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Technical Memorandum 

1. System Performance Evaluation – 
Collection System Field Inspections 

This Technical Memorandum 1 (TM 1) documents the results of the collection system field inspections 
completed in the Burlingame Hills Sewer Maintenance District’s (District) wastewater collection system and 
presents recommendations to address  infiltration/inflow (I/I) deficiencies. Collection system field 
inspections included I/I and closed circuit television (CCTV) inspections. I/I field inspections documented in 
this TM include smoke testing, dye testing, and manhole inspections performed to identify and document 
public and private I/I defects. CCTV inspections documented in this TM were conducted and evaluated by 
the District. Recommended improvements are developed and presented in TM 4, Capital Improvement Plan. 

1.1 Introduction 
The intent of the District Wastewater Collection System Capacity Assurance Plan and Master Plan Update 
(Master Plan Update) project is to develop an update to the 1999 Master Plan utilizing flow monitoring data 
collected in the District and the City of Burlingame (City) in 2009 and field inspection data collected as part 
of this project. 

1.1.1 Scope of Work 

The scope of work for the Master Plan Update includes the following tasks: 
1. Project Management 
2. Infiltration/Inflow (I/I) Field Inspections 

3. Hydraulic Model Development 

4. System Performance Evaluation and Capacity Assurance Plan 
5. Capital Improvement Plan Development 

TM 1 is the deliverable for Task 2, Infiltration/Inflow (I/I) Field Inspections. 

1.1.2 Service Area 

The District service area encompasses approximately 161 acres located in the County of San Mateo (County) 
on the San Francisco Peninsula. The District is roughly bounded by Canyon Road and Summit Drive in the 
south, Skyline Boulevard and Tiptoe Lane in the west, Hillside Drive and Adeline Drive in the north and 
Alvarado Avenue in the east. Figure 1-1 shows the District service area and collection system. 

1.1.3 Existing Collection System 

The District’s collection system consists of approximately 6.6 miles of mainly 6-inch to 8-inch-diameter 
vitrified clay pipe. There are three main trunk sewers in the District, located on Adeline Drive, Canyon Road 
and Hillside Drive. These sewers roughly divide the District service area into three major drainage areas. 

The District’s collection system also transports City and Town of Hillsborough (Town) flows in the trunk 
sewers on Adeline Drive and Canyon Road and in the sewer on Canyon Road upstream of the trunk sewer. 
The contributing City and Town areas (approximately 165 acres) are also shown on Figure 1-1. 
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District service area flows are conveyed by gravity to the City collection system and transported to and 
treated at the City’s wastewater treatment plant (WWTP). Wastewater pumping stations are not required in 
the District due to the topography in the service area. The District trunk sewers discharge to the City’s 
collection system at three different City manholes: 

 E3-21012 at Adeline Drive and Alvarado Avenue 
 E3-21099 at Hillside Drive and Alvarado Avenue 

 E3-21067 at Canyon Road and Summit Drive. 

1.1.4 Previous Planning Reports and Information 

An evaluation of the District’s wastewater collection system was completed in 1999. The City, which 
transports and treats the District’s wastewater and contributes flows to District’s sewers, retained Brown 
and Caldwell to prepare an evaluation of their wastewater collection system in 2010. Brown and Caldwell’s 
scope of work for the City’s project did not include similar private-sector I/I field investigations in City areas 
contributing flows to the District, though that task is a requirement of the City’s Consent Decree. A list of the 
reports, planning documents, and information used in the development of this Master Plan Update is 
included in the References section. 

Hydraulic modeling was performed using the hydraulic model developed in TM 2, Hydraulic Model 
Development. The hydraulic performance of the modeled sewers was evaluated in TM 3, System 
Performance Evaluation and Capacity Assurance Plan – Hydraulics. The three flow monitoring basins that 
include the District collection system were identified as candidates for rehabilitation for I/I reduction, and 
capacity improvement projects were recommended for the Adeline Drive and Canyon Road Trunk Sewers. 

