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I. INTRODUCTION 

 i. PURPOSE 

The purpose of this Sewer Analysis and Flow Study is to determine the future demand which 
will be created by the Arantine Hills Specific Plan (Project).  The analysis is intended to 
show the proposed flows and their impact as the Project joins the City of Corona (City) 
existing system. 

 ii. OBJECTIVE AND SCOPE 

The objective of this Sewer Analysis is to evaluate the anticipated flows that will be 
generated from the proposed Arantine Hills Project.  These flows will be added to the 
existing flows that have been identified within the 2005 Sewer Master Plan Report (Master 
Plan, see Exhibit 8) and December 27, 2007 Technical Memorandum (Memo) which are 
conveyed to Water Reclamation Facility Number 3 (WRF3, see Exhibit 9).  A determination 
will be provided as to if existing facility upgrades will be required with the inclusion of the 
generated flows from the Project. 

II. STUDY AREA 

The proposed Project area known as Arantine Hills is located in the southeast corner of the City 
of Corona (see Vicinity Map in Exhibit 1).  The site consists of nineteen (19) Planning Areas 
comprised of Residential, Commercial, Mixed-Use, Park, and Open Space Areas.  A copy of 
the Land Use Plan is provided (see Exhibit 2).  The flows generated by the Project will be 
conveyed to Water Reclamation Facility Number 3 (WRF3).  This Sewer Analysis models each 
Planning Area according to the criteria provided in the Master Plan provided by the City of 
Corona. 

III. DESIGN CRITERIA 

For the proposed Project, the unit flow factors for average day sewer generation were 
determined from Table 4-2 of the 2005 Sewer Master Plan Report (see Exhibit 3).  The peaking 
factor for this study is the same factor utilized in the Master Plan.  The following equation was 
used to determine the dry peak flows: 

Qpeak(cfs) = 1.95 x Qave(cfs)
0.92 

Qave(cfs) = Average Dry Weather Flow 

In order to take into account inflow and infiltration, Peak Wet Weather Flow (PWWF) was also 
calculated based on the larger of the following equations: 

 1. PWWF = 2.6 x Qave, where 
     PWWF = Peak Wet Weather Flow 
     Qave = Average Dry Weather Flows 

 2. PWWF = 1.265 x QPDry, where 
     PWWF = Peak Wet Weather Flow 
     QPDry = Peak Dry Weather Flows 



SEWER ANALYSIS 
ARANTINE HILLS 

BLUESTONE COMMUNITIES 
CORONA, CA 

2   

The calculated Average Day Flows, Peak Dry Weather Flows, and Peak Wet Weather Flows 
for the Project per planning area and phase have been calculated (see the Arantine Hills Sewer 
Generation Flow Data in Exhibit 4). 

Existing and future flows which will be treated at WRF3 were evaluated as part of the analysis.  
The flows from the Eagle Glen Development, El Cerrito Area, Crossings, Dos Lagos, Weirick 
Road, Arantine Hills, and offsite flows south of the Arantine Hills Project were analyzed. 

• Eagle Glen Development: 

The existing average day flow for the area sewering to WRF3 from the Eagle Glen 
Development Area at MH43 is 0.7452 CFS.  The peak dry weather flow is 1.49 CFS 
(see Appendix 2 from the Sewer Master Plan in Exhibit 8).  Equation 1 generated the 
larger PWWF of 1.94 CFS.   

 

• Dos Lagos and Weirick 

The future average daily flows from area development sewering to WRF3 from the 
south at MH41 are as follows: 

Dos Lagos = 0.3813 CFS 
Weirick Road = 0.1485 CFS 

See Table 6-1 and Figure 6-3 from the Sewer Master Plan, and Table 5 from the 2007 
Technical Memorandum in Exhibit 9, and Average Flow Exhibit 11. 

The total flows at MH41 are Qave = 0.5298 CFS, Qpdry = 1.14 CFS and Qpwet = 1.44 CFS. 
 

• El Cerrito Area and Crossings 

The average day future flows from area development sewering to WRF3 are as follows: 

El Cerrito = 0.144 CFS 
Crossings (Parcel Map 29503) = 0.6574 CFS 

  These numbers are based on sewer projections from existing studies and a city staff 
evaluation of entitled projects and areas in El Cerrito adjacent to existing sewer 
pipelines that are likely to develop prior to or during the period in which Arantine Hills 
is developed. 

