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CHAPTER 1 – INTRODUCTION 

The Sewage Canal, City Drain, and CWA Drains collectively make up the Sewage Canal System. This 
canal system is a major storm water conveyance facility just west of the Jordan River in Salt Lake City, 
Utah, which discharges into the Great Salt Lake. There is little-to-no slope along the City Drain and 
Sewage Canal. To facilitate flow towards the Great Salt Lake, there is a lift station at approximately 
2100 North on the City Drain. The existing City Drain Lift Station is no longer able to function as 
originally designed as not all the pumps are operational, and the associated mechanical piping is 
corroding and deteriorating. The purpose of this report is to document the hydrologic and hydraulic 
analysis of the existing Sewage Canal System and recommend improvements to the system, including 
development of a recommended design flow for a replacement City Drain Lift Station.   

BACKGROUND INFORMATION 

General History of the Canals and the County’s Jurisdiction  

The Sewage Canal was originally constructed in 1911 to remove wastewater from the Jordan River 
and convey it directly to the Great Salt Lake. It was later expanded in 1924. Photo 1-1 shows 
construction on the northern part of the sewage canal during the 1924 expansion. As evidenced in 
the photo, the original sewage canal was expanded significantly in 1924 and it appears that the 
channel banks were cut at a very steep angle as part of that expansion. 

 

Photo 1-1: 1924 Construction Photo of Sewage Canal 
 (Photo courtesy of Utah State Historical Society https://history.utah.gov/) 

Since the original construction and expansion of the Sewage Canal, Salt Lake City (SLC or the City) 
has built a Wastewater Treatment Plant (WWTP) that discharges treated sewage effluent into the 
Northwest Canal, which then discharges into the Sewage Canal just north of I-215 and Legacy 
Parkway interchange. With the City Drain and CWA Drains no longer collecting any sewage (raw or 
treated), the Sewage Canal System has been modified to collect storm water runoff from a portion of 
SLC and North Salt Lake City. The City and Salt Lake County (SLCo or the County) agreed on 
ownership and maintenance management for the major storm runoff conveyance facilities. The 
County has jurisdiction of the Sewage Canal system. 

https://history.utah.gov/
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Current Conditions 

The Sewage Canal system has relatively flat and wide channels. These physical characteristics result 
in a relatively large volume of water being stored in the channel during large storm events. As a result, 
the Sewage Canal system generally acts as a large linear detention basin in addition to being a 
conveyance facility for storm water runoff. While this provides the benefit of handling large peak 
storm flows, it also has the potential to create backwater conditions in upstream storm drain systems 
that may overtop both roadway crossings and channel banks. To increase flow in the downstream 
direction, a lift station was constructed at approximately 2100 North on the City Drain.  

City Drain Lift Station History 

The City Drain Lift Station was designed and built in the mid-1980s to facilitate converting the 
Sewage Canal System into a storm water runoff conveyance facility. An embankment or “dam” was 
constructed across the canal at approximately 2100 North to minimize backwater effects from the 
downstream Sewage Canal and Great Salt Lake. Three (3) 60-inch diameter pipes were placed 
through the embankment to facilitate low flows without using the pumps. Two (2) small capacity 16-
inch diameter pumps were installed to be used in low flow events. Three (3) large capacity 36-inch 
diameter pumps were installed to be used during larger storm events. Water is pumped over the 
embankment into the downstream channel. Documentation of the design size for the pumps is 
included on the design drawings of the City Drain Lift Station and appears to be the same as the 
capacity of an identical lift station designed and built in a similar time frame on the Northwest Canal. 
Based on this information, the design capacity of the small pumps was 4 cfs each and about 50 cfs 
each for the large pumps.  This resulted in a total design capacity of just over 150 cfs. 

Over time, the pumps and lift station have begun to degrade and fall apart. Maintenance crews have 
been able to harvest the parts from one of the large pumps to keep the other two large pumps 
functional. However, since the pumps are old and corroded, they constantly break down and require 
continual maintenance. Based on conversations with the lift station operators, someone needs to be 
on site whenever the pumps are in use to verify that they do not stop working and do not cause 
flooding downstream or upstream of the lift station. In 2005, an automation system was installed 
with the goal of removing some of the need for on-site personnel. For a variety of reasons, the 
automation system never functioned properly. In addition to the reliance on on-site personnel while 
the pumps are running, County personnel rely on local residents to notify them when storm water 
depths are elevated in the City Drain and the City Drain Lift Station needs to be activated.  

STUDY AREA 

For the purposes of this study, the Sewage Canal System typically refers to the Sewage Canal, the City 
Drain, and the CWA drains as shown on Figure 1-1. The Main Channel in the Sewage Canal System 
includes the Sewage Canal, City Drain, CWA-1 Drain, and CWA-3 Drain. The CWA-2 Drain and CWA-
3 Extension Drains are branches of the Main Channel but were also studied as part of this project. 
The Northwest Canal is a majority tributary of the Sewage Canal system and includes the SLC WWTP 
effluent as well as storm water runoff from a portion of Northwestern SLC and a portion of North Salt 
Lake City. The hydrology of the Northwest Canal was also included with this study. The City Drain 
has been converted into a storm water conveyance facility which includes the runoff from areas 
adjacent to the City Drain, the CWA-1, CWA-2, CWA-3 and CWA-3 Extension Canals as well as some 
storm water trunklines from part of central Salt Lake City and the Salt Lake International Airport.  
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PURPOSE OF STUDY 

This study will be completed in multiple stages: 

• Stage 1 will include a hydrologic and hydraulic analysis of the Sewage Canal and its tributaries 
to identify deficiencies and make recommended improvements. Stage 1 will also include a 
pre-design analysis of the City Drain Lift Station, including a design flow rate. Recommended 
improvements will be prioritized for construction.  

• Stage 2 will include the design and construction of the replacement City Drain Lift Station as 
well as the design and construction of other critical system improvements.  

• Stage 3 will include acquiring easements or Right of Way (ROW) for the Sewage Canal as well 
as bank stabilization of the Sewage Canal downstream of I-215.  

SCOPE OF WORK 

The general scope of this project involves a thorough analysis of the County’s Sewage Canal system 
and its ability to meet the present and future storm water runoff needs. As part of this project, the 
following tasks will be completed: 

Stage 1 

Task 1: Review of Data and Reports 

Task 2: Field Reconnaissance 

Task 3: Hydrologic and Hydraulic Analysis 

Task 4: Prioritized Project Recommendations 

Stage 2 – Pump Station Design 

Task 5: Project Selection and Scoping Meeting 

Task 6: Design Drawings 

Task 7: Project Status Meetings 

Task 8: Bidding Process 

Task 9: Permitting 

Stage 3 – Bank Stabilization 

Task 10: ROW and Property Acquisition 

Task 11: Bank Remediation and Stabilization 

This report has been prepared as part of Task 4. Stage 2 and associated tasks will be completed in 
the future.  
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PROJECT STAFF 
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the project are also listed. The project was completed in BC&A’s Draper, Utah office. Technical 
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Kameron Ballentine   Project Manager 

Tucker Jorgensen   Project Engineer 
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CHAPTER 2 – EXISTING CONDITIONS 

INTRODUCTION 

Several sources of data regarding the existing development and hydrologic/hydraulic conditions of 
the Sewage Canal were collected and analyzed as part of this project. Some of those data sets included 
topographic information, field survey of bridges and culverts, and field reconnaissance observations. 
A visual assessment of the general conditions of the study reaches of the Sewage Canal was also 
completed. The purpose of this chapter is to summarize the general conditions that currently exist in 
the Sewage Canal and other relevant areas and to summarize what other data was collected, 
reviewed, and used to perform the technical analyses. 

DATA COLLECTION 

This section discusses the data collection and analyses associated with topography, survey, and field 
reconnaissance. The primary goals of this task were to compile a detailed inventory of the structures 
involved in the Sewage Canal operation, identify condition-related deficiencies, and to collect 
information needed to develop hydraulic models of the area. 

Topography & Aerial Data 

Topographic and aerial photographic mapping along the Sewage Canal were collected from the Utah 
Geospatial Resource Center (UGRC). The aerial photography used was the 2021 High Resolution 
Imagery, and the topography was the bare earth LiDAR data from 2013-14 with 0.5-foot contours. 
The aerial photographs were used for the backgrounds on most of the figures used in this report. 

Field Survey and Reconnaissance 

Channel cross sections of the study reach of the Sewage Canal, City Drain, and CWA channels were 
field surveyed at about 1,000-foot intervals through the open channel sections of the creeks. Survey 
data which characterized the bridges, culverts, and lift station was also collected. 

Salt Lake City Storm Drain Database 

Salt Lake City provided their GIS database for the storm drain system in the City. This database 
included storm drain facilities including pipe diameter, material, and general drainage outfall 
location. No survey data was included or collected on the storm drain system. 

Easements Along Canal 

No easements were identified based on Recorder’s Office documentation. It is likely that easements 
were not recorded during canal construction because construction was done in the early 1900s. 
Based on discussion with current Salt Lake City officials, we found that there are some documented 
easement agreements along a portion of the Sewage Canal. These easement agreements should be 
reviewed by a lawyer.  The agreements should be recorded at the recorder’s office if they are legally 
binding. Below are brief statements summarizing the agreements: 

• Easement agreements on the Sewage Canal extend from 2350 North to about 1,800 feet 
downstream Cudahy Lane.  

• Upstream of the Northwest Canal inflow to 2350 North, the easements would typically be 80 
feet wide. Based on aerial imagery, it appears that this width would be enough for the canal 
and potential access roads. 
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• Downstream of the Northwest Canal inflow, the agreements are only 35 feet wide. Based on 
aerial imagery, this may not be wide enough to include the full top-width of the canal. 

The easement agreement locations are included in Appendix A. Locations shown in the appendix are 
approximate only. Further analysis should be performed to verify actual agreement metes and 
bounds and to determine if they can be recorded and become easements. 

INVENTORY OF STRUCTURES 

This section presents an inventory of the existing structures along the study reaches of the Sewage 
Canal system. The inventory of structures is summarized in Figure 2-1. 

Bridges and Culverts 

There are 44 culverts and nine bridges on the Sewage Canal and its tributaries (excluding the 
Northwest Canal). Each of these structures is identified in Figure 2-1. Field survey of each structure 
was collected and used to develop the hydraulic models as described in Chapter 5. Photos of 
individual bridges and culverts are included in Appendix B. Most bridges and culverts appeared to 
be in good condition at the time the photos were taken. Various Corrugated Metal Pipe (CMP) culverts 
have been constructed along the City Drain and have become rusted or corroded. Culverts with CMP 
are shown in Figure 2-2. Two culverts (identified in Figure 2-2) have corroded to the point of 
collapsing. Further condition observations are included in a later section of this Chapter. The 
hydraulic analysis of the bridges and culverts is discussed in Chapter 5.   

Lift Station 

There is one lift station located on the City Drain at approximately 2100 North (see Photo 2-1). 
Original design drawings of the Lift Station were provided by the County and are included in 
Appendix C for convenience. A berm is placed across the City Drain with culvert pipes and multiple 
sizes of pumps to convey water downstream. Original design information about the City Drain Lift 
Station is summarized in Table 2-1.  

Table 2-1 

Original Lift Station Design 

Component 
Estimated 
Capacity1 

Use 

Two 16-inch Electric Pumps 4 cfs each Low Flow Bypass 

Three 36-inch Diesel Pumps 50 cfs each Large flood events 

Three 60-inch Culvert Pipes N/A2 
Low flows through lift station 

berm 

16-foot Tall Berm N/A 
Prevent flows from 

downstream going upstream 
1 Estimated capacities were taken from the identical lift station on the Northwest Canal and are 
approximations only. 
2 The culvert pipes are only used during typical non-runoff or low flows conditions. At elevated flows, 
the culvert is blocked off to prevent backflow and the large pumps are turned on to convey water over 
the embankment. 

 
Additional field observations of the Lift Station are discussed in a later section. 
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Photo 2-1: Existing Lift Station Pumps 
 

In-Line Structures 

There is only one in-line structure along the Sewage Canal system, located just upstream of the 2200 
West Crossing within the Military Complex of the Salt Lake City Airport (see Photo 2-2). The location 
of this in-line structure is shown in Figure 2-2. Unlike other large conveyance facilities in the Salt 
Lake Valley, the Sewage Canal system is not used for irrigation water, nor is it steep enough to require 
grade control. As a result, there is not a conveyance need to include in-line structures to either elevate 
water surface elevations or to protect from channel bed scour or erosion. Documentation for the 
original design of the in-line structure was not readily available; however, it does not appear that this 
structure is needed. If it becomes a restriction and causes adverse conditions within the City Drain it 
should be removed.  

 

Photo 2-2: In-line structure at 2200 West Crossing 
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SUMMARY OF OBSERVATIONS 

A visual assessment of the Sewage Canal and its tributaries was completed. The purpose of this visual 
assessment was to observe general conditions of the canals/drains and identify potential hazards, 
issues, and concerns. This section summarizes the observations noted during the visual assessment. 
Observed issues and concerns are identified in Figure 2-2. 

General Observed Risks 

The visual assessment took place in 2023. The following potential issues and concerns were observed 
along the channel of the Sewage Canal and its tributaries: 

• Crushed and CMP Culverts 

• Trash Racks 

• Berms/Embankments 

• Phragmites 

• Vertical/Over-Steepened Banks 

• Storm Drain Outfalls 

• Riprap/Concrete Debris on Banks 

• Corrosion/Degradation of Lift Station, Deisel Tank, & Hydraulic Pumps 

Each of those potential issues and concerns are discussed below. 

Crushed and CMP Culverts 

Corrugated Metal Pipe (CMP) was often used for culvert crossings in recent decades. The useful 
lifespan of CMP is much shorter than that of other culvert materials such as reinforced concrete pipe 
(RCP). A full condition assessment of the structures was not performed as part of this study. However, 
serious condition deficiencies were observed during the field visit. Since construction of some of the 
culverts, the CMP has begun to rust and corrode. This has happened on multiple culvert crossings 
downstream of the existing lift station at 2800 North Rose Park Ln. and 2441 North Rose Park Ln. 
(see Photo 2-3). Both of these culverts have collapsed as a result of rust and corrosion. Fill has been 
placed to fill the void on the culverts where they collapsed to allow for the crossing to be used. Those 
two culverts do not have capacity to pass the required flow, significantly backing up water upstream 
when the lift station pumps are in use. Additionally, there are seven (7) other CMP culvert crossings 
within the Sewage Canal system. The other seven CMP culvert crossings appear to be in better 
condition than the collapsed culverts, but they should be monitored and replaced before they fail. 
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Photo 2-3: Example of Collapsed Culvert at 2441 North Rose Park Ln. 

Trash Racks 

At sites where trash racks prevent debris from entering culverts, debris can block or damage the 
grates and restrict flow during flood events (see Photo 2-4). In order to maintain optimal function of 
the Sewage Canal, these racks need to be regularly inspected and maintained. There are two (2) trash 
racks within the Sewage Canal System, one upstream of the airport pipe system and one upstream of 
the lift station. Both trash racks are needed to prevent clogs in the long pipe network and to protect 
the lift station. The bars on the trash rack are bent (see Photo 2-4), indicating that debris is removed 
with a track-hoe or other heavy equipment either during or after a storm event.  If these trash racks 
become damaged, they should be replaced. 

 

Photo 2-4: Trash at Entrance to Airport Pipeline 
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Berms/Embankments 

Some berms are present along the Sewage Canal and City Drain that could impound water above the 
natural ground. These berms are not likely to meet FEMA levee criteria, however, meeting FEMA 
levee criteria is not of immediate concern as this is a manmade channel and not evaluated for flood 
risk by FEMA. The berms should be monitored to make sure that there is no seepage/piping of water 
through the banks, scour/erosion or collapsing of the banks, or development encroachment next to 
the banks. While there is not much potential for future development adjacent to the canal, there is a 
portion of the City Drain berms that are immediately adjacent to the backyards of private residences.  

Phragmites 

Phragmites are an invasive plant that have inundated many of the open channel storm drain facilities 
in SLCo. As phragmites grow uncontrolled within the channels, they can significantly reduce the 
conveyance capacity of the channel. This occurs because of how thick the phragmites can grow on 
not just the banks, but also along the channel bottom. Most of the Sewage Canal system is at least 
partially impacted by phragmites. In areas of high concern, including just downstream of the Lift 
Station, the phragmites have begun to grow not just on the sides of the channel but also the bottom 
of the channel (see Photo 2-6). Other areas are only of low concern; in these areas, the phragmites 
are still primarily contained to the sides of the channel (see Photo 2-5). Portions of the Sewage Canal 
without consistent phragmite growth on the banks and no growth along the channel bottom would 
be considered as areas of minimal concern. Areas of high and low phragmite concern are identified 
on Figure 2-2. Note that phragmites are at least intermittently present (minimal concern) on nearly 
the entire length of the Sewage Canal and its tributaries.  

 

Photo 2-5: Low Phragmites 
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Photo 2-6: High Phragmites 
High phragmites growth needs to be addressed as soon as possible, in particular the reach 
downstream of the City Drain Lift Station. While the channel can continue to allow some flow, it is 
possible that the growth combined with debris could result in the phragmites blocking off most or all 
of the capacity of the channel. Low phragmites growth should then be prioritized to prevent the 
growth from increasing into a serious problem. The rest of the canal system (e.g. areas of minor 
phragmite concern) should be maintained and inspected to prevent future serious phragmite growth. 

 

Vertical/Over-Steepened Banks 

There are multiple sections of the system where the banks are nearly vertical at the top. The sediment 
in these sections of the canal has sloughed off the banks and has deposited at the toe of the channel. 
An example of vertical banks with sediment deposition at the toe of the bank is shown in Photo 2-7. 
Low flow velocities were observed in many of these areas as the top width and flow depth for the 
channel is significant (often 50+ feet wide and 3+ feet deep in low flow condition). It does not appear 
that the vertical banks are primarily caused by soil scour/erosion, but by other factors which are 
discussed in Chapter 6. The vertical banks are an area of concern because they tend to be unstable 
and are prone to further collapse. As the banks continue to collapse, there is potential for the toe 
sediment depositions to change flow patterns within the channel and for the top widths of the 
channels to encroach onto private property past existing easements. 
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Photo 2-7: Vertical Banks on the Sewage Canal with Sediment Deposited at Toe of Bank 
 

Storm Drain Pipe Outfalls 

Since the Sewage Canal system has been converted into a storm drain facility, there are many storm 
drain pipes that now discharge into the canals. As water levels in the canal rise in response to a storm 
event, there is potential for canal water to back up into the storm drain system. Many of these storm 
drain pipe outfalls do not have backflow preventors to keep canal water from backing up into the 
pipe. An example of a storm drain pipe with a backflow preventor and one without are shown in 
Photos 2-8a and 2-8b, respectively. There is a particular pipe along the Salt Lake City portion of the 
City Drain that consistently has canal water back into the pipe and bubble up into the road to the 
point that residents in the vicinity call either the City or the County to complain about flooding 
(location of inlet is identified on Figure 2-2).  

  

 (a)                                                                             (b) 

Photo 2-8: Storm Drain Pipes with (a) and without (b) back flow preventor 
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Riprap/Concrete Debris on Banks 

There are several segments along the Sewage Canal where rounded riprap or concrete debris has 
been placed to armor the banks. An example of this is shown in Photo 2-9. Riprap channel armoring 
should be angular and engineered so it can lock together and be sufficiently thick to adequately 
provide the required embankment protection. Where present, it does appear that the riprap and 
concrete debris is stabilizing the banks; however, since it does not appear to be engineered, it likely 
is not stable or suitable for long-term application. 

 

Photo 2-9: Concrete Debris on Bank of Sewage Canal 
 

Corrosion/Degradation of Lift Station, Diesel Tank, & Hydraulic Pumps, etc. 

The existing City Drain Lift Station was originally constructed in 1984. In the time since, there have 
been condition issues related to rust and corrosion of lift station components. The pumps and a 
significant portion of the pipes are exposed to air and water. As the pumps continue to age, there is 
an increased risk of the remaining operable pumps breaking down. Thus, it is necessary to replace 
the existing lift station with a new lift station.  

  

Photo 2-10: Evidence of Corrosion and Rust on Existing Lift Station 
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CHAPTER 3 – PREVIOUS ANALYSIS 

EARLY CANAL HISTORY 

The Sewage Canal was originally constructed in 1911 to remove wastewater from the Jordan River 
and convey it directly to the Great Salt Lake. Raw, untreated sewage was collected and conveyed to 
the Sewage Canal. In 1924, the Sewage Canal was expanded to increase the capacity of the channel. 
In 1965, Salt Lake City’s Water Reclamation Plant was constructed and began treatment of the 
sewage and discharged sewage effluent into the Northwest Drain.  

In addition to receiving and conveying sewage, the Northwest Drain was used as the outfall for the 
oil drain for the American Oil refinery. While it no longer acts as an oil drain, much of the soil along 
the Northwest Drain has become contaminated with hydrocarbons. It is possible that hydrocarbon 
contamination has made it to the Sewage Canal. 

As Salt Lake City grew, the need for storm water runoff conveyance increased. In addition to the 
Sewage Canal taking treated effluent to the Great Salt Lake, it also became a major storm water 
conveyance facility for portions of the City. The CWA drains were originally constructed to drain high 
groundwater/swampy areas of Salt Lake City to the Sewage Canal and then to the Great Salt Lake. 
The drain portion of the Sewage Canal system was slowly expanded to provide storm water 
conveyance. This included connecting multiple storm water trunklines to the CWA drains.  

DIFFERENT SLC MASTER PLAN STUDIES 

Since its construction and subsequent conversion into a storm water conveyance facility, the Sewage 
Canal system has never been studied in its entirety. However, portions of the canal were studied as 
part of multiple previous SLC storm water master plans as well as the Salt Lake City International 
Airport (SLC Airport) master plan. These studies primarily focused on the discharge into the canal 
system, and not on the conveyance capacity of the canals, particularly for the City Drain and the 
Sewage Canal. Short descriptions of the studies follow. 

CWA Drainage Study (1986) 

In  the early 1980s, there were consistent flooding issues in the area of 900 West and California Ave. 
This study focused on the CWA drains and a portion of the City Drain ending at about I-80. This study 
identified that the potential 10-year runoff was significantly higher than the capacity of many of the 
CWA drains. Based on this study, two new storm drain lift stations were constructed to take water 
from the CWA-1 Drain to the Surplus Canal and to remove much of the drainage area associated with 
the stretch from the 2100 South area to the Jordan River. In addition, a large detention basin was 
constructed to decrease flows into the CWA-2 Drain. This study recommends that the lift stations 
primarily be used in large flow events; low flows would continue to go into the CWA drain portion of 
the system.  

CWA/1700 South Study Area (1993) 

The CWA drains were further studied in 1993 by RB&G engineering. Similar to the 1986 study, it was 
recommended to increase the detention on the upstream ends of each of the CWA drains. In addition, 
further capacity for the lift station to the Surplus Canal was recommended. 

Salt Lake City Airport Master Plan (Late 1990’s) 

The SLC Airport manages all of its own storm water runoff independent of the rest of Salt Lake City. 
SLC Airport completed a Storm Drain Master Plan in the late 1990’s. This master plan identified that 
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the majority of the airport runoff is directed to the south and west of the airport and from there, on 
to the Surplus Canal. Only the East side of the airport has storm water runoff that goes into the City 
Drain. This includes the Military Complex portion of the airport (including the associated runway) as 
well as the open fields just east of the main commercial airport. While the majority of the SLC Airport 
has undergone significant remodeling since the Storm Drain Master Plan was completed, the portion 
of the airport that goes into the City Drain has remained relatively untouched. There has been some 
additional development in the north-east portion of the airport since the 1990s. Our hydrologic 
analysis included the additional flows from that area.  Most of the flows from the SLC Airport property 
were based on their Storm Drain Master Plan study. Specific information on subbasins and flow rates 
is presented in Chapter 4.  