1.2 Smoke Testing 
This section describes the smoke testing fieldwork and smoke source observations. The purpose of smoke 
testing is to identify potential I/I sources. Smoke testing is considered better at detecting potential inflow 
sources than potential infiltration sources. Smoke testing is performed by connecting a blower at a manhole 
to force smoke into the collection system. The smoke exits at potential inflow locations and sometimes at 
locations where infiltration may enter the collection system. Smoke testing is used to identify potential I/I 
sources on the following structures: 

 Laterals (upper and lower) 
 Cleanouts (upper and lower) 

 Area drains 

 Downspouts 
 Storm drains 

 Sewer manholes 

 Sewer mains 

Sources that are directly connected (plumbed) to the sanitary sewer with a large drainage area will have the 
most impact on the system performance.   

For inspection purposes, laterals and cleanouts are described as “upper” and “lower”, depending on their 
location. The lower lateral is defined as the portion of the lateral between the cleanout (typically at the 
property line) and the sewer main. This cleanout is known as the lower cleanout. The upper lateral is defined 
as the portion of the lateral between the lower cleanout and the house or building. Often, an additional 
cleanout is located between the lower cleanout and the house. This cleanout is known as the upper 
cleanout. In the District, ownership of the entire lateral and cleanout system from the house to the sewer 
main belongs to the property owner and not the District.  



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 

4 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

1.2.1 Smoke Testing Fieldwork 

Smoke testing fieldwork, shown on Figure 1-2, was performed throughout the District collection system by 
E2 Consulting Engineers (E2). Smoke testing was performed in the following periods between October and 
November 2010: 

 October 26-28, 2010  

 November 2-4, 2010 
 November 11, 2010  
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Smoke testing was performed on dry weather days to limit the potential for reduced testing effectiveness 
due to high groundwater levels. Smoke sources were documented (by street address and location sketch) on 
paper inspection forms and photographed with a digital camera. 

Field crews performed smoke testing from 49 manholes, shown on Figure 1-2. Smoke testing results were 
obtained for 221 of 238 reaches. Smoke testing could not be successfully completed for 17 pipe reaches 
because of difficulty accessing the manholes or some pipeline condition (such as roots or sags) that blocked 
the smoke from traveling the entire length of the pipe. Reaches where smoke testing was not successful 
were identified as candidates for dye testing fieldwork to identify any potential I/I sources. 

1.2.2 Smoke Sources 

Data on smoke source observations collected during inspections were recorded in a smoke testing Microsoft 
Access database, and a report was generated for each record in this database. A sample smoke testing 
report is shown in Figure 1-3 and all reports are included in Attachment A. 

 
Figure 1-3.  Sample Smoke Testing Report 
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Eighty-six smoke sources were documented during smoke testing. These smoke sources are summarized in 
Table 1-1 and shown on Figure 1-2. 

 

Table 1-1.  Smoke Source Summary 

Source Category 
Structure Where Smoke 

Was Observed Number of Observations 

Private Upper Cleanout 7 

Upper Lateral 6 

Area Drain 1 

Downspout 2 

Lower Cleanout 3 

Lower Lateral 7 

Public Storm Drain 0 

Sewer Manhole 52 

Sewer Main 8 

Total 86 

 

The most common public smoke source location was at the manhole, with 52 smoke source observations 
through holes in the cover or other leaks around the manhole. These defects can be corrected by replacing 
vented manhole covers and by repairing the seal between the manhole frame and chimney interface as part 
of the manhole rehabilitation program. This program is discussed in more detail in TM 4,  Capital 
Improvement Plan Development.  

No cross-connections to the public storm drain system were identified during smoke testing. Six sewer mains 
with potential defects were identified by eight smoke source observations. We recommend CCTV inspection 
of these mains to further classify the defects.  

Twenty-six smoke sources were observed on private property laterals, cleanouts, and downspouts for 25 
residences, summarized in Table 1-2. One downspout connection was confirmed during smoke testing at 
162 Los Robles Drive, as shown in Figure 1-4. Dye testing was performed at four of the properties to confirm 
the source of the smoke, as noted in the table.  

We recommend the District work with the owners at properties with smoke sources to remove improper 
downspout connections and test and repair lateral or cleanout defects in accordance with the sewer 
ordinance.  

