788 7.10
5.89 804
7.21 97
812 11
852 780
7.3 798
595 528
7.4 t0.02
.53 8.14
284 388
7.07 9.78
221 11.64

d Freoboard
Down @M a Dla Tost
(0 (1
703 0.00 0,063 067 a
722 .01 [X] 050 a
616 0.00 003 087 [
425 0.00 003 087 [
16.19 0.00 0x [X] °
7.81 0.00 0.03 087 o
852 0.09 0.04 0.87 0
805 0.00 0.03 087 0
899 02 003 o.67 0
548 000 0@ 087 0
545 Qoo 0.03 0.67 o
104 001 004 o8 ]
594 001 003 a8y [
n.en 000 003 0.67 o
1482 000 0,03 0,87 0
<82 0,01 o.ca oar 0
a.08 0.00 003 087 0
812 ©0.01 003 0.87 0
555 0.00 0.03 087 [
868 0.00 0.63 067 0
9.4 001 00 0.50 °
10.87 -0.02 0.0 067 0
1043 004 0.03 057 0
5.84 0o ana 08?7 °
874 0.00 o 087 a
a1 027 0.05 1.00 [
0.87 001 003 050 [
788 000 003 0&7 [
7.95 -0.01 00 0.67 [
10.35 -008 0.03 0.67 [}
995 0.02 o0 0.67 [
7.18 0.00 003 050 [
724 001 003 067 o
7.88 -0.01 002 0.67 0
728 -0.05 003 050 [}
252 oce 003 050 0
ax 002 003 0.67 [
15.85 0.00 0.03 067 [
318 o0 o0 0.87 o
378 0.00 0.03 087 o
033 <01 003 0.50 °
847 -0.01 004 0.7 0
1235 o0 083 087 o
7.04 0.01 003 087 0
10.38 -0.04 0.03 0.50 °
na 0.00 003 0.50 o
s 0.00 003 oe7 [
9.58 -0.11 0.04 0.67 3
580 0.0 0.04 067 0
184 933 0.04 oa7 ]
544 0.00 003 0.67 °
7.52 .01 0.03 0.67 ]
698 0.00 003 0.67 4
7.79 001 a0 087 ]
1277 00 004 087 [
840 001 004 o83 o
1183 004 004 ae7 °
840 -0.01 a0l o€T o
7.87 -0.03 0.03 087 0
174 025 1) 067 °
173 001 003 067 a
591 o 0.04 0.87 o
857 001 0.03 067 0
419 0.00 002 057 0
724 0.00 0.0 0.57 [
1005 005 003 067 [
853 0.00 003 087 o
805 0.00 0.03 0.67 o
1049 Q02 ane 087 )
229 0.00 003 067 [
790 -0.01 oa 050 °
853 0.00 00 057 °
an 000 003 067 [
8.17 0.00 003 0.50 0
n.A0 004 o0a 050 0
1010 Q.4 004 os7 o
8.43 0.0 0.03 067 0
051 001 003 087 o
7.82 001 003 087 0
a.7s 0,00 003 067 °
9.15 0,00 0.03 0.67 [
794 001 0.03 o7 o
658 000 0.03 067 [
037 0.00 0.03 0.67 o
6.98 -0.01 0.03 0.50 °
348 000 0.03 0.67 [
7.10 6.00 0.03 0.87 o
12.85 0.00 00 087 0
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Conatiucted  HGL HGL  velocly  Vaiocity Excess Full £ Secton  Avg Pipe p&—wvm Downr Ugmm [ Upstoern D Avwrage Surchargs Surchorge Cowar  Freebourd Froobonmrd
Lobal Stopn Slopn  Amnkings  In Out Copaclty  Copacity TolelFlow Capocity  Size Covor Elev  CrownElev  Elv  Ground Eley Caver Cave Dopthin Dopth Out Velocity  Up Down CoverUp  Down Up Dawn ™ a Din Tost
p3] U (@ 1y uyl ] ) I ) i ) ) (L
§0622  00OS0  0.00%0 ) 0.85 0.88 3957 06%  8inch 875 68.44 168.62 172.84 602 0.04 0.04 0.85 T 7 6.02 813 6.65 000 [ 0.87 o
50014 00144 00141 H 1.00 0.25 8881 05%  Binch 684 183 58 160.15 169.00 168.01 541 588 aaqs oz 144 55 sa1 5.8 803 641 0,03 003 0.67 °
50426 0.0035 0.0035 H 083 059 6,001 0.5% 0inch 7.85 166,68 185.90 175.82 17244 9.18 8.54 0.04 0.08 0.83 078 9.18 654 5.85 7.31 -0.01 0.04 083 [
20816 0028 00255 H 1.08 oce 9,08 O5%  8lneb 1011 17031 181.27 176 80 176.20 6.49 1273 005 044 158 02 a4 1373 711 1398 0 0.04 08?7 o
50576 00148 00145 H 084 032 3080 05%  8lnch 1007 18185 168.00 170,50 162.20 v2s 10.00 0.03 006 123 -0.a4 926 10.50 0.72 1134 -001 o0z 0.50 °
s0S00 0027 DOvZd H 06y o118 283 05%  Sinch 654 177.%0 175 18 18280 18278 5.50 757 003 008 114 041 550 757 507 708 .01 o0a 0.50 0
50625 00044  0.0044 ™ 079 ogs asnz 05%  Binch 847 188 37 185 21 17327 17124 600 803 am (Y] o7e .83 050 8.00 7.54 ser 0.00 0.03 o687 3
P-500 Q0041 0.0041 [ Q78 oes 3,482 05%  Binch 388 151.78 15129 185.50 155.30 an 401 0.09 003 078 0483 a7 401 438 485 0,00 a.03 0.67 [
50595 00040  0.0040 H 077 052 1372 0.5%  B8inch 548 152.51 151.08 157.00 157.58 440 847 0.09 0.04 0.7 062 440 847 5.13 7.10 aoa oo3 067 °
P-671 coo76 00070 HH 091 1.08 4834 05%  Binch ass 189.34 16801 17347 17258 139 an 004 003 1.06 063 183 487 2.48 551 0.00 0.03 067 [
50428 0008 00069 ] 077 084 33s0 05%  8tch 5.00 168.77 168.10 174.87 172.00 6.10 3% 003 0.03 077 06 810 290 074 54 0.00 0.03 087 °
s0587 00087 00065 H 075 038 2,009 0.5%  8lch 6.08 185,85 18529 17220 17120 625 sar L) LL7 082 -0.48 825 5.87 672 83 002 003 050 [’
P614 00060  0.0060 H oes 094 4102 05%  8inch 353 180.67 179.28 185.00 18200 433 272 004 0.03 0.94 o6 43 272 498 235 0.00 0.03 0.87 ]
50592 00210 0.0200 H 089 004 2,557 05%  Binch 9.15 167.50 162.19 17300 175.00 550 1281 o 031 144 919 £50 128t 598 12200 011 003 0.50 [
P-555 0.0041 00041 HH 078 082 aaw 05%  Binch 242 15497 154.57 157.14 167.23 217 268 0.0 003 0.78 063 217 208 281 3l 0.00 003 0,67 o
P-579 00032 00032 H 079 0.91 6.345 Q5%  10lch 21§ 155.91 155.7 169.53 158.05 ae2 288 004 0.04 079 079 ae2 268 441 347 0.00 0.04 oa3 [
50572 00048 0.0047 ] 083 0.40 €93 3587 05%  Binch 7.00 170 58 18977 177.10 17740 852 783 ot ooe 1.5] 081 652 7.6 7.18 824 ©0.01 a0y 0.e7 0
50542 0008 60183 H o8e 003 675809 672,383 3.428 0S%  Sinch 721 18584 15875 17200 167.00 a8 825 0o 0.48 1.41 . 004 818 825 883 828 -0.12 003 0.50 [
36646 00032 00032 OH 0.78 038 1046912 1041844 5268 0.5%  10inch 1084 14975 148,55 160.22 159.78 1047 121 004 0.07 078 <79 Qs 1047 2t 128 e 0.01 0.04 083 [
50686 00084 00083 H a7 043 624636 621504 LRE-) 5%  Binch 56 18355 16308 169.48 16868 651 5.50 003 005 07 0.83 062 551 5.60 6.15 8.12 0.0t 0.03 oe? [
P-496 00034 00034 H 089 aez 595544 592561 2983 05%  8inch 443 15253 15221 157.10 158.60 a5 439 0.03 oca 0.89 083 084 as7 439 821 5.0 0.00 003 (1] o
50403 00057 00056 H 086 044 769,139 765359 3780 05%  8inch 9.12 18737 18871 1708 17623 Lhr 852 0.03 0,05 089 -0.83 061 9.72 852 1038 9.14 -0.02 0.09 0.87 0
38502 0.00%1 ©.0030 ) 0.5 0.39 584038  561.288 2750 05%  Binch 408 158.09 158.64 163.02 16262 a1 398 0m 005 085 .63 082 413 398 an 480 -0.02 003 a6? [
50612 Q0045 00044 H 079 039 683,423 680,052 3331 0.5% 8inch 758 166.68 166.08 178.00 17188 .34 6.78 003 oos o3 83 081 .34 578 3.98 6.40 -0.02 0.03 os? 0
P-585 00051 Q0051 “ 043 0.85 726307 721979 3528 05%  Binch 451 179.38 178 08 18247 184.01 30w 5.93 0.03 003 0.89 0.3 0,63 209 593 a7 857 000 o0z 067 [
50559 00187 00188 H 0.4 0.38 644102 841.081 2,091 05%  @inch 6.0 16832 16382 174.65 170 40 e 6.58 003 0.08 1.3t 047 0.44 623 858 a70 T8 001 002 050 [
P.670 00040 00040 ] 073 082 2112 639079 3033 0S%  8kch 023 16877 18785 182.00 174.08 “un 623 003 0.03 a7 089 084 142 823 1487 687 0.00 0.0 ae7 °
50691 00029 0.0038 H 073 0.54 634,858 631,895 2973 05% 8inch Ses 16275 162.14 163.08 188.58 531 844 0.0 004 073 €83 083 531 6.44 5.85 7.07 0.00 0.03 087 Q
50669 00195 00195 H 1.00 050 1418288 1411712 6574 05%  Binch 8,98 153,62 14829 18020 159.78 ss8 147 005 007 1.83 082 .59 658 11.97 7.20 187 01 0.04 0.87 ]
53624 o0Ke  0.0000 o 005 005 4893480 4671834 21,648 05%  24inch 1248 152068 152.81 188.00 16423 13.34 11.62 0.50 055 059 -150 -145 1334 1162 1484 1307 006 0.10 200 [
P57t 00208 00208 IH 1.00 164 1,457,354 1450670  6.884 05%  8inch 8.80 168.77 163.68 174.68 176.38 589 1.70 0.05 0o 15¢ R -] 083 s89 170 5 124 001 0.04 0.67 [
P-584 00039 00018 HH 07t 00 633631 30840 2891 05%  8inch 313 15471 15427 158.54 158.70 1.83 443 0.03 0.30 0.71 o83 037 183 443 247 480 024 0.03 0.67 o
50599 00045 0.0048 H 068 0.28 31,089 329,591 1.507 05%  Sinch 7a1 158.41 157.68 165.50 165.20 7.09 752 002 0.04 068 048 048 7.09 7.62 757 780 .01 o3 0.60 °
50453 00311 8.0301 H 1.08 008 1709022 1780608  6.124 05%  Binch a1 169,19 18121 17442 172.40 823 Mg 0.05 031 200 062 038 sz nig 685 1185 010 004 0.87 4
P4a 0O2IS 0074 HH 103 185 1633331 1675888  7.642 05%  8inch 433 183.68 178.67 185.00 184,00 132 733 005 003 169 082 -0.83 1.32 733 1.94 797 001 0.04 0.87 ]
50507 00043 00042 H a74 038 661874 658874 2.000 05%  Binch 638 17167 17091 177.90 176.60 (2] 8.49 00 008 014 0.8 0061 820 0.49 627 7.1 .01 003 0.87 o
50491 00040 0.0040 [ a1z oBd 842112 839208 2503 05%  Binch 8.60 16127 169.83 169.30 171.00 8.03 117 003 0.03 072 .83 -0.84 am 117 867 1,81 0.00 0.09 oar [
P-667 00118 00116 H 083 123 1085541 1,090593 4948 05%  Binch 557 189.81 168.11 17618 17288 837 a7y o004 003 1.23 0.3 083 637 arn 700 sd1 000 003 087 ]
50585 00062  0.0062 H 074 0.63 371068 369.3%4 1674 Sinch s28 16709 18555 171.40 17220 4 825 0.02 009 0.74 -0.48 047 Lx]] 825 479 872 000 0,03 050 0
50567 00042 00042 1H 0.74 0.5 050.35¢  656.400 2,054 Sinch 450 176.17 17383 179.40 178.7¢ a3 477 003 005 074 o83 081 423 41 487 539 -0.01 003 0.67 0
50408 00031 0.0029 OH 063 025 585589  S63.088 252 Sinch 1279 18854 165,09 181.50 180.7C 1296 1281 003 008 063 083 08 1258 1261 1900 2 Q02 c.0a 0.87 0
50488 00047 00045 = o7 o2 092627 809550 3.088 8inch 653 177.49 178.75 183,80 18350 LE]] ars 003 0.07 077 0.6 .59 631 875 0.95 735 003 003 067 0
50523 00040 00039 HH 07t 025 €42112 639,276 2838 . 8inch 243 15559 154 49 158 00 15894 043 4a5 003 0.08 071 ©.83 080 0.41 445 104 508 001 003 08?7 [
50615 00212 00211 H 100 184 1476523 1470010 6512 Q4% Qinch 738 15308 145 92 15022 157.50 ERE] 11.58 004 003 184 062 0.63 313 1158 are 1222 0.00 004 067 [
P61 00056  0.0056 H 084 0.84 768,847  755.509 32338 04%  Binch 9.83 17467 172.67 183.00 184.00 833 133 0.03 e 084 083 063 833 1133 897 187 0.00 003 067 a
50521 00040  0.0040 HH 071 ogo 239758 635982 am? 04%  Binch 1.79 183.40 18302 18500 1500 1.60 198 00 00 (X4l -063 064 180 1.88 224 262 0.00 003 0.67 °
50683 00040 00040 DH 055 D74 493932 491789 2142 04%  8inch 1135 18345 16285 174,00 175.00 1055 12,15 0.03 [1:<] 055 063 084 1055 1215 11 1278 0.00 0.03 087 0
P-638 00081 0.0061 HH oes 087 792949 789,514 3.435 Binch 058 185,62 185.09 185.00 186.00 018 087 1] 00 oa7 o6 L6 0.18 087 082 1.81 0.00 0.03 067 0
50445 00170 00165 H ags 018 1326981 1319238 ST 8inch 8.68 170.04 16877 177.68 177.10 re2 10.3 004 0.15 148 o2 052 762 0.3 825 1085 005 003 0.67 [
P-647 00108 00I08 I+ 091 115 1045282 1,040803 4479 8inch 9.57 177.53 17433 185,00 128.00 747 187 004 0.09 115 083 064 7.47 1.67 810 1231 008 203 0.87 °
50434 00040  0.0040 H as1 074 492832 491.801 2.101 8inch a7 169.43 16854 178.40 17752 857 858 003 003 054 -0.64 -0.84 897 858 9.60 .22 0.00 001 0.67 °
P.638 00041 0.0024 H 093 015 1907892 1899808 6,087 12inch 637 175.28 175.00 183.00 180.00 774 5.00 0.05 0.18 083 0.95 o8 7.74 5.00 889 584 0.18 005 1.00 o
P-843 0.0044 0.0042 HR 074 0.39 675,009 872147 2.856 8lnch 102 18429 183,63 185.00 18500 on 1. Qa2 o0 074 B0 0.82 on 1.32 135 1.94 -0.01 0.03 o087 o
50482 00040 Q0040 o) 054 028 452932 av1844 2,088 Binch 672 104 18 169.38 174.00 167 00 062 e 003 0.04 054 064 083 0.82 3.82 10.48 425 0.00 003 0.67 [
P.552 00078 00079 H 088 089 $01821 900,102 2818 8 inch 6.55 15267 15¢.37 159.49 157.65 (1] (=] 003 0.09 LS 063 084 682 s 748 892 .00 003 0.67 [
P-531 00067 0.0064 H 0.85 0.28 828 982 B25.474 3488 # inch 780 17371 172.05 18214 180.41 8.43 7.38 063 0.097 091 063 -0.60 843 738 .07 7.98 -004 0.03 067 Q
50546 00062 00091 H 075 0.1 451002 M9.117 1.888 8inch 8.21 188.68 165.60 17260 17210 592 650 003 0.04 088 047 048 592 850 638 €.96 -0.01 0.03 a5 [
P-597 00039 00039 H 069 a79 634339 631.690 2,848 8inch 628 787 17804 18458 JL7R ) 6.81 875 0.09 003 069 084 oed 581 675 645 7.39 0.00 0oz 087 0
50518 00050 0.0027 H 0.78 002 718,570 718.581 2.9%0 8inch 7.18 158,89 15581 184.00 183.00 mm 719 003 Q.54 078 0.84 -0.13 m 7.19 778 732 024 0.03 0.67 0
50564 00048 00045 H 075 030 885,742 686,879 2883 8 inch 7.13 18252 181.62 169.50 168.90 (2] 728 CL] 005 078 084 o 538 728 7.82 7.0 201 0.03 067 o
50685 00157 00158 H 094 Q63 1270462 1295289 5373 Binch 654 182.14 180.12 188 58 108.78 a4 604 004 008 1.38 -0.63 -0.61 ca4 8.84 707 728 001 0.03 087 [
50447 0.0270 0.0259 H 100 008 1,687,220 8,787 8inch 8.14 183.19 18207 175.48 174,05 8.9 11.88 005 0.33 1.60 -0.62 03 825 .08 891 jri-d 0.1 004 067 0
50826 00048 0.0048 IH 076 0.47 704,227 284 Q4% 8nch 737 183.38 182.87 17081 170.37 kg 7.50 0.063 0.04 078 -0.84 -0.62 2 7.50 7.87 813 0.01 0.03 0.67 ]
P-501 00041 00041 H 0.70 0.78 649,168 2617 0.4% B inch 6.34 177.57 176.83 18423 18284 .88 8.01 003 0.03 0.70 -0.64 084 688 801 730 885 0.00 003 087 L]
50539 00142 00135 H 092 005 1211555 4884 0.4%  8inch 833 170.67 18817 170.50 178.00 78 (X3 004 0.2 131 0.63 039 7.8 883 840 9.2 -0.08 0.09 0.67 [
5050 0018t 0oies " 031 0.08 651,538 2,808 04%  Blnch 732 175.70 17220 181.20 181,45 550 215 003 015 125 047 0.35 550 B.15 5.97 9.50 0.07 0.03 050 0
50456 00047 00047 H 074 048 694,443 2718 04%  Qinch 478 174.48 17317 178.40 178,80 as2 563 0.03 004 074 .64 062 32 581 458 820 v.00 o031 0.7 °
50610 01042 00990 H 10t 008 1521918 1515925 5891 4% Gineh 1023 18942 18473 177.60 177.00 8.18 1227 0.05 0.30 290 0.45 020 8.18 1227 863 12.47 055 003 0.50 [
50464 00126 00126 H 0.89 049 1,141,708 1137217 4482 04%  Binch a5y 1711 167.88 17674 175,40 563 7.54 0.04 0.08 122 063 -0 81 583 75¢ 028 LBH] 001 0.03 067 [
50547 00035 00038 H 0.67 0.48 631317 620675 2442 04%  Binch 765 17154 17067 17880 17850 728 783 003 004 0.67 .64 083 7.28 782 750 848 0.00 003 067 o
50695 00048 00DaB " 075 043 704766 702.057 2709 04%  B8inch 5.09 158.47 157.54 16229 189.90 382 636 003 0.04 078 084 <82 82 6.38 448 LL] .01 0.03 0.67 [
50471 0014 00133 H 0.89 052 1173094 1,188587  4.507 04%  Binch 6.05 188.54 163.98 17260 170,02 806 603 004 005 125 <83 a6t e 803 889 885 001 0.03 087 [
50460 00079 00077 H oes 019 893920  896.493 3,448 04%  Sinch 875 47273 169.87 178.50 177,80 577 77 0.03 oos 0.08 o8y 058 677 7.73 641 831 002 03 oer 0
50638 00037 00038 H 065 021 €19.307 618937 2371 0d%  8en 530 165.13 16433 168.40 171.68 327 73 003 0.08 068 084 080 3z 7.33 38t 7.94 Q02 003 as? e
50429 00058 00057 H 0.80 047 770180 767.250 2930 04%  Binch 721 18804 18543 17244 17345 8.40 802 003 004 0.82 -0.64 -0.62 8.40 a02 7.04 885 -0.01 0.03 0s7 [}
50477 00041 0.0030 DH 068 002 650538 648,114 2424 04%  B8inch 1264 18857 167 56 180.40 181,00 1183 13.44 003 0.32 069 084 035 11.83 13.44 1247 1379 012 003 0.87 0
50557 00039 00038 H a.88 026 e31.358  620.012 2.348 04%  Blnch 7.54 170.70 109.77 170.20 177.40 7.44 780 coa coe 006 o6 081 7.44 783 8.08 8.24 -0.01 003 067 [
50656 00040 0.0039 H 07 039 642,112 833802 2310 04%  8inch 7684 185.10 16478 175.00 170.18 990 538 0.03 004 0.67 084 062 090 538 1054 6.01 0.02 003 067 [
p.495 00097 00037 H o84 074 810,512 2,155 03%  Blneh w87 153.33 152.82 15820 157.10 487 447 0.9 0.03 084 084 084 487 447 551 51 000 003 087 0
50405 00259 00250 H 056 007 1632814 1627.140 5888 03%  8meh 814 18845 18202 e 16055 B2 783 o4 027 168 062 039 B.o4 703 027 8.03 .10 0.04 087 °
P505 00040 DOCAD L) 080 034 1890159 1086631 6528 03%  12inch 863 157.42 157.32 166.00 188.00 858 868 004 004 osa -056 0.96 8.58 868 9.53 5.84 a.01 0.05 1.00 [
P-gag 0.0051 00050 H ose 048 23137678 2130370  7.308 03%  12mch 920 17484 17338 188.00 180.41 1138 703 004 og7 097 098 083 138 7.3 123 7.98 -0.01 0.05 1.00 [
50574 00075 00063 DH 080 (153 870,885 876700 29865 03%  Bich 1205 16027 158 38 170,75 17200 10.48 13.81 0.03 034 0% -0.64 033 10.48 19,81 112 13.84 012 0.03 087 0
50505 0.0049 00048 H 072 0.18 710,829 708,449 2.3e0 03% 8 inch 504 176.88 17538 181.20 18110 434 574 003 0.07 072 064 -0.59 434 574 488 634 003 0.03 0.67 [
P-645 00188 00186 1H o9t 140 1285840 1381151 4489 01%  8lech 591 18119 17485 185.00 123,00 an a.05 004 003 1.40 083 084 281 805 44 859 0.00 0.03 0487 [
50088 co1zz oozt H oss 036 1122050 1,110,420  3.834 03%  Blnch 557 16223 180 52 168.15 167.72 g2 721 003 oos 113 083 081 a2 21 458 702 002 003 as? [
P.567 00039 003 H o84 073 @14542 832,499 2043 03%  Binch 6.94 167.70 168.95 17624 7328 75¢ 433 (1) 003 084 084 084 754 833 8.18 687 000 003 067 °
50692 Q0049 0.0048 ™ 0T 0.37 708,447 708,173 2213 0.3% 8 inch 825 158.49 157.58 167.03 185 62 854 798 0.03 0.04 071 -0.64 082 B54 796 9.18 8.59 -0.01 003 087 [



