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Executive Summary 
 

 

PROJECT TITLE:  Coleman sewer collection system optimization 
PROJECT ID:  CEEn-2019CPST-006 
 PROJECT SPONSOR: Coleman Engineering 
TEAM NAME:  UCR 
 

 

Coleman Engineering is an engineering firm based in Roseville, California which deals primarily 
with water and wastewater systems. The Sewer Collection System Optimization project will serve 
as a marketing outreach to the Ironhouse Sanitary District. Coleman has historically worked with 
the district by working with developers and is seeking to improve the relationship between the firm 
and the district proper. Coleman, through this Capstone project, plans to be able to present a 
digitized AutoCAD file of the collection system as well as recommendations for ways to optimize 
the system by replacing existing lift stations with gravity options.  
 
A PDF file exists that maps the collection system, but the electronic file used to create that map 
has been lost. By creating an electronic file of the system map, new developments to the region 
can be able to be added to the map, creating a more comprehensive file that can be updated as 
development occurs. A digitized map created in AutoCAD is being presented to the client with 
this report. 
 
The analysis of the lift stations and presentation of recommendations for removal in favor of 
gravity systems is the second part of the marketing project by Coleman Engineering. The goal is 
to build a stronger relationship with the District and to produce a project opportunity through the 
requisite design work that would accompany the replacement of the lift stations. Many of the lift 
stations are old and were built when they were needed on the edge of development. Now that the 
development has surrounded the existing lift stations, the thought is that opportunities can be found 
to construct new gravity pipes, turning the existing wet wells into gravity sewers and allowing lift 
stations to be abandoned. Analysis of the sewer system in its current state suggests that several 
pump stations have potential for retirement, but that no replacement would be economical under 
current circumstances. The existing layout of the system would require extensive reorganization 
of sewer pipes to accommodate the removal of any pump stations, and waiting until new 
developments begin construction may be a better time to revisit the idea of retiring some of the 
pump stations. 
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Introduction 
 
 
The client, Coleman Engineering, has requested two deliverables which can in turn be shared with 
the Ironhouse Sanitary District to improve business relations. The first is a CAD file that can be 
used by the District to keep an easily updated file that documents the entire sewer system. The 
second is a list of pump stations that can be retired and replaced with gravity systems. 
 
The recommendation report concerning which pump stations can potentially be removed will be 
the main deliverable, as this report has the ability to create work for Coleman Engineering. These 
recommendations have been determined by using engineering judgement as directed by Coleman 
Engineering. The recommendations are based primarily on an analysis of surface elevation data 
from Google Earth and pump station elevation from the provided pdf of the collection system.  As 
these recommendations will only concern whether any of the lifts in the system can be replaced 
with gravity lines, an advanced analysis of fluid mechanics in the sewer system was not performed 
in this project. More detailed analysis based on fluid mechanics, cost effectiveness, and other 
factors may be performed by Coleman Engineering to evaluate the existing recommendations. 
These recommendations are listed in the “Design, Analysis, and Results” section of the report. 
 
Creating a CAD model of the sewer system in Civil 3D constitutes the second deliverable to 
Coleman Engineering. Because no local governmental organizations were able to provide a base 
map CAD file for use within the model, in order to create a usable map the pdf pages themselves 
were uploaded, arranged, and cleaned up in Civil 3D according to direction from Coleman 
Engineering. The CAD file is being submitted to Coleman Engineering with this report. 
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Schedule 
 
 
To ensure steady progress and reinforce accountability, team meetings were held weekly, and 
meetings with Coleman Engineering were held about twice each month. The frequency of these 
meetings allowed for more frequent adjustments in the approach to the project instead of large, 
periodic changes. Additional status reports were submitted weekly, with this final report being 
submitted in April 2020. Meetings with faculty advisors were held as needed for support in certain 
technical aspects of the project.  
 
Key project activities and milestones and the corresponding dates were as follows: 
 
-Met with representatives of Coleman Engineering and faculty mentor to discuss the overview of 
the project on September 30, 2019. 
 
-Met with Steven Sowby, a local professional engineer that has worked extensively in water 
resources, to discuss general details and factors to consider when optimizing a collection system 
on October 28, 2019. 
 
-Met with the CAD/Revit professor at Brigham Young University, Jeremy Dye, to discuss options 
for digitizing the collection system map on November 18, 2019. 
 
-Confirmed that Contra Costa County and other local government agencies were unable to provide 
a usable CAD base map for use in the digitization of the collection system by December 10, 2020.  
 
-Completed tabulation of pump station and force main elevation data as provided in the provided 
pdf of the collection system by January 14, 2020.  
 
-Completed tabulation of surface elevation near each pump station as displayed on Google Earth 
by January 28, 2020.  
 