 
Table 1-2.  Smoke Sources – Private Property Locations 

Address Smoke Defect Observation Source 

2815 Adeline Drive Lower Lateral 

2825 Adeline Drive1 Lower Cleanout 1 

Upper Cleanout 

2835 Adeline Drive Lower Cleanout 

2880 Adeline Drive Lower Lateral 

2884 Adeline Drive Lower Cleanout 
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Table 1-2.  Smoke Sources – Private Property Locations 

Address Smoke Defect Observation Source 

2886 Adeline Drive Upper Lateral 

2909 Adeline Drive Lower Lateral 

2925 Adeline Drive Upper Cleanout 

2920 Canyon Road Upper Cleanout 

3004 Canyon Road Lower Lateral 

3028 Canyon Road Upper Cleanout 

3110 Canyon Road Upper Cleanout 

10 Crystal Terrace Upper Lateral 

135 Glen Aulin Lane Upper Lateral 

2810 Hillside Drive Upper Lateral 

2832 Hillside Drive Lower Cleanout 

2861 Hillside Drive Lower Lateral 

3135 Hillside Drive Upper Lateral 

3151 Hillside Drive Upper Lateral 

100 La Mesa Drive Upper Cleanout 

125 La Mesa Drive2 Area Drain 

Downspout 

162 Los Robles Drive Downspout 

142 Valdeflores Drive3 Lower Lateral 

181 Valdeflores Drive Upper Cleanout 

1Confirmed as lower cleanout during dye testing 
2Multiple connection points (see dye testing results) 
3Downspout was not connected (see dye testing results) 
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Figure 1-4.  Smoke Source – Downspout Connection at 162 Los Robles Drive  

1.3 Dye Testing Field Inspections 
This section describes the dye testing fieldwork and observations. Dye testing is used to test: 
 “Suspect” I/I sources, such as buried downspouts and area drains, observed during smoke testing 

fieldwork, that may be connected to the sewer system but did not smoke. 

 Storm drainage systems that smoked during smoke testing to confirm improper connections. 

Dye testing was also performed in areas which could not be tested during smoke testing.  
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1.3.1 Dye Testing Fieldwork 

Dye testing fieldwork was performed by E2 in April 2011 at 27 locations. Inspection crews performed 
additional field reconnaissance for “suspect” downspouts and area drains, and tested with water first to 
confirm sources that drain to a surface location or storm drain in order to minimize the potential discharge of 
dye. Dye testing fieldwork was documented by street address and location sketch on inspection forms and 
positive dye testing results were photographed with a digital camera. A sample dye testing inspection form is 
shown in Figure 1-5 and all forms are included in Attachment B. 

 

 
Figure 1-5.  Sample Dye Testing Inspection Form 
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1.3.2 Dye Testing Results 

The dye testing locations and results are summarized in Table 1-3 and shown on Figure 1-6. Of the 27 
potential sources, only one had a positive dye testing result. A number of area drains at 125 La Mesa Court 
are connected to manhole 142, as illustrated on Figure 1-7. We recommend the District work with the 
property owner to remove these improper connections. 

 
Table 1-3.  Dye Testing Locations and Results 

Address “Suspect” Source Result 

2825 Adeline Drive Cleanout Broken cleanout 

125 La Mesa Drive Downspout, Area drain Confirmed Connection 

1 La Strada Court Downspout No Connection  

5 La Strada Court Downspout No Connection  

11 La Strada Court Downspout No Connection  

16 La Strada Court Downspout No Connection  

18 La Strada Court Downspout No Connection  

115 Los Robles Drive Downspout No Connection  

213 Los Robles Drive Downspout No Connection  

219 Los Robles Drive Area drain No Connection  

141 Newton Drive Downspout No Connection  

145 Newton Drive Downspout No Connection  

6081 Skyline Blvd Downspout Resident Refused Access to Property 

2774 Summit Drive Downspout No Connection  

2778 Summit Drive Downspout No Connection  

2784 Summit Drive Downspout No Connection  

2810 Summit Drive Downspout No Connection  

2814 Summit Drive Downspout No Connection  

2818 Summit Drive Downspout No Connection  

3 Tiara Court Lateral No Connection  

90 Tiptoe Lane Downspout No Connection  

96 Tiptoe Lane Downspout No Connection  

100 Tiptoe Lane Downspout No Connection  

35 Tulip Court Downspout No Connection  

48 Tulip Court Downspout No Connection  

50 Tulip Court Downspout No Connection  

142 Valdeflores Drive Downspout No Connection  
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Figure 1-7.  Positive Dye Testing Result at 125 La Mesa Court 
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1.4 Manhole Inspections 
This section describes the manhole inspection fieldwork and defect observations. 