Upatream Upatroam
Constiucied  HGL HGL  Vsioclly  Velocity Excass Full % Socton  AvpPipe  Crown  Downtasm Ground Dorwnitesm  Upsteam  Oownsboeam Avecnge  Surcharge Surcharga
Lobal Slopa Slopn  Rankingz  In out Gopacly  Copacly Towl Flow Csprcly Stz Covor Bov  CrownBlev  Hev  Gtound Bev Cover Covar Dopthin  Depth Out  Veleclly up Down  Cover Up
(ps) _ (tps) (ged) (gpd) (g 1y i 1 # & t n, d 1
P-639 cotit 00110 H 0.84 0.68 1,067,524 1,084,148 2378 8 ch 825 181.74 179.38 168.00 187.00 488 7.64 003 004 107 083 EL3] 488
50618 00074 00071 H 0.79 021 871009 884282 272 8inch 892 187.13 168 21 1732.81 17238 s 7.16 00 oo7 o7 084 060 LX
50441 00050  0.0048 H on 021 717501 715708 21%2 8inch 815 17240 17170 180.70 179.70 830 800 003 008 (341 084 081 8.30
50445 00059 00059 H o 0.8 782321 779938 2383 Binch 521 17430 17354 179.38 178.88 508 534 003 0.04 orr Q64 082 58
£0468 00147 00144 H 088 LAT] 1231878 1228133 3748 Binch 7.02 165.18 163.04 171.30 17084 6.14 7900 0.0 0.10 121 -0.83 -0.57 814
50802 00232 00212 H 078 ae1 718,595  718.424 2171 8 Inch 468 169.70 167.33 173 40 17200 270 567 003 003 128 0.47 047 a7
P-65§ 00100 0.0100 H 0e2 059 1013243 1,010,209 3034 8inch 595 17241 169.91 178.03 178 18 562 a2 s filecy 093 084 -0.84 582
50478 00204 Q0102 ] 088 002 1450598 1448253 4343 8inch 7.88 167.48 184.01 172.78 17300 a3 839 oo4 178 142 083 11 832
P-504 00134 00134 H 085 115 1178782 1173245 3517 8inch 893 154 06 150 07 153,80 160.98 384 10,0t 1) 003 1.16 -083 064 384
[ 00275  0.0275 H 091 044  16B4T24 1679941 4762 inch 58 158.99 151.28 18512 158 81 [Xc) 553 c04 008 182 .83 080 8.13
P58 00784 00783 H 1.08 277 2859932 2851887  8.04¢ Alnch 1184 17383 187.72 181.35 183.42 752 1578 0.05 00 27 062 0,64 7.52
P-675 00050 0.0050 H 0.80 091 2108397 2102569 5828 t2inch 719 18448 163.84 171.70 171.00 12 7.18 004 0.04 0.50 098 -0.98 T2
50670 00170 00163 H 085 027 1326621 1320998 3625 8inch 578 1%0.22 157.19 18881 18232 e 5.13 0.03 007 127 083 059 839
50435 D.00S4 0.00%2 H 072 D48 748,042 746,013 2,030 8inch 23 15927 158 89 18359 143.02 432 413 003 0.03 072 064 0.63 422
50667 00197 0.0154 H 086 021 1423789 1419942 3847 8inch 741 168,44 155.49 18473 183.42 828 749 o 0.09 138 -0.83 058 629
50443 00155 00154 H 085 033 1,269,653 1.260264 3,409 8inch 747 17827 770 18260 179.70 33 8.00 003 008 121 -0.63 0.6t 83
50853 000531 0.0050 H 070 0.13 738,312 734338 1974 8inch 7.59 153.80 15289 160.80 16137 6.80 838 003 0.08 070 064 -0.569 LY
P-585 00267 00267 IH 050 158 1,659,820 1855381 4,447 8inch 753 16536 158.09 175.38 165.12 (14 8.03 004 0.03 1.58 083 084 9.03
50571 0.0062 0.0081 H c.82 026 370.048 959 Sinch €33 17102 170.4) 177.00 7700 5.98 889 002 0.03 o682 048 047 598
50517 00040 00039 HH 081 038 642,112 640.456 1,658 8inch 23 16288 18247 185.00 185 00 212 253 002 004 081 084 083 212
P-s66 00037 00037 H 058 oes a15671 815,131 1,540 8inch 549 170.17 189.78 175.02 175.92 485 813 ooz 002 058 0.64 084 485
50406 00267 00268 H 0e9 048 1857926 1653808 417 Einch 783 17215 18871 170.40 17524 725 852 004 005 1.54 083 -0.81 725
0506 0.0201 0.0200 1K 08s 022 1440815 1437057 3558 Binch 441 168.39 18239 173.80 185.30 541 2.41 003 0.08 134 -0.63 -0.58 541
50855 00033 0.0028 DH 0.54 008 581094 579701 1.392 Sinch 1000 14917 148.79 159.23 158.72 10.08 PL:] 002 009 054 084 0.58 10.08
50400 0.0441 0.0430 H o9t 038 2121552 2120847 4705 8 inch 949 18135 154.85 172,43 182,54 11.08 789 004 007 191 ©.6 080 11.08
50428 60058 00055 i oso 033 759907 758315 1672 Binch 095 171.239 17074 180.32 178.70 883 890 002 oo 068 084 .83 8.83
50437 00051 0.0047 H 084 010 728075 72453 1.543 8inch 7.87 173,89 17302 181.55 18039 780 7.87 0.02 008 084 -0.84 -0.58 7.88
36652 00044 00044 DH 089 039 1226045 1223452 2681 10kch 1047 15034 14975 180.82 0.2 1048 10.47 0.09 0.04 o6 .00 079 1048
P-530 00078 00079 H 072 078 £86,198 834,239 1,858 8inch 02 174.39 17391 182.74 182.14 035 82 00z 0.02 078 064 -0.64 835
50401 ooy2s 00825 DH 097 076 2917832 2011884 5948 Binch 1784 18747 149.99 170.38 174.07 1198 24.08 004 0.05 255 082 -0.62 .18
50657 00048 00047 H o6l 025 703981 702575 1387 Binch aps ie2e4 18214 168.95 18358 7 [ 2 002 004 061 084 0.6 571
P.529 00032  0.0032 H 049 062 s7432 573243 1079 ainch 7.04 17499 174.58 180 2 18274 593 8.15 002 002 049 065 -065 653
P-570 co112  Qott H 0.73 1,074,458 1,072248 2012 Binch 5857 17017 168.77 175.41 174,68 524 559 0.03 008 (X} 084 062 524
50899 00027  0.0024 DH 0.40 734163 732808 1.355 Winch 1384 15218 151.88 16838 16513 1493 12,70 003 008 040 081 475 118
50679 00054 00052 H 063 746620 745267 1,362 Binch 578 16085 160.12 16562 168.78 487 L) 002 005 063 065 081 487
506€0 00040 00033 DH 0.54 844922 643789 1133 Binch 141 18171 161,48 173.00 17300 129 1152 0.02 007 054 0.65 060 129
50573 00033 00038 H 053 CI7574 638465 1.108 Alnch 404 17545 17517 170.30 179.40 a8s 422 002 0.03 053 r 063 a8s
50528 00095 00082 H a.70 1012,158  1,010410 1748 8inch a3 170.84 187.29 17900 17620 8.9¢ 881 002 027 084 084 040 856
50676 0.0068 0.0068 H 067 839,249 837,841 1,408 8inch ag9 160.93 160.62 164 60 16483 ae7 431 0.02 0.02 0.89 -0.65 -0.85 367
50854 00185 00180 H 074 008 1305342 1303212 2130 8inch 4 207 16823 166.20 16393 4n 510 003 0.14 107 084 0.53 413
50690 00234 00233 iH 0.78 023 1554596 1552233 2363 8inch 597 164.57 160.52 189.29 167.23 4r2 721 00 008 125 084 061 a2
50543 00040  0.0040 H 078 084 3434864 3430054 4810 01%  15mch 758 158.18 157.69 166.00 166.00 084 8.31 0.04 00 078 121 BE-3 684
50459 00040 00034 H 047 004 842112 641380 732 S1%  Bimeh vae 187.82 167.98 181.00 173,10 .17 574 0.02 009 0.47 -0.85 057 12.17
P-603 000d0 00040 H 037 048 298084 298,600 284 01%  8inch 522 18048 180.05 185.87 18508 5.41 583 oot 001 0.37 0.49 049 541
50674 00182 00190 1H 058 013 1407083 1405778 1284 01%  Binch 6.00 163.67 160.52 168.45 167.73 478 721 0.02 008 097 085 081 a8
50700 00051 00050 DH as7 031 1312635 1311484 1,354 0%  1dinch 1004 15094 150.34 180.55 16082 981 1043 0.02 0.03 057 281 -0.80 881
53629 00351 0.0345 H 09 190 10,189,660 10161586 8,074 01%  16imch 924 157.55 185.97 168.00 168,00 845 10.03 004 003 190 “121 Bk 8.45
P-881 00169 00188 HH 069 031 3888078 2884361 1,717 00%  12inch 28O 185,50 18891 168.00 166.00 0.50 7.00 002 o4 099 398 R 050
50397 00472 0044 [ 058 001 2205515 2204712 303 00%  Binch 609 161.67 15747 166.01 165.30 a4 7.8 0.02 028 17 085 0.9 434
P18 00183 0.0183 H 050 073 1374679 1374179 500 0.0% 8inch .78 174.18 170.00 180.17 179.57 655 9.57 001 0.01 0.73 -0es -0.60 599
50659 00039 00038 DH 0.34 0.15 636,353 638,125 27 0o% Binch 1035 16278 162.54 173,00 17300 1024 10.48 Qo ooz ] 08 -0.85 1024
50382 o0& oA ™ 058 008 2,098,153 2097.409 743 00%  B8inch 783 158 20 154.10 164.88 16308 088 658 0.01 0.07 1.1 085 050 668
P.690 00048 0.0041 IH 000 0.00 700292 700.292 [ 00%  Bch 635 17322 17214 177.81 178.15 a5 so1 0.00 009 0.00 -0.67 057 468
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Section 9