-Determined the best approach for creating the CAD map after concluding that no usable 
geographic data was available by February 3, 2020. The chosen approach was to upload each page 
of the pdf into an AutoCAD file and arrange them accordingly.  
 
-Uploaded all pages of the pdf into AutoCAD by February 21, 2020.  
 
-Identified the pump stations that could be replaced by gravity stations by March 23, 2020. This 
task was completed independently of the progress on the AutoCAD file. Existing information 
regarding the location and elevation data throughout the sewer system as well as engineering 
judgement were used to make the appropriate recommendations. 
 
-Cleaned up and finalized the AutoCAD map for submission by April 13, 2020.  
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-Prepared the final report on the overall project by April 13, 2020. The final report includes an oral 
presentation summarizing the work conducted during the project and a poster detailing the results 
obtained. 
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Assumptions & Limitations 
 
 
The digitization of the Ironhouse Sanitary District sewer collection system is based upon the 
schematic provided by Coleman Engineering, which is also available on the District 
website.  Elevation data in the proposed AutoCAD digital map was derived from the information 
provided in that document.   
 
The recommended optimization of pump stations is dependent on ground surface elevation, 
downstream elevation, and belowground pump station elevation.  It is suggested that a Professional 
Engineer review other aspects of this optimization further. Factors such as energy, cost, 
maintenance, profitability, and environmental impact are worth considering, but they are outside 
the scope of the project and were not considered in this evaluation of the sewer collection system. 
 
The final AutoCAD file submitted to the team is not a completely accurate rendering of the 
geography and land usage in Oakley, the region covered by the Ironhouse Sanitary District. The 
information included in the file is limited to the information provided in the District’s pdf of the 
system, including pipe material, diameter, and length, elevations, pump station locations, land 
parcels, and pipe locations. No data is stored in the lines representing the pipes or in any other 
features of the AutoCAD file, but are instead represented by labels adjacent to the corresponding 
features. Some data was not included in the pdf file, and that data was therefore not included in 
the AutoCAD file. 
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Design, Analysis & Results 
 
In order to provide recommendations for which pump stations could potentially be removed and 
replaced with gravity systems, the provided collection system pdf was analyzed. Elevation data of 
the pumps and surrounding gravity lines and force mains, provided within the pdf, was recorded, 
as well as surface elevation data taken from Google Earth. Using this data as a starting point, 
engineering judgement was used to study each pump station individually to determine if the station 
could be removed now or in the future, as per the direction of the client. The results of that study 
can be seen below, being organized by alphabetical order according to pump. Pumps with potential 
for replacement or improvement in the future have their names highlighted in yellow. 
 
Pump Name: BIP 
 This station needs more information. It seems a little unnecessary to have an extra pump 
station in place that is fed by a different pump station and eventually meets up with the other force 
main created by the pump that feeds it, as shown in Figure 1. However, this may be in place 
because past expansions required adding capacity but upsizing the existing force main was not a 
viable option. BIP feeds into the long force main that goes most of the way across the system to 
feed the water treatment plant. However, this area is pretty lightly developed and it may be easier 
to do work on. 
 

 
Figure 1: BIP and WEB-14 Pump Stations 

 

Pump Name: Bridgehead  
 This pump could potentially be removed if the Lauritzen Pump Station force main was 
extended to cover the force main line of the existing Bridgehead Pump Station. However, as both 
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the Bridgehead and Lauritzen Pump Stations sit at the end of development, both stations could be 
kept as a way to prepare for future development in the area.  
 

Pump Name: Cypress Grove 
 The Cypress Grove pump station services all developed areas surrounding it. There are no 
nearby gravity lines that do not flow into the pump station, and at this point there is not enough 
development to look at alternative solutions. This pump station cannot be removed.  
 

Pump Name: D-13 
 This station cannot be replaced without leaving the sewer over 20 feet underground, which 
would be much more impractical than leaving the pump station in place. It provides about 9 feet 
of head that probably can’t be provided by a gravity line. 
 
Pump Name: G-1 
 The way the gravity pipes feed into the pump station is a little odd, but it doesn’t seem like 
the pump station can be removed right now. 
 

Pump Name: G-2 
 This pump station probably cannot be removed, but the difference here is only about 1 foot, 
and there may be sufficient head to continue flow because it is being pumped such a short distance. 
Pump Name: GW-3 
 This station cannot be removed. 
 

Pump Name: Hoffman  
 The Hoffman Pump Station services a highly developed area and is fed by three different 
gravity lines. The elevation at the beginning and the end of the force main is not such that the 
pump station can be removed. 
 
Pump Name: HW-12 
 It seems like this station can’t be replaced. It is fed by three different gravity lines, and only 
one might have rerouting as an option, while the other two lines seem like they are dependent on 
the presence of a lift station. 
 