1.4.1 Manhole Inspection Fieldwork 

There are 240 access structures on District sewer mains shown in the District GIS: 
 186 manholes or drop manholes 
 43 cleanouts and flushing inlets 

 9 terminuses 

 2 wyes 

Manhole inspections were performed by E2 in January 2011. Surface inspections were completed on 204 
District manhole  structures, as shown on Figure 1-8. Field crews documented the following types of 
information for each inspection: 

 Asset information such as rim to invert and other measurements and construction materials 
 Structural and Operations and Maintenance (O&M) condition defect observations 

 Location information such as proximity to storm drains and waterways, and access limitations 

The asset information and condition defect observation data was collected on inspection forms based on the 
National Association of Sewer Service Companies’ (NASSCO) Manhole Assessment and Certification Program 
(MACP). The location criteria data were collected using forms supplied by the District. The forms used to 
collect this information are presented in Attachment C. Completed manhole inspection forms are included in 
Attachment D and completed manhole location criteria forms are included in Attachment E. 

1.4.2 Manhole Defect Observations 

Manhole defect observations were recorded in a Microsoft Access manhole inspection database based on 
the standard MACP database. Frame, cover, insert, seal, and adjustment ring conditions were recorded in an 
asset information table and other manhole condition defect observations were recorded in a defect table in 
accordance with MACP standards.  

One hundred twelve manholes out of 191 (not including cleanouts) were observed to have defects during 
the surface inspections. These defects are summarized in Table 1-4 and manholes with defects are shown 
on Figure 1-8, and details provided in Attachment D.  

The most common manhole defects were evidence of infiltration (stains), roots, cracked seals, and 
deterioration of the mortar between bricks or mortar coatings. One hundred thirty-eight of the District 
manholes have brick components. There was no corrosion observed of the reinforced concrete manhole 
components. Twenty-four of the manholes with evidence of infiltration also had cracked seals. 

1.4.3 Other Manhole Observations 

The MACP system has a specific group of condition categories for frame, cover, insert, seal, and adjustment 
ring conditions and acceptable defect codes to describe the structural and maintenance condition of other 
manhole components. Therefore, some data collected in accordance with MACP is recorded as asset 
information, even though it provides information on manhole conditions that are potential sources of I/I 
entering the collection system or could interfere with maintenance activities. Information on these conditions 
is presented in this section. 

Vented Manholes. Eighty-three manholes were vented with more than two holes in the cover. These holes 
are potential sources of I/I in areas where ponding can occur over the manhole. Evidence of infiltration was 
observed at 18 of the 83 manholes. 
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Table 1-4.  Manhole Defect Summary 

Type of Defect Defect Code Defect Description Defect Location Number of Manholes Percent2 

Infiltration 
IS Infiltration stain 

Frame 6 3 

Chimney 36 19 

Cone 14 7 

Wall 3 2 

Number of Manholes With Infiltration Defects 51 27 

Inflow - Drainage pipes connected to manhole Bench 1 <1 

Roots 

RF/RT Roots fine/tap 

Chimney 13 7 

Cone 21 11 

Wall 2 1 

Number of Manholes Minor Root Defects 34 18 

RM Roots medium 

Cone 13 7 

Wall 3 2 

Pipe 2 1 

Number of Manholes With Moderate Root Defects 15 8 

Mortar 
Deterioration1 

SRI Surface Roughness (Cementitious Coating) 
Chimney 1 <1 

Cone 1 <1 

SSS Surface Spalling (Cementitious Coating) 