FEMA GREAT SALT LAKE STUDY 

The 100-year floodplain elevation for the Great Salt Lake is currently being updated. The previous 
study established the static water elevation as 4215 feet with the potential for 3-foot wave runup on 
the south side of the Lake (making 4218-feet the 100-year WSE for the Sewage Canal study area). 
Based on some preliminary values provided by the State of Utah Department of Emergency 
Management, it appears that the new elevations will be similar to the current values. Based on the 
ground surface elevations from 2013-14 LiDAR, much of the overbanks surrounding the Sewage 
Canal and connecting portions of the City Drain and Northwest Drain will be within the new Great 
Salt Lake floodplain.  

Based on the Great Salt Lake floodplain elevation, new development along the Sewage Canal will need 
to place fill to elevate structures above approximately 4218 feet. Since this value is typically above 
the banks of the Sewage Canal, the Great Salt Lake floodplain will be the major controlling factor for 
development along the Sewage Canal. During this project, the water surface elevations of the Great 
Salt Lake were significantly lower than the 100-year elevations. However, while looking at historical 
imagery, an aerial view of the sewage canal in 1985 shows that the overbanks were flooded due to 
high water levers in the Great Salt Lake. The historic aerial is included in Appendix D. 
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CHAPTER 4 – HYDROLOGIC ANALYSIS 

A hydrologic computer model of the Sewage Canal and its tributaries was developed using the 
Autodesk Storm and Sanitary Analysis (ASSA) computer software. The model was used to estimate 
storm water runoff volumes and peak discharges generated by a design storm event and to develop 
runoff hydrograph inflows for the Sewage Canal, City Drain, and CWA drains (Sewage Canal System) 
for both the existing and full build-out conditions. This chapter focuses on the process and 
assumptions used to develop the hydrologic model for the study area. The methods used to estimate 
the hydraulic capacity of the Sewage Canal system and its related hydraulic structures are discussed 
in Chapter 5. 

PREVIOUS MODELS 

Previous studies of the City Drain and CWA drains used HEC-1 for the hydrologic analysis. HEC-1 
models are out of date and are not recommended for use anymore. As a result, the model used for 
this study was developed from scratch. The methodology used to develop the hydrologic model 
parameters is similar to what has been done for nearby hydrologic studies. The process used to 
develop the hydrologic model is outlined in the following general steps, with detailed information on 
each step provided below: 

1.   Delineate Drainage Basins 3.   Develop Design Storm Parameters 

2.   Develop Hydrologic Modeling Parameters 4.   Calibrate Hydrologic Model 

DRAINAGE BASIN AND SUBBASIN DELINEATION 

The Sewage Canal System drainage basin boundaries and related subbasin boundaries were 
delineated based on storm drain GIS inventory data provided by Salt Lake City, in conjunction with 
topographic data. The topographic data used for this study was developed using LiDAR data collected 
in 2013-2014, available on the UGRC website. Aerial photographs taken in 2022, available from 
UGRC, were also used to develop the subbasins. The Sewage Canal system drainage basin and 
subbasin boundaries developed as part of this study are shown on Figure 4-1. 

The drainage basin area associated with the Northwest Drain was not studied as part of this analysis. 
Flow rates were taken from the recent Salt Lake City Storm Drian Master Plan update of the 
Northwest Drain as well as from the ongoing Northwest Drain and Lift Station hydraulic analysis.  
The hydrologic computer model of the Northwest Drain was provided to us by the City and we 
utilized the hydrographs from that model in our analysis of the Sewage Canal. 

Based on existing contours and drainage systems, little-to-no significant runoff from the areas 
adjacent to the Sewage Canal will get into the Sewage Canal System. As a result, this runoff was not 
included in the existing drainage area.  

HYDROLOGIC MODEL PARAMETERS 

ASSA uses the United States Army Corps of Engineers HEC-HMS hydrologic engine based on SCS 
Curve Number methodology to estimate runoff for each subbasin. ASSA uses the HEC-1 hydrologic 
engine to estimate runoff. This method requires lag time, CN value, percent impervious, and area for 
each subbasin as hydrologic input parameters. A description of each of these items is included below. 
The hydrologic model parameters are summarized in Appendix E. Hydrologic model parameters 
were developed using a methodology adapted from the ongoing Salt Lake City Storm Drain Master 
Plan. This was done to simplify the calibration process and to have values/results more consistent 
with the Salt Lake City Master Plan when it is complete. 
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Curve Number 

The Curve Number (CN) was estimated for the pervious portion of each subbasin based on the 
hydrologic soil type and land cover. The CNs used in this study do not account for impervious land 
cover types such as pavement. The methodology used in this study accounts for directly-connected 
impervious area by inputting that value in the model as a percentage of the area of each drainage 
subbasin that is impervious. Using this approach is necessary for Salt Lake Valley’s climate and 
geology as peak runoff values from the 3-hour design storm are severely underestimated for areas 
with Hydrologic Soil Groups (HSG) A and B when a “composite” CN is used instead of entering 
impervious land cover separately. The hydrologic soil type and land cover was obtained from the 
Meter-scale Urban Land Cover (MULC) dataset for Salt Lake City. The MULC uses the hydrologic soil 
types developed by the NRCS. Table 4-1 shows the CN used in this study, based on soil type and the 
assumed ground cover. The soil types are identified in Figure 4-2 and MULC land cover is identified 
on Figure 4-3.  

Table 4-1 

SCS Curve Number 

MULC 
Grid 
Code 

MULC Description 
Equivalent Land 
Type Based on 
TR-55 Manual 

CN Value for 
Hydrologic Soil 

Type1 

A B C D 

10 Open Water Water 98 98 98 98 

30 Bare Earth Bare Soil 77 86 91 94 

40 Trees/Forest Woods, fair 36 60 73 79 

52 Shrub/Scrub Oak-aspen, fair 30* 48 57 63 

70 Herbaceous Open Space, good 39 61 74 80 

91 Wetlands, woody NRCS 650: Swamps 85 85 85 85 

92 Wetlands, emerging NRCS 650: Swamps 85 85 85 85 

1 The CN values are from the TR-55 manual, Table 2-2a 

 

Drainage and Subbasin Areas 

Subbasin areas were calculated using computerized GIS technology and the delineated subbasin 
boundaries.  

Directly-Connected Impervious Area 

The MULC dataset includes information on whether an area is impervious or not. This data was 
developed using aerial imagery and LiDAR. Typically, directly-connected impervious area represents 
only the impervious areas that generate runoff which will only flow over impervious areas prior to 
being collected in the storm drain system (e.g. roadways, driveways, and some rooftops). Due to the 
presence of trees (identified as pervious area) over homes and the majority of the impervious area 
being in commercial/industrial areas where all the impervious areas are directly connected, this 
study assumes that all the MULC-identified impervious areas for a given subbasin would be directly-
connected. The percentage of the total subbasin that is directly-connected impervious area was 
estimated based on this assumption. 
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Lag Time 

Lag time was calculated for subbasins using Worksheet 3 from the TR-55 manual. 

DESIGN STORM PARAMETERS 

A design storm has a specified depth and temporal precipitation distribution. The design storm was 
applied to the entire study area using the “nested” Farmer-Fletcher temporal distribution. This 
distribution is a typical standard for most municipalities along the Wasatch Front. The specified 
depth for a design storm is typically determined by a desired return period and storm duration. A 
cloudburst storm event of three hours was selected for this study to remain consistent with design 
standards throughout the Wasatch Front. Typical design storm return periods include 10 years and 
100 years for storm drain pipes and large storm drain facilities (e.g. detention basins, canals, and 
creeks), respectively. Both return periods were analyzed for this study.  

The following parameters were used to develop the synthetic design storm: 

• Storm Duration: 3 hours 

• Temporal Precipitation Distribution: Modified Farmer-Fletcher 

• Storm Recurrent Intervals: 10-year and 100-year 

• Design Storm Depth (From NOAA Atlas 14):  (10-year) 1.05 inches (100-year) 1.86 inches 

EXISTING DETENTION 

The majority of the area surrounding the City Drain and CWA-drain upstream of City Drain pump 
station have been built-out for a few decades. As a result, much of the development does not include 
detention areas. The only major exceptions to this are the two Utah Department of Transportation 
(UDOT) detention basins located at the interchange of I-215 and I-80. Both detention basins are large, 
flat areas with a large storage volume (based on 2013-14 LiDAR, the combined volume is almost 100 
acre-feet). Typically, detention basins of this size would be included in a hydrologic model. However, 
as discussed further in Chapter 5, the hydraulic model methodology chosen includes hydrograph 
inflow data. As a result, the detention basins were included in the hydraulic model and only the 
hydrographs for the UDOT area were considered in the hydrologic model. 

MODEL CALIBRATION 

The final step in the hydrologic modeling process was model calibration. In general, calibration of a 
hydrologic model of an urban area refers to the process of adjusting model parameters to achieve 
results consistent with available reference information, such as gauge flow data, in nearby areas. As 
is common in urban area rainfall-runoff models, the study area does not have a stream gauge or 
measured flow data, so gauge data was unavailable for use as a calibration standard. Instead, the 
model was calibrated to a target range based on available urban runoff studies. 

Calibration Target Range 

The Sewage Canal hydrologic model was calibrated to the peak runoff values identified in the Water-
Resources Investigations Report 89-4095, entitled “Peak-Flow Characteristics of Small Urban 
Drainages along the Wasatch Front, Utah” from the U.S. Geological Survey published in 1989. After 
calibration of the rainfall-runoff model, peak runoff rates for the 10-year 3-hour storm event for the 
subbasins ranged from 0.08 cfs/acre for low-density areas to 0.99 cfs/acre for heavily commercial 
regions.  This range is consistent with the values defined in the study. Values for runoff were expected 
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to be on the lower end, as this study focuses on the Salt Lake County valley floor where slopes are 
mild, reducing the peak runoff response compared to the foothills along the Wasatch Front. 

AIRPORT HYDROLOGY 

Some subbasins, which together represented the whole SLC Airport region draining to the City Drain, 
were calibrated to the SLC Airport Storm Drain Master Plan from the late 1990s. These subbasins are 
identified on Figure 4-1. A short description of each subbasin from the SLC Airport master plan is 
given below. Additional data from the SLC Airport Storm Drain Master Plan is included in Appendix 
F. 

• Subbasin CD-05: This subbasin is the area east of the main commercial airport to about I-
215 and generally south of about 1350 North. The military and other airport buildings are 
included within this portion as well as a small amount of commercial development. Based on 
the master plan, this area is detained to a peak flow rate of 40 cfs into the City Drain 

• Subbasin CD-03: This subbasin is the area east of the main commercial airport to about I-
215 and generally north of about 1350 North to 2400 North. The majority of this subbasin is 
undeveloped and is not planned for significant development (it is within the flight path of one 
of the runways).  

The model parameters of the subbasins listed above were adjusted until the runoff values was similar 
to the peak flow rates identified in the SLC Airport Storm Drain Master Plan. 

HYDROLOGIC MODELING ASSUMPTIONS 

The following general assumptions were made in completing the hydrologic analyses of the study 
area:  

1. Rainfall return frequency is equal to associated runoff return frequency. 

2. Design storm rainfall has a uniform spatial distribution over each drainage basin. 

3. Normal (SCS Type 2) antecedent soil moisture conditions exist at the beginning of the design 
storm.   

4. The hydrologic computer model adequately simulates watershed response to precipitation. 

Additional assumptions and adjustments to the hydrologic modeling are described in the following 
sections. 

Storm Drain Inlet and System Capacity 

Urban storm drain inlets and pipe systems are typically designed to capture and convey storm water 
runoff associated with the 10-year design storm. This flow would then be conveyed to a larger facility 
(such as the Sewage Canal), or to detention basins, to reduce the peak flow rate. In the drainage area 
for the Sewage Canal System, the majority of the storm water runoff is anticipated to make it to the 
main trunkline pipes of the storm drain system. No plans are in place to increase the capacity of the 
trunklines beyond the 10-year design storm event.  

Flows in excess of the 10-year storm (i.e. the 50-yr or 100-yr storm) would be collected within the 
street Right-of-Way and conveyed to the outfall. Unlike other large conveyance facilities in Salt Lake 
County, the Sewage Canal and its tributaries are either bermed or are not the local low spot for 
collection of runoff. As a result, flows from the 100-year event cannot be conveyed into the Sewage 
Canal System.  Rather, in those large events, storm water will pond up in the streets or will be 
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conveyed to the Jordan River/Surplus Canal or other nearby drains.  Therefore, the peak flow into 
the Sewage Canal system will be the same for both the 10-year and 100-year design storm events.  
These results are consistent with other studies in the area.  In addition to this, the ongoing Salt Lake 
City Storm Drain Master Plan effort has identified portions of the system that can’t convey the 10-
year design storm. More discussion on these areas is included in the following section.  

Salt Lake City Storm Drain Master Plan 

The Salt Lake City Storm Drain Master Plan identifies multiple trunklines that don’t have adequate 
capacity for the 10-year design storm runoff. This means that for the 10-year design storm, not all of 
the runoff will be safely conveyed to the Sewage Canal system. The City does not have plans to 
increase the capacity of many of these pipes to the Sewage Canal system, based on their master plan 
and input from Salt Lake City Personnel.    

Salt Lake City does have plans to improve portions of the system; however, any improvements made 
would result in detention or diverting storm water away from the Sewage Canal. The 10-year design 
storm event will be a more-than-adequate representation of the peak flow and volume into the canal 
system.   

Future Development 

The majority of the existing Sewage Canal drainage area is already fully, or nearly fully, developed. 
Future development opportunities are primarily located on the downstream side of I-215, with a 
small portion of redevelopment possible between the City Drain Lift Station and I-215.  Based on this, 
future development is anticipated to have little-to-no impact on the volume of runoff and peak flow 
rates that go into the Sewage Canal. 

AREAL REDUCTION OF PRECIPITATION DEPTH 

Intense summer cloudburst events typically move across the Salt Lake Valley and rarely cover a large 
area. Precipitation depth reduction factors for larger drainage basins are typically utilized in 
hydrologic analysis procedures to adjust point precipitation values for large areas. The NOAA Atlas 
2 (1973) recommends a storm-centered areal reduction of 0 to 15 percent for 3-hour storm cells 
ranging from 0 to 100 square miles in area. This was not used for this study primarily for the 
following reasons: 

• The design storm recurrence interval for this study is already less than is typical. Most large 
conveyance facilities in the Salt Lake Valley are analyzed using a 100-year recurrence 
interval; the Sewage Canal study will be analyzed using a 10-year recurrence interval. 

• The channels in the Sewage Canal system act like linear detention basins, attenuating peak 
flows significantly within the system. Hydraulic analysis, discussed further in Chapter 5, 
found that volumes were a controlling factor of the system in addition to the peak flow rates. 
We are not using an areal reduction results in a more conservative volume.  

RESULTS AND CONCLUSIONS 

The design storm recommended for the Sewage Canal is a 10-year 3-hour storm. The 10-year storm 
is recommended rather than a 100-year storm to account for the limited capacity of the pipe system 
upstream of the canals. Almost all of the runoff associated with events greater than a 10-year storm 
event would not make it into the Sewage Canal System. This is because the majority of the SLC storm 
drain system cannot handle flow rates above the 10-year 3-hour storm event. The City does not have 
plans to significantly improve the storm drain system to the Sewage Canal and CWA drains. Instead, 
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most major changes will involve detention and taking flow to either the Jordan River or the Surplus 
Canal. Thus, limiting design capacity to the 10-year event is appropriate. 

The estimated peak hydrologic inflows for the design storm event into the Sewage Canal System are 
presented in Figure 4-4 and summarized in Table 4-2. Hydrographs of the inflows are included in 
Appendix G. In Table 4-2, the “Hydrologic Element Type” refers to either the subbasin or link where 
all or only a limited portion of design storm runoff enters into the Sewage Canal System, respectively. 

Table 4-2 

Major Hydrologic Inflows into the Sewage Canal System 

Hydrologic 
Model 

Element 

HEC-RAS Inflow 
Channel – 

Station 

Peak Flow 
Rate 

 
Hydrologic 

Model 
Element 

HEC-RAS Inflow  
Channel - 

Station 

Peak Flow 
Rate 

Subbasin 
CWA-3 -EXT 

4699 
146 cfs  Subbasin CWA3 – 80508 28 cfs 

Subbasin CWA-3 79317 64 cfs  Link CWA-3 – 77210 78 cfs 
Subbasin CWA-3 76266 116 cfs  Link CWA-1 – 71997 113 cfs 
Subbasin CWA-1 – 70686 90 cfs  Subbasin CWA-2 71561 199 cfs 

Subbasin CWA-2 – 69946 100 cfs  Subbasin 
CWA-2 – 
68916.62 

6 cfs 

Link 
City Drain 
68056.81 

33 cfs  Link 
City Drain – 

65879 
24 cfs 

Link 
City Drain – 

65721.24 
117 cfs  Subbasin 

City Drain  - 
64367 

4 cfs 

Subbasin 
City Drain 
63155.49 

56 cfs  Subbasin 
City Drain  - 

61793.16 
65 cfs 

Subbasin 
City Drain – 

52785 
40 cfs  Link 

City Drain  - 
50692.24 

121 cfs 

Subbasin 
City Drain – 

45487 
46 cfs  Subbasin 

City Drain – 
48376 

29 cfs 

Link 
City Drain – 

40938 
66 cfs  Subbasin 

City Drain – 
36461 

58 cfs 

Subbasin 
Existing 

Northwest Drain 
248 cfs     
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CHAPTER 5 – HYDRAULIC ANALYSIS 

A hydraulic analysis was performed on the channels of the Sewer Canal and its tributaries with their 
associated culverts and other structures. The purpose of this analysis was to determine existing 
conveyance capacities and to identify where deficiencies exist in the study area. This chapter 
summarizes how the hydraulic analyses were performed. 

A HEC-RAS hydraulic computer model of the Sewer Canal and its tributaries was developed utilizing 
topographic data, survey data of channel cross sections and hydraulic structures, and aerial 
photographs. Version 6.4.1 of the HEC-RAS computer program, developed by the United States Army 
Corps of Engineers, was used to perform the hydraulic modeling for this study. The purpose of this 
chapter is to describe the process used to develop the hydraulic models and to summarize the 
modeling results associated with the hydraulic analyses. No prior model was available for the Sewage 
Canal system.  

HYDRAULIC MODEL DEVELOPMENT 

This section outlines the general methodology and approach used to complete the hydraulic 
modeling of the creek channels that were studied in detail as part of this project.   

Basic Information 

Data acquisition and hydraulic model development tasks were completed in accordance with FEMA 
Guidelines and Specifications.  

Topographic Data 

Channel cross sections were surveyed at approximately 1,000-foot intervals through the study 
reaches of the Sewer Canal and its tributaries.  Then, 2013-14 LiDAR data from UGRC was used to 
extend the limits of the surveyed channel cross sections across the channel overbanks, enabling the 
retrieval of geometric data needed to develop the open channel model at each cross section. Field 
survey data of hydraulic structures was used to develop the geometry data for hydraulic structures 
on the creeks. 

Downstream and Junction Boundary Conditions 

The Sewage Canal discharges into Farmington Bay on the Great Salt Lake. The downstream boundary 
condition selected was normal depth calculation with a slope of 0.00013 ft/ft. This boundary 
condition was compared to various scenarios of the current Great Salt Lake water surface elevations 
(WSEs). A normal depth boundary condition resulted in WSE within the sewage canal similar to the 
5-year to 10-year WSE in the Great Salt Lake. If the Great Salt Lake WSE were at the 100-year levels, 
the static water elevation would be above the sewage canal banks for much of the channel 
downstream of the City Drain Lift Station, regardless of the flow rate within the canal system. This 
means that the Sewage Canal system will most likely not operate as evaluated for this study if the 
Great Salt Lake reaches the 100-year WSE. Plans should be in place to protect low-lying development 
from the Great Salt Lake backing up into the sewage canal. As discussed previously, the majority of 
new potential development in the vicinity of the Sewage Canal is in or near the Great Salt Lake 
floodplain and will need to be elevated above the 100-year WSE for flood protection. 

In addition to a boundary condition for the Sewage Canal, there are two junctions within the 
hydraulic HEC-RAS model of the system. These junctions act as boundary conditions and are placed 
at the following locations: the confluence for the CWA-3 Extension and CWA-3; and the confluence of 
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the CWA-2 and the CWA-1 drains. HEC-RAS 6.4.1 has two options for junction boundary conditions: 
force same WSE or energy balance. Typical junctions in riverine systems have the same WSE on all 
three channels. However, for the Sewage Canal System, both the CWA-3 Extension and the CWA-2 
drain are flowing in from a culvert. Using the force same WSE boundary condition results in the model 
having increased errors and instability at high WSEs. To be more consistent with the channel 
conditions and account for energy loss across the culverts, the balance energy boundary condition 
was used for this model. 

Manning’s “n” Values and Expansion/Contraction Coefficients 

Values for channel overbank roughness coefficients, or Manning’s “n” coefficients, were estimated 
based on field observations, aerial photography, and engineering judgment. As a general rule, 
Manning’s “n” values were selected that would result in subcritical flow conditions. Generally, the 
Manning’s “n” value used for the overbank was 0.060, and 0.045 was used for the channel. Those 
Manning’s “n” values are within an acceptable range that reflect the channel conditions and are close 
to the values used in previous studies for the area.  

Modeling Phragmites 

An investigation was made to determine if the phragmites significantly restrict the flow by 
utilizing the ineffective flow option method in HEC-RAS to limit the effective flow area.  During 
the design (or high flow) scenario the downstream conditions create enough of a tailwater impact 
that unless most of the channel is “blocked off” using ineffective flow areas, there are only 
minimal changes to the peak water surface elevation.  This is because the water surface elevation 
in the City Drain is largely governed by the back-water conditions of a relatively flat channel with 
a relatively large flow as discussed later in this report. 
 
We also changed Manning’s “n” values for high and low phragmite growth (see Chapter 2) to try 
to evaluate the restrictive growth from the phragmites (up to a value of 0.1), which would be one 
method for modeling phragmites in a channel. However, it was found that when adjusting the 
roughness from a low value to a higher value (0.1), there was minimal change in the maximum 
water surface elevation due to the low velocities during the peak discharge. In other words, 
increasing the Manning’s “n” values in the channel due to high phragmite growth made very 
little difference to the water surface elevation because the velocities are so low due to the 
backwater conditions as discussed later in this chapter. 
 
It is very likely that during a lower flow scenario (e.g. when there are more localized storms) the 
impact of the heavy phragmite growth has a significant impact on the water surface elevation. 
While this would result in an increased water surface elevation in the low flow condition, it 
wouldn’t increase the peak water surface elevation above the design (or high flow) scenario 
analyzed and discussed later in this chapter. It should be noted that if the phragmite growth 
blocks off the entire cross-sectional area of the channel or if debris blocks off the channel there 
could be significant flooding issues. The impacts that phragmites have on debris would be 
difficult to model and is beyond the scope of this project. 
 
Canal Layout and Cross Section Locations 

The centerlines of the Sewage Canal and its tributaries were digitized using the ArcGIS software and 
the aerial imagery available from UGRC website. Channel cross sections were surveyed and entered 
into the hydraulic model at intervals with a typical maximum of 1000-feet. The cross sections 
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included the top of bank, top of channel banks, flow line, and other grade breaks. The geometry data 
for the overbank areas for the cross sections were collected by extending the cross sections’ limits 
across the overbank and floodplain using the digital 2013-14 LiDAR data and GIS tools. Survey data 
of the hydraulic structures was used to develop the geometry data for hydraulic structures on the 
Sewage Canal and its relevant tributaries. The model includes approximately 53 structures. The City 
Drain Lift Station was modeled using a pump element. 

CALIBRATION 

Calibration of a hydraulic computer model generally consists of measuring actual flow conditions in 
the field and comparing these measurements with those predicted by the model. There are no gauges 
or defined references within the Sewage Canal to which the model could be calibrated. Instead, 
calibration was done based on known historic flooding and field visits. Inlet nomographs were used 
to compare inlet nomographs on culverts that are inlet control. The inlet nomograph is included in 
Appendix H. 