Table 6-1 and Figures 6-1 and 6-3 from Corona’s Sewer Master Plan and Table 5 from 
the City of Corona Wastewater Treatment Plants Capacity Requirements (AKM, 
December 27, 2007) are included in Exhibit 9 of this report.  That report proposed 
sewer flows for El Cerrito in the area north of Cajalco Road to be 0.861 CFS or 0.556 
MGD.  A portion of those lands may be tributary to Corona’s WRF2 to the north, some 
are not expected to connect until El Cerrito and Riverside County develop a community 
service plan to be implemented as existing septic systems fail and the study may not 
fully reflect flows generated from the current land use designations in the Crossings.  
After evaluating these issues, City staff proposed that a flow of 0.144 CFS be used for 
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the El Cerrito Area (see table following this section).  The Crossings flows are taken 
from the sewer routing study prepared for Parcel Map 29503. 

The city is currently re-evaluating its ultimate sewer capacity resulting from land use 
changes for the WRF3 services area and the service area of its water reclamation 
facilities.  While that study may recommend changes in flows to WRF3, they are not 
expected to be significant.  The city will address those changes as conditions of 
development occurring after Arantine Hills Project. The following development areas 
have been included for the El Cerrito area sewer flows: 
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 El Cerrito Development Flows 

Description 

Area of 
Dev. 
(Ac) 

 
 
 

Land Use 

Sewer 
Flow 
Factor 

(gpd/Ac) 

Sewer 
Flow 

(gpd) (1) 

Sewer 
Flow 
(cfs) 
(1) 

Peak Dry 
Sewer 
Flow 

(CFS)(2) 

Peak Wet 
Weather 

Flow 
(CFS)(3) 

Peak Wet 
Weather 

Flow  
(CFS)(4) 

El Cerrito Sports Park 27 
Open space 
recreational 130 3510 0.005 0.015 0.013 0.019 

El Cerrito School 14 School 800 11200 0.017 0.0459 0.0442 0.0581 

Future Development 1 9 

Low/Medium 
density 

residential 1200 10800 0.017 0.0459 0.0442 0.0581 

Future Development 2 18 

Low medium 
density 

residential 1200 21600 0.033 0.0845 0.0858 0.1069 

Olive Branch Church 4 

General 
Community 
Commercial 1000 4000 0.006 0.0176 0.0156 0.0223 

El Cerrito Residential 35 

Low medium 
density 

residential 1200 42000 0.065 0.1577 0.169 0.1995 
    Total 0.144 0.3666 0.3718 0.4639 
(1) Average Day Flow (QA)        
(2) Qpdry =

 1.95 x QA
(0.92)   

 
      

(3) Peak Wet Weather Flow=2.6 x QA       
(4) Peak Wet Weather Flow=1.265 x QPdry      

 

A portion of the average daily flow for El Cerrito of 0.144 CFS as calculated above, and 
separate flow of 0.6574 CFS for the Crossings (per the Sewer Routing Study of Parcel 
Map No. 29503), have been included in the analysis.   The City anticipates the  flows 
from El Cerrito East, Eagle Valley, and Eagle Valley East will have a separate 
connection to WRF3 and will not tie into the existing sewer line in Temescal Canyon 
Road.  Therefore, these areas were not included as part of the analysis.   

The total flows for El Cerrito are Qave = 0.144 CFS, Qpdry = 0.3666 CFS, and Qpwet = 
0.4639 CFS were input into the model at MH27. 

The Crossings (PM29503) Development was divided into two (2) areas.  It was 
estimated that half of the flows entered the system at MH43 and MH27 in Cajalco 
Road.  The split flow for the crossings Qave = 0.3287 CFS, Qpdry = 0.7006 CFS, and 
Qpwet = 0.8863 CFS. 

The total flows from El Cerrito and The Crossings at MH27 are Qave = 0.4727 CFS, 
Qpdry = 1.0672 CFS and Qpwet = 1.3502 CFS. 

The total flows from the Eagle Glen Development and Crossings at MH43 are  Qave = 
1.0739 CFS, Qpdry = 2.1906 CFS, and Qpwet = 2.8263 CFS. 
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Flows from future Tract 33583 westerly of Eagle Glen Golf Course have not been 
included in the analysis.  Per discussions with the City, no formal application for this 
tract has been submitted so there is no indication that the project is moving forward.   