Chimney 3 2 

Cone 6 3 

Wall 2 1 

MMS/M Missing Mortar, small/medium 

Chimney 9 5 

Cone 10 5 

Wall 4 2 

MML Missing Mortar, large 

Chimney 4 2 

Cone 5 3 

Wall 1 <1 

ST-2 Scratch Test Rating = 2, (Penetration ¼ inch) Cone 2 1 

ST-3 Scratch Test Rating =3, (Penetration ½ inch) Cone 1 <1 

Number of Manholes with Mortar Defects 38 20 

Brickwork 
MB Missing Brick Cone 1 <1 

DB Displaced Brick Cone 1 <1 

Frame Offset Frame Offset ≥ 1 inch Frame 6 3 

Frame Seal Seal Cracked Frame Seal Cracked Frame Seal 37 19 

Adjustment Ring Cracked Adjustment Ring Cracked Adjustment Ring 8 4 

Deposits and 
Debris 

DAGS Grease Bench and Channel 1 <1 

DAZ Other Deposits Bench and Channel 7 4 

Surcharge - Evidence of surcharge or blockage Pipe 2 1 
1Of mortar between bricks or cementitious coatings in brick manholes 
2Of 191 total manholes inspected, not including cleanouts 
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Manholes Below Grade. Manhole inspection crews noted that two manholes were below grade, MH 3 and 
112. There was also evidence of infiltration at MH 112. We recommend the District raise these manholes. 

Manholes Could Not Be Opened. One manhole (MH 100) was covered by vegetation and one manhole 
(MH 212) was blocked by a fence. We recommend the District work with the private property owners to 
remove the obstructions so the manhole can be inspected and accessed for maintenance activities. 

Exposed Pipe. A 4-inch-diameter vitrified clay pipe (VCP) was exposed along the hillside of 193 Los Robles 
Drive near MH 134, a flushing inlet. We recommend the District identify the owner of this pipe and work with 
the property owner to test and repair this lateral in accordance with the sewer ordinance. 

Improper Connections. Manhole 67 had four small drain pipes connected to the manhole on Blackhawk 
Lane, a private road. These pipes are shown on Figure 1-9. The source was not identified during smoke or 
dye testing. We recommend the District investigate the source of the pipes and work with the private 
property owners to remove the connections, if improper. 

 

 
Figure 1-9.  Drain Pipes Connected at Manhole 67 

 

Manhole Bypassed. MH 88 was no longer in service, piping was observed bypassing this manhole. The 
ground around MH 172 was damp. This is the discharge point for the bypass of MH 88. We recommend a 
maintenance inspection of this bypass to determine if it is operating properly. 

Evidence of Potential Overflow or Surcharge. The resident at 124 La Mesa Court reported frequent 
overflows during field inspection of MH 6. Sewage accumulation was observed on the bench of MH 85 at the 
discharge point of the lateral. Evidence of surcharge or blockage was observed at two manholes (MH 75 and 
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MH 6071). We recommend cleaning and CCTV inspection of the following mains to determine if there is any 
maintenance or structural problems with the sewer mains: 

 MH 6 (cleanout) to 147 

 MH 75 to 76 
 MH 85 to 91 

 MH 6071 to 6078 

1.5 CCTV Inspection Information 
This section documents the CCTV inspection results provided by the District for inspections completed 
between 2008 and 2010, as well as the review of the results of the CCTV inspection program included in the 
1999 Master Plan. 

1.5.1 2008-2010 CCTV Inspections 

The District provided a spreadsheet summary of the CCTV inspections completed in 2008, 2009 and 2010. 
Thirty-one reaches, totaling 4,960 feet, were inspected and structural or maintenance defects were 
identified on 23 reaches, shown on Figure 1-10 and summarized in Table 1-5.  