EVALUATION CRITERIA 

Separate evaluation criteria were developed for channel- and structure-related deficiencies, as 
described in the following sections. 

Recommended Channel Freeboard 

The recommended minimum freeboard on the Sewage Canal System channels is one (1) foot for 
design and capacity evaluation purposes. In performing the detailed hydraulic analyses, channel 
reaches where the hydraulic model indicates that there is at least one (1) foot of freeboard were 
considered to have adequate capacity to convey the design storm event runoff. If an area had between 
zero (0) and one (1) foot of freeboard (i.e. it is not flooding, but has little freeboard), it was considered 
to have a potential capacity deficiency, but no project would be considered to increase capacity or 
freeboard. If the hydraulic computer model predicted that a reach of channel may be overtopped 
during the design storm event, that reach would be compared to known flooding events. If that area 
did not have flooding concerns, it was placed on a watch list. Channel banks that overtopped in the 
model and were correlated to flooding concerns were considered deficient. A project would be 
recommended based on the potential cause of the high-water levels. 

Structure Restrictions 

Culverts and bridges were considered to be capacity-deficient if they overtopped, or if they restricted 
flow in the channel and created an upstream freeboard deficiency.  

HYDRAULIC MODELING RESULTS 

The hydraulic model of the canals/drains was run for the 10-year hydrographs based on existing 
conditions identified in Chapter 4. The model was run with an unsteady-state flow regime, which was 
selected to better approximate channel attenuation, as discussed in following sections. Observations 
about the results are presented below. 

Special Modeling Considerations 

In-Channel Peak Flow Attenuation 

Typically, a HEC-RAS 1-D model is run with steady state flow representing the peak flow rates in the 
channel developed during the hydrologic analysis. This is a conservative approach that represents 
systems with extended-duration peaks and is consistent with FEMA HEC-RAS modeling standards. 
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Typically, any minor channel attenuation is approximated using the hydrologic modeling software. 
The sewage canal has potential for significant in-channel attenuation due a few factors: 

• Little-to-no slope: This results in slow velocities (less than one (1)) foot per second in 
most areas) within the main channel, even during peak flow rates. This is similar to a 
detention basin or a reservoir.  

• Relatively wide and deep channels: The channels are relatively wide and deep. This 
provides for significant storage volumes within the channels themselves, particularly as 
the depth of flow increases. 

• Reduced capacity at culverts: Some of the culvert crossings within the Sewage Canal 
System have a reduced capacity compared to the channel upstream and downstream. 
This results in the channel behaving like a linear detention pond, with the culverts acting 
as the flow restriction.  

For these reasons, the channel was analyzed using an unsteady-flow regime. A comparison was done 
during the development of the model to verify that using an unsteady flow was appropriate.  The 
peak flow rate was approximated at the City Drain Lift Station without any attenuation vs with in-
channel attenuation. If the flow rates were not attenuated in HEC-RAS, the peak flow rate was over 
450 cfs at the Lift Station. This is three (3) times the design capacity of the station. It is likely that a 
10-year storm event has occurred in the last 40 years. If a flow rate of this magnitude were to have 
reached the lift station, it would have overtopped the berm across the channel and caused significant 
flooding in the existing development. Based on discussions with SLCo and SLC maintenance 
personnel and nearby residents, this event has not occurred.  Thus, it appears that the attenuated 
flow is more realistic. The attenuated flow rate of 150-180 cfs is assumed to be a more reasonable 
flow rate within the system.  

UDOT Detention Basins  

On the City Drain, there are multiple large UDOT regional detention basins that are hydraulically 
connected to the City Drain channel near the I-80/I-215 interchange just south of the SLC Airport. 
Just downstream of these detention basins, there is a 48-inch reinforced concrete pipe (RCP) that is 
the entrance into the airport pipeline, which runs over 1,000-feet in length before increasing in 
diameter. For existing conditions, this 48-inch opening acts as a major restriction to the capacity of 
the system, causing the water to back up in the upstream channel. A significant volume of water then 
flows “backwards” into the UDOT detention basins. These detention basins facilities were included 
in the hydraulic model as storage areas with culvert connections to and from the main channel.  

While these detention basins were most likely constructed primarily to attenuate runoff from the 
freeway and the freeway interchange, they appear to have capacity to attenuate flows from the canal 
as well. Based on discussions with the City and the County, there are no plans to modify how the canal 
operates in that area. If that changes, the hydraulic analysis from this study will need to be updated.  
We recommend that the system continue to function with the additional attenuation from the UDOT 
detention basins, otherwise there may need to be significant improvements to the downstream canal 
facilities. 

Surplus Canal Lift Station 

The CWA-3 Drain crosses the Surplus Canal in a 48-inch RCP culvert at approximately 1000 South. 
This culvert restricts flow to between 40 and 60 cfs (depending on tailwater conditions). Excess flows 
are pumped into the Surplus Canal through a lift station and do not continue through the Sewage 
Canal System.  The lift station was best represented by a lateral structure in the hydraulic model. 
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Flows in excess of the culvert capacity “exit the model” similar to how runoff in excess of the culvert 
capacity will leave the Sewage Canal system via the Surplus Canal lift station.  

Existing Conditions Results 

Two existing conditions scenarios were analyzed for this study. The only change between the two 
scenarios was the capacity of the existing lift station. First, the existing City Drain Lift Station was 
analyzed with a capacity of only 50 cfs, which is the current estimated capacity of the lift station. For 
the second scenario, the lift station capacity was increased to 180 cfs to represent how the existing 
channel would respond based on the improved lift station.  

Both scenarios were needed to identify any additional improvements needed based on the improved 
pump capacity.  Figure 5-1 shows the deficiencies and peak flow rates associated with the first 
condition (50 cfs capacity lift station) and Figure 5-2 shows the same information for the second 
condition (180 cfs capacity lift station). Existing condition deficiencies and recommended 
improvements are discussed in the following section. 

Deficiencies 

Typically, the worst deficiencies upstream of the lift station are associated with the 50 cfs scenario 
and the 180 cfs scenario for downstream. Identified deficiencies have been described below: 

• City Drain Lift Station: The existing capacity of the City Drain Lift Station is inadequate. With 
a capacity of only 50 cfs, the lift station cannot convey storm water runoff in the downstream 
direction to prevent flooding upstream. The City Drain Lift Station deficiency causes or makes 
worse channel and culvert capacity deficiencies upstream. City Drain channel banks would 
potentially be overtopped and flood developments to the east during the design storm event. 
It is known that storm water has previously been backing up into the connecting storm drain 
pipes and bubbling up in low spots of the roadway via inlets and manholes. In addition, 
elevated WSE could result in multiple culverts overtopping between the piped SLC Airport 
section and I-215. As can be seen by comparing Figure 5-1 and Figure 5-2, increasing the 
capacity of the pumps removes these deficiencies, with the exception of the directly-
connected storm drain pipes along the City Drain. A flap gate, or similar, should be installed 
on the City Drain side of storm drain connections to keep water from bubbling up into the 
nearby streets. Due to the increasingly deteriorated state of the existing lift station, repairs 
and improvements should be made as soon as possible to prevent the pumps from failing 
completely, making the upstream channel inoperable.  

• CDWB7 (2800 North) and CDWB9 (2350 North): Two culverts have collapsed and 
significantly reduce the capacity of the channel. This results in banks potentially overtopping 
downstream of the City Drain Lift Station.  Based on conversations with County maintenance 
personnel, someone needs to remain at the lift station when it is turned on, in part, to turn off 
the lift station if the downstream channel is too full and at risk of bank overtopping. The pump 
station is manually turned off until the water recedes, and the lift station can be turned back 
on. Increasing the capacity of the City Drain Lift Station under current conditions means that 
the pump station will not be able to operate at its full capacity until the culverts are replaced. 
Design of the new Lift Station will include sensors to turn off the pumps automatically if the 
downstream water levels get too deep (meaning, someone does not have to be onsite to turn 
off the pumps).  If the downstream culverts are not replaced, the channel will not have 
capacity to use the full capacity of the new lift station. These culverts should be improved as 
soon as possible so the pump station can be used at its full capacity. 
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• Phragmite Growth in the Channel Downstream of City Drain: There is significant 
phragmite growth downstream of the City Drain Lift Station, particularly north of CDWB7. 
Phragmite growth has nearly covered the entire channel width in this area.  The phragmite 
growth could limit the capacity in the channel by capturing debris, or by inundating the 
channel.  If the peak flow from the lift station exceeds the capacity of this section of channel, 
flooding over the banks is likely to occur. To be able to use the full capacity of the improved 
Lift Station, the phragmites from this section of channel should be removed. Otherwise the 
sensors will cause the pumps to turn off or use a reduced capacity during large storm events. 

• CDWB4 (2800 North): The culvert is elevated above the channel invert and restricts the flow 
downstream of the City Drain Lift Station. Restricting the flow causes the water to back up 
and results in little-to-no freeboard for the 150 cfs scenario just upstream of the I-215 culvert. 
The CDWB4 culvert should be removed and replaced with a free span bridge. 

• CDWB13 (Access Bridge by 1700 North): This culvert invert is significantly higher than the 
channel bottom, resulting in permanent standing water below this elevation. This structure 
acts like an in-channel contracted broad-crested weir, limiting the flow that can pass through 
this part of the canal. It restricts the flow to the lift station and causes an elevated WSE 
upstream by reducing the capacity of the channel. The right bank of the channel has berms 
that protect residential neighborhoods for this section of the City Drain. Increasing the water 
surface in this area increases the likelihood of overtopping, berm failure, or piping through 
the berms. The culvert crossing protects a sewer pipe crossing for SLC; based on design 
drawings, the pipe is only 1.1 feet below the bottom of the culvert. This culvert crossing does 
not appear to access anything. If that is the case, the culvert could be removed. There is a steel 
casing to protect the sewer pipe, so the culvert isn’t needed to protect the sewer pipe. If 
needed, a concrete cap or riprap could be placed over the sewer pipe to provide additional 
protection, however, this may not be required. Removing the culvert and restoring the 
channel would eliminate the restriction and increase the flow to the lift station while also 
lowering the WSE in this section of the City Drain. 

• I-215 Crossing for CWA-1 Drain and CWA1D (Bending River Rd.): The culvert crossing 
underneath I-215 for the CWA-1 drain has limited capacity caused by the backwater 
conditions from the downstream channel. There are smaller berms along a section of channel 
between I-215 and Bending River Rd. The limited capacity of the crossing causes the berms 
and culvert between I-215 and Bending River Rd. to overtop. Increasing the capacity of the 
lift station pumps lowers the water surface enough that only the berms would overtop, not 
Bending River Rd. Based on LiDAR of the overbank, high water should be contained to the 
overbanks area adjacent to the channel and does not flood nearby structures. If the berms on 
the channel banks are overtopped, the banks should be raised. 

• I-215 Culvert for CWA-3 Extension: The I-215 culvert for the CWA-3 Extension is both 
undersized and has an adverse slope. This raises the WSE upstream by more than two (2) 
feet compared to the downstream channel, resulting in much of the extension channel banks 
being overtopped. Flooding in this area due to the CWA-3 Extension has not been reported. 
It is likely that the elevated WSE would result in a condition where water at inlets would 
bubble up. Excess flows would then flow within the street ROW to the west towards the storm 
drain infrastructure that ultimately drains into Salt Lake City’s Lee Drain. This portion should 
be monitored to make sure that flooding from the CWA-3 Extension does not occur. If flooding 
concerns persist, either the I-215 culvert should be replaced, or the channel banks should be 
raised. 
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• Railyard and 500 South: The banks through the railyard just north of 500 South may be 
overtopped during the design storm runoff. Both the railroad and 500 south culvert crossings 
will overtop. With an increased pump capacity at the City Drain Lift Station, the WSE will be 
lowered such that the culverts may not overtop, however, there will be little to no freeboard. 
These areas should be watched to determine if the banks overtop and need to be raised.  

• Misc. Banks on CWA-3 and CWA-2: Along both of these drains, the model identifies sections 
where the water may overtop the banks during the design storm event. However, no known 
flooding has occurred for these locations. This could be due to the limited capacity of the 
channel, leading to a WSE that backs up into the storm drain system.  

• Culverts Between California Ave. and Surplus Crossing: There are three railroad culverts 
between the Surplus Canal crossing and California Ave. (CWA3D7, CWA3D6, and CWA3D5). 
These culverts would potentially be overtopped during the design storm runoff. No known 
flooding has occurred in this area, potentially due to the majority of runoff not reaching this 
portion of the canal. Due to the complexity and cost of replacing railroad culverts, this area 
should be watched. If flooding is confirmed, increasing the Surplus Canal lift station capacity 
is most likely the more economical alternative. 

Appendix I includes maximum WSE profiles for the Sewage Canal system channels (CWA-3, CWA-2, 
City Drain, and Sewage Canal).  

Sewage Canal Bank “Collapsing” 

As discussed in Chapter 2, the banks of the Sewage Canal are “collapsing” into the channel 
downstream of the Northwest Canal confluence. Peak channel velocity along this section of the 
system is no greater than two (2) feet per second. Based on this velocity, it is unlikely that the channel 
“collapsing” is due to bank erosion.  There is a significant rise and fall of the WSE in this reach of the 
channel between normal operating conditions (only a few feet deep) to the maximum flood water 
depths (close to 10 feet deep). This WSE rise and fall cycle results in a wetting and drying cycle for 
the channel banks. Once the banks are saturated and the water recedes, the banks are no longer 
stable and “collapse” into the channel. This issue is further discussed and addressed in Chapter 6. 

LIFT STATION FLOW RATES 

The HEC-RAS model developed for the Sewage Canal System was used to size the new City Drain Lift 
Station pumps. Since the City Drain acts like a long linear detention basin or a wet well for a lift 
station, we looked at various flow rates to determine an appropriate design flow rate to lower the 
WSE upstream of the lift station. The following observations on the relationship between peak 
capacity and upstream WSE were made: 

• For a peak capacity less than 110 cubic feet per second (cfs), the lift station would not be 
able to pump enough water downstream to significantly lower the upstream WSE and 
protect the City Drain banks from potentially overtopping. 

• Between 110-150 cfs capacity in the lift station, the upstream channel would not likely 
overtop, but there would be less than one (1) foot of freeboard on the channel banks.   

• The original estimated design capacity of 150 cfs would be adequate to reduce the flood 
risk upstream of the lift station. 

Based on these findings, it is recommended that the City Drain Lift Station have a minimum design 
capacity of 150 cfs. We recommended providing a safety factor, and sizing the lift station with 
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additional space for an extra pump so it can be expanded to 180 cfs in the future if needed. These 
flow rates are reflected in the pre-design report of the new lift station, provided in Appendix C. 

CONCLUSIONS AND RECOMMENDATIONS 

The hydraulic analysis of the existing Sewage Canal System resulted in the following major 
conclusions: 

• The Sewage Canal System acts like a long, linear detention facility. This results in 
significantly attenuated peak flows compared to the peak hydrologic inflows. As a result, 
the canal system is best analyzed using an unsteady flow regime based on volume instead 
of typical steady state flow.  

• A large portion of the City Drain is a 48-inch pipe through the SLC Airport starting just 
upstream of North Temple St. The entrance to the 48-inch pipe acts as a major restriction 
to flow in the City Drain. This restriction does not cause flooding, because the backwater 
flows into UDOT detention ponds.  The peak flow downstream of North Temple St. is 
significantly reduced by the restriction of the piped section. Maintaining this operational 
condition is critical to limiting the peak flow in the downstream channel and minimizing 
capacity issues and potential flooding.  The size of the 48-inch pipe should not be 
increased and connections into the UDOT detention ponds need to be maintained. 

• The existing capacity of the City Drain Lift Station is inadequate to safely convey the 
design flow through the City Drain during the design event. Water depths in the channel 
will most likely overtop the banks and cause flooding east of the City Drain. Even for lower 
flow rates, the existing lift station will result in water backing up into the connecting 
storm drain system and bubbling up into roadways via inlets/manholes. Impacts from 
the undersized lift station extend all the way upstream to the Surplus Canal.  

• The new pump capacity for the City Drain Lift Station should be at least 150 cfs. It is 
recommended that a safety factor be provided on the lift station. This can be achieved 
with additional space for an extra pump so it can be expanded to 180 cfs in the future if 
needed. 

• There are two culverts downstream of the lift station that must be replaced. If these 
culverts are not replaced, the channel will not be able to pass the full design flow from the 
new lift station. This will result in the sensor system shutting down the pumps 
prematurely to protect from downstream flooding. Otherwise, the main road will 
probably overtop, causing flood damage in the adjacent homes. In addition, the channel 
at the downstream I-215/Legacy culvert is nearly full of phragmites and should also be 
improved.  The phragmites should be removed to minimize potential flooding. 

• As discussed before, multiple culverts and banks upstream of the lift station may overtop 
during the design storm event. This includes multiple railroad crossings and banks as well 
as portions of the CWA-2 Drain and CWA-3 Extension Drian. No flooding issues have been 
reported to SLCo or SLC in these areas. It is likely that the limited capacity of the storm 
drain system prevents storm water runoff from getting into the channels. These areas 
should be watched and, if storm drain system improvements cause flooding, 
improvements to the Sewage Canal System should be constructed. 
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CHAPTER 6 – BANK STABILIZATION AND EASEMENT ACQUISITION 

A major concern identified by Salt Lake County personnel at the start of this study was the moving 
banks of the Sewage Canal between the inflow from the Northwest Canal and Cudahy Ln (Center St.). 
Field visits by BC&A found that several stretches of the banks in this area have become vertical with 
what appears to be soil deposits at the toe of the slope. Concrete debris has been placed on the top of 
the banks to stabilize the slopes. The concern from the County stems from complaints received by 
local property owners stating that the canal has been moving laterally, taking a portion of their 
property. This chapter discusses the findings and recommendations for bank stabilization. 

HISTORY OF BANK MOVEMENT 

BC&A used aerial imagery to determine the scope of the bank movement. Historical aerial imagery 
for the Sewage Canal channel was obtained from the Utah Geological Survey for the years 1937, 1958, 
1971, and 1985. Additional historical imagery was obtained from Google Earth for the year 2006. 
Existing channel bank locations were compared to the Google Earth 2023 aerial imagery. Note that a 
significant portion of the channel upstream of the Northwest Canal inflow appears to have been 
moved sometime between 1937 and 1958. 

The top of bank location for the Sewage Canal channel was delineated using GIS software. The top of 
bank location was determined visually and mapped as an approximate line. Delineated top of bank 
locations are shown in Figure 6-1. Based on the lines delineated from the aerial imagery, it appears 
that the left bank has moved between 10 and 20 feet, while the right bank appears to be stable. Aerial 
imagery was corroborated by field visits. Delineations based on aerial imagery are only approximate. 

Concrete debris and large-diameter rocks were placed along much of the right bank, potentially 
stabilizing the bank (see Photo 6-1). While this has worked to stabilize the banks so far, it should be 
noted that the stabilization does not appear to have been engineered and is inconsistent. This may 
result in the debris failing and needing constant replacement to provide the protection needed. The 
left bank was vertical for large portions of the canal and appears to have collapsed with soil deposits 
scattered along the toe of the channel. In one spot along the channel, there is an old fence and 
drainage pipe which extend past the edge of the existing channel bank (see Photo 6-2). The fence has 
collapsed into the channel and the end of the pipe is probably 10-15 feet from the existing top of 
bank.  
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Photo 6-1: Example of Concrete Debris on Right Bank of Sewage Canal 
 

 

Photo 6-2: Pipe and Fence on Left Bank of Sewage Canal 

 

CAUSE OF BANK MIGRATION 

Based on the analysis done in Chapter 5 of the hydraulics of the Sewage Canal, the peak velocities in 
the channel are generally less than two (2) feet per second. This is consistent with field observations 
of the low flow velocity as well. This velocity is not generally quick enough to cause significant scour 
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and erosion of channel banks and bottoms. However, the channel does experience significant rises in 
water depth during large storm events (rise of over six (6) feet being possible for the design storm 
event). The cycle between typical low flow to max water depth and back to low flow depths can take 
anywhere between 8 and 24 hours. Due to this length of time, it is very likely that the rise in water 
depth results in fully saturated soils on the banks of the channels. Then, as the water recedes, the 
banks (which are much heavier than normal due to the saturated soil condition) collapse into the 
channel. This process is similar to what can happen to the banks of a pond that does not have properly 
engineered sides, resulting in a pond that expands in surface area, despite little to no water 
movement along the banks. Additional analysis is needed to verify this preliminary assessment and 
to recommend improvements specific to the banks of the Sewage Canal downstream of I-215.  

GEOTECHNICAL ANALYSIS 

The banks of the Sewage Canal need to be stabilized. Prior to making final recommendations on size 
and extent of the remediation, a detailed geotechnical analysis should be performed. The analysis 
will need to include the following: 

• Soil Sample – Drill Test Holes 

• Geotechnical Field Visit 

• Laboratory Studies/Testing 

• Slope Stability Analysis 

• Contamination Evaluation 

• Recommendation Regarding Side-Stabilization and Treatment 

• Geotechnical Report 

Based on preliminary analysis, it is likely that the side treatment will be on a 2:1 to 4:1 side slope.  
This geotechnical analysis was not included with the scope for this project. 

CONCLUSION AND RECOMMENDATIONS 

The top of bank of the Sewage Canal has moved since construction of the channel in the early 1900’s. 
This is evidenced by both aerial imagery and field visits along the channel. In particular, there are 
vertical banks along the left bank of the channel and concrete debris along the right bank. Based on 
a preliminary geotechnical analysis and the maximum channel velocity, it is unlikely that the 
expanding bank issues are caused by scour or erosion. The most likely cause of the expanding banks 
is the wetting and drying cycle of the banks caused by the rise and recession of storm runoff in the 
channel, causing an unstable bank. The geotechnical analysis will make the final determination on 
the cause of the bank collapsing issue. Below are preliminary recommendations on remediating the 
expanding banks. 

Potential Remediation Methods 

Based on the preliminary analysis, the following points should be considered for the remediation of 
the channel banks.  As stated earlier, the final recommended improvements will need to be identified 
after a detailed geotechnical analysis is completed. An example of a typical cross section for the 
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potential remediation is shown in Figure 6-2. Below is a list of potential improvements that should 
be considered for the Sewage Canal downstream of I-215. 

• Bank Slope of 2:1 to 4:1: This will most likely include a combination of placing fill along the 
existing toe of the channel and laying back the existing slope. Final determination of bank 
slope can only be made after the geotechnical analysis is completed. 

• Minimum Bottom Width of Five (5) Feet: While the project should prioritize minimal 
expansion of the channel top width by placing fill to obtain the required side slope, a 
minimum bottom width of 5 feet must be maintained for hydraulic conveyance of low flows.  

• Minimum Channel Depth of Nine (9) Feet: The sewage canal system needs a minimum flow 
depth of nine (9) feet to convey the design storm runoff. This may require portions of the 
channel to have berms placed along the banks to provide adequate freeboard.  

• 15-Foot-Wide Access Roads: Currently, the County maintenance crew cannot access 
significant portions of the Sewage Canal channel. This makes it difficult to maintain and 
inspect the channel, which may have led to some of the issues with expanding banks. 
Providing permanent access to the channel should be a priority. Due to the size of the channel, 
it is recommended that 15-foot-wide access roads should be built along the top of both 
channel banks. 

• Side Slope Treatment: Placing fill/laying back the slopes will most likely not be adequate on 
its own to fully protect the banks from the wetting and drying cycle associated with rising 
and falling water depths downstream of I-215. Side slope treatment will most likely include 
additional erosion control measures such as riprap, plantings, engineered soil treatment, etc. 

• FEMA 100-year Great Salt Lake Elevation: Future development should be required to build 
above the FEMA 100-year elevation for the Great Salt Lake of about 4218 feet (final elevations 
are expected to be determined and mapped by FEMA in 2024). When fill is placed on the 
channel banks, new access roads need to be constructed above the 100-year Great Salt Lake 
WSE. If the access roads are also to be raised, the easement width may need to be increased 
to maintain the side slope up to new access road. 