• Arantine Hills and Southerly Offsite area 

The future average daily flows from the Arantine Hills Project including APN 282-040-
003, a 160 acre property south easterly of the Project, are as follows: 

  Arantine Hills = 0.657 CFS (See Exhibit 4) 
Off Site Area = 0.297 CFS (The offsite flows were calculated based on an area of 160 
acres and an ultimate flow factor of 1200 gpd/acre).  
The total flows from the Project are Qave = 0.954 CFS, Qpdry = 2.24 CFS and Qpwet = 2.83 
CFS.  

A flow diagram has been provided showing how the flows enter the system for 
evaluation of WRF3 (See average day flow diagram Exhibit 10). 

 

Flows from future Tract 33583 westerly of Eagle Glen Golf Course have not been included in 
the analysis.  Per discussions with the City, no formal application for this tract has been 
submitted so there is no indication that the project is moving forward.   

Using the sewer design criteria established by the Master Plan Report, a sewer hydraulic 
analysis was conducted for average day flows for the proposed Project. 

Proposed manholes and  sewer pipes were set along the backbone roads of the development (see 
Exhibit 5).  Generated flows based on land use were used to run the hydraulic analyses for 
average day flows.  A minimum of 8” diameter pipes were utilized for the Project (see Exhibit 
6). 

In addition, the system was analyzed for peak Dry Weather flows and Wet Weather flows  
using the peaking equations as previously described.  By utilizing the peak flows, the system 
was analyzed to ensure it has the ability to convey the generated flows (see Exhibit 7). 
The design capacity of the proposed sewer pipelines is based on Mannings equation: 

 
Q = 1.486 AR 2/3 S 1/2  
         n 

A friction factor of 0.013 was utilized per the DWP Design Policy. 

The criteria for the depth to diameter ratio (d/D) for pipes is as follows: 

• Ex. 12” pipe diameter and smaller:  d/D ratio of 0.64 or less at peak dry weather flow 

• New 12” pipe diameter and smaller:  d/D ratio of 0.50 or less at peak dry weather flow 

• Ex. 15” pipe diameter and larger:  d/D ratio of 0.67 or less at peak dry weather flow 

• New 15” pipe diameter and larger:  d/D ratio of 0.67 or less at peak dry weather flow 
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• New 8” pipe diameter and larger:  d/D ratio of less than 0.82 at peak wet weather flows 

By limiting the full flow capacity of the pipe, it allows for the possibility of the flows being 
greater than anticipated during peak flow times and during rain events if inflow occurs. 

The City’s design criteria for minimum sewer pipe slope is 0.004 feet per foot (0.40%) for 8” 
pipe.  The City recommends the velocity of flow should be at least 2 feet per second to allow 
for cleaning velocity of the pipe.  This will help prevent solids from being deposited in the 
pipes.  If the velocity of 2 feet per second cannot be achieved, a minimum 1 percent pipe slope 
will be required. 

As a general guideline based on pipes flowing half full (0.5) for 12” diameter and smaller and 
two thirds full (0.67) for 15” diameter and larger, minimum slopes used to determine the 
feasibility of the system are as follows: 

Pipe Diameter (inches) Minimum Slope (ft/ft) 

8 0.0040 

10 0.0025 

12 0.0020 

15 0.0012 

18 0.0010 

21 0.008 

24 0.0007 

 
Due to the natural terrain of the site and location of the Bedford Canyon Wash, a lift station 
will be required to serve Planning Area 16.  Options to gravity sewer under the wash and tie 
into proposed sewer in PA 15 are undesirable due to the excessive depth that would be required 
(up to 75 feet).  Another option would be a sewer bridge across the wash from PA 16 to PA 15.  
About 80 feet of the span would be at a 2:1 slope in order to daylight on PA 15.  This also 
would be an undesirable option.  A third option providing an alternative route for the sewer out 
of PA 16 would include crossing the I-15 freeway and tying into the existing sewer system in 
Lakeshore Drive within the Dos Lagos development.  The City determined there is no 
additional capacity in the existing tributary sewer so this option will not be pursued. 

It is anticipated that the lift station will consist of a wet well with two (2) sliderail submersible 
pumps.  The pumps are rated at 175 GPM at 76 TDH.  The force main from the pumps to the 
upstream manhole is 4” in diameter.  The flows will be pumped to the proposed sewer line in 
Street “E” where they will enter the gravity flow system. 