Operating Strategy

9.1 Introduction

As described in Section 3, the City of Cornelius (City) has an intergovernmental agreement with
Clean Water Services (CWS) to cooperatively operate and maintain the sanitary sewerage and
surface water management services for the City. Through the agreement a division of
responsibilities exists between the City and CWS, wherein the City essentially operates and
maintains the collection system lines that are less than 24 inches in diameter within the City’s
service boundary. This section documents the City’s operation, maintenance, and rehabilitation
program to meet the goal of preventing sanitary sewer overflows (SSO) from the collection and
conveyance system for which the City is responsible.

SSOs can be caused by capacity-related problems resulting from improper design or population
growth exceeding design flows. However, SSOs are most commonly caused by stoppages
resulting from roots, debris, and other material that can build to partially or completely block
flow through the pipe is addressed under the maintenance program discussed in this section.
Other causes include structural defects such as leaks, exfiltration and force main failures, and
loss of power. These types of SSOs are more likely to contribute large volumes of wastewater to
receiving streams. In the City of Cornelius, sanitary sewer overflows occur mainly as a result of
sewer blockages that cause sewage to overflow from manholes or back up into buildings. SSOs
in the City are periodic, emergency events that are often unavoidable.

This section includes a description of the maintenance strategies, information management and
maintenance scheduling, overflow response plans, and other operation programs currently
employed by the City, as well as recommended activities to improve operation and maintenance
of the collection system. The maintenance issues covered in this section primarily address the
non-capacity-related problems. Capacity issues are addressed under the capital improvement
section of this master plan.

9.2 Capacity, Management, Operation and Maintenance
(CMOM)

In 2001, EPA drafted a proposed rule to address SSOs, and although the proposed rule was
withdrawn from the Federal Register, it reflected EPA’s perspective on the SSO problem. The
proposed rule called for improvements in the operation of sanitary sewer collection systems and
to reduce the frequency and occurrence of sewer overflows. One of the major components of the
draft rule was to develop and implement a Capacity, Management, and Operation &
Maintenance (CMOM) program. Several guidance documents were developed by EPA to help
communities and agencies meet the rule goals (Black and Veatch, 1999, 2000, 2004). Thus,
while the rule was never finalized, many communities and agencies began modeling their
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programs under such a structure. The City’s maintenance activities reflect many of the
recommendations in the guidance manual.

9.2.1 Local Regulations and Permitting

Local regulation and permitting is used to control both the types of discharges and the quantity of
discharges to the City’s sewer system. These are achieved through the following:

B Municipal Code — documents containing requirements such as characteristics of wastewater
discharges, lawful connections to

[ |

B collection system, and penalties for illicit connection and discharges into the system.

B Plumbing Code/City Ordinance — sets circumstances under which a connection can be
made to the collection system; makes it illegal to connect private inflow sources to the
collection system

B Permitting — the City can determine if its system can convey the flows from a proposed
development to prevent overloading the system; after an application is submitted by the
develop, a feasibility study is needed to identify whether the development is feasible from a
capacity and fee standpoint.

9.3 Current Maintenance Strategies

An aggressive maintenance program can mitigate the impact of the overflow, as well as
significantly reduce the frequency of occurrence of dry-weather SSOs. An aggressive program
also includes system assessment and a rehabilitation program to identify the needed corrections
and to target structural and leakage problems.

The three primary types of maintenance strategies implemented by the City include:

B Emergency/Reactive Maintenance — involves containing or minimizing the impacts of a
SSO by applying equipment and personnel resources to stop the overflow in the quickest,
safest manner available to the City. Effective emergency maintenance requires a rapid
response to mitigate damage and limit exposure.

B Corrective Maintenance — focuses on long-term solution of eliminating the cause(s) of
SSOs. Activities may include repairing damaged sewer pipes, patching leaks, and other
repairs to appurtenances. An effective monitoring and reporting plan is important to
implement a corrective maintenance program.

B Proactive Maintenance — precludes the conditions that cause SSOs and backups once the
problems have been identified. These activities involve primarily cleaning operations.

B Inspection and Monitoring — provides basis for identifying corrective and proactive
maintenance. These activities include visual and TV inspections to locate potential problems
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and trouble areas within the system and monitoring the flows within the system to locate
problems associated with excessive inflow and/or infiltration

Table 9-1 lists the sanitary sewer maintenance responsibilities of the City and CWS based on the
intergovernmental agreement. Table 9-1 also indicates the type of maintenance activity
(emergency, corrective or proactive). The information shown is based on an effective date of
July 1, 2004. Presently, the proactive maintenance activities include TV inspection of the lines
on a regular basis. The City also regularly performs line cleaning and root cutting to make sure
the lines maintain their capacities. A minimum frequency of TV inspection and line cleaning
activities are required by CWS as part of their maintenance agreement. All other proactive and
corrective maintenance activities are conducted on an as-needed basis, which is primarily
controlled by the findings of the TV inspection or from field observation or overflow
response/customer complaints.

The frequencies listed in Table 9-1 are based on requirements under the agreement with CWS. It
was beyond the scope of this work to conduct an optimization review of the maintenance
activities. However, EPA published a guidance manual on optimizing frequency of maintenance
activities (Black and Veatch, 1999), which can be used as basis for performing such a review.