Combined, all these recommendations result in an easement or ROW width between 70 and 115 feet. 

Easement Acquisition 

As discussed in Chapter 2, the County most likely does not have adequate easements along the 
Sewage Canal system downstream of I-215.  The County has had difficulty in accessing and 
maintaining the Canal in this section.  There are no access roads or public ROWs along the canal that 
the County can use. The County should begin the process of acquiring temporary easements now to 
provide access during the geotechnical analysis. Once the geotechnical analysis is complete and final 
recommendations are made, permanent easements or ROWs should be acquired. It is recommended 
that the easement acquisition process include the following: 

• Detailed review of existing agreements for SLCo and SLC along all Sewage Canal System 
canals. Potentially record easements where feasible. 

• Development of a County or City ordinance requiring easements or Right-of-Way (ROW) for 
the Sewage Canal to be provided to the County by developers. The easements or ROW should 
include the Sewage Canal and 15 feet on either side of the canal for access roads. 

Figure 6-3 shows the approximate width and extents of easements that need to be acquired for the 
section of the Sewage Canal that currently has bank stabilization issues. Note, all of the channels 
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should be considered for adding easements and improving access. The focus along the Sewage Canal 
downstream of I-215 is due to the lack of access to the canal and the collapsing banks in this area.  
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CHAPTER 7 – IMPROVEMENTS & RECOMMENDATIONS 

INTRODUCTION 

The primary purpose of this study is to identify channel deficiencies and recommended 
improvements within the Sewage Canal System and establish design criteria for a new City Drain Lift 
Station. As indicated in Chapter 3, the entire Sewage Canal System (including the Sewage Canal, City 
Drain, CWA-1 Drain, CWA-2 Drain, CWA-3 Drain, and CWA-3 Extension) has not previously been 
studied. Prior studies focused on the CWA drains and the upper portion of the City Drain (upstream 
of North Temple St.). Based on the results from the existing conditions analysis, multiple alternatives 
were evaluated to determine the sizing of the new City Drain Lift Station and to identify other 
recommended improvements. 

ALTERNATIVES 

Several potential alternatives were considered in addressing deficiencies within the Sewage Canal 
System. This included the following City Drain Lift Station alternatives: 

1. Pump runoff collected in the City Drain to the Jordan River at the existing City Drain Lift 
Station site. 

2. Pump runoff collected in the CWA-3 Drain to the Surplus Canal at the existing Surplus Canal 
Lift Station site. 

3. Remove the channel berm and permanently remove the lift station and pumps. 

4. Detain the runoff upstream of the lift station in either the channel or the Salt Lake City Storm 
Drain System. 

5. Replace the existing lift station, including installing new pumps; various sizing options are 
discussed in the following section. 

Excluding Alternative 5, each of the alternatives were deemed unfeasible for the corresponding 
reasons: 

1. At this location, the Jordan River does not have additional capacity for more runoff during a 
large citywide storm event (similar to the Sewage Canal System design storm). As a result, 
pumping City Drain runoff to the Jordan River could cause flooding to homes/structures 
along the Jordan River. Increasing the capacity of the Jordan River to receive this runoff would 
be cost-prohibitive and was not pursued further. 

2. Similar to the Jordan River, the Surplus Canal has limited capacity for additional runoff. In 
addition, the flows coming in from the CWA-3 Drain to the City Drain and the Sewage Canal 
represent a small portion of the total volume in the system, and removing the entire flow 
would have a limited impact on the downstream deficiencies. In addition, the City Drain Lift 
Station would still need to be improved in this scenario.  This alternative would provide 
minimal benefit and would be cost-prohibitive. 

3. This alternative represents how the system operates during normal or low flow conditions.  
The invert of the channel downstream of the pump station is two (2) feet higher than the 
invert of the channel upstream of the pump station. The backwater in the canal during high 
flows would increase significantly, increasing the flood potential compared to existing 
conditions. In addition, the berm in the channel also prevents high tailwater from the Great 
Salt Lake from going further upstream, allowing for the City Drain to function (albeit in a 
reduced capacity) even if the WSE in the Great Salt Lake is elevated.  
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4. Hydraulic modeling found that the flows upstream of the City Drain Lift Station are already 
being significantly detained via the UDOT detention basins. Much of the area that drains to 
the Sewage Canal system is already fully developed, making it difficult and cost-prohibitive 
to acquire property for additional detention storage. Since the channels are already acting 
like detention facilities, it was determined that the system should continue to operate as it is 
without attempting to significantly increase detention.  

Alternative 5 is the recommended alternative and was further evaluated, as discussed in the 
following section. 

LIFT STATION AND CULVERT IMPROVEMENTS 

At a minimum, the City Drain Lift Station needs to be improved due to the condition deficiencies 
discussed in Chapter 2. The hydraulic analysis of the Sewage Canal System included an evaluation of 
various potential peak capacities of the improved lift station. Peak capacities of the lift station ranged 
from 50 cfs to 210 cfs. Hydraulic analysis found that any flow rate less than 110 cfs would be 
inadequate to prevent channel deficiencies in the City Drain upstream of the City Drain Lift Station. 
If the capacity of the lift station is expanded to 150 cfs, the upstream deficiencies were typically 
resolved. In addition, increasing the capacity of the pumps above 180 cfs had diminished returns (i.e. 
continuing to increase pump capacity did not yield a significant corresponding decrease in upstream 
water depth). To be conservative, it is recommended that the new City Drain Lift Station peak 
capacity be 180 cfs in order to provide additional capacity in excess of the peak flow in the City Drain 
channel. Further discussion about the new lift station is included in a technical memorandum found 
in Appendix J. 

There are two collapsed culverts and a section of phragmite-filled channel downstream of the City 
Drain Lift Station site. If these deficiencies are not resolved, the increased capacity of the pumps will 
not be fully utilized as the downstream highwater sensors will cause the pumps to shut-off 
prematurely. To take full advantage of the improved lift station, the two collapsed culverts and 
phragmite-filled channel deficiencies should be resolved as soon as possible. Improving the lift 
station remains the highest priority as the pumps continue to deteriorate potentially resulting in loss 
of the lift station completely.  

CULVERT/BRIDGE IMPROVEMENTS 

As discussed in Chapter 5, there are multiple deficient culverts/bridges in the Sewage Canal System. 
Improving the City Drain capacity will resolve several of these issues, but some deficiencies will still 
remain. Figure 7-1 identifies the recommended culvert/bridge improvements. Following is a 
prioritization of the improvements. 

Prioritization Criteria 

Creating a list of projects is only useful to SLCo if the projects are completed. As with all flood control 
agencies, there is only a certain amount of available funds in any given year with which to maintain 
and construct flood control facilities. Prioritizing the list of recommended projects gives County 
personnel the ability to determine which projects should be pursued first, and which projects they 
may be able to delay until further funding is either acquired or budgeted. Prioritization criteria used 
for this study are as follows: 

• Known Flooding Issue: Recommended projects associated with known flooding issues 
should typically be resolved sooner than later. These areas oftentimes have a flooding 
problem with a return interval less than the design storm event.  
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• Known Condition Issues: Projects to address known condition deficiencies should typically 
be done before the condition can deteriorate further, oftentimes making them more 
important.  

• Magnitude of Hydraulic Restriction: Projects that alleviate multiple deficiencies are given 
higher priority than projects that only address deficiencies in the immediate vicinity.  

• Potential for Flooding/Damages: Projects that will only cause local flooding with low 
possibility of damaging structures or private property are a lower priority then projects that 
would directly reduce the risk of property damage.  

Based on this criteria, the recommended culvert/bridge projects have been broken into three 
different categories.  

1. The first category represents high-priority culvert/bridge projects that need to be finished as 
soon as possible. The City Drain Lift Station and its associated culvert improvements are 
considered high-priority projects because they have created known flooding issues (both 
upstream and downstream), have known condition issues, impact multiple deficiencies, and 
have the potential to cause property damage.  

2. The second category represents medium-priority projects, like culverts/bridges that have 
known flooding or condition deficiencies, but won’t have an impact on multiple projects or 
do not have a high potential for property damage.    

3. The final category represents low-priority/watch projects, which are in areas without known 
prior flooding issues, low magnitude of restriction, and minimal risk of flooding and property 
damage.  

Table 7-1 lists all the recommended projects with a short description, location, and priority. Figure 
7-1 shows the location of each project. A more detailed description for each project follows. 

CHANNEL MAINTENANCE 

Channel maintenance projects are based on condition deficiencies identified during the study field 
visits and discussed in Chapter 2. These deficiencies are broken down into high and low priorities as 
defined below: 

• High-Priority: Channel maintenance concerns with this priority are portions of the canals 
that are known to currently restrict the capacity or are active maintenance concerns 
identified by Salt Lake County or Salt Lake City personnel. Primarily, this is caused by 
excessive phragmite growth not only on the banks but within the main channel as well.  

• Low-Priority/Watch: These areas include portions of the channels that need to be 
addressed, but do not currently appear to significantly restrict the channel, nor have they 
been identified as current maintenance concerns. Most of these issues are related to 
phragmite growth on the banks of the channel, but not along the bottom of the channel. 

Sewage Canal System channel maintenance projects have been identified in Figure 7-1 and Tables 7-
1 and 7-2. Although only a portion of the total channel length has been identified as project area based 
on this study, the entire system needs to be managed. This is because there are phragmites and 
potential for phragmite growth along all open channel sections of the system. If not maintained, the 
phragmites could significantly limit the capacity of the channel.
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Table 7-1 

High and Medium Priority Recommended Improvements 

Project 
ID 

Project Location Project Description 
Priority 

Level 
Estimated Cost 

Phase 1a: Improvements to Bridges/Culverts and Phragmites Downstream of Lift Station1 
2 CDWB7 – 2800 North Rose Park Ln. Replace existing culvert with a free span bridge. High $ 360,000 
3 CDWB9 – 2441 North Rose Park Ln. Replace existing culvert with a free span bridge. High $ 360,000 
4 CDWB13 – Access Bridge 1700 North Remove existing culvert crossing. High $ 100,000 
5 CDWB4 – Farm Culvert Replace existing culvert with free span bridge. High $ 360,000 
 Channel between Lift Station and I-215 Remove all phragmite growth between the lift station and I-215. High -- 

Total Estimated Cost of Phase 1a $ 1,180,000 
Phase 1b: City Drain Lift Station improvements1 

1 City Drain Lift Station Construct new City Drain Lift Station with peak capacity of 180 cfs. High $ 4,528,800 
Total Estimated Cost of Phase 1b $ 4,528,800 

Phase 2: Acquire funding and construct medium priority projects 
6 CDWB10 – 2350 North Rose Park Ln. Replace CMP culvert with equal or larger area RCP or box culvert. Medium $ 360,000 
9 CDWB5 – North of I-215 Remove bridge crossing channel. Medium $ 100,000 

10 
Misc. Storm drain Pipes along City 

Drain 

Install backflow preventors (e.g. gate valves, tide-flex valves, etc.) on all 
storm drain pipes that connect into the City Drain between the lift 

station and 700 North. 
Medium $ 18,000 

Total Estimated Cost of Phase 2 $ 478,000 
Phase 3: Acquire funding for Sewage Canal bank geotechnical study and easement acquisition 

7 Between I-215 and Cudahy Ln. Perform slope remediation of the Sewage Canal.  Medium $ 40,0002 

8 Downstream of Cudahy Ln. Perform slope remediation of the Sewage Canal. Medium $ 40,0002 

Total Estimated Cost of Phase 3 $ 80,000 
Total Cost of Projects in Phases 1-3 $ 6,266,800 

1 Phase 1a should be completed as soon as possible. Phase1b should be completed immediately, but will be at a reduced capacity/efficiency until Phase 1a projects have 
been completed.  
2 Phase 3 cost estimates only include the geotechnical analysis. Once that analysis is completed, final recommendations can be made and conceptual cost estimates 
developed. 
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Table 7-2 

Low/Watch Priority Recommended Improvements  

Project ID Project Location Project Description 
Priority 

Level 

11 
CDWB19 – Airport Culvert 

Inlet 
Construct berms around the inlet to prevent nearby flooding. DO NOT 

increase capacity of inlet. 
Low/Watch 

12 Right Bank of City Drain 
Raise the right bank of the City Drain to be above the Great Salt Lake 

WSE. 
Low/Watch 

13 Left Bank Along Salvage Yard Raise the left bank of channel between 500 South and I-80. Low/Watch 

14 
SC1 – Near End of Sewage 

Canal 
Replace existing bridge. Low/Watch 

15 
CDWB8 – Upstream of 2800 

North Rose Park Ln. 
Remove/replace existing bridge and raise low spot of the channel 

banks. 
Low/Watch 

16 
CDWB15 – I-215 at 1000 

North 
Replace culvert or raise channel banks. Low/Watch 

17 
CDWB17 – 2200 West and 

1000 North 
Replace culvert or raise channel banks. Low/Watch 

18 
CDWB22B – New Park and Go 

Bridge 
Replace bridge or raise channel banks. Low/Watch 

19 Left Bank by I-80 
Add erosion control measure to stabilize bank and protect from 

collapsing into channel. 
Low/Watch 

20 CDWB25 – Railroad Crossing Replace culvert and raise nearby banks. Low/Watch 
21 CWA2D1 – 500 South Replace culver and raise nearby banks. Low/Watch 

22 
CWA1D – I-215 Crossing for 

CWA-1 Drain 
Raise banks along CWA-1 Drain. Low/Watch 

23 
CWA3D5, CWA3D6, and Left 

bank along Railyard 
Raise left bank of channel from Surplus Canal to approximately 1300 

South. 
Low/Watch 

24 
CWA3DE1 – I-215 for CWA.-3 

Drain Extension 
Raise banks along CWA-3 Drain Extension to Wallace Rd. Low/Watch 

25 3WA3D11 – 1700 South Replace culvert and raise surrounding banks. Low/Watch 

26 
Phragmite Growth Removal 

(see Figure 2-2) 
Remove excessive phragmite growth as identified in Figure 2-2. Create a 
maintenance plan for all channels to remove future phragmite growth. 

Low/Watch 
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RECOMMENDATIONS 

In general there are three different sets of recommendations made as a result of this study; channel 
banks slope stability, detention requirements, and capacity improvements. A description of each type 
of recommendation follows.  

Channel Banks Slope Stability 

General 

Maintaining the existing channel shape is important to protect existing infrastructure and to maintain 
channel conveyance capacity. Due to the relatively flat slope of the channels, the peak water velocity 
within the channel is not going to cause significant erosion or scour. Instead, channel banks are more 
likely susceptible to instability due to the rise and fall of water depths. This is not typically a concern 
throughout the entire Sewage Canal system, but as phragmites are removed, bank slopes should be 
monitored for new instabilities.  

Sewage Canal 

As identified in Chapter 2, there is a stretch of the Sewage Canal that has a vertical bank on the left-
hand side downstream of I-215. Based on our observations during the field visit, this bank is likely 
unstable. Stabilizing the banks will probably require establishing a consistent side slope between 2:1 
and 4:1 and adding side treatment (such as riprap, plantings, or engineered soil) to the banks. Laying 
the banks back is probably not feasible because the banks of the channel have moved over the years 
and have removed portions of private property in the area.  Instead, it is most likely that the banks 
will need to be restored by placing fill on the banks of the channel in an effort to re-establish the 
original channel (or something similar to the original channel) and stabilize the side slope. See 
Chapter 6 for more detailed information. While this deficiency does not currently risk significant 
property damage or create a flood risk, it has the potential to continue to get worse with time as the 
banks continue to collapse. For this reason, we have determined that channel bank improvements 
should be performed in this area and are medium priority projects.  

Fill will need to be placed prior to development occurring along the Sewage Canal downstream of I-
215. This fill will need to be placed by the developer, but establishing an appropriate setback and 
granting easements or ROW for the canal will be essential for the County. The needed easement or 
ROW width will need to be determined after an analysis of the banks downstream of I-215 is 
completed. A project related to this work has been included in the capacity recommended 
improvements for planning and funding convenience.  

Detention Requirements 

Figure 7-2 presents the recommended detention requirements based on location for the Sewage 
Canal System drainage area. As can be seen in Figure 7-2, all new development and redevelopment 
upstream of I-215 should detain peak runoff to 0.2 cfs per acre. 

The existing drainage area downstream of I-215 has been divided into two portions: east of the 
Sewage Canal and west of the Sewage Canal. Based on existing grading, the area east of the Sewage 
Canal currently flows towards the Jordan River. Future development should continue to drain to the 
Jordan River at a peak discharge of 0.2 cfs per acre. The area to the west of the Sewage Canal channel 
should not be allowed to discharge into the Sewage Canal. However, the following considerations 
should be made. 
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1. Existing drainage has little to no runoff discharging to the sewage canal north of I-215. 
Future development should minimize the increase in peak flow to Sewage Canal by 
prioritizing LID as much as possible and utilizing other natural drainages to the west. 

2. Peak flow in the Sewage Canal is governed by the runoff from the upstream drainage area. 
Care should be taken to minimize detention to avoid lengthening the time of the peak 
discharge and avoid overlapping with the upstream peak flow rate. This will likely require 
limiting detention to meet the water quality requirements. 

3. Development must comply with all City and UPDES requirements. This will require at 
least some retention and or detention for smaller storm events. 

The Salt Lake City Airport storm drain master plan reports a maximum peak discharge of 69 cfs to 
the City Drain at full build-out conditions. The peak flow rate of 69 cfs was used in the future condition 
analysis and to identify recommendations in this report.  Future development or expansion of the 
Salt Lake City Airport should limit storm water runoff discharge into the Sewage Canal system to a 
peak flow rate of 69 cfs to be consistent with the storm drain master plan and the recommendations 
identified in this report. 

Capacity Recommended Improvements 

Based on the hydrologic and hydraulic analyses performed for this study, we have developed the 
following list of recommended improvements. The improvements have been broken down into 4 
phases based on project priority 

Phase 1a: Replace Bridges/Culverts and Remove Phragmites Downstream of Lift Station. 

As shown in Table 7-1, this phase includes replacing the two damaged culverts and clearing the 
phragmite-inundated channel downstream of the City Drain Lift Station, as shown on Figure 7-1. 
These projects should be completed as soon as possible. Otherwise the new lift station will operate 
at a lower flow than it will be designed.  This will likely reduce flooding in the City Drain, but the 
pump station will not be able to operate at its full capacity until the culverts downstream are 
replaced.  

Phase 1b: City Drain Lift Station Replacement 

This phase only includes improvements to the City Drain Lift Station. The existing lift station no 
longer functions as designed and does not have adequate capacity for the design storm event. In 
addition, if the pumps were to fail completely the City Drain and Sewage Canal system in general may 
not be able to function during high flow events. Work on this phase has already begun and is expected 
to be completed by 2026. 

Phase 2: Medium-Priority Projects 

In the next 3-5 years, funding should be acquired to design and construct the remaining high-priority 
and medium-priority projects. These projects need to be done to mitigate potential future flooding. 
Phase 2 should start with the remaining high-priority projects not completed with Phase 1, then 
move to the medium-priority projects. 

Phase 3: Acquire Funding for Sewage Canal Bank Geotechnical Study and Easement 

Acquisition 

The County has had difficulty accessing and maintaining the Sewage Canal in the past downstream of 
I-215. They should begin to acquire easements as soon as possible, beginning with acquiring 
temporary easements along the Sewage Canal channel to complete a geotechnical analysis.  The 
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geotechnical analysis should be done in the next couple of years to be able to determine the full extent 
of the required permanent easements or ROWs needed on the Sewage Canal and provide a final 
recommendation on the channel design. Remediation of the channel should then be performed after 
permanent easements or ROWs are acquired. If the County is unable to acquire easements or ROWs 
from current property owners, consideration should be given to waiting to improve the banks of the 
Sewage Canal until the area develops.  Most of the property along the Sewage Canal downstream of 
I-215 is currently farm land or open space.  The improvements along the banks of the Sewage Canal 
downstream of I-215 will prevent the banks from collapsing further, and will be necessary to protect 
future development, but is not necessary to complete these projects immediately because there is 
little critical infrastructure in the area. 

Phase 4: Acquire Funding to Address Watches and Low-Priority Projects 

All remaining projects and improvements should be planned to be done beyond the next 10 years. 
Many of these projects are on the “watch list” and should be observed so that a more informed 
decision can be made on whether or not the improvement should be constructed.  If flooding or issues 
are observed at any time during the next 10 years, the timeline for projects addressing the relevant 
deficiencies should be accelerated.  As many of these projects may not be constructed because they 
may not be needed, cost estimates were not provided for low-priority/watch projects.  

Cost Estimates 

Summary 

Conceptual cost estimates were developed for all high- and medium-priority improvements. Cost 
estimates for low-priority/watch projects were not included because it is unlikely that these projects 
will be completed and providing a cost is not likely to provide any benefit. The total conceptual cost 
estimates are shown in Table 7-1. 
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L  E  G  E  N  D

High Priority Improvements
Replace/Remove Culvert

Replace Lift Station

Medium Priority Improvements
Replace/Remove Bridge

Replace/Remove Culvert

Proposed Tide Flex Gates

Stablize Banks & Obtain ROW

Low/Watch Priority Improvements
Replace/Improve Bridge

Replace/Improve Culvert

Add/Raise Berms on Banks

Salt Lake County Canal

0 2,250 4,500

Feet

Project ID Location Description Priority

1 City Drain Lift Station Replace Lift Station High*

2
CDWB7 - 2800 North

Rose Park Ln.
Replace Culvert High*

3
CDWB9 - 2441 N

Rose Park Ln.
Replace Culvert High*

4
CDWB13 - Access
Bridge 1700 North

Remove Bridge High

5
CDWB4 - Farm

Culvert
Replace Culvert High

6
CDWB10 - 2350 N

Rose Park Ln.
Replace CMP Culvert Medium

7
Between I-215 and

Cudahy Ln.
Stabilize Banks Medium

8
Downstream of

Cudahy Ln.
Stabilize Banks Medium

9
CDBW5 -

Downstream of I-215
Remove Bridge Medium

10
Stormdrain Pipes
Along City Drain

Install Backflow Preventor Valve Medium

11
CDWB19 - Airport

Culvert Inlet
Add Berms to Inlet/Banks Low/Watch

12
Right Bank of City

Drain
Raise Berm Banks Low/Watch

13
Left Bank Along
Salvage Yard

Raise Berm Banks Low/Watch

14
SC1 - Near End of

Sewage Canal
Replace Bridge Low/Watch

15
CDWB8 - Upstream
of 2800 N Rose Park

Ln.
Replace Bridge/Raise Banks Low/Watch

16
CDWB15 - I-215 at

1000 North
Replace Culvert/Raise Banks Low/Watch

17
CDWB17 - 2200

West & 1000 North
Replace Culvert/Raise Banks Low/Watch

18
CDWB22B - New

Parking Lot
Replace Bridge/Raise Banks Low/Watch

19 Left Bank by I-80 Add Erosion Control Measures Low/Watch
20 CDWB25 - Railroad Replace Culvert/Raise Banks Low/Watch

21
CWA2D1 - 500

South
Replace Culvert/Raise Banks Low/Watch

22
CWA1D - I-215

Crossing for CWA-1
Drain

Raise Banks Low/Watch

23 CWA3D5 Raise Banks Low/Watch
23 CWA3D6 Raise Banks Low/Watch

23
Left Bank along

Railyard
Raise Banks Low/Watch

24
CWA3DE1 - I-215 at

CWA3-Extension
Raise Banks Low/Watch

25
CWA3D11 - 1700

South
Replace Culvert/Raise Banks Low/Watch

26 Various - See Figure Excessive Phragmite Growth Low/Watch
* Projects 2 & 3 must be completed before the Lift Station comes online.
Otherwise the channel won't have capacity for new Lift Station capacity.
* Projects 2 & 3 must be completed to utilize the full capacity of the
improved Lift Station.
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DRAINAGE REQUIREMENT
RECOMMENDATIONS

Salt Lake County

L  E  G  E  N  D

Sewage Canal

City Drain

CWA-1 Drain

CWA-2 Drain

CWA-3 Drain

CWA-3 Drain Extension

Maximum Allowable Discharge Rate
0.2 cfs/acre

0.2 cfs/acre to Jordan River (see Note 1)

Minimal Detention (see Note 2)

SLC Airport Drainage (see Note 3)

Note:
1. This area should not discharge into the
Sewage Canal.
2. The goal of discharging into the sewage canal
in this region is to avoid extended peak
discharges that will overlap with peak discharges
from upstream.
Water quality goals and retention requirements
will still need to be met as required by the
UPDES permit.
3. SLC Airport should maintain peak discharge of
69 cfs as reported in the SLC Airport Storm Drain
Master Plan.
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Approximate Easement Agreement Boundaries







APPENDIX B

Structure Photo Log



SEWAGE CANAL

Photo 1: Pipe bridge over canal.