IV. RESULTS 

Hydraulic analyses were provided for three (3) scenarios using the flow data described above.  
The first scenario was the average day flows.  This provided the base that included the existing 
flows including average day flows for proposed and future development. 
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The second scenario was the dry weather peak flows.  The Project flows were peaked according 
to the design criteria provided.   

The third scenario was the wet weather peak flows.  The Project flows were peaked according 
to the design criteria provided (see Average and Peak Flow in Exhibit 11). 

The hydraulic analyses indicate various sizes of sewer pipe ranging from 8” to 21” diameter 
will be required to convey generated sewer flows to WRF3.  The pipes were sized to meet the 
required d/D ratio, minimum pipe slopes and minimum velocity requirements. 

The d/D ratio varied depending on the scenario run.  The peak dry and peak wet weather 
scenarios were compared and the scenario requiring the larger pipe sizes was used in 
determining future pipe sizes (see Existing And Proposed Sewer Pipe Line Exhibit in Exhibit 
12). 

The analyses also show a decrease in flows in some of the pipes.  These minor losses are due to 
attenuation as the flows move down stream. 

The average day sewer generation for the Project is 0.95 CFS (this includes the off-site sewer 
from APN 282-020-012), the peak dry flow is 2.24 CFS, and the worst case wet peak flow is 
2.83 CFS (see Exhibit 4). 

The average day sewer generation to WRF3 is 2.88 CFS, the peak dry flow is 6.30 CFS, and 
the peak wet flow is 8.04 CFS (see Pipe Reports in Exhibit 6 and 7). 

V. PHASING 

The Project consists of four phases of development.  A copy of the proposed phasing is 
provided (see Exhibit 13).  Phase 1 development consists of PA’s 6 through 14 and 17 through 
19. 

The hydraulic analysis scenario for Phase 1 was run using same size pipes for the Arnatine 
peak wet flow analysis with the exception of holding the existing pipe sizes for the lines in 
Cajalco Road and Temescal Canyon Road and eliminating pipes not required for Phase 1.  The 
analysis indicated that the pipes in Cajalco road and Temescal Canyon Road did not have 
enough capacity.   

The hydraulic analysis scenario was re-run upsizing the pipes in Cajalco Road and Temescal 
Canyon Road as needed for the wet peak flow analysis.  The total flow at WRF3 is 6.9 CFS 
(4.5 MGD).  See Exhibit 14. 

Phase 1 development will require the construction of proposed 8” sewer lines in Street “B” east 
of PA 4 and 5 easterly to Street “A”, 8” sewer line east to the northern Project boundary, 8” 
sewer through PA 7,10,11,13, and 15, 12” sewer through PA 15, and the offsite sewer north 
easterly to Cajalco Road, upsized 18” sewer to Temescal Canyon Road, and upsized 21” sewer 
to WRF3.  The upgrades to WRF3 and existing pipe lines to meet the sewer demands are 
required as part of Phase 1 construction.  See Exhibit 13.  No additional improvements required 
to WRF3. 

Phase 2 development consists of the addition of PA 15 flows to the analysis.  The analysis is 
the same as Phase 1 with the addition of peak wet flows for PA 15 (0.20 CFS).  The total flow 
with the addition of PA 15 at WRF3 is 7.09 CFS (4.5 MGD).  See Exhibit 14.  Phase 2 
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development does not require the construction of additional back bone sewer.  The required 
sewer will be constructed with Phase 1.  No additional improvements to WRF3 are required. 

Phase 3 development consists of the addition of PA 1 through 5 and the off-site flows from the 
southerly parcels.  The hydraulic analysis scenario was run using the same analysis as the 
Project wet weather peak flows with the elimination of the lift station in PA 16.  The total flow 
at WRF3 is 8.03 CFS (5.2 MGD) See Exhibit 14.  Phase 3 development will require the 
construction of 8” sewer from the end of the cul-de-sac in Street “B” east to connect to the 
sewer built with Phase 1 at the boundary of PA 4 and 5, and additional improvements to WRF3 
are required. 

Phase 4 development consists of the addition of PA 16.  The hydraulic analysis is the same as 
the Project dry weather peak flow analysis.  The total flow at WRF3 is 8.04 CFS (5.2 MGD).  
See Exhibit 7.  Phase 4 development will require the construction of a lift station with 2 pumps. 