If a complaint or problem is reported, a maintenance crew is dispatched to resolve the issue.
There are currently six (6) staff on a rotating basis assigned to have a pager at all times, who are
required to respond to the call report within ten (10) minutes. Furthermore, the City is required
to be on site within 30 minutes of the call report, if necessary. The City Operations devotes
approximately 1.2 full-time equivalents to the sanitary sewer maintenance field activities.
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Maintenance Activity

Table 9-1

City of Cornelius
Summary of Current Sanitary Sewer Maintenance Activities

| Responsibility |

Frequency

Proactive Maintenance

Line Cleaning City All lines cleaned at least once every 3 years as
required by CWS; City has cleaned the entire system
3 times in the past five years; City cleans certain
portions of the system more often as dictated by
accumulation of debris and blockages

Root Cutting City As needed

Cross Connection Investigation and City As needed

Response

TV Inspection; Compilation of TV City Entire system inspected a minimum of once every 7

Reports and System Evaluation years; but coordinated with line cleaning as
appropriate

Root Foaming City & CWS | N/A

Corrective Maintenance

Manhole Adjustment City As needed

I/l Abatement and System City & CWS | As needed; conducted based on findings from TV

Rehabilitation Projects inspections

Structural Line Repairs City As needed; conducted based on findings from TV
inspections

Lateral Repairs in Public Right of City As needed; conducted based on findings from TV

Way inspections

Line Replacements City Conducted based on capital improvement plan; as
needed; conducted based on findings from TV
inspections

Vector Control City As needed

Manhole Rehabilitation City & CWS | N/A

Non-structure Line Sealing and Point City &CWS | N/A

Repair

Pump Station Maintenance CWS N/A

Emergency Maintenance

Emergency Response City As needed; contact from the City 10 minutes from
initiation of a call; City responds on site within 30
minutes of initiation of a call

Overflow and Complaint Response City As needed; City receptionist contacts utility service

Investigation and Reporting to respond to and address complaint

Notes:
- CWS — Clean Water Services

- Activities listed above are conducted inside and outside the City boundaries, but within the responsibility

boundary.

- Activities described in this table are for sanitary sewer lines 24 inches and smaller. All maintenance, inspection,
repair and replacement for sewer lines 24 inches and larger are conducted by Clean Water Services.

daA(ees

City of Cornelius

Section 9 - Operating Strategy

9-4



9.4 Data and Information Management

Maintenance records are essential in scheduling preventive maintenance, determining operation
budgets, and classifying problem areas within the sewer system. Also, a record keeping system
should:

B |dentify individual components of the entire system.

B Contain maintenance and/or repair information for individual system components.

B Provide a preventive maintenance scheduling tool.

B |dentify and update repeated problem areas within the sewer system.

The City does not currently have a software package that serves as a formal database or
information system specifically for sanitary sewer system data and information management.
However, the City does maintain an index map and master plot in CAD format that is
continuously updated with changes to the system. The map and master plot are used to keep
records of the entire system and for maintenance scheduling. The City is currently updating its
system to be more efficient, and cost effective in accomplishing these tasks.

9.5 Overflow and Emergency Response Plan

The City does not currently have an emergency response plan for their sanitary sewer system.
However, in the event an emergency arises which causes, or threatens to cause, a discharge of
raw sewage that might endanger public health, the City follows the CWS guidelines for reporting
the release. The Operations Manager would immediately notify the Oregon Department of
Environmental Quality (ODEQ) and CWS. Other common emergency conditions are listed in
Table 9-2 along with recommended actions.
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Table 9-2

City of Cornelius
Emergency Conditions and Response Actions

Emergency Condition Recommended Action
Rupture of sewer line or m |solate the pipe break by plugging the outlet of the upstream manhole.
accidental damage to a m  Notify the customers affected and fire department personnel.
manhole or pump station m  Monitor the plugged manhole for wastewater backup into adjacent
buildings.
m Install a temporary bypass pump and gravity/force main if necessary.
m  Repair the damage.
Failure of pumps at pump m  Notify the customers affected and fire department personnel.
station = Monitor the wet well level for backup into adjacent buildings.
m Install a temporary bypass pump and force main if necessary.
m  Repair the failed pump.
Spill of hazardous material m  Notify fire department personnel.
into sewer system m  Determine amount, type, and nature of spill.
m  Notify wastewater treatment plant personnel.
m  Notify Oregon Department of Environmental Policy (ODEQ) for treatment
procedures.
Power failure at pump station | m  Check to insure that backup power if available is functioning.
m  Monitor wet well level for backup into adjacent buildings.

= Emergency power should be supplied if wet well levels become critical and
backup power is not available.

m  After main power is restored, an inventory of the electrical equipment is
necessary to insure proper operation.

Personal injury m  For injuries resulting from medical causes, call the local ambulance (911).

m  For injuries resulting from accidents (falls, fire, explosion, etc.), call the
fire department for a rescue unit.

m  Render first aid only if qualified. If not qualified, find someone who is.

m  Allinjuries, even minor injuries, should be reported to a supervisor.

m  Complete an accident form and submit it to the Operations Manager’s
office.

9.6 Other O&M Programs

9.6.1 Training and Safety

An existing sanitary sewer system safety program for the City is not documented at this time.
However, the City does maintain a general safety program for its staff, including regular safety
meetings during field activities. A safety program should be documented and centered around
the well-being of workers. The collection system maintenance crews should also be aware of the
following list of safety equipment and its proper use:
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First aid kit

Fire extinguisher

High visibility safety vests

Manhole hooks

Traffic cones

Traffic barriers

Hardhats

Explosion-proof lead lights or battery lights
Explosion-proof forced air blower

Explosion-proof oxygen deficiency meter (with audio-visual alarm)
Parachute type safety harness (with nylon safety rope)
Explosive gas meter (with audio-visual alarm)
Hydrogen sulfide detector (with audio-visual alarm)

9.6.2 Certification

Certification of collection system personnel provides an independent assessment of job skills and
experience that is important where safety and performance is integral to the daily execution of
the system. The City currently has one staff certified as a Level 2 wastewater collection system
operator.

9.7 Recommended Maintenance Improvements

As described in the previous sections, the City of Cornelius already implements many critical
activities recommended for effective sanitary sewer maintenance (ASCE 2004). However, there
are areas where formal plans and programs can provide additional benefits and improved
performance and service. These are described further below.

A program self-assessment checklist is included in Appendix C. The checklist is a screening-
level tool which allows the City to identify general areas of strength and weakness and establish
performance goals and plans for improving their maintenance program.

9.7.1 Overflow Response Plan

The City can improve its maintenance program by developing a formal overflow (emergency)
response plan (ORP) for its sanitary sewer system. The City relies on the CWS guidelines for
reporting hazardous releases, but a formal ORP can be used to provide a more comprehensive
management of responding to any type of release, and can also be used to explicitly define roles
and responsibilities. A typical ORP could include the following elements:

B Goals — the ORP should establish operational goals in the responding to SSOs. For example,
the City may formally set a goal of providing initial response within 30 minutes of the SSO
report.
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B SSO response team — provides a description of the organizational structure, available crew,
equipment and other resources used to respond to SSOs.

WSSO response procedures — describes the dispatch procedures both during business hours and
during off-hours.

B Corrective action — documents the remedial measures to be used for a given release or
overflow event which may range from relieving a stoppage to repairing or replacing a section
of pipe.

B Coordination with agencies — in some circumstance coordination with other agencies such as
fire/police departments or local health department may be necessary, and the ORP should
include the contact information

B Reporting requirements — include directly or by reference to another document, instructions
or procedures for reporting SSOs to regulatory agencies

B Public advisory and access limitations — includes provisions for determining under what
circumstances a public advisory or public access limitation should be issued.

B Water quality sampling — water quality sampling may be performed to support decision
making about public notification and public access issues.

B Training — includes provisions for annual training on SSO response procedures for all
appropriate personnel.

9.7.2 Information Management

Although the City currently has a method for recording system inventory, a formal information
management system can be used to improve effectiveness in decision making when responding
to emergencies or to the customer, as well as developing an improved maintenance schedule.

It is recommended that the City develop and maintain a geographic information system (GIS),
not only for system inventory, but also for a more comprehensive maintenance management
system. Such a relational database can be developed that links maintenance schedule, frequency
of cleaning, equipment/staff used, allocation of resources, maintenance histories, SSO record
keeping, and effectiveness of reducing SSOs. The database can be used to map, measure, and
track historical maintenance activities and performance trends, which can then be used to
develop proactive strategies precluding the problems from occurring in the future.

9.7.3 Public Awareness Program

Two of the most prominent causes of overflows are blockages due to fats, oil, and grease (FOG)
and private party infiltration/inflow. The public can play a significant role in detecting and
locating SSOs. To maximize the public participation in minimizing SSOs, the City can strive to
increase public awareness through several avenues in coordination with CWS:

Development and dissemination of educational brochures

Presentation by staff at community meetings

Participation in local schools and colleges environmental awareness programs
Submission of educational articles to local press

Issuing of an annual report
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INTERGOVERNMENTAL AGREEMENT
- BETWEEN CITY OF CORNELIUS AND
CLEAN WATER SERVICES

THIS AGREEMENT is made and entered into as of the ,lg day ofJu‘ ge
, 2007, between the City of Cornelius a municipal corporation of the State of Oregon,
hereinafter referred to as "City,” and Clean Water Services, formerly Unified Sewerage
Agency, a municipal corporation and county service district, hereinafter referred to as the
"District."

WHEREAS, the District was duly formed and organized under ORS Chapter
451, has the authority to provide sanitary sewerage treatment facilities, and to provide for
storm and surface water management within its boundaries; and City is within the District
by action of its Council pursuant to an election duly conducted within the boundaries of
the District; and

WHEREAS, City and District have the authority to enter into contracts for the
cooperative operation of service facilities under ORS 451.560 and ORS Chapter 190; and

WHEREAS, the District and Cities have established and will continue to
maintain an effective partnership for sanitary sewerage and surface water management
services which this agreement is designed to support, enhance, and clarify; and

WHEREAS, City and District previously entered into an Agreement for the
cooperative operation of sanitary sewer and surface water facilities, and said Agreement

is in need of amendment.

NOW, THEREFORE, in consideration of the covenants and agreements to be
kept and performed by the parties hereto, it is agreed as follows:

Section ). Definition of Terms

Wherever the following terms are used in this agreement they shali have the
following meaning unless otherwise specifically indicated by the context in which they
appear:

A. Area of Geographic Responsibility means the area set forth in the map
attached as Exhibit A as may be amended.

B. Board means the Board of Directors of the District, its governing body.

C. Chief Executive Officer means the City official responsible for managing
the day-to-day business affairs of City.

D. Council means the City Council, governing body of City.
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E. Industrial Waste means any liquid, gaseous, radioactive or solid waste
substance or a combination thereof resulting from any process of industrial
or manufacturing business, or from the development or recovery of natural
resources. For the purposes of this agreement, Industrial Waste shall also
include any substance regulated under 33 USC Sec 1317, together with
regulations adopted thereunder. '

F. Operation and Maintenance means the regular performance of work
required to assure continued functioning of the storm and surface water
system and the sanitary sewerage system and corrective measures taken to
repair facilities to keep them in operating condition, and in compliance
with the requirements of applicable laws, regulations, and permits.

G. Order means Resolutions, Orders and Directives of the District prescribing
general standards and conditions for construction or use of the storm and
surface water facilities and the sanitary sewerage facilities, and Rates and
Charges.

H Person means the state of Oregon, any individual, public or private
corporation, political subdivision, governmental agency, municipality,
industry, co-partnership, association, firm, trust, estate or any other legal
entity whatsoever.

I Program Funding means the revenues made available to City through
Section 4. of this agreement to follow the adopted work programs and
performance standards.

J. Rates and Charges are defined in the District's “Rates and Charges"
Resolution and Order (R&O) No. 01-34, or as may be amended. The
following terms when used in this agreement shall be as defined in that
R&O:

Dwelling Unit Equivalent (DUE)
Equivalent Service Unit (ESU)
Impervious Surface Area

Permit Application and Inspection
Samitary Sewer Service Charge

Sanitary System Development Charge (SDC; Connection Charge) -
Storm and Surface Water Service Charge E
Storm and Surface Water System Development Charge

K. Sanitary Sewerage System means any combination of sewer treatment
plant, pumping or lift facilities, sewer pipe, force mains, laterals,
manholes, side sewers, laboratory facilities and equipment, and any other
facilities for the collection, conveyance, treatment and disposal of sanitary
sewage comprising the total publicly-owned Sanitary Sewerage System
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within District jurisdiction, to which storm, surface and ground waters are
not intentionally admitted.

L. Standards means the standards and conditions of use of the storm and
surface water system and the sanitary sewer system as specified and
adopted by the District. Standards also shall mean applicable statutes and
rules of the United States and the State of Oregon.