Photo 2: Looking downstream at SC2 farm bridge.



Photo 3: Looking upstream at SC3 farm bridge.

Photo 4: Looking upstream at SC4 bridge at Cudahy Lane.



Photo 5: Looking downstream at SC5 farm bridge.



CITY DRAIN

Photo 6: Looking downstream at CDWB1 8ft CMP culvert.

Photo 7: Looking downstream at CDWB2 farm bridge.



Photo 8: Looking downstream at CDWB3 farm bridge.

Photo 9: Standing on top of CDWB4 8ft RCP culvert looking downstream.



Photo 10: Standing on top of CDW5 bridge looking upstream at CDW6 I-215/Legacy Parkway 
double 13-ft x 7-ft culvert.

Photo 11: Looking downstream at CDWB7 double 6-ft CMP culvert.



Photo 12: Looking downstream at CDWB8 private bridge.

Photo 13: Looking downstream at CDWB9 2250 North double 5-ft CMP culvert.



Photo 14: Looking downstream at CDWB10 5-ft CMP and 6-ft CMP culvert.

Photo 15: Looking downstream at lift station on Rose Park Ln.



Photo 16: Looking downstream at CDWB12 1990 West double 64-ft wide bridge.

Photo 17: Looking downstream at CDWB13 1800 North 11-ft x 5-ft box culvert.



Photo 18: Looking downstream at CDWB14 1700 North bridge.

Photo 19: Looking upstream at CDWB15 I-215 6-ft RCP culvert.



Photo 20: Looking downstream at CDWB16 13-ft x 4-ft culvert.

Photo 21: Looking downstream at CDWB17 2200 West double 4-ft RCP culvert.



Photo 22: Looking downstream at CDWB18 2360 West 8-ft x 5-ft culvert.

Photo 23: Looking downstream at CDWB19 airport entrance.



Photo 24: Looking upstream at CDWB21 North Temple 9-ft CMP culvert.

Photo 25: Looking downstream at CDWB22A 8-ft RCP culvert.



Photo 26: Looking downstream at CDWB22B Private Road bridge.

Photo 27: Looking downstream at CDWB23 I-20 Extension 4-ft CMP culvert.



Photo 28: Looking downstream at CDWB23B I-80 9-ft CMP culvert.

Photo 29: Standing on CDWB24 1-80 SB exit 9 f-ft CMP culvert looking upstream.



Photo 30: Looking upstream at CDWB25 4-ft CMP and 4.25-ft CMP culvert.



CWA-2 DRAIN

Photo 31: Looking upstream at CWA2D1 500 South 7-ft RCP culvert.

Photo 32: Looking downstream at CWA3D1 Indiana Ave 7-ft RCP culvert.



CWA-3 DRAIN

Photo 33: Looking downstream at CWA3D2 5-ft RCP culvert.

Photo 34: Looking upstream at CWA3D3 4-ft culvert.



Photo 35: Standing on CWA3D5 5-ft RCP culvert looking downstream.

Photo 36: Standing on CWA3D7 6-ft RCP culvert looking downstream.



Photo 37: Looking downstream at CWA3D8 California Ave. 7-ft x 5-ft box culvert.

Photo 38: Looking upstream at CWA3D9 Swaner Rd. 11.5-ft wide culvert.



Photo 39: Standing on CWA3D11 1700 South 3-ft RCP culvert.

Photo 40: Standing on CWA3D12 2100 South 7-ft x 5-ft box culvert looking downstream.



CWA-1 DRAIN

Photo 41: Standing on CWA1D1 I-215 3-ft RCP culvert looking downstream.

Photo 42: Standing on CWA1D2 Bending River Rd. 6-ft RCP culvert looking downstream.



CWA-3 DRAIN EXTENSION

Photo 43: Looking downstream at CWA3DE1 I-215 Double 3-ft RCP culvert.

Photo 44: Looking downstream at CWA3DE2 Wallace Rd. 3.5-ft RCP culvert.



Photo 45: Looking downstream at CWA3DE3 double 3-ft CMP culvert.

Photo 46: Looking downstream at CWA3DE4 California Ave. 4-ft x 4-ft box culvert.



Photo 47: Looking upstream at CWA3DE5 3-ft RCP culvert.
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City Drain Lift Station Design Drawings

























APPENDIX D

Historic Aerial Images



1985 Historical Aerial



1971 Historical Aerial
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1958 Historical Aerial



1937 Historical Aerial



APPENDIX E

Hydrologic Subbasin Parameters



Subbasin ID Area (ac) CN Value % Impervious Lag Time (hr) Peak Runoff (cfs)

CD-01 294.02 81.6 14 0.40 58.22

CD-02 74.86 80.5 70 0.30 66.91

CD-03 950.21 77.5 20 0.70 152.39

CD-04 167.54 75.2 25 0.40 45.62

CD-05 1393.20 75.9 45 0.78 437.15

CD-06 931.08 72.9 62 0.59 483.40

CD-07 119.19 75.3 50 0.39 65.39

CD-08 122.72 78.3 41 0.39 56.40

CD-09 374.87 73.7 40 0.58 127.54

CD-10 55.27 48.8 5 0.39 4.38

CD-11 42.64 72.5 50 0.41 22.71

CD-12 30.20 71.5 70 0.37 23.68

CWA1-01 179.43 74.8 50 0.45 89.84

CWA1-02 87.84 74.3 37 0.44 32.95

CWA1-03 127.18 75.3 32 0.42 42.88

CWA1-04 146.41 74.3 35 0.40 55.52

CWA1-05 152.74 75.2 40 0.47 59.98

CWA1-06 475.83 72.6 65 1.00 176.61

CWA2-01 227.62 73.0 50 0.43 117.25

CWA2-02 73.82 69.8 30 0.40 23.93

CWA2-03 26.49 75.6 20 0.33 6.47

CWA3-01 135.37 73.1 73 0.44 99.98

CWA3-02 282.95 71.9 80 0.55 199.21

CWA3-03 160.40 72.0 81 0.54 115.62

CWA3-04 79.78 70.6 92 0.41 78.25

CWA3-05 102.15 74.9 60 0.42 64.34

CWA3-06 27.84 71.1 85 0.35 27.63

CWA3E-01 212.83 71.2 80 0.57 146.34

Existing Conditions Subbasin Parameters



APPENDIX F

Salt Lake City Airport Storm Drain Master Plan



Additional development since the
1998 master plan was completed
has increased the flow from 16 cfs
to 29 cfs from this portion of the
airport.



APPENDIX G

Inflow Hydrographs



Subbasin 

CWA3E-01

Subbasin 

CWA3-06

Subbasin 

CWA3-05
Link 24

Subbasin 

CWA3-03
Node 46

Subbasin 

CWA1-01

Subbasin 

CWA3-02

Subbasin 

CWA3-01

Subbasin 

CWA2-03
Link 12 Link 10 Link 9 Subbasin CD-10 Subbasin CD-08 Subbasin CD-07 Subbasin CD-05 Link 22 Subbasin CD-04 Subbasin CD-03 Link 23 Subbasin CD-01

Northwest 

Canal

Peak Flow: 146 28 64 78 116 113 90 199 100 6 33 24 117 4 56 65 40 121 46 29 66 58 248

Reach: CWA3-EXT CWA3 CWA3 CWA3 CWA3 CWA1 CWA1 CWA2 CWA2 CWA2 City Drain City Drain City Drain City Drain City Drian City Drain City Drain City Drain City Drain City Drain City Drain City Drain City Drain

Station: 4699 80508 79317 77210 76266 71997 70686 71561 69946 68916.62 68056.81 65879 65721.24 64367 63155.49 61793.16 52785 50692.24 45487 48376 40938 36461 33178

Time (hrs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) Runoff( cfs) NW Drain

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 213.26

0.0833 0.1160 0.0510 0.0860 0 0.1020 0.0000 0.1080 0.1690 0.1260 0.0130 0.0000 0 0 0.0050 0.0840 0.0990 0.0000 0.0000 0.0660 0.0000 0.0000 0.0650 213.29

0.1667 0.4630 0.2110 0.3500 0 0.4020 0.0000 0.4350 0.6700 0.5060 0.0550 0.0258 0.0253 0.0969 0.0190 0.3420 0.4050 0.1160 0.0045 0.2690 0.0712 0.1184 0.2640 213.31

0.2500 1.1440 0.5400 0.9000 0 1.0050 0.0031 1.1050 1.6700 1.2900 0.1380 0.1354 0.1263 0.5014 0.0490 0.8880 1.0520 0.4923 0.0651 0.6950 0.2915 0.6120 0.6830 213.34

0.3333 2.3110 0.9790 1.7450 0 2.0320 0.0111 2.1880 3.3750 2.5400 0.2440 0.3806 0.3473 1.4316 0.0920 1.6800 1.9890 1.2070 0.4363 1.3260 0.7141 1.5794 1.3030 213.34

0.4167 3.9710 1.4320 2.7370 0.1011 3.4450 0.0312 3.5100 5.7560 4.0420 0.3500 0.7855 0.6817 2.9354 0.1410 2.5580 3.0280 2.3710 1.2622 2.0380 1.4108 2.7474 2.0030 213.39

0.5000 5.9470 1.8320 3.7300 1.6937 5.0740 0.0744 4.8860 8.5200 5.5850 0.4380 1.2777 1.061 4.7457 0.1870 3.3990 4.0240 4.1265 2.6671 2.7340 2.4594 3.8390 2.6860 213.41

0.5833 10.6080 3.2720 6.5260 5.0515 9.0060 0.1762 8.5760 15.1420 9.7890 0.7910 1.7929 1.4334 6.5895 0.3280 5.9700 7.0680 6.5729 4.5033 4.7950 3.8596 4.6996 4.7120 213.43

0.6667 19.7930 6.7720 12.6650 7.7314 16.7630 0.5189 16.3870 28.2010 18.7990 1.6900 3.1139 2.4941 11.389 0.6490 11.8200 13.9940 11.6028 6.7937 9.4290 6.7709 8.6265 9.2750 213.46

0.7500 34.4150 13.1340 23.5850 14.345 29.5340 1.5453 29.9070 49.4590 34.5290 3.2890 5.9975 4.9102 22.0388 1.2500 22.5630 26.7000 18.6639 12.8715 17.8360 12.5016 19.4912 17.9210 213.71

0.8333 56.1370 20.2090 38.1230 28.5185 48.4230 4.1186 48.8970 80.9520 56.3510 4.9620 11.0939 9.3205 40.9846 2.0560 35.9530 42.4540 22.0516 27.4976 28.5150 17.9380 38.0035 29.6840 215.58

0.9167 82.8270 25.4540 51.6860 47.6958 70.6080 10.4178 67.7800 118.6950 77.4610 6.0990 18.2350 14.9517 67.0184 2.8670 47.4440 55.8090 23.7928 47.8203 37.8990 20.3384 55.2750 41.5170 218.9

1.0000 108.6820 27.6260 60.8960 64.0555 90.9420 23.9139 81.9390 153.7040 92.7610 6.4690 25.2504 19.9076 91.9083 3.5830 54.5130 63.7260 25.5548 68.1995 43.8590 21.7422 64.8626 51.1570 222.53

1.0833 128.8900 26.8610 64.3390 74.8259 105.9430 45.8965 89.2730 180.0790 99.9820 6.1280 30.4416 23.0281 109.4963 4.1110 56.3960 65.3900 27.3430 87.0515 45.6240 23.1316 65.9765 56.8350 225.16

1.1667 141.8860 23.6960 62.7860 78.2442 114.1990 67.6965 89.8440 195.5610 99.5700 5.3820 32.9516 23.9099 117.1622 4.3760 53.5630 61.5150 29.1211 103.5097 43.7790 24.4752 58.5904 58.2170 226.67

1.2500 146.3410 19.9500 56.8520 75.3991 115.6230 90.3954 84.6180 199.2100 92.3650 4.5730 32.8865 22.8038 115.8346 4.3830 47.5170 53.9770 30.8332 116.9900 39.0490 25.3198 49.1600 55.5280 228.2

1.3333 143.9010 16.4550 49.1600 67.3031 111.5010 113.2457 74.9810 193.5520 80.9440 3.8410 30.6831 20.1386 106.1656 4.2240 40.7830 45.8090 32.4349 120.8162 33.6990 26.1137 39.9118 50.8900 229.79

1.4167 135.6540 13.4380 41.5800 57.6164 102.2950 112.3021 64.5970 179.2460 69.0100 3.2080 27.0776 17.1299 92.5796 3.9540 34.5310 38.3970 33.9000 113.1276 28.7030 26.9033 31.8813 45.3820 231.17

1.5000 122.2600 10.9640 34.9650 48.3645 90.2630 82.0702 54.9360 159.1000 58.2610 2.6840 23.2575 14.3348 78.725 3.6170 29.0480 32.0270 35.2202 110.1176 24.3510 27.6343 25.4938 39.8490 232.53

1.5833 107.3500 8.9680 29.3450 40.3731 78.3030 79.4601 46.6140 138.5640 49.0810 2.2560 19.7908 11.6887 66.4109 3.2710 24.4120 26.7100 36.3949 108.5534 20.6320 28.2159 20.4466 34.7830 233.77

1.6667 93.1460 7.3820 24.6600 33.6348 67.4030 96.4593 39.5270 119.6160 41.2790 1.9140 16.8121 9.5733 55.925 2.9460 20.5730 22.3460 37.4281 90.7269 17.5240 28.5569 16.5514 30.3320 234.93

1.7500 80.6830 6.1570 20.8260 28.2744 58.1690 64.6679 33.6210 103.4150 34.8390 1.6490 14.2652 7.8863 47.0945 2.6580 17.4590 18.8320 38.3294 78.3563 14.9830 28.6541 13.5827 26.5560 236.03

1.8333 70.0780 5.2360 17.7470 23.8489 50.2980 50.2556 28.8060 89.5790 29.6450 1.4510 12.1471 6.6185 39.8277 2.4220 15.0140 16.0840 39.1073 79.8121 12.9680 28.6325 11.3752 23.4880 237.04

1.9167 61.0540 4.5560 15.3390 20.2981 43.5720 50.1915 24.9470 77.6390 25.5340 1.3090 10.4287 5.6519 33.9498 2.2390 13.1480 13.9930 39.7680 88.1459 11.4260 28.5411 9.7757 21.1060 237.96

2.0000 53.3950 4.0640 13.4960 17.5205 38.0290 54.1069 21.9140 67.8470 22.3430 1.2140 9.0655 5.0015 29.3073 2.1040 11.7500 12.4260 40.2132 94.9198 10.2690 28.4082 8.6683 19.3030 238.8

2.0833 47.0510 3.7220 12.1040 15.4014 33.5370 59.8677 19.5720 59.8420 19.8930 1.1530 8.0068 4.413 25.7416 2.0110 10.7270 11.2780 40.3166 98.8525 9.4270 28.2553 7.9212 17.9930 239.56

2.1667 41.9160 3.4860 11.0720 13.7918 29.9050 65.3760 17.7990 53.3140 18.0400 1.1140 6.9490 3.9788 23.0461 1.9530 9.9940 10.4500 40.2989 101.1358 8.8290 28.0818 7.4011 17.0780 240.29

2.2500 37.7330 3.3150 10.3090 12.5797 26.9670 70.2829 16.4800 48.0670 16.6500 1.0880 6.0584 3.6667 21.035 1.9200 9.4770 9.8630 40.2311 102.8368 8.4120 27.8757 7.0186 16.4520 240.97

2.3333 34.3240 3.1870 9.7510 11.6682 24.6700 74.4176 15.4930 43.9060 15.5990 1.0710 5.7255 3.4459 19.2434 1.9040 9.1190 9.4520 40.1862 104.1761 8.1310 27.6437 6.7484 16.0380 241.56

2.4167 31.6450 3.0860 9.3520 10.995 22.8740 75.6989 14.7530 40.6250 14.8160 1.0630 5.4011 3.2964 17.5545 1.9010 8.8620 9.1540 40.1330 104.8623 7.9440 27.4079 6.5782 15.7730 242.09

2.5000 29.5220 3.0110 9.0610 10.498 21.4570 73.9004 14.2110 38.0320 14.2480 1.0630 5.1941 3.1927 16.1566 1.9060 8.6740 8.9310 40.0314 105.6588 7.8170 27.1759 6.4780 15.6120 242.61

2.5833 27.8210 2.9650 8.8380 10.1191 20.3360 72.4020 13.8220 35.9920 13.8270 1.0670 5.1058 3.1188 17.4398 1.9180 8.5290 8.7560 39.9037 106.7291 7.7310 26.9405 6.4195 15.5230 243.03

2.6667 26.4750 2.9380 8.6640 9.8184 19.4480 72.3301 13.5310 34.3650 13.4970 1.0750 5.0424 3.0662 16.0166 1.9330 8.4160 8.6140 39.7797 107.3808 7.6700 26.7009 6.3860 15.4780 243.48

2.7500 25.3940 2.9230 8.5190 9.5632 18.7460 70.5386 13.3050 33.0550 13.2320 1.0840 5.0891 3.029 15.856 1.9530 8.3560 8.5340 39.6523 106.2747 7.6400 26.4644 6.3662 15.4750 243.86

2.8333 24.5190 2.9150 8.4040 9.3502 18.1950 69.8290 13.1250 32.0380 13.0080 1.0940 5.2199 3.0042 16.4063 1.9750 8.3330 8.4970 39.5178 101.8280 7.6460 26.2347 6.3547 15.5150 244.22

2.9167 23.8330 2.9110 8.3380 9.1997 17.7790 70.9754 12.9720 31.2530 12.8150 1.1050 5.0813 2.9984 16.1413 1.9990 8.3350 8.4880 39.3874 98.5875 7.6750 26.0125 6.3484 15.5860 244.56

3.0000 23.3020 2.9100 8.3050 9.1039 17.4550 72.2212 12.8630 30.6510 12.6950 1.1160 5.0624 3.004 15.4204 2.0250 8.3520 8.4960 39.2658 96.1806 7.7200 25.8014 6.3452 15.6810 244.89

3.0833 45.5360 2.8580 8.1970 9.0443 17.0840 72.2871 12.6800 29.9940 12.4950 1.1030 5.0046 3.0191 15.6376 2.0220 8.2590 8.3940 39.1469 93.7402 7.6680 25.6049 6.3431 15.5760 245.18

3.1667 44.1580 2.6960 7.9010 8.9172 16.5490 72.2218 12.2740 29.0660 12.0620 1.0370 4.9553 2.9969 15.5716 1.9550 7.9260 8.0490 39.0268 91.9895 7.4000 25.4223 6.1903 15.0340 245.45

3.2500 42.1900 2.3620 7.2890 8.5975 15.7300 72.1438 11.4820 27.6840 11.2220 0.8940 4.8039 2.891 14.787 1.7830 7.1880 7.2950 38.9083 90.3820 6.7730 25.2504 5.6915 13.7610 245.7

3.3333 39.3020 1.9160 6.3450 7.9453 14.4940 72.0306 10.2090 25.6130 9.8990 0.7070 4.4854 2.6461 13.7449 1.5190 6.1030 6.1920 38.7933 87.9594 5.8140 25.0870 4.7342 11.8130 245.92

3.4167 35.4540 1.4550 5.2370 6.9416 12.8750 71.7330 8.6540 22.8680 8.3170 0.5210 3.9765 2.2712 12.2031 1.2210 4.8930 4.9630 38.6827 84.4022 4.7170 24.9310 3.5979 9.5840 246.12

3.5000 30.9870 1.0480 4.1260 5.7503 11.0920 71.2819 7.0330 19.7850 6.6930 0.3630 3.3530 1.8423 10.1301 0.9320 3.7300 3.7830 38.5791 79.3078 3.6380 24.7806 2.5402 7.3930 246.32

3.5833 26.3360 0.7280 3.1330 4.5401 9.2930 70.7339 5.5080 16.6630 5.1910 0.2480 2.7122 1.4213 8.0197 0.6820 2.7310 2.7690 38.4852 72.8376 2.6980 24.6343 1.7005 5.4810 246.51

3.6667 21.8300 0.5150 2.3080 3.4532 7.5860 70.2932 4.1830 13.6760 3.9000 0.1730 2.1114 1.0542 6.2502 0.4910 1.9660 1.9940 38.4007 65.6966 1.9510 24.4920 1.1505 3.9630 246.68

3.7500 17.7580 0.3650 1.7080 2.5556 6.0600 69.9537 3.1270 10.9980 2.9050 0.1200 1.6016 0.7624 4.6774 0.3590 1.4370 1.4570 38.3231 58.4842 1.4350 24.3542 0.7347 2.9160 246.8

3.8333 14.1840 0.2570 1.2750 1.9052 4.7510 69.9024 2.3720 8.6730 2.1910 0.0830 1.1864 0.5603 3.4202 0.2630 1.0530 1.0670 38.2495 51.6403 1.0580 24.2204 0.4393 2.1500 246.97

3.9167 11.1990 0.1800 0.9530 1.4295 3.7220 69.5167 1.8020 6.8090 1.6570 0.0570 0.8932 0.4133 2.578 0.1920 0.7660 0.7770 38.1762 45.6270 0.7760 24.0892 0.2715 1.5780 247.09

4.0000 8.9070 0.1260 0.7070 1.0763 2.9440 68.3867 1.3680 5.4020 1.2470 0.0390 0.6881 0.3033 1.9925 0.1390 0.5560 0.5640 38.1000 40.4569 0.5670 23.9585 0.2057 1.1520 247.23

4.0833 7.1230 0.0880 0.5240 0.8084 2.3310 66.8948 1.0330 4.2920 0.9340 0.0270 0.5143 0.2213 1.4594 0.1010 0.4030 0.4090 38.0190 36.2207 0.4150 23.8254 0.1629 0.8420 247.34

4.1667 5.7090 0.0610 0.3880 0.6124 1.8490 65.2630 0.7820 3.4160 0.7030 0.0180 0.3871 0.1622 1.0596 0.0730 0.2920 0.2960 37.9310 33.0671 0.3020 23.6876 0.1041 0.6140 247.44

4.2500 4.5670 0.0430 0.2860 0.4639 1.4580 63.4191 0.5890 2.7050 0.5270 0.0120 0.2963 0.1181 0.8354 0.0530 0.2100 0.2130 37.8351 30.5587 0.2200 23.5433 0.0627 0.4460 247.54

4.3333 3.6430 0.0290 0.2110 0.3517 1.1480 61.5129 0.4430 2.1380 0.3940 0.0080 0.2160 0.0861 0.6234 0.0380 0.1510 0.1530 37.7321 28.3654 0.1600 23.3920 0.0633 0.3250 247.64

4.4167 2.9010 0.0200 0.1550 0.2696 0.9060 59.4496 0.3320 1.6980 0.2940 0.0050 0.1566 0.062 0.4097 0.0270 0.1080 0.1100 37.6227 26.5660 0.1160 23.2345 0.0700 0.2350 247.73

4.5000 2.3150 0.0130 0.1130 0.2076 0.7140 57.2116 0.2490 1.3420 0.2180 0.0030 0.1205 0.045 0.3229 0.0190 0.0760 0.0770 37.4867 35.4174 0.0830 23.0704 0.0497 0.1680 247.78