Defects were corrected through cleaning or repair on six reaches since inspection. We recommend repair or 
replacement to correct any remaining NASSCO Pipeline Assessment and Certification Program (PACP) grade 
4 or 5 structural defects in accordance with the requirements of the Consent Decree. These defects would 
include: 

 Broken 

 Holes 
 Multiple fractures (longitudinal and circumferential fractures that intersect) 

 Hinge fractures (two or more longitudinal fractures at the same location) 

1.5.2 1999 Master Plan Inspections 

1999 Master Plan CCTV inspection results were reviewed to identify reaches with known or suspected 
structural deficiencies in order to recommend priorities for the District’s forthcoming CCTV inspection and 
condition assessment program required under the Consent Decree. CCTV inspection results for 42 additional 
reaches, totaling 7,340 feet, are shown on Figure 1-10. The defects are summarized in Table 1-6, which 
shows the worst defect only for the reach. These defects were ranked as follows, from most to least severe: 
 Broken/Hole 

 Fractures/Cracks 

 Sag 
 Joint Offset 

 Roots 

 Deposits 

We recommend prioritization of the CCTV inspection of reaches with prior broken/hole, fractures/cracks, or 
sag defect observations. 
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Table 1-5.  CCTV Inspection Data (2008-2010) 

Upstream Manhole Downstream Manhole Defects Observed 

11 9 None 

12 147 None 

29 22 None 

52 23 Repaired (Broken/Hole) 

61 84 Repaired (Broken/Hole) 

75 76 Sag 

82 77 Broken/Hole 

89 95 Fractures/Cracks 

91 90 Broken/Hole 

98 102 Broken/Hole 

108 241 Fractures/Cracks 

112 113 Broken/Hole 

127 137 Joint Offset 

132 131 Repaired (Collapsed) 

135 138 None 

139 180 Fractures/Cracks 

155 156 None 

165 163 Obstruction Removed (Piece of Pipe) 

178 174 Broken/Hole 

181 174 Fractures/Cracks 

187 186 None 

201 199 Repaired (Broken/Hole) 

203 188 Broken/Hole 

216 217 Fractures/Cracks 

217 216 Fractures/Cracks 

218 216 Fractures/Cracks 

221 222 Fractures/Cracks 

223 227 None 

228 229 None 

229 221 Broken/Hole 

243 230 Repaired (Fractures/Cracks) 
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Table 1-6.  CCTV Inspection Data (1999) 

Upstream Manhole Old ID – Upstream MH Downstream Manhole Old ID – Downstream MH Defects Observed 

3 113 141 110 Sag 

10 87 18 86 Fractures/Cracks 

18 86 19 85 Roots 

19 85 28 84 Roots 

22 75 27 74 Fractures/Cracks 

27 74 185 71 Roots 

28 84 29 76 None 

50 307 70 306 Sag 

51 308 50 307 Broken/Hole 

53 312 54 311 Broken/Hole 

54 311 55 309 Broken/Hole 

55 309 51 308 Fractures/Cracks 

58 160 62 159 Roots 

59 161 58 160 Roots 

62 159 63 158 Roots 

63 158 64 157 Roots 

70 306 74 304 Roots 

74 304 76 303 Roots 

93 210 94 204 Broken/Hole 

94 204 96 203 Fractures/Cracks 

95 205 94 204 Broken/Hole 

96 203 237 202 Roots 

111 162 59 161 Fractures/Cracks 

124 128 125 127 Roots 

125 127 127 126 Roots 

126 147 127 126 Broken/Hole 

150 108 158 107 Roots 

154 13 138 122 Roots 

156 14 154 13 None 

159 106 150 108 Roots 

166 17 163 16 Deposits 

167 18 166 17 Deposits 

168 19 167 18 Roots 

175 152 176 7 None 

185 71 191 70 Fractures/Cracks 

186 52 190 51 Fractures/Cracks 

190 51 218 50 Roots 

191 70 194 62 Roots 

194 62 186 52 Broken/Hole 

237 202 238 201 Broken/Hole 

238 201 E3-21099 (City) 200-A Broken/Hole 

E3-21099 (City) 200-A 5842 200 Joint Offset 
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1.6 System Performance Evaluation 
This section describes the analysis performed to develop recommendations to address collection system I/I 
and structural deficiencies to reduce the occurrence of Sanitary Sewer Overflows (SSO). Collection system 
rehabilitation to reduce peak wet weather flows through I/I reduction is evaluated in the hydraulic system 
performance evaluation presented in TM 3. Recommended projects, costs, and a schedule for construction 
of the improvements to address deficiencies will be developed and prioritized in TM 4, Capital Improvement 
Plan Development. 