M. Storm and Surface Water System means any combination of publicly
owned storm and surface water quality treatment facilities, pumping oy i
facilities, storm drain pipes and culverts, open channels, creeks and rivers,
force mains, laterals, manholes, catch basins and inlets, grates and covers,
detention and retenuion facilities, laboratory facilities and equipment, and
any other publicly owned facilities for the collection, conveyance,
treatment and disposal of storm and surface water comprising the total
publicly owned Storm and Surface Water System within District's
jurnisdiction. to which sanitary sewage flows are not intentionally admitted.

N. Work Program and Perforiance Standards are adopted by the District
after considering input from the cities to define the activities required to
operate and maintain the sanitary sewer and storm and surface water
systems.

Scction 2. Determination of Programs, Rules, Policies and Standards

The District 1s responsible for the management and operation of the sanitary sewer and
storm and surface water systems within its boundary, and is the designated permittec whao
shall obtain and enforce timely compliance with relevant Federal and delegated State
Clean Water Act permits {or treatment plants, collecthion systems, and stormwater The
Distnet. after considenng input from the cities, shall adopt orders, standards.
specifications. work programs. and performance critena for the proper and effective
operation of the sanitary sewer and storm and surface water systems and to comply with
Statc and Federal permits. laws and regulations In addition. the Disirict, after
considermg mput from the cives, shall have the authonty to make changes to s oiders,
work programs and performance Standards. Any such changes to work progrims and
performance standards that the Board determines are required by state and/or federal
permmnts or regulations will become effective 90 davs from the date of notice 1o ¢iv by
Distiict or as mutually agreed to. Any changes to work programs and performaice
standards, not required by state and/or federal permits and regulations, shall be mutually
agreed o by the District and City before they become cffective. Proposed changes not
required by state and/or federal permits and regulations should be communicated between
the District and the City in or before December of the vear before they are to be
implemented to allow District and City to budget approprately for the following hiscal
ycear.
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A. City agrees to follow and enforce the Orders, Standards, specifications, work
programs, and performance criteria promulgated by the District, subject,
however, to program funding and to the extent that City may be lawfully
-authorized to act. The City shall not be responsible for any failure to act or
defect in performance caused by lack of adequate program funding,
inadequacies in the Work Program and Performance Standards as adopted by
the District, or lack of lawful authority to act. Lack of adequate funding from
the District and compliance with the Work Program and Performance
Standards as adopted by the District shall be absolute defenses to any claim
against the City under this Agreement. City further agrees to notify District of 3
.apparent violations of the subject Orders, Standards, specifications, work
programs, and performance critena, of which it has knowledge, which may
require District legal action or enforcement.

Section 3. Division of Responsibilities

A. Division of Responsibilities

1. The purpose of this agreement is to delegate to and contract with the City
to perform specific functions. The responsibilities of the District and
City are defined in this Section and Appendix A. Exhibit A is a map
showing boundaries of responsibility between the District and City and
is hereby made a part of Appendix A and incorporated into this
agreement.

2. All functions relating to the subject matter of this Agreement not
specifically listed in this Section or Appendix A as being the
responsibility of City shall remain the responsibility of the District.

B. Procedure for Modifying the Division of Responsibilities

1. Responsibilities defined in this Section and Appendix A may be
modified from time to time with approval in writing by the City Manager
or designee and the District General Manager or designee.

2. Responsibilities defined in this Section and Appendix A may be
modified by the District Board after receiving input from the City and
determining the change 1s necessary to comply with State or Federal
permits, laws or regulations. The District Board shall not reduce the
total scope of City responsibilities without consent of the City unless
there is a change in the program or funding requiring the reduction, or
unless the Board determines the City has failed to correct identified
instances of nonperformance related to the adopted standards.

3. Upon reasonable notice from City to District, District shall assume
responsibility for any portion of the program defined in this Section and
Appendix A. Reasonable notice shall be at least 6 months, unless agreed
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to in writing by the District and City. Corresponding adjustments to the
revenue allocation shall be made to reflect the change in responsibility
upon implementation of such changes. City shall be responsible for
correcting or paying to have corrected any deficiencies in the system
resulting from non-performance of the programs under its responsibility,
subject, however, to funding availability.

The responsibilities defined in Appendix A and responsibility boundaries
defined in Exhibit A are not changed due to City annexations of area
currently inside the District’s boundary. Provided that after formal
adoption and subsequent consultation between the City and District,
service area boundaries may be altered based on Senate Bill 122
boundary revisions. For annexations of temtory not currently within the
District’s boundary, the District will amend Appendix A and Exhibit A
to define the responsibilities for the new area in consultation with the
City and in cooperation with adjacent cities.

C. Additional City Responsibilities

1.

Prior to issuing any non-residential sanitary sewer permit, City shall
require the applicant to prepare and submit to City a District Sewer Use
Information form. City shall submit the completed form to the District.
The District will determine if an Industrial Waste Discharge Permit is
required. The District will respond within 15 days.

Require persons who are proposing ‘development’, as defined in the
District's Design and Construction Standards Resolution and Order, to
obtain a Service Provider Letter from the District. City shall not issue a
stormwater construction permit without verification that the District has
issued a Service Provider Letter.

Following City review and initial approval, forward proposed
construction drawings to the District for the following:

a) Any addition, modification, construction, or reconstruction {other
than repairs) of the publicly-owned sanitary sewerage system and
storm and surface water system. District will review these drawings
to assure conformance 10 adopted District standards, orders, and
master plans.

b) Any "development" as defined in the District's Design and
Construction Standards Resolution and Order. District will review
these drawings to assure conformance with the conditions of the
Service Provider Letter issued following the provisions in Section
3.C.2.
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The District shall not charge a fee for these types of reviews. The City
shall not approve or issue permits for such work until it receives

notification of District approval.

4. The City may notify the District in writing that it wishes the District to
issue Connection Permits for either or both of the sanitary or storm water
systems. Insuch cases, the District shall not issue Connection Permits
until the City indicates in writing that the development complies with the
City's standards. City will collect all connection, permit, and
development fees for developments within the City unless City and
District agree that the District will collect the fees.

5. Other than for issuance of connection permits, obtain District review and
approval prior to entering into any agreement for the use of the Storm
and Surface Water System or the Sanitary Sewerage System.

6. Inform the District in writing not less than 30 days prior to initiating or
entering into any agreement for the financing or incurring of
indebtedness relating to the storm and surface water system or the
sanitary sewerage system. Revenues allocated by the District to the City
for the performance of functions identified in Appendix A are considered
restricted, and may only be used to perform those functions (including
reasonable administration) delegated to the City for such things as
operation and maintenance of the sanitary or storm and surface water
system. City shall not obligate any assets or facilities of the District’s
sanitary or storm and surface water system for any debt. For purposes of
debt funding, the District's asset schedule for storm and surface water
and sanitary sewer facilities shall be the basis for determining ownership
within City boundaries. In general, sanitary sewer lines 24" and over are
the property of the Distnict regardless of location, as are sanitary
treatment plants and pump stations, and storm and surface water quality
and quantity facilities that are one acre or greater in surface area.

7. Allow the District access at any reasonable time upon reasonable netice
to inspect and test storm and surface water facilities and sewerage
facilities within City and City Area of Geographic Responsibility.

8. Grant the District permits from time to time as may be necessary for the
installation of storm and surface water facilities and sewerage facilities
in the public streets and ways of City without imposing permit issuance
fees, provided that the District shall adhere to any conditions required
pursuant to ORS 451.550(6).

9. To issue no new permit for the construction within, or modification to, a

wetland, floodway, or floodplain without first receiving the written
approval by the District, pursuant to Section 5.D. This paragraph shall
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Section 4.
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not apply to permnits issued by City pursuant to a current permit under 33
USC Section 1344(e) (a section 404 general permit), and within the
scope of such permit. This sectien does not apply to actions related to
City flood insurance program.

10. To pursue, when City deems feasible and appropriate, the conversion of
storm and surface water facilities from private to public ownership,
through the acquisition of easements and other property rights as
necessary, for those privately owned storm and surface water facilities
which are identified as being necessary or appropriately a part of the
public systen.

I 1. To the extent that it is so required by law or regulation, City shall
comply with Oregon Administrative Rules (OAR) Chapter 340, Division
49, "Regulations Pertaining to Certification of Wastewater System
Operator Personnel,” including the obligation that City shall have its
wastewater collection system supervised by one or more operators
certified at a grade level equal to or higher than the system classification
shown on page 1 of District's NPDES permit, issued by the State. The
District shall notify City of any modification to the NPDES permits
affecting their operations.

City Responsibilities Outside of its City Limits

1. City is not obligated by this agreement to accept responsibility for any
programs or work activities outside of its City limits.

2. To the extent City has agreed to responsibilities both inside and outside
of its City limits, for activities which are the responsibility of City, City
shall perform the work to meet the minimum requirements specified in
the District’s adopted Work Programs and Performance Standards.
When the same type of service is being performed by City both inside
and outside City, the service shall be prioritized and performed in a like
manner in each area, including the response to storms and other
emergencies. The exception shall be 1f City provides a higher degree of
service inside City due te its own supplemental funding.

Detenmination and Division of Revenue; @perating Procedures and Rules
Relating to Revenue

After consultation between City and district staff, the District Board shall
determine and certify annually for both the sanitary sewerage system and for
the storm and surface water system the monthly service charge and system
development charge. The City agrees to impose these charges as a minimum.
The City may impose additional charges as allowed in Section 4.E.4.
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B. After consuitation between City and district staff, the District Board shall
determine and certify annually for both the sanitary sewerage system and for
the storm and surface water system the portion of the monthly service charge
and system development charge to be retained by the City for perforrnance of
the functions defined in this Agreement and for the City's share of annual debt
service payment.

C. The District Board shall not implement any significant change in the division
of monthly service charge revenue from that shown in the Rates and Charges
Resolution and Order No. 01-34 effective Fiscal Year 2001/2002 until July 1,
2005 with the following exceptions:

1. The Board may make routine principal and interest adjustments for debt
service repayment.

2. The Board may make adjustments in response to significant increases or
decreases in program responsibilities

D. Changes in the division of revenue will typically be made as a part of the
annual Fiscal Year budget process. However, the division of revenue may be
adjusted by the District to recognize changes in responsibilities that occur
outside the normal budget cycle after coordination and communication with
the Cities. Any such mid-year changes in the division of revenue initiated by
the District Board shall only be implemented when the Board determines such
a change is necessary to comply with State or Federal permits, laws or
regulations. If there is a mid-year change in responsibilities, which the
District determines to be significant, the District Board may, upon 60 days
notice to City, adjust the division of revenue outside of the annual budget
process

E. Operating Procedures Relating to Revenue

1. City shall remit to the District the portion of sanitary sewer scrvice
charges and systems development charges collected, and storm and
surface water service charges and systems development charges
collected, less the City Portion, as identified in Section 4.B.

2. Payments shall be remitted on a monthly basis, with a report on
District designated forms.

3. Payments to the District of revenue collected by the billing party shall
be due within 20 days following the end of each month, unless the
payment has been appealed by the billing party.

4. City may charge and collect a service charge or system development
charge at a higher rate per DUE and ESU than that set by the District
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when the City determines it is needed for the local City system. The
City shall retain 100% of these additional revenues collected. Such

F additional charge shall be consistent with the services provided by City
and with applicable federal rules in order to preserve eligibility for
grants and other funding programs.

g 5. City may request District to perform permit and inspection services for
private development construction of public storm and surface water

E facilities and sanitary sewer facilities, and for erosion control. City
shall remit to the District the fee set forth in District’s Rates and

Charges to compensate District for its costs for such services

g " performed relative to these fees, as prescribed by District Order or

- separate agreement with City.

6. For Industrial Waste fees, District shall remit to City a percentage of
system development charges, volume, and monthly service charges
collected equal to the percentages of service charges retained by the
City as defined in Section 4.B. District shall retain one hundred
percent (100%) of the annual Industrial Waste permit fee, and any
penalty fees, COD, SS (as those terms are defined in the Rates and
Charges) and other fees related to Industrial Waste that may be
assessed.

7. City will institute administrative procedures to diligently maintain
regular billings and collection of fees, adjust complaints thereto, and
pursue delinquency follow-ups and take reasonable steps for collection
thereof.

8. City and Bisstrict shali each establish separate accounts for the storm
and surface water program and sanitary sewerage program for the
purpose of accounting for service charges and systems development
charges collected and received pursuant to this agreement.

9. Diastrict or City may at any reasonable time upon reasonable notice
i inspect and audit the books and records of the other with respect to
matters within the purview of this Agreement.

10. City and District shall each prepare and submit to each other a
performance report of the storm and surface water functions, and the
sanitary sewer functions for which each is responsible. After
consultation with the City, District will specify the requirements,
frequency, and content of the performance report.

11. The City and District may, each at its own cost, install permanent and
temporary volume and quality monitoring stations, and other

9
(%
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monitoring equipment, to determine the effectiveness of City and
District programs.

12. Interest shall accrue on late monthly payments as specified in Section
4.E.] at a rate of 1.25 times the monthly Local Government
Investment Pool (LGIP) earnings rate as posted for the previous
month, and will be applied each month to the unpaid balance.