4.5833 1.8450 0.0080 0.0820 0.1594 0.5600 55.0110 0.1860 1.0580 0.1610 0.0020 0.0860 0.032 0.2753 0.0130 0.0530 0.0540 37.3322 35.0367 0.0590 22.8871 0.0291 0.1190 247.87

4.6667 1.4660 0.0040 0.0590 0.1249 0.4400 52.8723 0.1380 0.8360 0.1180 0.0010 0.0587 0.0229 0.1611 0.0090 0.0360 0.0370 37.2100 25.2452 0.0410 22.6848 0.0356 0.0830 247.91

4.7500 1.1640 0.0020 0.0420 0.0971 0.3460 50.8176 0.1010 0.6590 0.0850 0.0000 0.0485 0.016 0.0993 0.0060 0.0240 0.0240 37.0840 27.7332 0.0280 22.4908 0.0463 0.0570 247.97

4.8333 0.9260 0.0000 0.0290 0.0761 0.2700 48.8407 0.0740 0.5180 0.0610 0.0000 0.0326 0.011 0.1173 0.0030 0.0140 0.0140 36.9330 32.8942 0.0170 22.3107 0.0343 0.0360 247.87

4.9167 0.7330 0.0000 0.0180 0.0609 0.2100 46.9205 0.0520 0.4050 0.0430 0.0000 0.0204 0.007 0.0755 0.0020 0.0070 0.0070 36.7787 28.2863 0.0100 22.1250 0.0262 0.0200 247.71

5.0000 0.5780 0.0000 0.0100 0.0475 0.1630 45.0744 0.0360 0.3160 0.0280 0.0000 0.0200 0.004 0.0111 0.0010 0.0020 0.0020 36.6473 23.7296 0.0040 21.9286 0.0397 0.0090 247.56

5.0833 0.4540 0.0000 0.0050 0.0381 0.1250 43.5421 0.0220 0.2450 0.0160 0.0000 0.0152 0.0021 0.0367 0.0000 0.0000 0.0000 36.5172 24.7545 0.0010 21.7387 0.0358 0.0020 247.45

5.1667 0.3540 0.0000 0.0010 0.0307 0.0950 42.3275 0.0120 0.1880 0.0080 0.0000 0.0060 0 0.048 0.0000 0.0000 0.0000 36.3790 22.0981 0.0000 21.5609 0.0124 0.0000 247.33

5.2500 0.2740 0.0000 0.0000 0.0253 0.0720 41.0603 0.0060 0.1430 0.0030 0.0000 0.0056 0 0 0.0000 0.0000 0.0000 36.2479 19.0807 0.0000 21.3877 0.0062 0.0000 247.18

5.3333 0.2110 0.0000 0.0000 0.0236 0.0530 39.6714 0.0010 0.1070 0.0000 0.0000 0.0055 0 0 0.0000 0.0000 0.0000 36.1198 19.1695 0.0000 21.2171 0.0036 0.0000 246.96

5.4167 0.1590 0.0000 0.0000 0.0212 0.0370 38.1905 0.0000 0.0780 0.0000 0.0000 -0.0021 0 0 0.0000 0.0000 0.0000 35.9867 19.0432 0.0000 21.0488 0.0024 0.0000 246.73

5.5000 0.1160 0.0000 0.0000 0.0199 0.0240 36.6729 0.0000 0.0530 0.0000 0.0000 -0.0005 0 0 0.0000 0.0000 0.0000 35.8531 17.7894 0.0000 20.8787 0.0016 0.0000 246.41

5.5833 0.0800 0.0000 0.0000 0.0187 0.0140 35.1564 0.0000 0.0340 0.0000 0.0000 0.0034 0 0 0.0000 0.0000 0.0000 35.7266 16.3453 0.0000 20.7067 0.0012 0.0000 246

5.6667 0.0520 0.0000 0.0000 0.0169 0.0070 33.6738 0.0000 0.0190 0.0000 0.0000 -0.0025 0 0 0.0000 0.0000 0.0000 35.6001 16.1317 0.0000 20.5384 0.0009 0.0000 245.61

5.7500 0.0300 0.0000 0.0000 0.016 0.0020 32.2286 0.0000 0.0080 0.0000 0.0000 -0.0029 0 0 0.0000 0.0000 0.0000 35.4703 15.2691 0.0000 20.3744 0.0007 0.0000 245.11

5.8333 0.0140 0.0000 0.0000 0.0151 0.0000 30.8267 0.0000 0.0020 0.0000 0.0000 0.0027 0 0 0.0000 0.0000 0.0000 35.3444 14.1384 0.0000 20.2112 0.0005 0.0000 244.53

5.9167 0.0040 0.0000 0.0000 0.0137 0.0000 29.5058 0.0000 0.0000 0.0000 0.0000 -0.0009 0 0 0.0000 0.0000 0.0000 35.2207 13.9020 0.0000 20.0491 0.0004 0.0000 243.98

6.0000 0.0000 0.0000 0.0000 0.0131 0.0000 28.2664 0.0000 0.0000 0.0000 0.0000 -0.0026 0 0 0.0000 0.0000 0.0000 35.0952 13.3357 0.0000 19.8890 0.0003 0.0000 243.54

6.0833 0.0000 0.0000 0.0000 0.0123 0.0000 27.0643 0.0000 0.0000 0.0000 0.0000 0.0038 0 0 0.0000 0.0000 0.0000 34.9718 12.5683 0.0000 19.7297 0.0003 0.0000 243.19

6.1667 0.0000 0.0000 0.0000 0.0112 0.0000 25.8136 0.0000 0.0000 0.0000 0.0000 0.0032 0 0 0.0000 0.0000 0.0000 34.8505 12.5604 0.0000 19.5717 0.0002 0.0000 242.88

6.2500 0.0000 0.0000 0.0000 0.0109 0.0000 24.5277 0.0000 0.0000 0.0000 0.0000 -0.0002 0 0 0.0000 0.0000 0.0000 34.7277 12.3913 0.0000 19.4158 0.0002 0.0000 242.6

6.3333 0.0000 0.0000 0.0000 0.0101 0.0000 23.2812 0.0000 0.0000 0.0000 0.0000 0.0065 0 0 0.0000 0.0000 0.0000 34.6059 11.8159 0.0000 19.2605 0.0001 0.0000 242.34

6.4167 0.0000 0.0000 0.0000 0 0.0000 22.0509 0.0000 0.0000 0.0000 0.0000 0.0061 0 0 0.0000 0.0000 0.0000 34.4860 11.4862 0.0000 19.1055 0.0001 0.0000 242.08

6.5000 0.0000 0.0000 0.0000 0 0.0000 20.8742 0.0000 0.0000 0.0000 0.0000 0.0022 0 0 0.0000 0.0000 0.0000 34.3659 11.1930 0.0000 18.9519 0.0001 0.0000 241.85



6.5833 0.0000 0.0000 0.0000 0 0.0000 19.7804 0.0000 0.0000 0.0000 0.0000 0.0086 0 0 0.0000 0.0000 0.0000 34.2460 10.7846 0.0000 18.7994 0.0001 0.0000 241.63

6.6667 0.0000 0.0000 0.0000 0 0.0000 18.7739 0.0000 0.0000 0.0000 0.0000 0.0092 0 0 0.0000 0.0000 0.0000 34.1276 10.5194 0.0000 18.6477 0.0001 0.0000 241.42

6.7500 0.0000 0.0000 0.0000 0 0.0000 17.8483 0.0000 0.0000 0.0000 0.0000 0.0051 0 0 0.0000 0.0000 0.0000 34.0095 10.2834 0.0000 18.4971 0.0000 0.0000 241.21

6.8333 0.0000 0.0000 0.0000 0 0.0000 16.9873 0.0000 0.0000 0.0000 0.0000 0.0105 0 0 0.0000 0.0000 0.0000 33.8913 9.9452 0.0000 18.3476 0.0000 0.0000 240.98

6.9167 0.0000 0.0000 0.0000 0 0.0000 16.1667 0.0000 0.0000 0.0000 0.0000 0.0110 0 0 0.0000 0.0000 0.0000 33.7740 9.6508 0.0000 18.1987 0.0000 0.0000 240.78

7.0000 0.0000 0.0000 0.0000 0 0.0000 15.4017 0.0000 0.0000 0.0000 0.0000 0.0072 0 0 0.0000 0.0000 0.0000 33.6572 9.4160 0.0000 18.0505 0.0000 0.0000 240.61

7.0833 0.0000 0.0000 0.0000 0 0.0000 14.6803 0.0000 0.0000 0.0000 0.0000 0.0119 0 0 0.0000 0.0000 0.0000 33.5397 9.1679 0.0000 17.9030 0.0000 0.0000 240.43

7.1667 0.0000 0.0000 0.0000 0 0.0000 14.0134 0.0000 0.0000 0.0000 0.0000 0.0127 0 0 0.0000 0.0000 0.0000 33.4216 8.9195 0.0000 17.7554 0.0000 0.0000 240.26

7.2500 0.0000 0.0000 0.0000 0 0.0000 13.3970 0.0000 0.0000 0.0000 0.0000 0.0088 0 0 0.0000 0.0000 0.0000 33.3030 8.6756 0.0000 17.6068 0.0000 0.0000 240.07

7.3333 0.0000 0.0000 0.0000 0 0.0000 12.8034 0.0000 0.0000 0.0000 0.0000 0.0135 0 0 0.0000 0.0000 0.0000 33.1833 8.4587 0.0000 17.4569 0.0000 0.0000 239.91

7.4167 0.0000 0.0000 0.0000 0 0.0000 12.2389 0.0000 0.0000 0.0000 0.0000 0.0140 0 0 0.0000 0.0000 0.0000 33.0625 8.1677 0.0000 17.3056 0.0000 0.0000 239.76

7.5000 0.0000 0.0000 0.0000 0 0.0000 11.7189 0.0000 0.0000 0.0000 0.0000 0.0103 0 0 0.0000 0.0000 0.0000 32.9410 7.8285 0.0000 17.1526 0.0000 0.0000 239.62

7.5833 0.0000 0.0000 0.0000 0 0.0000 11.2363 0.0000 0.0000 0.0000 0.0000 0.0152 0 0 0.0000 0.0000 0.0000 32.8187 7.5383 0.0000 16.9982 0.0000 0.0000 239.47

7.6667 0.0000 0.0000 0.0000 0 0.0000 10.7803 0.0000 0.0000 0.0000 0.0000 0.0143 0 0 0.0000 0.0000 0.0000 32.6954 7.2278 0.0000 16.8427 0.0000 0.0000 239.31

7.7500 0.0000 0.0000 0.0000 0 0.0000 10.3388 0.0000 0.0000 0.0000 0.0000 0.0114 0 0 0.0000 0.0000 0.0000 32.5721 6.8929 0.0000 16.6861 0.0000 0.0000 239.14

7.8333 0.0000 0.0000 0.0000 0 0.0000 9.9177 0.0000 0.0000 0.0000 0.0000 0.0170 0 0 0.0000 0.0000 0.0000 32.4488 6.6109 0.0000 16.5289 0.0000 0.0000 239.01

7.9167 0.0000 0.0000 0.0000 0 0.0000 9.5386 0.0000 0.0000 0.0000 0.0000 0.0148 0 0 0.0000 0.0000 0.0000 32.3254 6.3095 0.0000 16.3720 0.0000 0.0000 238.85

8.0000 0.0000 0.0000 0.0000 0 0.0000 9.1829 0.0000 0.0000 0.0000 0.0000 0.0139 0 0 0.0000 0.0000 0.0000 32.2021 5.9489 0.0000 16.2153 0.0000 0.0000 238.7

8.0833 0.0000 0.0000 0.0000 0 0.0000 8.8526 0.0000 0.0000 0.0000 0.0000 0.0190 0 0 0.0000 0.0000 0.0000 32.0791 5.6930 0.0000 16.0589 0.0000 0.0000 238.54

8.1667 0.0000 0.0000 0.0000 0 0.0000 8.5496 0.0000 0.0000 0.0000 0.0000 0.0148 0 0 0.0000 0.0000 0.0000 31.9559 5.4917 0.0000 15.9029 0.0000 0.0000 238.37

8.2500 0.0000 0.0000 0.0000 0 0.0000 8.2545 0.0000 0.0000 0.0000 0.0000 0.0167 0 0 0.0000 0.0000 0.0000 31.8326 5.1989 0.0000 15.7471 0.0000 0.0000 238.19

8.3333 0.0000 0.0000 0.0000 0 0.0000 7.9784 0.0000 0.0000 0.0000 0.0000 0.0194 0 0 0.0000 0.0000 0.0000 31.7092 4.9672 0.0000 15.5913 0.0000 0.0000 237.99

8.4167 0.0000 0.0000 0.0000 0 0.0000 7.7180 0.0000 0.0000 0.0000 0.0000 0.0148 0 0 0.0000 0.0000 0.0000 31.5853 4.8503 0.0000 15.4355 0.0000 0.0000 237.79

8.5000 0.0000 0.0000 0.0000 0 0.0000 7.4581 0.0000 0.0000 0.0000 0.0000 0.0197 0 0 0.0000 0.0000 0.0000 31.4606 4.7013 0.0000 15.2792 0.0000 0.0000 237.57

8.5833 0.0000 0.0000 0.0000 0 0.0000 7.2117 0.0000 0.0000 0.0000 0.0000 0.0181 0 0 0.0000 0.0000 0.0000 31.3352 4.5189 0.0000 15.1219 0.0000 0.0000 237.38

8.6667 0.0000 0.0000 0.0000 0 0.0000 6.9703 0.0000 0.0000 0.0000 0.0000 0.0169 0 0 0.0000 0.0000 0.0000 31.2089 4.4030 0.0000 14.9635 0.0000 0.0000 237.18

8.7500 0.0000 0.0000 0.0000 0 0.0000 6.7471 0.0000 0.0000 0.0000 0.0000 0.0213 0 0 0.0000 0.0000 0.0000 31.0815 4.3233 0.0000 14.8038 0.0000 0.0000 236.98

8.8333 0.0000 0.0000 0.0000 0 0.0000 6.4708 0.0000 0.0000 0.0000 0.0000 0.0166 0 0 0.0000 0.0000 0.0000 30.9531 4.2034 0.0000 14.6428 0.0000 0.0000 236.78

8.9167 0.0000 0.0000 0.0000 0 0.0000 6.1729 0.0000 0.0000 0.0000 0.0000 0.0186 0 0 0.0000 0.0000 0.0000 30.8240 4.0918 0.0000 14.4804 0.0000 0.0000 236.6

9.0000 0.0000 0.0000 0.0000 0 0.0000 6.0841 0.0000 0.0000 0.0000 0.0000 0.0197 0 0 0.0000 0.0000 0.0000 30.6941 4.0336 0.0000 14.3169 0.0000 0.0000 236.4

9.0833 0.0000 0.0000 0.0000 0 0.0000 6.0258 0.0000 0.0000 0.0000 0.0000 0.0180 0 0 0.0000 0.0000 0.0000 30.5636 3.9606 0.0000 14.1525 0.0000 0.0000 236.17

9.1667 0.0000 0.0000 0.0000 0 0.0000 5.9163 0.0000 0.0000 0.0000 0.0000 0.0198 0 0 0.0000 0.0000 0.0000 30.4328 3.8534 0.0000 13.9876 0.0000 0.0000 235.92

9.2500 0.0000 0.0000 0.0000 0 0.0000 5.7174 0.0000 0.0000 0.0000 0.0000 0.0178 0 0 0.0000 0.0000 0.0000 30.3015 3.7815 0.0000 13.8225 0.0000 0.0000 235.59

9.3333 0.0000 0.0000 0.0000 0 0.0000 5.4583 0.0000 0.0000 0.0000 0.0000 0.0214 0 0 0.0000 0.0000 0.0000 30.1698 3.7320 0.0000 13.6572 0.0000 0.0000 235.31

9.4167 0.0000 0.0000 0.0000 0 0.0000 5.2327 0.0000 0.0000 0.0000 0.0000 0.0182 0 0 0.0000 0.0000 0.0000 30.0377 3.6481 0.0000 13.4918 0.0000 0.0000 235.04

9.5000 0.0000 0.0000 0.0000 0 0.0000 5.1077 0.0000 0.0000 0.0000 0.0000 0.0196 0 0 0.0000 0.0000 0.0000 29.9051 3.5641 0.0000 13.3263 0.0000 0.0000 234.79

9.5833 0.0000 0.0000 0.0000 0 0.0000 5.0084 0.0000 0.0000 0.0000 0.0000 0.0220 0 0 0.0000 0.0000 0.0000 29.7718 3.5135 0.0000 13.1606 0.0000 0.0000 234.58

9.6667 0.0000 0.0000 0.0000 0 0.0000 4.8794 0.0000 0.0000 0.0000 0.0000 0.0168 0 0 0.0000 0.0000 0.0000 29.6379 3.4561 0.0000 12.9946 0.0000 0.0000 234.41

9.7500 0.0000 0.0000 0.0000 0 0.0000 4.8016 0.0000 0.0000 0.0000 0.0000 0.0223 0 0 0.0000 0.0000 0.0000 29.5031 3.3765 0.0000 12.8279 0.0000 0.0000 234.22

9.8333 0.0000 0.0000 0.0000 0 0.0000 4.6770 0.0000 0.0000 0.0000 0.0000 0.0190 0 0 0.0000 0.0000 0.0000 29.3673 3.3106 0.0000 12.6606 0.0000 0.0000 234.07

9.9167 0.0000 0.0000 0.0000 0 0.0000 4.5184 0.0000 0.0000 0.0000 0.0000 0.0208 0 0 0.0000 0.0000 0.0000 29.2304 3.2600 0.0000 12.4922 0.0000 0.0000 233.9

10.0000 0.0000 0.0000 0.0000 0 0.0000 4.4439 0.0000 0.0000 0.0000 0.0000 0.0203 0 0 0.0000 0.0000 0.0000 29.0922 3.1961 0.0000 12.3227 0.0000 0.0000 233.73

10.0833 0.0000 0.0000 0.0000 0 0.0000 4.3660 0.0000 0.0000 0.0000 0.0000 0.0202 0 0 0.0000 0.0000 0.0000 28.9529 3.1276 0.0000 12.1519 0.0000 0.0000 233.6

10.1667 0.0000 0.0000 0.0000 0 0.0000 4.2535 0.0000 0.0000 0.0000 0.0000 0.0217 0 0 0.0000 0.0000 0.0000 28.8124 3.0567 0.0000 11.9799 0.0000 0.0000 233.47

10.2500 0.0000 0.0000 0.0000 0 0.0000 4.1403 0.0000 0.0000 0.0000 0.0000 0.0182 0 0 0.0000 0.0000 0.0000 28.6708 2.9434 0.0000 11.8066 0.0000 0.0000 233.35

10.3333 0.0000 0.0000 0.0000 0 0.0000 4.0277 0.0000 0.0000 0.0000 0.0000 0.0240 0 0 0.0000 0.0000 0.0000 28.5282 2.8443 0.0000 11.6324 0.0000 0.0000 233.22

10.4167 0.0000 0.0000 0.0000 0 0.0000 3.9228 0.0000 0.0000 0.0000 0.0000 0.0179 0 0 0.0000 0.0000 0.0000 28.3845 2.7858 0.0000 11.4575 0.0000 0.0000 233.11

10.5000 0.0000 0.0000 0.0000 0 0.0000 3.8557 0.0000 0.0000 0.0000 0.0000 0.0227 0 0 0.0000 0.0000 0.0000 28.2400 2.7067 0.0000 11.2821 0.0000 0.0000 232.98

10.5833 0.0000 0.0000 0.0000 0 0.0000 3.8108 0.0000 0.0000 0.0000 0.0000 0.0200 0 0 0.0000 0.0000 0.0000 28.0945 2.6096 0.0000 11.1063 0.0000 0.0000 232.89

10.6667 0.0000 0.0000 0.0000 0 0.0000 3.7192 0.0000 0.0000 0.0000 0.0000 0.0216 0 0 0.0000 0.0000 0.0000 27.9479 2.5452 0.0000 10.9302 0.0000 0.0000 232.77

10.7500 0.0000 0.0000 0.0000 0 0.0000 3.6318 0.0000 0.0000 0.0000 0.0000 0.0207 0 0 0.0000 0.0000 0.0000 27.8001 2.4901 0.0000 10.7538 0.0000 0.0000 232.68

10.8333 0.0000 0.0000 0.0000 0 0.0000 3.5723 0.0000 0.0000 0.0000 0.0000 0.0210 0 0 0.0000 0.0000 0.0000 27.6511 2.4115 0.0000 10.5768 0.0000 0.0000 232.57

10.9167 0.0000 0.0000 0.0000 0 0.0000 3.4924 0.0000 0.0000 0.0000 0.0000 0.0221 0 0 0.0000 0.0000 0.0000 27.5008 2.3410 0.0000 10.3991 0.0000 0.0000 232.47

11.0000 0.0000 0.0000 0.0000 0 0.0000 3.4307 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 27.3490 2.2923 0.0000 10.2207 0.0000 0.0000 232.37

11.0833 0.0000 0.0000 0.0000 0 0.0000 3.3782 0.0000 0.0000 0.0000 0.0000 0.0231 0 0 0.0000 0.0000 0.0000 27.1958 2.2347 0.0000 10.0416 0.0000 0.0000 232.28

11.1667 0.0000 0.0000 0.0000 0 0.0000 3.3050 0.0000 0.0000 0.0000 0.0000 0.0197 0 0 0.0000 0.0000 0.0000 27.0409 2.1689 0.0000 9.8616 0.0000 0.0000 232.2

11.2500 0.0000 0.0000 0.0000 0 0.0000 3.2360 0.0000 0.0000 0.0000 0.0000 0.0229 0 0 0.0000 0.0000 0.0000 26.8843 2.1187 0.0000 9.6807 0.0000 0.0000 232.11

11.3333 0.0000 0.0000 0.0000 0 0.0000 3.1852 0.0000 0.0000 0.0000 0.0000 0.0196 0 0 0.0000 0.0000 0.0000 26.7260 2.0725 0.0000 9.4987 0.0000 0.0000 232.04

11.4167 0.0000 0.0000 0.0000 0 0.0000 3.1353 0.0000 0.0000 0.0000 0.0000 0.0238 0 0 0.0000 0.0000 0.0000 26.5659 2.0151 0.0000 9.3157 0.0000 0.0000 231.94

11.5000 0.0000 0.0000 0.0000 0 0.0000 3.0769 0.0000 0.0000 0.0000 0.0000 0.0190 0 0 0.0000 0.0000 0.0000 26.4039 1.9623 0.0000 9.1318 0.0000 0.0000 231.87

11.5833 0.0000 0.0000 0.0000 0 0.0000 3.0333 0.0000 0.0000 0.0000 0.0000 0.0238 0 0 0.0000 0.0000 0.0000 26.2402 1.9215 0.0000 8.9470 0.0000 0.0000 231.8

11.6667 0.0000 0.0000 0.0000 0 0.0000 2.9874 0.0000 0.0000 0.0000 0.0000 0.0196 0 0 0.0000 0.0000 0.0000 26.0746 1.8769 0.0000 8.7616 0.0000 0.0000 231.72

11.7500 0.0000 0.0000 0.0000 0 0.0000 2.9241 0.0000 0.0000 0.0000 0.0000 0.0235 0 0 0.0000 0.0000 0.0000 25.9072 1.8268 0.0000 8.5757 0.0000 0.0000 231.65

11.8333 0.0000 0.0000 0.0000 0 0.0000 2.8800 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 25.7378 1.7840 0.0000 8.3895 0.0000 0.0000 231.58

11.9167 0.0000 0.0000 0.0000 0 0.0000 2.8373 0.0000 0.0000 0.0000 0.0000 0.0239 0 0 0.0000 0.0000 0.0000 25.5666 1.7456 0.0000 8.2032 0.0000 0.0000 231.51

12.0000 0.0000 0.0000 0.0000 0 0.0000 2.7874 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 25.3933 1.7026 0.0000 8.0167 0.0000 0.0000 231.43