Pump Name: Ironwood 
 The force main connected to the Ironwood Pump Station services the southern half of the 
development, where Hoffman services the northern half. The force main for Ironwood could 
potentially be dramatically shortened by redirecting the flow to the gravity lines that eventually 
flow into the Hoffman Pump Station. However, this would not completely remove the need for the 
Ironwood pump, and it would put greater pressure on the other lines, whose capacity might not be 
great enough to support the increased flow. Thus, it would be better to leave the Ironwood Pump 
Station as is for now.  
 

Pump Name: Laurel Heights 
 This is in a fairly undeveloped area, so at this point the system cannot support the pump 
station being removed to be replaced with a gravity line. 
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Pump Name: Lauritzen 
 The Lauritzen Pump is located at the end of the current development, and cannot be 
removed at this time as the system stands. 
 
Pump Name: Marsh Creek 
 The Marsh Creek Pump is on the edge of development, with a subdivision to the north and 
south, but it sits in the middle of nowhere. As the current system stands, it cannot be taken out. 
The force main line could be shortened by connecting Marsh Creek Pump Station up to the gravity 
line at Sierra Trail Rd, however that course of action might be more expensive than it is worth, 
since the pump cannot be removed.  
 
Pump Name: MPS 
 This station meets up with the BIP and WEB-14 pump stations. It seems like it might be 
replaceable if 1) it can feed into WEB-14 as a gravity line and 2) WEB-14 has the capacity for 
increased flow taken from the lines that used to feed the MPS station. 
 

 
Figure 2: MPS and WEB-14 Pump Stations 

 
Pump Name: P-10 
 This station cannot be removed. 
 

Pump Name: Quail Valley 
 Quail Valley Pump Station which works in a highly developed area and is fed by three 
gravity lines. The gravity lines in this area are isolated from all other parts of the collection system, 
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with the only connection being the force main of the Quail Valley Pump Station. All gravity lines 
of the connect system feed to a point lower than 8.67 feet according to the collection map, which 
means that the force main cannot be replaced by gravity line when looking at the other gravity 
lines.  
 
Pump Name: S-8 
 It seems like this station is mostly necessitated by the line coming in from the east. 
Otherwise, this one could probably be replaced. However, the gravity line from the east does not 
appear to have viable options for rerouting. 
 
Pump Name: S-9 
 This station cannot be removed. 
 
Pump Name: SM-15 
 This station cannot be changed. There is a 10-foot elevation increase between the lines at 
the pump station and the final elevation of the force main. 
 
Pump Name: SM-16 
 This station cannot be changed. However, with further development, this route could go 
southwest towards the treatment plant instead of looping north. 
 

Pump Name: Summer Lakes 1 
 This station looks like it services about half of the subdivision, and therefore probably can’t 
be removed. 
 

Pump Name: Summer Lakes 2 
 This station cannot be removed. 
 
Pump Name: Summer Lakes 3 
 This station might be redundant. It gets fed by the Summer Lakes 1 and Summer Lakes 2 
pumps. It could become necessary if more development takes place, but it doesn’t seem like it is 
necessary with regards to the elevations of the existing lines. Other factors like pressure may play 
a role, but this station might be replaceable. 
 

Pump Name: T-5 
 This station is in a relatively undeveloped area (just one road with houses on one side). 
Both sides of the line running into the pump station are at noticeably lower elevations than the end 
of the force main. It is probably good for this station to stay, if anything it will need to be expanded 
in the future if the area develops. 
 

Pump Name: T-6 
 The T-6 Pump is located at the end of the current development, and cannot be removed at 
this time as the system stands. 
 

Pump Name: T-7 
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 The T-7 pump is very short, and it appears that its main purpose is to prevent the gravity 
line from being below -20 feet. The pump brings up the gravity line a few feet so that it may 
continue to flow without going too far underground for reasonable maintenance.  
 
Pump Name: W-4 
 This station cannot be removed. 
 
Pump Name: W-11 
 This station seems like it cannot be removed. More information regarding the elevation of 
the pump would be necessary to make a more educated conclusion. 
 
Pump Name: WEB 14 
 This is probably the main line feeding into the other side of the map. If it can handle an 
increase in size, that might allow for the removal of the BIP and MPS pump stations. However, 
it’s difficult to tell what occurs between the three stations, and why they were all put in place to 
begin with. There are also lots of valves, which suggests that all three stations are in place to allow 
for adjustment between different flow rates over long distances. The BIP station might also be a 
backup pump, in which case replacing it would not be advisable. If the pdf provided by the district 
is accurate, the force mains also run underneath the road, so any major replacements would be 
difficult. 
 