Section 5. Administrative and Operating Provisions

A. The District will not extend sewer service to areas outside the City except
with prior approva!l of the City where such areas. are included in the Urban
Planning Area Agreement between the City and the appropriate county or
counties and any of the following exists:

1. A new or existing single family property desires sewer service and
needs to directly connect to a sewer line within the city.

2. A new development desires sewer service and needs to directly
connect a lateral or mainline public sewer directly to a sewer line
within the city.

B. Each party shall obtain and maintain in full force and effect for the term of
this agreement, at its own expense, comprehensive general liability and
automobile insurance policies for bodily injury, inclhiding death, and property
damage, including coverage for owned, hired or non-owned vehicles, as
applicable, for the protection of the party, and the other party, its elected and
appointed officials, officers, agents, employees and volunteers as additional
insureds. The policies shall be primary policies, issued by a company
authorized to do business in the State of Oregon and providing single limit
general liability coverage of $2,000,000 and separate automobile coverage of
$1,000,000 or the limit of hiability contained in ORS 30.260 to 30.300,
whichever is greater. The certificates shall provide that the other party will
receive thirty (30) days' written notice of cancellation or material modification
of the insurance contract at the address listed below. Each party shall provide
certificates of insurance to the other party prior to the performance of any
obligation under this agreement. If requested, complete copies of insurance
policies shall be provided to the other party. Each party shall be financially
responsible for their own deductibles, self-insurance retentions, self-insurance,
or uninsured risks.

C. District will not establish local assessment districts within City, without first
obtaining City approval.

D. District will process applications from City pursuant to Section 3.C.9 for
Wetland, Floodplain, and Floodway modifications. Timely review of the
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application shall be provided by the District. Upon review and approval by
District, and upon request by City, the District shall act as a facilitator and
liaison for State and Federal review and permit processes.

The City shall report all sanitary sewer overflows that it becomes aware of to
the District within 24 hours of learning of the overflow. The City shall
require all permittees of the City to report sanitary sewer overflows to the
City. City agrees to reimburse District fer any expense, costs, damages,
claims, fines, or penalties incurred by District that result from or are related to
City's failure to so timely and adequately report.

This agreement is for the benefit of the parties only. Each party agrees to
indemnify and hold harmless the other party and its officers, employees, and
agents, from and against all claims, demands and causes of actions and suits
of'any kind or nature for personal injury, death or damage to property or the
environment on account of or rising out of the operation of this agreement,
including the performance or non-performance of duties under this agreement,
or in any way resulting from the negligent or wrongful acts or omissions of
the indemnifying party and its officers, employees, and agents. In addition,
each party shall be solely responsible for any contract claims, delay damages
or similar items arising from or caused by the action or inaction of the party
under this agreement. Inability to perform an activity or to properly perform
because of insufficient funding from the District is not a negligent act or
omission or wiliful misconduct of the party charged with the activity but shall
be the responsibility of the District. Performance of any activity in compliance
with the Work Program and Performance Standards as adopted by the District
is not a negligent act or omission or willful misconduct.

District and City acknowledge that District may receive notices of violation or
fines from state or federal agencies for violations of state or federal rules. As
the permittee and the entity that establishes standards and controls payment,
District shall be responsible for responding to notices of violations and for
payment of all fines. District shall invite the City to participate in any
discussions with State and Federal agencies regarding notices of violation
involving City actions or responsibility. City will cooperate with District
the investigation and response to any notice of violatbon involving actions
relating to actions or responsibibities of the City. 1 a fine 1s impased, City
shall resmburse Distrnet to the extent that the fine results from non-
performance of adopted programs or non-compliance with District, State, or
Federal rules or policies by the Cily and those acting on behalf of the City. If
possible, the City shall resmburse the District prior to the date due for payment
of the fine. The City shall not be responsible for reimbursement if the City's
non-performance or non-compliance was caused by lack of adequate funding
by District. If more than one party is responsible, the City's responsibility for
reimbursement payment will be allocated based on the degree of responsibility
and degree of fault of the City. Disputes over the amount of reimbursement
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shall be resolved by the dispute resolution process set out in Section 6 of this
Agreement. To the extent that the City is required to perform any work to
correct a violation, District shall provide adequate funding for the work to be
performed, unless the violation was caused by the City's omission or
misconduct.

H. Nothing in this Agreement shall be construed as a limitation upon or
delegation of the statutory and home rule powers of City, nor as a delegation
or limitation of the statutory powers of District. This Agreement shall not
Jimit any right or remedy available to City or District against third partics
anising from illegal acts of such third parties.

1. Where this Agreement calls for review or approval of a fee or charge, District
shall perform such review in a timely manner, shall not unreasonably withhold
approval, and shall provide its decision to City in writing. If, within 30 days
of written request by City for approval by District, the District has failed to
provide a written response, the request shall be deemed approved.

Section 6. Dispute Resolution; Remedies

A. In the event of a dispute between the parties regarding their respective
rights and obligations pursuant to this Agreement, the parties shall first
attempt to resolve the dispute by negotiation. If a dispute is not resolved
by negotiation, the exclusive dispute resolution process to be utilized by
the parties shall be as follows:

1. Step 1. Upon failure of those individuals designated by each party to
negotiate on its behalf to reach an agreement or resolve a dispute, the
nature of the dispute shall be put in writing and submitted to City's
Chief Executive Officer and District’s General Manager, who shall L
meet and attempt to resolve the issue. If the issue in dispute is
resolved at this step, there shall be a written determination of such
resolution, signed by City's Chief Executive Officer and District’s
General Manager, which determination shall be binding on the
parties. Resolution of an issue at this step requires concurrence of
both parties' representatives.

2. Step 2. Inthe event a dispute cannot be resolved at Step !, the £z
matters rematning in dispute after Step 1 shall be reduced to writing 1
and forwarded to the Mayor and the Chairman of the Board of
Directors. Upon receipt of the written issue statement, the Mayor and
Chairman shall meet and attempt to resolve the issue. If the issue is
resolved at this step, a written determination of such resolution shall
be signed by the Mayor and Chairman. Resolution of an issue at this
step requires concurrence of both the Mayor and the Chairman.
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Step 3. In the event a dispute cannot be resolved at Step 2, the parties
shall submit the matter to mediation. The parties shall attempt to
agree on a mediator. In the event they cannot agree, the parties shall
request a list of five (5) mediators from the American Arbitration
Association, or such other entity or firm providing mediation services
to which the parties may further agree. Unless the parties can
mutually agree to a mediator from the list provided, each party shall
strike a name in tum, until only one name remains. The order of
striking names shall be determined by lot. Any comimon costs of
mediation shall be bome equally by the parties, who shall cach bear
their own costs and fees therefor. If the issue is resolved at this step,
a written determination of such resolution shall be signed by both
parties. Resolution of an issue at this step requires concurrence by
both parties. In the event a dispute is not resolved by mediation, the
aggnéved party may pursue any remedy available to it under
apphicable law.

(5

B. Ncither party may bring a legal action against the other party to interpret
or enforce any term of this Agreement in any court unless the party has
first attempted to resolve the matter by means of the dispute resolution of
subsection A above. This shall not apply to disputes arising from a cause
other than interpretation or enforcement of this Agreement.

C. Parties may mutually agree in writing to waive any of the above steps, or
to enter into alternate processes or additional processes such as binding
arbitration prior to filing legal action.

Scection 7. ffect of this Agreement

This Agreement shall supersede all prior agreements of simmlar scope and subject matter.
including amendments and the “City Committee Agreement’ between the parties with
respect to samitary sewerage and serviee, storm and surface water management; provided
that, except as expressly modified heremn. all nnghts. habwlhines, and obhgavons of such
prior apreements shall continue. This agreement shall be effective upon its execution by
both parties heretol and shall continue i effect for four renewable terms of five yvears
caclt This Agreement shall be deemed automatically renewed for a single succeeding
Dve vear enn ap toa it of 25 yvears. unless either party gaves the other written notice
not fess than one vear prior to the nommal expiration of term of its imtent not 1o renew
tus agrecement H District enters into an mtergovernmental agreement with any other cin
m s terrtory covering the same subject as this Agreement and if any of the provisions of
the other agreement differ from this Agreement. the City may elect to replace any
provision of this Agreement with the parallcl provision from the other agreement, with
the exception of Appendix A and Exhibit A. The replacement shall be effective on
receipt by District of written notice from the City. This Agreement may not otherwise be
modified except by written amendment or as otherwise specified in this Agreement.
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Section 8. Amendments

At any time, either party may request in writing to open this Agreement for specific
amendment. If such request is made, the other party must respond within 90 days. If the
parties do not agree and the party requesting such amendment desires to proceed with the
amendment, then remedies pursuant to Section 6 shall apply. All amendments shall be in
writing and approved by the governing body of the respective parties.

Section 9. Severability

In the event a court of competent jurisdiction shall deem any portion or part of this
agreement to be unlawful or invalid, only that portion or part of the agreement shall be
considered unenforceable. The remainder of this agreement shall continue to be valid.

IN WITNESS WHEREQOF, this instrument has been executed in duplicate by
authority of lawful actions by the Council and District Board of Directors.

CLEAN WATER SERVICE CITY O RNELIUS, OREGON
OF WASHINGTON COUNTY, OREGON |

By By, ‘ \,L ﬁ)

Chairman, Board of Directors Mayor !

Attest:

Approved as to Form:

Etomey for District. City Attomey”
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APPENDIX A
DIVISION OF RESPONSIBILITIES

Cornelius
Sanitary Maintenance
Lines under 24"
* Line Cleaning
Root Cutiing
Emesgency response

Overfiow and Complaint response

investigation and reporling City City
Cross connaction investigation and response City City
Manhole adjustment City City
Non-structure line sealing and point repair  City and District District
Manhole rehabliitation (sealing)  City and District District
TV inspection City City
Compitation of TV reporis and sysiem
evaivation  City and District Chty and District
181 abatement and system rehabilitation
projects  Chiy and District . City and District
Root Fosming  City and District District
Struchurat line repairs City City
Laleral Repairs in Public Right of Way Clty City
Line repiacements City City
Pump station maintenance District Oistrict
Vector Controt City City
Oftroad inspection and locator post
maintenance Ciy City
Easement and Access Road Maintenance City City
Lines 24™ and Larger
All maintenance, inspection, repair, and
replacement District District
SWM Maintenance
" Line Cleaning City City
! Roo! Cutting City City
Catch Basin cleaning Cily City
Waler quality manhole maintenance City City
Storm and emetgency response City City
Complaint response investigation and
reporting Cuty City
Street Sweeping City City
City for focal. District  City for local, Disirict
Water Quatlity facilily mainienance for Regionat for Regional

Jan, 2004 :

EFFECTIVE JULY 1, 2004 to JUNE 30, 2001
Inside City, and

nsige City. and Quitside City, and Outside

inside Responsibility inside Responsiblity Responsibiity

Boundgary Boundary Boundary
City City
City City
City City




ICity for ocal, District, City for local, District!

Water Quantity facility maintenance’ for Regional b __lor Reglonal _l
[~ Maintenance of public Streams/creekslopen I
channels! City _City ]

Processing and disposal of sweeper, calch .
basin and storm line materiat (excluding l

leaves) City and District City and District

TV inspection; _ City
"Compitation of TV repors and s system|
evaluation, City and District _° _ CHy and District

| oo
=

B Structurat line repairs] City [~ cwy _____4
. Une replacements, " City __ ~ __ Cit g
| ___Pump slation maintenance and operation| _District i District ]
Roadside ditches and piping system in Coumy i
_Roads| District ! District ; o =
“Roadside dilches and piping syslem in CHly' _ City, Funded by . ’ -
Roads] SteetFund | None | |

ENGINEERING, INSPECTION,

—_Proaciive Leaf management program] City ] City s o i
— Ulilty Locatesl ' ciry __ * Gy ]
L o —— = — . ——

AND SUPPORT ELEMENTS __ &+ __ |

" Developmeni Process, 3
____plan review)| District and City _ l__ Districtand Ciy | = _
L_ “Sanitery Sewer connachon penrmit assuancel City _. _Distict e
SWM connection permil issuance] ___ _Cily | Distict__ —
Billing and collection of monthiy service] | g
- chepes'  City __ _ District I—'_* i
InspeCiion of developer projects] oty _ | District o
tnstailation of Sanilary Sewer Masterplan: Cny 217 and under,
___ Projects!  Dislrict 24" & up _ Distrit ;|
“Instatiation of Mastecplan Pump Station’ :
| Projects District i__ __District i —
“instaliation of SWM Maslerplan Pro;ecls __‘Cﬂ o District ., L
L Erosion conlrol permil issuance]  _ Cily __!’ ___ District 4__ =
Erosion controi inspectionl ~  City __ Disinct ! I
T —_Accounting] __ City I""' Distiet 1
[ Industrial Waste Progﬁ “District “District ! =g e
T 77 Fat, Oil and Grease Program  City and District " District _ =
R Mainlaining GIS information| _ Cily and District | “City and Disticl_ -
g - Maintaming system mapping’ ‘Cily and District_ . CityandDistnat
| Maintaining Engineering ie_cg_rds of systems:  City and District__ ' _Cilyand Distsiet |,
Preparmg ang cevising sanilary sewerl C:ty 10" and iess, ; l
_masferplans. District above 10" | District__ G Mparmen
Prepanng and r rev:smg "SWM ma: maslerplans City and District ' Dns!rgd O
Response 10 customer billing inquines! ___ City " T Distact ] o