WRF3 currently treats approximately 0.54 MGD and the capacity is 1.0 MGD per the 
December 27, 2007 technical memorandum. 

The Arantine Hills project will be adding an average daily flow of 0.62 MGD.  Phase 1 will add 
approximately 0.229 MGD, Phase 2 which includes Phase 1, will add approximately 0.269 
MGD, Phase 3, which includes Phase 1 and 2, will add approximately 0.522 MGD and Phase 4 
which includes all phases of the project will add approximately 0.62 MGD.  When analyzing 
the project flow contributions only, Phase 1 and Phase 2 would add approximately 0.269 MGD 
to the current 0.54 MGD for a total of 0.81 MGD. 

This is less than the 1.0 MGD capacity of WRF3. Once Phase 3 is completed, approximately 
0.522 MGD would be added to the current flows of 0.54 MGD for a total of 1.06 MGD at 
WRF3.  This exceeds the current capacity of 1.0 MGD at WRF3.  Therefore, upgrades to 
WRF3 will be required prior to construction of Phase 3. 

 

VI. CONCLUSION 

The sewer analyses for Arantine Hills Project provides detail as to the amount of sewer being 
generated for average and peak flows, existing and future flow routing through proposed 
projects and downstream sewers, recommendations for project sewer design parameters (pipe 
size, slope and area served by lift station), paralleling existing sewers where required and an 
estimate of cumulative flows at Water Reclamation Facility No. 3. 
Development of the project will generate average daily flows of 0.62 MGD. Sewer pipelines 
within Arantine Hills will range between 8 and 12 inch to meet the City of Corona’s design 
criteria. A lift station will be required to serve the southeasterly portion of the project along the 
I-15, referred to as PA 16. Average day flows from the project along with the existing flows 
from Eagle Glen, Crossings, El Cerrito, Dos Lagos and Weirick total approximately 1.93 
MGD. As a result, portions of the existing 15 inch diameter pipelines in Cajalco Road and 
Temescal Canyon Road would need to be paralleled with 18 inch and 21 inch pipelines, 
respectively.  During final engineering and as development occurs, additional sewer studies 
may be provided that finalize the size and location of potential parallel pipelines in Cajalco 
Road and Temescal Canyon Road.  If the existing sewer lines remain in use, the proposed sizes 
identified in this report may be able to be downsized. 
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Water Reclamation Facility No. 3 has a rated capacity of 1.0 MGD.  Average day sewer flows 
considered by this report that are tributary to WRF3 which will total approximately 1.93 MGD, 
will require the plant be expanded by 1.0 MGD to a capacity of 2.0 MGD in the future. 
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EXHIBIT 1: VICINITY MAP 
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EXHIBIT 2: ARANTINE HILLS SEWER ANALYSIS – LAND USE PLAN 
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EXHIBIT 3: UNIT FLOW FACTORS   
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EXHIBIT 4: ARANTINE HILLS SEWER GENERATION FLOW DATA 
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EXHIBIT 5: HYDRAULIC ANALYSIS MANHOLE AND PIPE SITE LAYOUT 
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EXHIBIT 6: HYDRAULIC ANALYSIS RESULTS – AVERAGE DAY FLOWS 
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EXHIBIT 7: HYDRAULIC ANALYSIS RESULTS – PEAK FLOWS (WET AND 

DRY) 
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PEAK DRY WEATHER FLOWS 
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PEAK WET WEATHER FLOWS 
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EXHIBIT 8: CITY OF CORONA 2005 SEWER MASTER PLAN  
 EXISTING AVERAGE AND PEAK DAY WEATHER FLOWS 
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EXHIBIT 9: CITY OF CORONA 2005 SEWER MASTER PLAN POINT SOURCE 
 DATA,  TABLE 6-2 
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EXHIBIT 10: FLOW DIAGRAM 
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EXHIBIT 11: AVERAGE AND PEAK FLOW EXHIBIT 
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EXHIBIT 12: EXISTING AND PROPOSED PIPE LINE EXHIBIT 
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EXHIBIT 13: SEWER PHASING EXHIBIT 
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EXHIBIT 14: HYDRAULIC ANALYSIS RESULTS –  PHASE 1,  PHASE 2  AND 

PHASE 3 PEAK FLOWS 
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PHASE 1 ANALYSIS 
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PHASE 2 ANALYSIS 
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PHASE 3 ANALYSIS 
 