Pump Name: Willow Park Marina 
 The purpose of this pump station is somewhat ambiguous. Lines run down to the pump, 
which then pumps to a lower elevation. Based on the pdf, it looks like there may be a 1-foot 
elevation increase, but more detailed geography would be needed to make final conclusions. 
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Lessons Learned 
 
 
Throughout the course of the project, the team members had the opportunity to work through 
challenges in order to digitize and optimize the sewer collection system. The first hurdle to 
overcome was the need for a basemap. In order to accurately map the sewer system, geographic 
references for the collection system that could provide latitude, longitude, and elevation data were 
preferred. The project sponsor suggested looking to the Contra Costa County GIS website for that 
information. Although the County Assessor’s office had published parcel shapefiles, there were 
no files compatible with AutoCAD, Civil 3D, or ArcMap. Significant time was spent on the phone 
with various government departments in attempts to see if there were other file options that could 
serve as a basemap with minimal success. The team was eventually directed to the city of Oakley 
itself and emails were exchanged with various city employees, but no progress was made towards 
locating basemap files. 
 
Next, Jeremy Dye, the BYU AutoCAD and Revit professor, was contacted. Options were 
discussed for how to create a basemap file using a combination of the PDF files of the system, 
Google Earth, and Google Maps. The team spent time working together in AutoCAD and Civil 
3D to learn how to use the software and, more specifically, how to combine these files to create a 
surface for Civil 3D. It was confirmed again that none of the files on the Contra Costa County GIS 
website provided the necessary information. During this time the team also learned how to add a 
geographic data point with latitude and longitude, insert a map, and add PDF files into AutoCAD 
to create the needed basemap. This process of discovering how to obtain a basemap for the 
digitization portion of the project has allowed the team to learn about communicating with various 
agencies and disciplines as well as moving forward when original plans don’t work out. 
 
Another challenge the team experienced and overcame was the problem of optimizing the system. 
Before this project, the members of the team had very little experience with water resources. To 
help overcome this lack of experience, a meeting was held with a local water resources engineer, 
Steven Sowby, to discuss how to approach a sewage optimization project. The assumptions and 
limitations of the project were discussed, as well as general information on sewer systems. The 
understanding gained in this meeting enabled the comparison of elevations at the pump stations 
and the downstream ends of the force mains throughout the whole system. As optimization 
opportunities throughout the system have been analyzed, understanding of sewer system 
operations and constraints leading to inefficiency have been more fully understood by the team. 
 
The largest lesson the team had the opportunity to learn was that of using engineering judgement. 
After reviewing the tabulated elevation data, it was determined with Coleman Engineering that it 
was not readily evident if any of the pump stations could be removed. The team was directed to 
go back through each pump station individually and analyze the potential for removal using the 
tabulated elevation data of the pump station in question, the elevation data of the existing 
surrounding gravity lines, the current development state as viewed via Google Earth, and personal 
judgement. The team viewed this opportunity as extremely valuable as it allowed them to work 
within the more subjective side of engineering. School work typically deals with the concrete 
aspects of the field, but this project did not necessarily have a right answer, instead the best solution 
had to be determined by looking at the data as a whole, discussing possibilities, and using 
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engineering judgement to make a decision. This practice with exercising professional judgment 
will be valuable as each team member will be entering the workforce soon.  
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Conclusions 
 
 
Current analysis of the Ironhouse Sanitary District system suggests that most of the existing lift 
stations are necessary to maintain functionality. Based on the existing layout of the sewer system 
and the available elevation data, most of the stations are necessary to provide sufficient head to 
reach the water treatment plant. Though a detailed economic analysis was not conducted, it is 
expected that changes that would be necessary to phase out the pump stations in favor of gravity 
lines would cost more money and effort than they would save. Several pump stations have been 
identified that could be retired with less impact on the overall system, though a more detailed 
analysis would be necessary to determine the benefits of doing so. The pump stations identified, 
the BIP, MPS, Summer Lakes 3, and Willow Park Marina stations, either occur in areas where 
there is minimal elevation change in the system or are in parts of the system where multiple pumps 
are functioning in close proximity. 
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Recommendations 
 
 
The main recommendation is to address the broader scope of optimizing the pump system, which 
would include having a Professional Engineer evaluate energy, cost, maintenance, profitability, 
and environmental impact. The locations that are most likely to require these analyses are the BIP, 
MPS, Summer Lakes 3, and Willow Park Marina stations. Obtaining additional data from the 
Ironhouse Sanitary District would be important to determine the usage of those stations and how 
their removal would impact the overall system. Based on the analyses already performed, at some 
point the four stations listed may have potential for retirement, but that cannot be conclusively 
determined until further data is gathered. As mentioned previously, these pump stations have been 
recommended based primarily on available elevation data. 
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