Public i infonmmation, newslellers, eic., for SWM

and Sanitary programs|  City and Districl City and Distuict I




Lg b
3 Lot
B ‘ -
. - Flow Mnnitoﬁ‘lyi_t District __District e |
|_____ Formation end Administration of LID's] Clty andDistidd District ]
Ry i inspection of Private Facilities! City District .
e e . Marking Ulilties) - Cly I I 7 = £
o - o s Fixture Counting ey 7 ostidd _ }
Field Yard General Maintenance]  City City
‘5'-,_"5




it

APPENDIX A | Jan-04| }
DIVISION OF RESPONSIBILITIES EFFECTIVE JULY 1, 2005
inside City, and
inside City, and Outside City, and  |Outside
inside Responsibility |inside Responsiblity [Responsibility
Comelius Boundary Boundary Boundary
Sanitary Maintenance
Lines under 24"
Line Cleaning City Clty
. Root Cutting! Chty ~ City
Emergency response Chty City
Overflow and Complaint response
invesiigailon and reporting Chy City
Cross connection invesligation and response Cliy City
Manhole adjustment Ciy City
Non-structure fine sealing and point repair| District District
Manhole rehabilitation (sealing)| District District
. TV inspection Chty City
Compllation of TV reports and system
evaluation| City and District Chy and District
1&1 abstement and system rehabilitation
(I projects| City and District Clty angd Distnict
Root Foaming -District District
Stucdtural fine repal Chy City
Lateral Repairs in Public Rigit of Way] City Clty
Line repiacements Chy City
Pump station meaintenance] District District
Vector Controlj Clty Chy
Oftfroad inspection and locator post
maintenance City City
Easement and Access Road Malntenance City City
Lines 24" and Larger _
All maintenance, inspedlion, repair, and
reptacement District District 5
SWM Maintenance
Lina Cleaning Chy City
Root Cutting City City
Catch Basin cleaning Chy Cily
~ “Water quality manhole maintenance City City
Slorm and emergency response City City n
Complalnt response investigation and
reporting City Ciy
Streel Sweeping City City
I i City for local, Distact | City for local, District
Water Quality facily maintenance tor Reglonal for Regionat




City for local, District|Chy for local, District
_ __Water Quantty facliity maintenan _for Regienal for Reglonal i ]
| Mainianance of public Streamsicreeks/open
= : - channels City Chty
Processing and dispasal of sweeper, catch1
basin and storm line material (excluding
Pl leaves){ Clty and District City and District
. Structural line repairs City Chy
f. Line replacements| City City ] — ]
Pump stalion maintenance and operation: District Districi ]
[Roadside ditches and piping system in Courty, -
Roads District District E
™ Roadside diiches and piping System in CRy|  Cliy, Funded by |
e Roads Street Fund J ___None
- _ TV inspeciion City ¥ City —
Compilation of TV reports and systemn
L * evaluation!  City and District City and District -
Proaclive Leaf manegement program City City H_:'
EE Utility Locat City “ery | T
ENGINEERING, INSPECTION,
IAND SUPPORT ELEMENTS ]
Development Process (development review,
L ____ pennview)) DisbictadCly [ OwtictandCly | —_ ]
Sanitary Sewer connection pernit ance;  _Disit | _
| ____ ___ SWM conneclion permit issuancel = Clty B District _—
Billing and collecion of monthiy service
charges| chy ___ District
Inspeciion of devekiper projecis| City Distriict
instaliation of Sanitary Sewer Masterplan| City 21° and under,
Projects|  District 24™ & up District P
instailation of Masterplan Pump Statlon| "
) Projects District District —
[ instaliation of SWM Masterplan Projects| Clty. District |
I Erosion control permit Issuancs) City District |
i Erosion control inspection ¢ Distnct * ]
- Accounting Chy | __Distinct T — |
A Industrisl Waste Program District _Disiidl e o]
| Fal, Olt and Grease Program|  District District .
i Maintaining GIS information| City and District Clty and District ]
T Maintaining system mapping| _City and Distnct City and District A
Maintaining Engineering records of systems| Clty and District City and District | s g
Preparing and revising sanitary sewer] City 10" and less,
masterplans| District above 10" Distrid




B

&

Clty-conveyance
system in city iirnits,
District- water quality
and tachnics!
standards, and
| _Preparing and revising SWM masternlans| regional planning Diswict vzl
| __ Response to customer billing inquiries| City | Distadt
Public information, newsletters, etc., for SWM|
. and Sanitary programs| Cliy and District | _ City and District o
N —_— Flow Monitoring{ ~_ Distridt . , _ _ District o
|~ Fomnation and Admiristration of LID's| City and Dis fric{ 1+ Distict
Zl Inspection of Privale Facilities Chy District
. Marking Utilitles City City |
- __ __ _ Fibdurs Counting Chy " Disiridl i
Fiek! Yard General Maintenance Chy City

Al




Appendix C

CMOM Program and Self Assessment Checklist




About the CMOM Program Self Assessment Checklist

Introduction

A sanitary sewer collection system is a vital element of any community’s
infrastructure and a critical component of the wastewater treatment process. The
nation’s sanitary sewer infrastructure has been built over the last 100 years or
more using a variety of materials, design standards, installation techniques, and
maintenance practices. As this valuable infrastructure ages, the importance of
preventive and predictive maintenance increases.

What is CMOM?

CMOM stands for "capacity, management, operations, and maintenance.” Itis a
flexible, dynamic framework for municipalities to identify and incorporate
widely-accepted wastewater industry practices to:

» Better manage, operate, and maintain collection systems
» Investigate capacity constrained areas of the collection system
« Respond to sanitary sewer overflow {(SSO) events

The CMOM approach helps municipal wastewater utility operators provide a high
level of service to customers and reduce regulatory noncompliance. CMOM can
help utilities optimize use of human and material resources by shifting maintenance
activities from “reactive” to “predictive”-often leading to cost savings through
avoided overtime, emergency construction costs, increased insurance premiums,
and the possibility of lawsuits. CMOM information and documentation can also
help improve communications with the public, other municipal works and regional
planning organizations, and regulators.

in CMOM pianning, the utility selects performance goal targets, and designs CMOM
activities to meet the goals. The CMOM planning framework covers operation

and maintenance {O&M) planning, capacity assessment and assurance, capital
improvement planning, and financial management planning. Information collection
and management practices are used to track how well each CMOM activity is
meeting the performance goals, and whether overall system efficiency is improving.
On an ongoing basis, activities are reviewed and adjusted to better meet the
performance goals. As the CMOM program progresses, performance goals can
change. For instance, an initial goal may be to develop a geographic information
system (GIS) of the system. Once the GIS is complete, a new goal might be to use
the GIS to track emergency calls and use the information to improve maintenance
planning.

An important component of a successful CMOM program is to periodically collect
information on current systems and activities and develop a “snapshot-in-time”
analysis. From this analysis, the utility establishes its performance goals and plans
its CMOM program activities.

Additional information describing CMOM can be found at: www.epa.qov/npdes/sso
or www.epa.gov/regiond/water/wpeb/pdfs/self-audit_review2-3.pdf.
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About this Checklist (Continued)

What is the purpose of the CMOM grogram

checklnst”

This document is a screening-level tool that can help utilities evaluate CMOM
programs and identify general areas of strength and weakness. Completing this
CMOM assessment will allow the utility to lag CMOM program areas that need
improvement and establish priorities for additional, more detailed assessments.
in addition, the checklist will allow the utility to compare annual performanoe
(e.g., percent of employees meeting training standards).

This document is not intended to be all-inclusive. It addresses s
the types of practices EPA believes should be considered by most
utilities when implementing a CMOM program. However; the ways in
which utilities use the information gathered through the checklist will depend on
the complexity and site-specific issues facing individual collection systems. When
reviewing the questions, utilities should use their judgment to determine if the
question is reasonable for their collection system size and design. -

How do | use this:checklist? - Sl

The questions on the checklist will requést answers in three dlfferent formats:
»  Check yes, no, or not applicable (NA),

»  Fillin the blank, and

= Check all that apply.

At the end of each section, additional space is provided to allow for comments
on or explanations of the answers recorded (information that will be useful to
the utility in follow-on planning). Each utility should make an effort to answer all
the questions that are applicable to its system. If a particular question takes a
significant amount of time to answer, this could be an indication of an area of
weakness. Utilities should plan to invest approximately one day to complete the
checklist.

This document is designed to help utilities perform an initial evaluation of CMOM
activities. It is not intended to serve as an absolute indicator of a
successful CMOM program, nor will all of the questions apply to
every utility. By working through these questions, utilities will be able to identify
strengths and areas for improvements in their CMOM programs. If a utility has

a significant number of “no” answers or very few items selected in the checklist,
this could indicate an area of weakness. The utility manager then can make a
more detailed evaluation, including identifying specific actions needed to address
areas for improvement.

ot
B
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General Information

CHECKLIST COMPLETED BY

{

Date

ame

aytime Telephone Number

D

PERMITTEE/JURISDICTIONS

PERMITTEE/CO-

NPDES or STATE
PERMIT #
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‘ | #of Treatment facilities

Treatment ~ WWTP desigo capacity
Facilltles =

Conveyance
& Pumping

Length/quantity

Age of system

25 years-old+

Gravity
Sewers

Force
‘Mains

ET @

%|.

Service population

Annusl preoipitation :

Commercial Industrial TOTAL
-0 d-
eap— ] SNV,

Combined Sewer Systems

What percent of sewer system is served by combined sewers (i.e., samitary

sewage and storm water in the same pipe)?

%

I

Bl

proms——
Kz bisanniid

e |




- Collection System Description

- | Sewers Mains

P

e




Engineering Design (ED) - i

ED-01 Is there a document which includes design criteria and standard construction details? VES El

ED-02 Is there a document that describés the procedures that the utility follows in @ [E] ”
construction design review? :

ED-03 Are WWTP and O&M staff invoived in the design review process? YES [E]

ED-04 Is there a procedure for testing and inspecting new or rehabilitated system elements YES E]

both during and after the construction is completed?

ED-05 Are construction sites supervised by qualified personnel (such as professional
engineers or certified engineering technicians) to ascertain that the construction is
taking place in accordance with the agreed upon plans and specifications?

Al
]

ED-06 Are new manholes tested for inflow and infiltration?

3|

]
H
Q

ED-07 Are new gravity sewers checked using closed circuit TV inspection?.

ED-08 Does the usility have documentation on private service lateral design and inspection
standards?

N

E (&
B z|

ED-09 Does the utility attempt to standardize equipment and sewer system components?



Satellite Co nmunities and Sewer Use Ordinance (SUO)

SUO-01  Does the utility receive flow from satellite communities? IF NO, GO TO PAGE 6 YES

SUO-05

SUO-06

SUO-07

SUO-08

SUO-09

SUO-10

SUO-11

Does the utility require satellite communities to enter into an agreement? IF NO, GO
TO QUESTION SUO-06.

Does the agreement include the requirements listed in the sewer use ordinance
(SUOY?

Do the agreements have a date of termination and allow for renewal under different
terms?

Does the utility maintain the legal authority to control the maximum flow introduced
into the collection system from satellite communities?

Are standards, inspections, and approval for new connections clearly documented in
a SUO?

Does the SUO require satellite communities to adopt the same industrial and com-
mercial regulator discharge limits as the utility?

Does the SUO require satellite communities to adopt the same inspection and sam-
pling schedules as required by the pretreasment ordinance?

Does the SUO require that satellite communities or the utility to issue control permits
for significant industrial users?

Does the SUO contain provisions for addressing overstrength wastewater from
satellite communities?

YES NO

ygsl NO
|‘1'ES| NO

'SUQ-127 -
B d T e -
D 3&41%5‘:‘15, issues
SUO-13
SUO-14 -

] Building structures.over the sewer:lines--

O Inﬁltrauomand mﬁow

“[7]~Sump pumpb,..alr..condxtloner.x:onn_cctlons_'

D Defccts m servu:e laterals locatcd on pnvateproperty
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Organizational Structure (OC)

0C-01 Is an organizational chart available that shows the overall personnel structure for the
utility, including operation and maintenance staff?

NO

OC-02  Are up-to-date job dcscﬁpﬁons available that delineate responsibilities and authority
for each position? :

=
e

Nercen!
i

e T

s




Internal Communi catias (IC)

R S R D S R R

<

W2 2% '-Z-ESa Zitesa B%’ijda

35 i &
Sy ARl % ety
IR A % ; s
B sy

t?xzﬂ/lcl 15
e e

P i

g

1C-03 Are incentives offered to employees for performance improvements?