12.0833 0.0000 0.0000 0.0000 0 0.0000 2.7511 0.0000 0.0000 0.0000 0.0000 0.0235 0 0 0.0000 0.0000 0.0000 25.2178 1.6599 0.0000 7.8305 0.0000 0.0000 231.36

12.1667 0.0000 0.0000 0.0000 0 0.0000 2.7137 0.0000 0.0000 0.0000 0.0000 0.0199 0 0 0.0000 0.0000 0.0000 25.0403 1.6230 0.0000 7.6474 0.0000 0.0000 231.31

12.2500 0.0000 0.0000 0.0000 0 0.0000 2.6688 0.0000 0.0000 0.0000 0.0000 0.0235 0 0 0.0000 0.0000 0.0000 24.8608 1.5875 0.0000 7.4678 0.0000 0.0000 231.24

12.3333 0.0000 0.0000 0.0000 0 0.0000 2.6291 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 24.6797 1.5500 0.0000 7.2870 0.0000 0.0000 231.19

12.4167 0.0000 0.0000 0.0000 0 0.0000 2.5977 0.0000 0.0000 0.0000 0.0000 0.0238 0 0 0.0000 0.0000 0.0000 24.4966 1.5128 0.0000 7.1052 0.0000 0.0000 231.15

12.5000 0.0000 0.0000 0.0000 0 0.0000 2.5615 0.0000 0.0000 0.0000 0.0000 0.0196 0 0 0.0000 0.0000 0.0000 24.3111 1.4789 0.0000 6.9241 0.0000 0.0000 231.08

12.5833 0.0000 0.0000 0.0000 0 0.0000 2.5211 0.0000 0.0000 0.0000 0.0000 0.0234 0 0 0.0000 0.0000 0.0000 24.1226 1.4463 0.0000 6.7446 0.0000 0.0000 231.02

12.6667 0.0000 0.0000 0.0000 0 0.0000 2.4902 0.0000 0.0000 0.0000 0.0000 0.0199 0 0 0.0000 0.0000 0.0000 23.9310 1.4128 0.0000 6.5665 0.0000 0.0000 230.97

12.7500 0.0000 0.0000 0.0000 0 0.0000 2.4548 0.0000 0.0000 0.0000 0.0000 0.0233 0 0 0.0000 0.0000 0.0000 23.7363 1.3798 0.0000 6.3888 0.0000 0.0000 230.92

12.8333 0.0000 0.0000 0.0000 0 0.0000 2.4184 0.0000 0.0000 0.0000 0.0000 0.0199 0 0 0.0000 0.0000 0.0000 23.5385 1.3488 0.0000 6.2114 0.0000 0.0000 230.87

12.9167 0.0000 0.0000 0.0000 0 0.0000 2.3942 0.0000 0.0000 0.0000 0.0000 0.0230 0 0 0.0000 0.0000 0.0000 23.3375 1.3175 0.0000 6.0348 0.0000 0.0000 230.84

13.0000 0.0000 0.0000 0.0000 0 0.0000 2.3651 0.0000 0.0000 0.0000 0.0000 0.0203 0 0 0.0000 0.0000 0.0000 23.1331 1.2756 0.0000 5.8596 0.0000 0.0000 230.79

13.0833 0.0000 0.0000 0.0000 0 0.0000 2.3321 0.0000 0.0000 0.0000 0.0000 0.0225 0 0 0.0000 0.0000 0.0000 22.9251 1.2109 0.0000 5.6862 0.0000 0.0000 230.75

13.1667 0.0000 0.0000 0.0000 0 0.0000 2.3051 0.0000 0.0000 0.0000 0.0000 0.0206 0 0 0.0000 0.0000 0.0000 22.7134 1.1500 0.0000 5.5148 0.0000 0.0000 230.7

13.2500 0.0000 0.0000 0.0000 0 0.0000 2.2787 0.0000 0.0000 0.0000 0.0000 0.0221 0 0 0.0000 0.0000 0.0000 22.4980 1.1301 0.0000 5.3456 0.0000 0.0000 230.66

13.3333 0.0000 0.0000 0.0000 0 0.0000 2.2502 0.0000 0.0000 0.0000 0.0000 0.0212 0 0 0.0000 0.0000 0.0000 22.2787 1.1273 0.0000 5.1793 0.0000 0.0000 230.64

13.4167 0.0000 0.0000 0.0000 0 0.0000 2.2236 0.0000 0.0000 0.0000 0.0000 0.0211 0 0 0.0000 0.0000 0.0000 22.0551 1.1053 0.0000 5.0164 0.0000 0.0000 230.59

13.5000 0.0000 0.0000 0.0000 0 0.0000 2.2004 0.0000 0.0000 0.0000 0.0000 0.0221 0 0 0.0000 0.0000 0.0000 21.8269 1.0804 0.0000 4.8568 0.0000 0.0000 230.57

13.5833 0.0000 0.0000 0.0000 0 0.0000 2.1740 0.0000 0.0000 0.0000 0.0000 0.0203 0 0 0.0000 0.0000 0.0000 21.5939 1.0702 0.0000 4.7006 0.0000 0.0000 230.54



13.6667 0.0000 0.0000 0.0000 0 0.0000 2.1478 0.0000 0.0000 0.0000 0.0000 0.0225 0 0 0.0000 0.0000 0.0000 21.3557 1.0568 0.0000 4.5479 0.0000 0.0000 230.5

13.7500 0.0000 0.0000 0.0000 0 0.0000 2.1279 0.0000 0.0000 0.0000 0.0000 0.0198 0 0 0.0000 0.0000 0.0000 21.1121 1.0343 0.0000 4.3988 0.0000 0.0000 230.48

13.8333 0.0000 0.0000 0.0000 0 0.0000 2.1040 0.0000 0.0000 0.0000 0.0000 0.0229 0 0 0.0000 0.0000 0.0000 20.8627 1.0204 0.0000 4.2539 0.0000 0.0000 230.46

13.9167 0.0000 0.0000 0.0000 0 0.0000 2.0786 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 20.6069 1.0141 0.0000 4.1134 0.0000 0.0000 230.41

14.0000 0.0000 0.0000 0.0000 0 0.0000 2.0589 0.0000 0.0000 0.0000 0.0000 0.0227 0 0 0.0000 0.0000 0.0000 20.3447 0.9998 0.0000 3.9773 0.0000 0.0000 230.39

14.0833 0.0000 0.0000 0.0000 0 0.0000 2.0378 0.0000 0.0000 0.0000 0.0000 0.0198 0 0 0.0000 0.0000 0.0000 20.0752 0.9810 0.0000 3.8460 0.0000 0.0000 230.37

14.1667 0.0000 0.0000 0.0000 0 0.0000 2.0153 0.0000 0.0000 0.0000 0.0000 0.0220 0 0 0.0000 0.0000 0.0000 19.7982 0.9695 0.0000 3.7199 0.0000 0.0000 230.36

14.2500 0.0000 0.0000 0.0000 0 0.0000 1.9954 0.0000 0.0000 0.0000 0.0000 0.0204 0 0 0.0000 0.0000 0.0000 19.5129 0.9602 0.0000 3.5991 0.0000 0.0000 230.32

14.3333 0.0000 0.0000 0.0000 0 0.0000 1.9761 0.0000 0.0000 0.0000 0.0000 0.0212 0 0 0.0000 0.0000 0.0000 19.2189 0.9454 0.0000 3.4841 0.0000 0.0000 230.29

14.4167 0.0000 0.0000 0.0000 0 0.0000 1.9558 0.0000 0.0000 0.0000 0.0000 0.0213 0 0 0.0000 0.0000 0.0000 18.9152 0.9311 0.0000 3.3751 0.0000 0.0000 230.28

14.5000 0.0000 0.0000 0.0000 0 0.0000 1.9357 0.0000 0.0000 0.0000 0.0000 0.0200 0 0 0.0000 0.0000 0.0000 18.6011 0.9215 0.0000 3.2723 0.0000 0.0000 230.24

14.5833 0.0000 0.0000 0.0000 0 0.0000 1.8977 0.0000 0.0000 0.0000 0.0000 0.0221 0 0 0.0000 0.0000 0.0000 18.2757 0.9108 0.0000 3.1757 0.0000 0.0000 230.24

14.6667 0.0000 0.0000 0.0000 0 0.0000 1.8196 0.0000 0.0000 0.0000 0.0000 0.0193 0 0 0.0000 0.0000 0.0000 17.9378 0.8969 0.0000 3.0857 0.0000 0.0000 230.21

14.7500 0.0000 0.0000 0.0000 0 0.0000 1.7270 0.0000 0.0000 0.0000 0.0000 0.0223 0 0 0.0000 0.0000 0.0000 17.5861 0.8852 0.0000 3.0023 0.0000 0.0000 230.2

14.8333 0.0000 0.0000 0.0000 0 0.0000 1.6578 0.0000 0.0000 0.0000 0.0000 0.0194 0 0 0.0000 0.0000 0.0000 17.2193 0.8759 0.0000 2.9254 0.0000 0.0000 230.19

14.9167 0.0000 0.0000 0.0000 0 0.0000 1.6169 0.0000 0.0000 0.0000 0.0000 0.0218 0 0 0.0000 0.0000 0.0000 16.8356 0.8649 0.0000 2.8553 0.0000 0.0000 230.15

15.0000 0.0000 0.0000 0.0000 0 0.0000 1.5906 0.0000 0.0000 0.0000 0.0000 0.0200 0 0 0.0000 0.0000 0.0000 16.4328 0.8527 0.0000 2.7921 0.0000 0.0000 230.16

15.0833 0.0000 0.0000 0.0000 0 0.0000 1.5689 0.0000 0.0000 0.0000 0.0000 0.0206 0 0 0.0000 0.0000 0.0000 16.0085 0.8427 0.0000 2.7358 0.0000 0.0000 230.16

15.1667 0.0000 0.0000 0.0000 0 0.0000 1.5494 0.0000 0.0000 0.0000 0.0000 0.0210 0 0 0.0000 0.0000 0.0000 15.5596 0.8334 0.0000 2.6861 0.0000 0.0000 230.12

15.2500 0.0000 0.0000 0.0000 0 0.0000 1.5351 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 15.0821 0.8227 0.0000 2.6428 0.0000 0.0000 230.13

15.3333 0.0000 0.0000 0.0000 0 0.0000 1.5198 0.0000 0.0000 0.0000 0.0000 0.0216 0 0 0.0000 0.0000 0.0000 14.5712 0.8119 0.0000 2.6059 0.0000 0.0000 230.11

15.4167 0.0000 0.0000 0.0000 0 0.0000 1.4902 0.0000 0.0000 0.0000 0.0000 0.0189 0 0 0.0000 0.0000 0.0000 14.0206 0.8028 0.0000 2.5752 0.0000 0.0000 230.12

15.5000 0.0000 0.0000 0.0000 0 0.0000 1.4465 0.0000 0.0000 0.0000 0.0000 0.0215 0 0 0.0000 0.0000 0.0000 13.4216 0.7937 0.0000 2.5511 0.0000 0.0000 230.1

15.5833 0.0000 0.0000 0.0000 0 0.0000 1.4071 0.0000 0.0000 0.0000 0.0000 0.0191 0 0 0.0000 0.0000 0.0000 12.7641 0.7837 0.0000 2.5333 0.0000 0.0000 230.09

15.6667 0.0000 0.0000 0.0000 0 0.0000 1.3898 0.0000 0.0000 0.0000 0.0000 0.0207 0 0 0.0000 0.0000 0.0000 12.0339 0.7745 0.0000 2.5222 0.0000 0.0000 230.1

15.7500 0.0000 0.0000 0.0000 0 0.0000 1.3916 0.0000 0.0000 0.0000 0.0000 0.0199 0 0 0.0000 0.0000 0.0000 11.2078 0.7666 0.0000 2.5182 0.0000 0.0000 230.09

15.8333 0.0000 0.0000 0.0000 0 0.0000 1.3949 0.0000 0.0000 0.0000 0.0000 0.0193 0 0 0.0000 0.0000 0.0000 10.2480 0.7580 0.0000 2.5217 0.0000 0.0000 230.07

15.9167 0.0000 0.0000 0.0000 0 0.0000 1.3871 0.0000 0.0000 0.0000 0.0000 0.0207 0 0 0.0000 0.0000 0.0000 9.0863 0.7483 0.0000 2.5338 0.0000 0.0000 230.08

16.0000 0.0000 0.0000 0.0000 0 0.0000 1.3658 0.0000 0.0000 0.0000 0.0000 0.0184 0 0 0.0000 0.0000 0.0000 7.5753 0.7398 0.0000 2.5564 0.0000 0.0000 230.07

16.0833 0.0000 0.0000 0.0000 0 0.0000 1.3388 0.0000 0.0000 0.0000 0.0000 0.0209 0 0 0.0000 0.0000 0.0000 5.2670 0.7324 0.0000 2.5935 0.0000 0.0000 230.08

16.1667 0.0000 0.0000 0.0000 0 0.0000 1.3153 0.0000 0.0000 0.0000 0.0000 0.0183 0 0 0.0000 0.0000 0.0000 0.1621 0.7244 0.0000 2.6549 0.0000 0.0000 230.07

16.2500 0.0000 0.0000 0.0000 0 0.0000 1.2968 0.0000 0.0000 0.0000 0.0000 0.0203 0 0 0.0000 0.0000 0.0000 0.0752 0.7160 0.0000 2.7651 0.0000 0.0000 230.08

16.3333 0.0000 0.0000 0.0000 0 0.0000 1.2807 0.0000 0.0000 0.0000 0.0000 0.0188 0 0 0.0000 0.0000 0.0000 0.0755 0.7085 0.0000 2.8935 0.0000 0.0000 230.07

16.4167 0.0000 0.0000 0.0000 0 0.0000 1.2718 0.0000 0.0000 0.0000 0.0000 0.0190 0 0 0.0000 0.0000 0.0000 0.0734 0.7014 0.0000 2.9889 0.0000 0.0000 230.06

16.5000 0.0000 0.0000 0.0000 0 0.0000 1.2712 0.0000 0.0000 0.0000 0.0000 0.0195 0 0 0.0000 0.0000 0.0000 0.0902 0.6937 0.0000 3.0438 0.0000 0.0000 230.07

16.5833 0.0000 0.0000 0.0000 0 0.0000 1.2713 0.0000 0.0000 0.0000 0.0000 0.0180 0 0 0.0000 0.0000 0.0000 0.0956 0.6860 0.0000 3.0601 0.0000 0.0000 230.06

16.6667 0.0000 0.0000 0.0000 0 0.0000 1.2625 0.0000 0.0000 0.0000 0.0000 0.0198 0 0 0.0000 0.0000 0.0000 0.0987 0.6790 0.0000 3.0547 0.0000 0.0000 230.07

16.7500 0.0000 0.0000 0.0000 0 0.0000 1.2435 0.0000 0.0000 0.0000 0.0000 0.0174 0 0 0.0000 0.0000 0.0000 0.0889 0.6721 0.0000 3.0544 0.0000 0.0000 230.08

16.8333 0.0000 0.0000 0.0000 0 0.0000 1.2207 0.0000 0.0000 0.0000 0.0000 0.0196 0 0 0.0000 0.0000 0.0000 0.0865 0.6648 0.0000 3.0567 0.0000 0.0000 230.07

16.9167 0.0000 0.0000 0.0000 0 0.0000 1.2024 0.0000 0.0000 0.0000 0.0000 0.0175 0 0 0.0000 0.0000 0.0000 0.0906 0.6578 0.0000 3.0457 0.0000 0.0000 230.08

17.0000 0.0000 0.0000 0.0000 0 0.0000 1.1928 0.0000 0.0000 0.0000 0.0000 0.0187 0 0 0.0000 0.0000 0.0000 0.0857 0.6513 0.0000 3.0254 0.0000 0.0000 230.09

17.0833 0.0000 0.0000 0.0000 0 0.0000 1.1891 0.0000 0.0000 0.0000 0.0000 0.0179 0 0 0.0000 0.0000 0.0000 0.0815 0.6446 0.0000 3.0020 0.0000 0.0000 230.09

17.1667 0.0000 0.0000 0.0000 0 0.0000 1.1852 0.0000 0.0000 0.0000 0.0000 0.0177 0 0 0.0000 0.0000 0.0000 0.0837 0.6378 0.0000 2.9659 0.0000 0.0000 230.09

17.2500 0.0000 0.0000 0.0000 0 0.0000 1.1793 0.0000 0.0000 0.0000 0.0000 0.0182 0 0 0.0000 0.0000 0.0000 0.0912 0.6313 0.0000 2.9071 0.0000 0.0000 230.12

17.3333 0.0000 0.0000 0.0000 0 0.0000 1.1717 0.0000 0.0000 0.0000 0.0000 0.0168 0 0 0.0000 0.0000 0.0000 0.0867 0.6251 0.0000 2.8474 0.0000 0.0000 230.1

17.4167 0.0000 0.0000 0.0000 0 0.0000 1.1616 0.0000 0.0000 0.0000 0.0000 0.0183 0 0 0.0000 0.0000 0.0000 0.0843 0.6187 0.0000 2.7954 0.0000 0.0000 230.12

17.5000 0.0000 0.0000 0.0000 0 0.0000 1.1479 0.0000 0.0000 0.0000 0.0000 0.0162 0 0 0.0000 0.0000 0.0000 0.0842 0.6124 0.0000 2.7412 0.0000 0.0000 230.14

17.5833 0.0000 0.0000 0.0000 0 0.0000 1.1325 0.0000 0.0000 0.0000 0.0000 0.0180 0 0 0.0000 0.0000 0.0000 0.0806 0.6063 0.0000 2.6840 0.0000 0.0000 230.14

17.6667 0.0000 0.0000 0.0000 0 0.0000 1.1194 0.0000 0.0000 0.0000 0.0000 0.0159 0 0 0.0000 0.0000 0.0000 0.0787 0.6004 0.0000 2.6237 0.0000 0.0000 230.14

17.7500 0.0000 0.0000 0.0000 0 0.0000 1.1119 0.0000 0.0000 0.0000 0.0000 0.0175 0 0 0.0000 0.0000 0.0000 0.0795 0.5944 0.0000 2.5601 0.0000 0.0000 230.16

17.8333 0.0000 0.0000 0.0000 0 0.0000 1.1093 0.0000 0.0000 0.0000 0.0000 0.0156 0 0 0.0000 0.0000 0.0000 0.0782 0.5885 0.0000 2.4982 0.0000 0.0000 230.17

17.9167 0.0000 0.0000 0.0000 0 0.0000 1.1076 0.0000 0.0000 0.0000 0.0000 0.0169 0 0 0.0000 0.0000 0.0000 0.0756 0.5827 0.0000 2.4413 0.0000 0.0000 230.17

18.0000 0.0000 0.0000 0.0000 0 0.0000 1.1025 0.0000 0.0000 0.0000 0.0000 0.0152 0 0 0.0000 0.0000 0.0000 0.0749 0.5771 0.0000 2.3871 0.0000 0.0000 230.17

18.0833 0.0000 0.0000 0.0000 0 0.0000 1.0926 0.0000 0.0000 0.0000 0.0000 0.0163 0 0 0.0000 0.0000 0.0000 0.0748 0.5714 0.0000 2.3328 0.0000 0.0000 230.19

18.1667 0.0000 0.0000 0.0000 0 0.0000 1.0804 0.0000 0.0000 0.0000 0.0000 0.0147 0 0 0.0000 0.0000 0.0000 0.0731 0.5659 0.0000 2.2796 0.0000 0.0000 230.21

18.2500 0.0000 0.0000 0.0000 0 0.0000 1.0690 0.0000 0.0000 0.0000 0.0000 0.0157 0 0 0.0000 0.0000 0.0000 0.0717 0.5606 0.0000 2.2288 0.0000 0.0000 230.21

18.3333 0.0000 0.0000 0.0000 0 0.0000 1.0594 0.0000 0.0000 0.0000 0.0000 0.0140 0 0 0.0000 0.0000 0.0000 0.0712 0.5558 0.0000 2.1796 0.0000 0.0000 230.22

18.4167 0.0000 0.0000 0.0000 0 0.0000 1.0516 0.0000 0.0000 0.0000 0.0000 0.0146 0 0 0.0000 0.0000 0.0000 0.1054 0.5508 0.0000 2.1318 0.0000 0.0000 230.23

18.5000 0.0000 0.0000 0.0000 0 0.0000 1.0456 0.0000 0.0000 0.0000 0.0000 0.0130 0 0 0.0000 0.0000 0.0000 0.0091 0.5453 0.0000 2.0862 0.0000 0.0000 230.24

18.5833 0.0000 0.0000 0.0000 0 0.0000 1.0410 0.0000 0.0000 0.0000 0.0000 0.0067 0 0 0.0000 0.0000 0.0000 0.0090 0.5401 0.0000 2.0422 0.0000 0.0000 230.26

18.6667 0.0000 0.0000 0.0000 0 0.0000 1.0371 0.0000 0.0000 0.0000 0.0000 0.0039 0 0 0.0000 0.0000 0.0000 0.0090 0.5355 0.0000 1.9988 0.0000 0.0000 230.25

18.7500 0.0000 0.0000 0.0000 0 0.0000 1.0321 0.0000 0.0000 0.0000 0.0000 0.0025 0 0 0.0000 0.0000 0.0000 0.0757 0.5308 0.0000 1.9568 0.0000 0.0000 230.27

18.8333 0.0000 0.0000 0.0000 0 0.0000 1.0245 0.0000 0.0000 0.0000 0.0000 0.0017 0 0 0.0000 0.0000 0.0000 0.0754 0.5256 0.0000 1.9167 0.0000 0.0000 230.28

18.9167 0.0000 0.0000 0.0000 0 0.0000 1.0141 0.0000 0.0000 0.0000 0.0000 0.0012 0 0 0.0000 0.0000 0.0000 0.0752 0.5207 0.0000 1.8776 0.0000 0.0000 230.28

19.0000 0.0000 0.0000 0.0000 0 0.0000 1.0032 0.0000 0.0000 0.0000 0.0000 0.0009 0 0 0.0000 0.0000 0.0000 0.0750 0.5163 0.0000 1.8395 0.0000 0.0000 230.3

19.0833 0.0000 0.0000 0.0000 0 0.0000 0.9949 0.0000 0.0000 0.0000 0.0000 0.0007 0 0 0.0000 0.0000 0.0000 0.0747 0.5117 0.0000 1.8028 0.0000 0.0000 230.3

19.1667 0.0000 0.0000 0.0000 0 0.0000 0.9899 0.0000 0.0000 0.0000 0.0000 0.0005 0 0 0.0000 0.0000 0.0000 0.0751 0.5069 0.0000 1.7672 0.0000 0.0000 230.32

19.2500 0.0000 0.0000 0.0000 0 0.0000 0.9865 0.0000 0.0000 0.0000 0.0000 0.0004 0 0 0.0000 0.0000 0.0000 0.0739 0.5024 0.0000 1.7324 0.0000 0.0000 230.33

19.3333 0.0000 0.0000 0.0000 0 0.0000 0.9830 0.0000 0.0000 0.0000 0.0000 0.0003 0 0 0.0000 0.0000 0.0000 0.0725 0.4981 0.0000 1.6986 0.0000 0.0000 230.34

19.4167 0.0000 0.0000 0.0000 0 0.0000 0.9782 0.0000 0.0000 0.0000 0.0000 0.0002 0 0 0.0000 0.0000 0.0000 0.0711 0.4937 0.0000 1.6659 0.0000 0.0000 230.37

19.5000 0.0000 0.0000 0.0000 0 0.0000 0.9717 0.0000 0.0000 0.0000 0.0000 0.0002 0 0 0.0000 0.0000 0.0000 0.0699 0.4892 0.0000 1.6342 0.0000 0.0000 230.37

19.5833 0.0000 0.0000 0.0000 0 0.0000 0.9643 0.0000 0.0000 0.0000 0.0000 0.0002 0 0 0.0000 0.0000 0.0000 0.0686 0.4850 0.0000 1.6035 0.0000 0.0000 230.39

19.6667 0.0000 0.0000 0.0000 0 0.0000 0.9567 0.0000 0.0000 0.0000 0.0000 0.0001 0 0 0.0000 0.0000 0.0000 0.0672 0.4809 0.0000 1.5738 0.0000 0.0000 230.41

19.7500 0.0000 0.0000 0.0000 0 0.0000 0.9494 0.0000 0.0000 0.0000 0.0000 0.0001 0 0 0.0000 0.0000 0.0000 0.0659 0.4767 0.0000 1.5450 0.0000 0.0000 230.42

19.8333 0.0000 0.0000 0.0000 0 0.0000 0.9427 0.0000 0.0000 0.0000 0.0000 0.0001 0 0 0.0000 0.0000 0.0000 0.0989 0.4725 0.0000 1.5169 0.0000 0.0000 230.44

19.9167 0.0000 0.0000 0.0000 0 0.0000 0.9373 0.0000 0.0000 0.0000 0.0000 0.0001 0 0 0.0000 0.0000 0.0000 0.0977 0.4685 0.0000 1.4894 0.0000 0.0000 230.44

20.0000 0.0000 0.0000 0.0000 0 0.0000 0.9331 0.0000 0.0000 0.0000 0.0000 0.0001 0 0 0.0000 0.0000 0.0000 0.0964 0.4645 0.0000 1.4626 0.0000 0.0000 230.46

20.0833 0.0000 0.0000 0.0000 0 0.0000 0.9295 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0952 0.4605 0.0000 1.4366 0.0000 0.0000 230.48

20.1667 0.0000 0.0000 0.0000 0 0.0000 0.9251 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0941 0.4566 0.0000 1.4111 0.0000 0.0000 230.49

20.2500 0.0000 0.0000 0.0000 0 0.0000 0.9193 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0929 0.4528 0.0000 1.3863 0.0000 0.0000 230.52

20.3333 0.0000 0.0000 0.0000 0 0.0000 0.9123 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0918 0.4490 0.0000 1.3620 0.0000 0.0000 230.53

20.4167 0.0000 0.0000 0.0000 0 0.0000 0.9049 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0906 0.4452 0.0000 1.3384 0.0000 0.0000 230.55

20.5000 0.0000 0.0000 0.0000 0 0.0000 0.8984 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0896 0.4415 0.0000 1.3152 0.0000 0.0000 230.56

20.5833 0.0000 0.0000 0.0000 0 0.0000 0.8932 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0885 0.4378 0.0000 1.2925 0.0000 0.0000 230.57

20.6667 0.0000 0.0000 0.0000 0 0.0000 0.8889 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0866 0.4342 0.0000 1.2703 0.0000 0.0000 230.59



20.7500 0.0000 0.0000 0.0000 0 0.0000 0.8848 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0854 0.4306 0.0000 1.2486 0.0000 0.0000 230.6

20.8333 0.0000 0.0000 0.0000 0 0.0000 0.8803 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0842 0.4271 0.0000 1.2274 0.0000 0.0000 230.61

20.9167 0.0000 0.0000 0.0000 0 0.0000 0.8754 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0830 0.4237 0.0000 1.2066 0.0000 0.0000 230.61

21.0000 0.0000 0.0000 0.0000 0 0.0000 0.8700 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0819 0.4204 0.0000 1.1863 0.0000 0.0000 230.63

21.0833 0.0000 0.0000 0.0000 0 0.0000 0.8641 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0807 0.4170 0.0000 1.1666 0.0000 0.0000 230.64

21.1667 0.0000 0.0000 0.0000 0 0.0000 0.8580 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0796 0.4137 0.0000 1.1475 0.0000 0.0000 230.66

21.2500 0.0000 0.0000 0.0000 0 0.0000 0.8521 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0785 0.4104 0.0000 1.1289 0.0000 0.0000 230.66

21.3333 0.0000 0.0000 0.0000 0 0.0000 0.8468 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0774 0.4067 0.0000 1.1107 0.0000 0.0000 230.68

21.4167 0.0000 0.0000 0.0000 0 0.0000 0.8372 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0763 0.4033 0.0000 1.0927 0.0000 0.0000 230.7

21.5000 0.0000 0.0000 0.0000 0 0.0000 0.7886 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0753 0.4008 0.0000 1.0750 0.0000 0.0000 230.72

21.5833 0.0000 0.0000 0.0000 0 0.0000 0.6943 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0743 0.3980 0.0000 1.0576 0.0000 0.0000 230.72

21.6667 0.0000 0.0000 0.0000 0 0.0000 0.6866 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0733 0.3941 0.0000 1.0407 0.0000 0.0000 230.74

21.7500 0.0000 0.0000 0.0000 0 0.0000 0.8081 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0723 0.3910 0.0000 1.0242 0.0000 0.0000 230.74

21.8333 0.0000 0.0000 0.0000 0 0.0000 0.8953 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0713 0.3890 0.0000 1.0079 0.0000 0.0000 230.75

21.9167 0.0000 0.0000 0.0000 0 0.0000 0.8867 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0703 0.3862 0.0000 0.9920 0.0000 0.0000 230.75

22.0000 0.0000 0.0000 0.0000 0 0.0000 0.8400 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0694 0.3822 0.0000 0.9764 0.0000 0.0000 230.77

22.0833 0.0000 0.0000 0.0000 0 0.0000 0.7759 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0684 0.3792 0.0000 0.9611 0.0000 0.0000 230.79

22.1667 0.0000 0.0000 0.0000 0 0.0000 0.7236 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0675 0.3775 0.0000 0.9460 0.0000 0.0000 230.79

22.2500 0.0000 0.0000 0.0000 0 0.0000 0.7118 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0666 0.3749 0.0000 0.9312 0.0000 0.0000 230.8

22.3333 0.0000 0.0000 0.0000 0 0.0000 0.7325 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0657 0.3710 0.0000 0.9168 0.0000 0.0000 230.81

22.4167 0.0000 0.0000 0.0000 0 0.0000 0.7654 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0000 0.3682 0.0000 0.9026 0.0000 0.0000 230.82

22.5000 0.0000 0.0000 0.0000 0 0.0000 0.7824 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0729 0.3668 0.0000 0.8887 0.0000 0.0000 230.83

22.5833 0.0000 0.0000 0.0000 0 0.0000 0.7713 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0907 0.3642 0.0000 0.8751 0.0000 0.0000 230.84

22.6667 0.0000 0.0000 0.0000 0 0.0000 0.7677 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0059 0.3603 0.0000 0.8617 0.0000 0.0000 230.85

22.7500 0.0000 0.0000 0.0000 0 0.0000 0.7887 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0000 0.3576 0.0000 0.8486 0.0000 0.0000 230.85

22.8333 0.0000 0.0000 0.0000 0 0.0000 0.7847 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0080 0.3563 0.0000 0.8357 0.0000 0.0000 230.84

22.9167 0.0000 0.0000 0.0000 0 0.0000 0.7414 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0079 0.3537 0.0000 0.8231 0.0000 0.0000 230.87

23.0000 0.0000 0.0000 0.0000 0 0.0000 0.7045 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0078 0.3501 0.0000 0.8110 0.0000 0.0000 230.88

23.0833 0.0000 0.0000 0.0000 0 0.0000 0.6910 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0077 0.3478 0.0000 0.7992 0.0000 0.0000 230.88

23.1667 0.0000 0.0000 0.0000 0 0.0000 0.6982 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0076 0.3464 0.0000 0.7876 0.0000 0.0000 230.9

23.2500 0.0000 0.0000 0.0000 0 0.0000 0.7265 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0075 0.3438 0.0000 0.7763 0.0000 0.0000 230.89

23.3333 0.0000 0.0000 0.0000 0 0.0000 0.7548 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0075 0.3405 0.0000 0.7652 0.0000 0.0000 230.89

23.4167 0.0000 0.0000 0.0000 0 0.0000 0.7625 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0074 0.3383 0.0000 0.7542 0.0000 0.0000 230.9

23.5000 0.0000 0.0000 0.0000 0 0.0000 0.7472 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0073 0.3368 0.0000 0.7434 0.0000 0.0000 230.91

23.5833 0.0000 0.0000 0.0000 0 0.0000 0.7160 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0072 0.3344 0.0000 0.7329 0.0000 0.0000 230.92

23.6667 0.0000 0.0000 0.0000 0 0.0000 0.6901 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0071 0.3313 0.0000 0.7225 0.0000 0.0000 230.92

23.7500 0.0000 0.0000 0.0000 0 0.0000 0.6874 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0070 0.3292 0.0000 0.7122 0.0000 0.0000 230.93

23.8333 0.0000 0.0000 0.0000 0 0.0000 0.6950 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0069 0.3277 0.0000 0.7022 0.0000 0.0000 230.93

23.9167 0.0000 0.0000 0.0000 0 0.0000 0.6947 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0068 0.3254 0.0000 0.6924 0.0000 0.0000 230.95

24.0000 0.0000 0.0000 0.0000 0 0.0000 0.6932 0.0000 0.0000 0.0000 0.0000 0.0000 0 0 0.0000 0.0000 0.0000 0.0067 0.3227 0.0000 0.6827 0.0000 0.0000 230.75



0

20

40

60

80

100

120

140

160

0 5 10 15 20 25

Subbasin CWA3E-01

Ru
no

ff(
 c

fs
)

Time (hrs)

0

5

10

15

20

25

30

0 5 10 15 20 25

Subbasin CWA3-06

Ru
no

ff(
 c

fs
)

Time (hrs)

0

10

20

30

40

50

60

70

0 5 10 15 20 25

Subbasin CWA3-05

Ru
no

ff(
 c

fs
)

Time (hrs)



0

10

20

30

40

50

60

70

80

90

0 5 10 15 20 25

Link 24

Ru
no

ff(
 c

fs
)

Time (hrs)

0

20

40

60

80

100

120

140

0 5 10 15 20 25

Subbasin CWA3-03

Ru
no

ff(
 c

fs
)

Time (hrs)

0

20

40

60

80

100

120

0 5 10 15 20 25

Node 46

Ru
no

ff(
 c

fs
)

Time (hrs)



0
10
20
30
40
50
60
70
80
90

100

0 5 10 15 20 25

Subbasin CWA1-01

Ru
no

ff(
 c

fs
)

Time (hrs)

0

50

100

150

200

250

0 5 10 15 20 25

Subbasin CWA3-02

Ru
no

ff(
 c

fs
)

Time (hrs)

0

20

40

60

80

100

120

0 5 10 15 20 25

Subbasin CWA3-01

Ru
no

ff(
 c

fs
)

Time (hrs)



0

1

2

3

4

5

6

7

0 5 10 15 20 25

Subbasin CWA2-03

Ru
no

ff(
 c

fs
)

Time (hrs)

-5

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Link 12

Ru
no

ff(
 c

fs
)

Time (hrs)

0

5

10

15

20

25

30

0 5 10 15 20 25

Link 10

Ru
no

ff(
 c

fs
)

Time (hrs)



0

20

40

60

80

100

120

140

0 5 10 15 20 25

Link 9

Ru
no

ff(
 c

fs
)

Time (hrs)

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

0 5 10 15 20 25

Subbasin CD-10

Ru
no

ff(
 c

fs
)

Time (hrs)

0

10

20

30

40

50

60

0 5 10 15 20 25

Subbasin CD-08

Ru
no

ff(
 c

fs
)

Time (hrs)



0

10

20

30

40

50

60

70

0 5 10 15 20 25

Subbasin CD-07

Ru
no

ff(
 c

fs
)

Time (hrs)

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25

Subbasin CD-05

Ru
no

ff(
 c

fs
)

Time (hrs)

0

20

40

60

80

100

120

140

0 5 10 15 20 25

Link 22

Ru
no

ff(
 c

fs
)

Time (hrs)



0
5

10
15
20
25
30
35
40
45
50

0 5 10 15 20 25

Subbasin CD-04

Ru
no

ff(
 c

fs
)

Time (hrs)

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Subbasin CD-03

Ru
no

ff(
 c

fs
)

Time (hrs)

0

10

20

30

40

50

60

70

0 5 10 15 20 25

Link 23

Ru
no

ff(
 c

fs
)

Time (hrs)



0

10

20

30

40

50

60

70

0 5 10 15 20 25

Subbasin CD-01

Ru
no

ff(
 c

fs
)

Time (hrs)

210

215

220

225

230

235

240

245

250

0 5 10 15 20 25

Northwest Canal

N
W

 D
ra

in

Time (hrs)



APPENDIX H

Inlet Nomograph of Airport Pipeline
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APPENDIX I

Peak Water Surface Elevation Profiles
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APPENDIX J

City Drain Lift Station Pre-Design Report
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To Andrew Barney, P.E. 

From Mark Chandler P.E., P.G., CFM 

Date February 14, 2024 

Re Pump Selection Evaluation for the City Drain Lift Station Replacement 

 

Introduction 

Salt Lake County’s City Drain plays a crucial role in the County’s stormwater management and is susceptible to various 

challenges. Some of these challenges include an aging lift station, vulnerability to flooding, and corrosive conditions. Major 

components include drainage ditches, and various culverts. Currently, this pathway functions as the conduit for stormwater 

from I-215 just south of 2100 North and heading north, CWA – 1, 2, & 3, and the Salt Lake City International Airport to 

ultimately discharge into the Great Salt Lake as shown below. 
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The current infrastructure, established in the 1970’s, has experienced deterioration over time due to various factors including 

age and difficulty obtaining replacement pumping parts. The county has decided that the lift station needs to be rebuilt 

and the existing pumps will be replaced. This memorandum evaluates three different pumps that could be implemented at 

the new lift station and makes a recommendation to use Archimedes screw pumps. As the county proceeds with other 

improvements on the City Drain system, this lift station will need to be replaced.  

 

Beyond the immediate benefits of infrastructure reconstruction, the project will enhance the overall functionality and 

resilience of the stormwater collection system. Additionally, the project aligns with a broader vision of Salt Lake County 

Public Works Engineering (Public Works) of ensuring the preservation and performance of the storm drainage system. 

Background 

Existing City Drain Lift Station 

The existing lift station employs three large diesel powered hydraulically driven pumps, two smaller similar pumps and a 

submersible pump. The lift station also employs three large diameter culverts with a headgate on the downstream end. The 

culverts act as a pass throw during normal flows, while the pumps provide additional flows during storm events. The diesel 

engines for the pumps are in the engine building to the east of the lift station and a separate diesel fuel tank is located on 

site. The current operating capacity of the pump station is 100 cfs. The channel, if all maintenance was completed and 

deficiencies corrected could produce as much as 180 cfs in the 10-year buildout. The pumps will need to provide at least 6 

feet of vertical lift.  

Future Capacity 

There is an unlikely chance that other impacts from UDOT and other users increase flows to as much as 300 cfs, but this rate 

is not recommended for the pump station. As the modeling has been evaluated, it is recommended that the replacement 

pump station provide approximately 30 cfs from one smaller pump and an additional 150 cfs through three separate pumps 

of 50 cfs each. This would provide the total needed capacity of 180 cfs and in most cases will provide redundant flow 

capacity. The following section evaluates three separate pump configurations that could meet this demand.  
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Pumps 

In our evaluation of this site, we have considered three primary pumping alternatives. These include an Archimedes screw 

pump, a vertical turbine pump and a submersible pump application. Each of these applications has its benefits that will be 

outlined below. With each of the alternatives, additional channel improvements and wet-well modifications would be 

completed to improve overall pump station operations. 

Archimedes Screw Pump  

Archimedes screw pumps provide high flow to low head with few moving parts. These pumps are ideal for widely ranging 

storm flows because of the variable capacity while operating at a constant speed. With this constant speed, the screw 

pump is mechanically efficient as it uses less power for the same capacity. This results in minimum wear and maintenance 

required on the screw pumps. Additionally, screw pumps can deal with medium to small sized debris, that may come from 

storm events, with little possibility of clogging. However, screw pumps have a larger footprint compared to the vertical 

turbine pump and the submersible pump. This larger footprint would include a concrete trough to house the screw pumps. 

This style of pump can function under a range of conditions that is less sensitive to the level of the canal upstream of the 

pumps and can even run dry without causing significant damage to the pumps, which limits potential for operation error 

impacting the pump station. The screws would be essentially open with fiberglass grates about 1.5-2 feet above the screws 

to protect against anyone or anything falling in, and to provide visibility to any blockages that potentially develop. These 

fiberglass screens can also be easily removed by county staff if necessary to remove blockages that develop. The attached 

exhibits show a plan and section view of the lift station as well as a plan view with an optional 5th pump slot overlaid on an 

aerial to show the size of the station at the current site as well as other site design considerations. This additional slot would 

provide some additional redundancy for the County in extreme conditions.  

The 50 cfs pumps (84-inch diameter and 60 hp) would cost approximately $200,000 per pump and the smaller 30 cfs pump 

(72-inch diameter 40 hp) would cost approximately $160,000 just for the fabrication and delivery of the pumps.  

Vertical Turbine Pump 

Vertical turbine pumps (VTP) can provide high flow to low head but have more moving parts than the screw pump. With a 

variable frequency drive (VFD), the VTP can handle various flows. Varying the speed that the motor needs to run will 

increase the wear and maintenance required on the pump. Finally, after a storm event, the number of solids and debris in 

the water in the canal will increase. As a result, screens with smaller openings will need to be installed to help prevent 

damage to the pump’s impellers. VTP require an additional wet well to provide additional head on the pump to prevent 

cavitation and is very sensitive to the water level to maintain the necessary suction head on the pumps. Problems with 

debris and the higher potential for damages if operations are not carefully monitored made this pump system less desirable.  

The 50 cfs pumps would cost approximately $250,000 per pump and the smaller pump would cost approximately $200,000 

just for the fabrication and delivery of the pump. 

Submersible Pump 

Submersible pumps are like the vertical turbine pumps and require similar screening needs. They will require a VFD to 

account for the various flows, which will increase the maintenance on the pump. Debris and sediment in the canal can 

increase the possibility of additional wear on the pump’s impellers, and a wet well(s) will need to be added as part of the 

infrastructure. However, a submersible will also require a sleeve over the pump to force water to flow past the motor to 

prevent the motor from burning up. This also means that the most likely failure point, the motor, will be submerged. Due to 

the limitation of access to the motor, we do not recommend that the submersible pump option be pursued. 

Additional Appurtenances and Considerations 

The completion of the lift station will include several other appurtenances including electrical systems, controls (SCADA), 

backup power, screening grates, and a weir on the downstream end of the lift station. This section will evaluate each of 

these appurtenances.  
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Site Demolition 

The site will require significant demolition to accommodate construction of the new structure. The existing pump and dam 

structure will be removed, and the subgrade will be excavated to allow for structural fill to be placed prior to construction of 

the structure. The existing low flow pipes and headgates will be impacted by this excavation and should be replaced as 

part of this effort. We recommend that the existing diesel drive building should be emptied of all current equipment and 

controls and the building should be upgraded with lights, insulation, and climate controls to house the electrical controls 

without risking damage from extreme heat or cold. Much of the building will be converted to additional storage for the 

County. While not necessary, the County should consider how to either abandon in place or remove the existing diesel 

storage tank buried on the east side of the property.  

Electrical Systems 

The proposed pumps will run on 3 phase electricity.  There are power pole next to the pump station site.  We will connect 

into the power poles to run the pumps and apertures.  The pumps will also be fitted with a soft start system to minimize the 

start-up power costs. 

SCADA Controls 

Based on the current operations and observations, we will set initial on/off points in the SCADA that will automatically turn 

the pumps on and off as water levels upstream and downstream of the pump station rise from storm events. Measurements 

will be read on the channel depth upstream and downstream of the station, at the outflow pad to measure flows 

generated. Controls will be programmed for each of the pumps and the headgate on the bypass piping. We recommend 

that the SCADA be programmed to provide remote visibility of how the station is operating as well as remote control 

capabilities. The remote observation and controls will also be programmed with pre-determined operating conditions to 

automate the pump station in most situations. Integrated with the SCADA controls is the ability to manually over-ride the 

controls, when necessary, at the site. We recommend integrating a security camera with the SCADA to allow remote 

observation of the channel both upstream and downstream and debris collection. This will provide the County with 

additional visibility and allow for more proactive maintenance of the system.  

Site Security 

Due to the sensitivity of this facility, we recommend that the site be fully fenced and enclosed wit razor wire topped chain 

link fence similar to the current site along with a locking gate. Much of the existing fencing can remain as well. We also 

recommend that additional security cameras be installed focused to the controls building and roadway for security 

purposes.  

Low Flow Conditions 

Currently, the County has low flow culverts with downstream headgates for when flows exceed downstream capacity and 

the channel begins to back up. In these conditions, the county closes the head gate to prevent backflow and turns on the 

pumps to provide the additional head to the flows to keep the water moving in the downstream channel. This same 

operability will be provided through two culverts but will now be controlled through actuated valves controlled by the 

SCADA system monitoring water levels in the downstream channel. As the water levels downstream rise, causing backups in 

the channel, the gates will automatically close as the pumps turn on to push more water into the downstream channel. 

Because of the significant excavation that will be required to both demolish the existing pump station and to provide the 

necessary over-excavation to provide an adequate base, we recommend that the low flow pipes and headgate be 

removed and replaced as part of this project.  

Backup Power 

The current pumps run are diesel powered and hydraulically driven. The new pumps will be directly electric powered from 

the local power grid. But due to the importance of this facility, we recommend that the County provide a backup 

generator that has the capacity to power all four of the pumps. This would also be connected to an automatic transfer 

switch to fire up the generator and switch the source line from the grid to the generator in the event of a power outage. 

Final pump sizing and configuration will provide the generator sizing requirements. The County could consider both diesel 

and natural gas options for this generator. Another consideration for the backup power is whether to use a stationary or 



 

5 

 

portable generator. The portable option would not provide the automatic transfer of power and would have to be diesel 

powered, but could provide some flexibility in how the site operates if desired.  

Screening Grates 

While the screw pumps are able to handle large debris with minimal issues, this lift station is the most logical location to 

remove debris that could cause issues downstream. This location has historically operated in this manner to allow the 

County to remove material that could also cause damage to the lift station. The intent of these structures is to provide a 

simple way for the County to clean out the floating debris in the channel that is larger sized. It is not the intent of this 

structure to remove all possible debris. The grates will likely cross the channel at an angle to pull debris to the east bank near 

the controls station and simplify removal from the channel.  

Outflow Controls 

Moving 180 cfs over the top of the lift station and back into the channel will require some controls to manage and minimize 

turbulence and downstream erosion. The plan is to have a downstream apron that feeds into an ogee cress style outflow to 

minimize turbulence as the flows re-enter the main canal flow. This design will help to minimize turbulence and control the 

energy dissipation needed at the top of the lift. This control will also direct flows to the middle of the channel to avoid 

impacts to the banks downstream of the channel.  

Permitting 

As the county moves forward with design and construction of the lift station we have identified two primary permits that will 

be needed- County Flood Control and Stream Alteration. These permits will need to follow the standard process for each 

and will likely require some coordination meetings with the State for the stream alteration permit.  

Recommendation 

Comparing the three types of pumps, we have evaluated each on ease of operation, maintenance, screening, up-front 

costs, and long-term costs as well as ease of obtaining parts and support by pump suppliers. As previously stated, we do not 

recommend that the County move forward with a submersible pump. The remaining two pump types, vertical turbine and 

Archimedes screw, will be relatively similar at approximately $3.5 million. The vertical turbine pumps will need a deeper 

forebay to maintain net positive suction head above the pumps, where the screw pumps will not run the similar risk of 

cavitation when water levels drop. But the anticipated constructability, maintenance requirements, operating costs, 

simplicity of operations and availability of service and parts for the screw pumps is expected to be much simpler than the 

vertical turbine pumps. 

Based on these criteria, we recommend that the County proceed with an Archimedes screw pump station with three 84-

inch diameter screws (50 cfs each) and one 72-inch screw (30 cfs) to provide the necessary lift to at this location in the 

canal. This configuration will exceed current capacity and should meet the county’s needs as upgrades and modifications 

are completed both upstream and downstream of the lift station. 

We also recommend that all of the appurtenances outlined above be incorporated into the design and construction of the 

replacement lift station.  
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