1C-04 Does the utility have an “Employee of the Month/Quarter/Year” program? Ey}:}l

3 IC-06 Does the utility regularly communicate/coordinate with other municipal departments?

cony
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BUD-03  Are utility-generated funds used for non-utility programs?

BUD-04  Are costs for collection system operation and maintenance (O&M) separated from
other utility services such as water, storm water, and treatment plants? IF NO, GO TO
QUESTION BUD-{7.

T T
By23 AN PAL

BEDEDGEE W

BUD-07  Docs the utility have a Capital Improvement Plan (CIP) that provides for system
repairs/replacements on a prioritized basis?

acity/efficienc

BUD-10  Does the utility have a budgeted program for the replacement of under-capacity
pipes?

BUD-11  Does the utility have a budgeted program for the replacement of over-capacity pipes? @
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Trai nig (TR)

TR-01]

TR-02

Does the utility have a formal job knowledge, skills, and abilities (KSA) training YES NO
program?

Does the training program address the fundamental mission, goals, and policies of the yr.sl [h__l)l
utihity?

Does the utility have mandatory training requirements idensified for key employees? Iy }‘\,I NO

ST R

Are operator and maintenance certification programs used? IF NO, GO TO

YES NO
QUESTION TR-08 D
Are operator and maintenance certification programs required? VES
Is on-the-job training progress and performance measured? VES NO
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Safety (SAF)

SAF-01  Does the utility have a written safety policy?

YES NO
SAF-02  How often are safety procedures reviewed and revised? (e.g. Semiannually. Annually. NO é i
=3

etc.)

SAF-03  Does the utility have a safety committee?

SAF-04  Are regular safety meetings held with the utility employees?

SAF-05  Does the utility have a safety training program?

SAF-06  Arerecords of employee safety training kept up to date?

e

v
4

2

SEheteli

e

Sz

E[ ‘H;S Monitors _ 'D_ L

Lt s < K 2k - '3
ower:explosiondimit )y metering

SAF-10  Are safety monitors clearly 1dentified? I\_- :;l
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_ Cust omer Service (CS)

CS-01 Does the utility have a customer service and public relations program? IF NO GO TO
.- QUESTION CS-03

«'_w-.>-'~_~'.Y"'.—..~.-',>y§ﬂ, i g ST A S

CS-03 Are employees of the utility specifically trained in customer service?

CS-04 Are there sample correspondence, Q/A's, or “scripts” to help guide staff through
written or oral responses to customers?

i A N

CS-06 Is 2 homeowner notified prior to construction that his/her property may be affected?

CS-07 Do you provide information to residents oo cleanup and safety procedures following
basement backups and overflows from manholes when they occur?

D Locatlon .of lh problcm

0 Déié_ of f}.u-:'..qqmp_laintﬁx’)r‘request' = _Causg of the pfolﬂ_lgm

J D_éié the cn.)m'}.)l_n_int':or requ

-

$ CS-08 Does the utility have a customer service evaluation program to obtain feedback from o~

) the community? [Z]
4 Do customer se vice-records include:the following information? (Check all.that apply)

: «,aqa-telcpﬁonenuﬁigéf-f of cusforner

D T ol et o i mesignca

CS-10 Does the utility have a goal for how quickly customer complamts (or emmergency
calls) are resolved? TF NO. GO TO THE NEXT PAGE.

I'CS-1n What percentage of customer.complaints (or emergency calls) are resolved within the
I timeline goals?

%
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ESM-01

is 2 maintenance card or record kept for each piece of mechanical equipment within
the collection system? IF NO, GO TO QUESTION ESM-03. .

ESM-03

Are dated tags used to show out-of-service equipment?

ESM-04 s there an established system for prioritizing equipment maintenance needs?

ESM-06  Are corrective repair work orders backlogged more than six months?

ESM-07

Do collection system personnel coordinate with state, county, and local personnel on
repairs, before the street is paved?

e siainn
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Equipment Parts Inventory (EPI)

EP1-01

EP1-02

EPI1-03

EP1-04

EP1-05

EP1-06

EP1-07

Have critical spare parts been identified?

Are adequate supplies on hand to allow for two point repairs in any part of the sys-
tem?

Is there a parts standardization policy in place?
Does the utility have a central location for storing spare parts?
Does the utility mainssin a stock of spare parts on its maintenance vehicles?

Does the utility have a system in place to track and maintain an accurate inventory of
spare paxts?

For those parts wlnch are not kcpt in mventory, does the utility have a readxly avail-
able source or supplier?

Page 13
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Management Information System (MIS) - :

MIS-01 Does the utility have a management information system (MIS) in place for tracking
maintenance activities? (Either electronic or good paper files) IF NO, GO TO
PAGE 15.

MIS-02  Are the MIS records maintained for a period of at least three years?

MIS-03  1s the MIS able to distinguish activities taken in response to an overflow event?

1 INd

SR S




System Mapping (MAP)

MAP-01  Are “as built” plans (record drawings) or maps available for use by field crews in the
office and in the field?

MAP-02 s there a procedure for field crews to record changes or inaccuracies in the maps and
update the mapping system?

MAP-03 Do the maps show the date the map was drafted and the date of the last revision?

-
=
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YES | NOl
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MAP-07 s there a systematic numbering and identification method/system established to

identify sewer system manhole, sewer lines, and other items (pump stations, etc.)?
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Internal TV Inspection (TVI)

TV1-01 Does the utility have a standardized pipeline condition assessment program?

TVI-02  Isinternal TV inspection used to perform condition assessment? IF NO, GO TO
PAGE 17.

TVI-03  Are there written operation procedures and guidelines for the internal TV inspection

program?

YES NO

YES I NO '

TVI-05  Is a rating system used to determne the severity of the defects found during the
inspection process?
TVI1-06 Is there documentation explaining the codes used for internal TV results reporting?

TV1-08 Are main line and lateral repairs checked by internal TV inspection after the repair(s)

have been made?
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Sewer Cleaning (CLN)

StEmssleanImne i 22 ¥ scleancdieve;

c:t? It :33 ¥

CLN-04  Is there a program to identify sewer line segments, with chronic problems, that
should be cleaned on a more frequent schedule?

CLN-05  Does the utility have a root control program?

CLN-06  Does the utility have & fats, oils, and grease (FOG) program?

CLN-09 - Are stoppages plotted on maps and correlated with other data such as pipe size and YES NO
‘material or location?

. NG
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Manhole Inspection and Assessment (MAN) .

MAN-01 Does the utility have a routine manhole inspection and assessment program? IF NO,
GO TO QUESTION MAN-06. _

MAN-02 Are the results and obscxvaﬁqns from the routine manhole inspéctions recorded? @ @

MAN-03 Does the utility have a goal for the number of manholes inspected annually? @ IE

e : s Y B S s S LRI
e % ST 345 : atihe ekl ian Nt s
-_‘Lﬁ"' A : & Relid -:-;5‘*‘»»:‘%/&

Ty R

S AT N R,
1915u;$s-s:3a:vm.' S

e et

3

MAN-06 Does the utility have a grouting program?




Pump Stations (PS)

PS-01 Are Standard Operation Procedures (SOPs) and Standard Maintenance Procedures IEI
(SMPs) used for each pump station?

PS-02 Are there enough trained personnel to properly maintain all pump stations? YES NO
PS-03 Is there an emergency operating procedure for each pump station? YES NO
PS-04 Is there an alarm systerm to notify personnel of pump station failures and overflow? YES E«E]

E PS-07 Is there a procedure for mampulatmg puImp operanons (manually or automatically) @ [E
during wet weather to increase in-line storage of wet weather flows?

PS-08 .. Are wet well operating levels set to limit pump start/stops?

PS-09 Are the lead, lag, and backup pumps rotated regularly?

PS-10 Are operation logs maintained for all pump stations?

PS-11 Are the original manuals that contain the manufacturers recommended maintenance
schedules for all pump station equipment easily available?

& [E [E] [E

PS-12 On average, how often were pump stations inspected duning the past year? VES
PS-13 Are records maintained for each inspection? VES )

R '-?7’13cr';'f':mfdfm}m'r’fSt?ﬁbnscﬂiﬁra'tgdi@b@!?'

‘Percent of pump stations:with-permanent flow. meters

Page 19



Capacity Assessment (CA)

CA-01 Does the utility have a flow monitoring program?

ot
EInFi

HRERERE

CA-02 Does the utility have a comprenhensive capacity assessment and planning program?

CA-03 Are flows measured prior to allowing new connections?

5

i

CA-04 Do you have a tool (hydraulic model, spreadsheet, etc.) for assessing whether ad-
equate capacity exists m the sewer system? IF NO, GO TO QUESTION CA-06.

E

CA-05 Does your capacity assessment tool produce results consistent with conditions
observed in the system?

El
3]

EENaA

CA-12 Does th;utility maintain any rain gauges or have access to local rainfall data? [E] @
CA-13 Does the utility have any wet weather capacity problems? IE] EJ 9
CA-14 Are low points or flood-plain areas monitored during rain events? @ [a:ol
CA-15 Does the utility have any dry weather capacity problems? YES )
CA-16 Is low monitoring used for billing purposes, capacity analysis, and/or inflow and YES [N_—B]

infiltration investigations?

i T

Page 20




Tracking SSOs (TRK)

TRK-03  Does the utility document and report all SSOs regardless of size? E] NO
TRK-04  Does the utility document basement backups? @ NO

TRK-05  Are there areas that experience frequent basement or street flooding?

v’m"-ﬂ
XIatey
e

Gars

2)

TRK-09  Are pipes with chronic SSOs being monitored for sufficient capacity and/or structural
condition?

TRK-10  Prior 10 collapse, arc structurally detcnorating pipelines being monitored for renewal [». {:_ql |\nl
or replacement?
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Overflow Emergency Response Plan (OERP) :

OERP-01 Does the utility have a documented OERP available for utility staff to use? IF NO, YES E]
GO TO QUESTION OERP-04.

OERP-03 Are specific responsibilities detailed in the OERP for personnel who respond to emer-

gencies? b @ .
OERP-04 Are staff continuously trained and drilled to respond to emergency situations? YES [n__ol ;
OERP-05 Do work crews have immediate access to tools and equipment during emergencies? VES
OERP-06 Does the utility have standard procedures for notifyiﬁé state agencies, local health [E] [n__6]

1
€z
i

&4

departments, the NPDES authority, the public, and dnnking water authorities of
significant overflow events?

OERP-07 Does the procedure include a current list of the names, titles, phone numbers, and [F{_JI
- responsibilities of all personnel involved?

'OERP-08 Does the utility have a public notification plan? ][] L
OERP-09 Does the utility have procedures to limit public access to and contact with arcas af- @ @ §

fected with SSOs? (Procedure can be delegated to another authority) 3
OERP-10 Does the utility use containment techniques to protect the storm drainage systems? IE] @ g
R o e e 3

ppedies e
e
ORI

[ EoRee

i

OERP-12 Does the utility have signage to keep public from effected area? VES NO

:
i
&

L e ]

ket
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- Smoke and Dye Testing (SDT)

SDT-01  Does the utility have a smoke testing program to identify sources of inflow and SR v b IE’
# infilration?
SDT-01A Does the utility have a smoke testing program to identify sources of infiow and -
. infiltration in illegal connectors? - i o
SDT-01B  Does the utility have a smoke testing program to identify sources of inflow and . =
YES ¥

infiltration in house laterals (private service laterals)?

SDT-02  Are there written procedures for the frequency and schedule of smoke testing?

1RE
z] [3 [3

SDT-03  Is there a documented procedure for isolating line segments?

SDT-04  Is there a documented procedure for notifying local residents that smoke testing will
be conducted in their area?

E

SDT-06  Are there guidelines for the weather conditions under which smoke testing shouldbe [vas]: - [o]
conducted?” - : :

SDT-07  Does the utility have a goal for the percent of the system smoke tested each year? @

SDT-09 Do the written records contain location, address, and description of the smoking ele- @ [E]
ment that produced a positive result?

SDT-10  Does the utility have a dye testing program? YES
i SDT-11 Are there written procedures for dye testing? VES NO
SDT-12  Does the utility have a goal for the percent of the system dye tested each year? [El @

<
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Hydrogen Sulflde Monitoringiaind Control (HSMG)- -

PRI g r
-

[ e

HSCM-02 Does the utility have a corrosion control program? 'A

HSCM-03 Does the utility take hydrogen sulfide corrosion into consideration when designing
new or replacement sewers?

HSCM-04 Does the utility have written procedures for the application of chemical dosages? VES

]

HSCM-05 Are the chemical dosages, dates, and locations documented?

i oE, 2t g, VA

HSCM-06 Does the utility document where odor is a continual problem in the System? @

HSCM-07 Does the utility have a program in place for rcnewmg or replacmgﬁé’vmly corroded

s

HSMC-11 Does the utility enforce pretreatmment requirements?

Page 24




Infrastructure Security

Although outside the scope of a CMOM program, municipal wastewater utilities should also
e consider security vulnerabilities. To reduce the threat of both intentional and natural disasters, the

utility should take steps to implement appropriate countenneasures and develop or update emer-
gency response plans.
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