1.6.1 Findings 

The following findings can be made from the results of this analysis: 
 There were no cross-connections identified to the public storm drainage system. 

 There were a few major sources of I/I identified during field inspections, these include one property with 
connected downspouts (162 Los Robles Drive), one property with multiple connected downspouts and 
area drains (125 La Mesa Court), and one manhole (MH 67) with apparent drain pipe connections. The 
improper connections are significant enough to potentially overwhelm 6-inch-diameter local sewers. 

 Manhole covers with vents are potential inflow sources in areas where ponding can occur.  

 Field inspections identified minor infiltration defects and minor and moderate structural and 
maintenance defects that are potential sources of infiltration in District manholes. These defects include 
infiltration stains; frame, cover, and adjustment ring defects; mortar deterioration; and roots. 

1.6.2 Infiltration/Inflow Improvement Recommendations 

Infiltration/inflow improvement recommendations were identified to address current I/I deficiencies and 
reduce the potential for future I/I. The recommendations, identified in Table 1-7, are included in the system-
wide rehabilitation plan presented in Section 4.3 of TM 4, Capital Improvement Plan Development.   

 
Table 1-7.  Infiltration/Inflow Improvement Recommendations 

Defect Type Activity  Location 

Private Coordination with property owners to disconnect inflow sources 
in accordance with the sewer ordinance. 

See Table 1-2 and 1-3 

 

Private Coordination with property owners to test and repair lateral 
and cleanouts in accordance with the sewer ordinance. 

See Table 1-2 and 1-3 

Public Prioritization of rehabilitation of pipes and manholes for I/I 
reduction in basins with the highest I/I in the District’s 
collection system and where previous CCTV inspections have 
identified structural defects in the pipes.  

Hillside Drive Trunk Sewer  

Newton Drive Sewer 

Public Repair or replace manhole frames, covers, and adjustment 
rings with evidence of I/I, vented covers, offset frames, or 
cracked adjustment rings. I/I may enter the manhole at these 
locations. 

See Table D-1 

Public Repair or replace  manholes with mortar deterioration or root 
defects for rehabilitation for I/I reduction. I/I may enter the 
manhole at these locations. 

See Table D-1 
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1.6.3 Structural Improvement Recommendations 

Structural improvement recommendations were identified to address known structural deficiencies and 
prioritize CCTV inspection of sewers with higher likelihood of SSOs due to structural failures.  Based on 
information reviewed for this project, the most critical deficiencies were identified on the Los Robles Drive, 
Adeline Drive and Canyon Road sewers.  The District will complete CCTV inspection and condition 
assessment of these sewers and all sewer pipes older than 10 years under the requirements of the Consent 
Decree.  The Consent Decree also requires spot repairs or replacement of reaches with broken/hole or 
multiple fractures defects that are PACP Condition Grade 4 or 5.  The defect severity will dictate 
rehabilitation schedule.  
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Attachment A: Smoke Testing Reports 
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10/26/2010

1:00 PM

Defect Type: Upper Lateral

Comment:

Date and Time of Test:

401C1-sk.jpg

401C1.jpg

3135 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 40

Smoke Density: Light

401C1

Burlingame, CA 

Upstream Manhole: 2

Downstream Manhole: 8

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

1:45 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

402A1-sk.jpg

402A1.jpg

118 Alturas Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

402A1

Burlingame, CA 

Upstream Manhole: 11

Downstream Manhole: 11

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

1:45 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

402B1-sk.jpg

402B1.jpg

118 Alturas Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

402B1

Burlingame, CA 

Upstream Manhole: 9

Downstream Manhole: 9

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

2:15 PM

Defect Type: Sanitary Manhole

Comment: manhole buried under landscape and 
drainage pipe. No picture(buried MH)

Date and Time of Test:

403A1-sk.jpg

403A1.jpg

175 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Light

403A1

Burlingame, CA 

Upstream Manhole: 183

Downstream Manhole: 183

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

2:15 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

403B1-sk.jpg

403B1.jpg

176 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 30

Smoke Density: Light

403B1

Burlingame, CA 

Upstream Manhole: 182

Downstream Manhole: 182

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

2:45 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

404A1-sk.jpg

404A1.jpg

140 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 300

Smoke Density: Light

404A1

Burlingame, CA 

Upstream Manhole: 206

Downstream Manhole: 206

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

2:45 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

404B1-sk.jpg

404B1.jpg

155 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

404B1

Burlingame, CA 

Upstream Manhole: 205

Downstream Manhole: 205

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

3:20 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

405A1-sk.jpg

405A1.jpg

175 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1000

Smoke Density: Light

405A1

Burlingame, CA 

Upstream Manhole: 185

Downstream Manhole: 185

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

3:20 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

405B1-sk.jpg

405B1.jpg

150 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 600

Smoke Density: Heavy

405B1

Burlingame, CA 

Upstream Manhole: 194

Downstream Manhole: 194

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/26/2010

3:20 PM

Defect Type: Upper Cleanout

Comment: cleanout number 181 at bottom of 
drainage ditch is possibly leaking. The 
whole gutter could be possible drainage 
area.

Date and Time of Test:

405C1-sk.jpg

405C1.jpg

181 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 2000

Smoke Density: Light

405C1

Burlingame, CA 

Upstream Manhole: 191

Downstream Manhole: 192

Thursday, March 31, 2011Report printed on

Valdeflores

V
al

de
fl

or
es

Valdeflores Dr



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

11:07 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

406A1-sk.jpg

406A1.jpg

20 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

406A1

Burlingame, CA 

Upstream Manhole: 249

Downstream Manhole: 249

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

11:07 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

406B1-sk.jpg

406B1.jpg

15 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

406B1

Burlingame, CA 

Upstream Manhole: 250

Downstream Manhole: 250

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

11:35 AM

Defect Type: Upper Lateral

Comment:

Date and Time of Test:

407A1-sk.jpg

407A1.jpg

135 Glen Aulin Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Light

407A1

Burlingame, CA 

Upstream Manhole: 233

Downstream Manhole: 232

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

11:35 AM

Defect Type: Sanitary Manhole

Comment: mh 232 smoking from cracks around it.

Date and Time of Test:

407B1-sk.jpg

407B1.jpg

139 Glen Aulin Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 40

Smoke Density: Light

407B1

Burlingame, CA 

Upstream Manhole: 232

Downstream Manhole: 232

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:10 PM

Defect Type: Sanitary Manhole

Comment: MH 236 defect

Date and Time of Test:

408A1-sk.jpg

408A1.jpg

70 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 50

Smoke Density: Light

408A1

Burlingame, CA 

Upstream Manhole: 236

Downstream Manhole: 236

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sanitary Manhole

Comment: smoke coming from cracks around 
manhole 186

Date and Time of Test:

409A1-sk.jpg

409A1.jpg

3052 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Heavy

409A1

Burlingame, CA 

Upstream Manhole: 186

Downstream Manhole: 186

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sanitary Manhole

Comment: smoking around mh 187

Date and Time of Test:

409B1-sk.jpg

409B1.jpg

3059 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

409B1

Burlingame, CA 

Upstream Manhole: 187

Downstream Manhole: 187

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sanitary Manhole

Comment: MH 188 Defect

Date and Time of Test:

409C1-sk.jpg

409C1.jpg

3059 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

409C1

Burlingame, CA 

Upstream Manhole: 188

Downstream Manhole: 188

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sewer Main

Comment: defect on main 18ft north of mh 188

Date and Time of Test:

409D1-sk.jpg

409D1.jpg

3059 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

409D1

Burlingame, CA 

Upstream Manhole: 188

Downstream Manhole: 187

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sanitary Manhole

Comment: resident says someone put in pipe recently

Date and Time of Test:

409E1-sk.jpg

409E1.jpg

130 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 225

Smoke Density: Heavy

409E1

Burlingame, CA 

Upstream Manhole: 203

Downstream Manhole: 188

Thursday, March 31, 2011Report printed on

Sewer Main



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

1:50 PM

Defect Type: Sanitary Manhole

Comment: MH 203

Date and Time of Test:

409F1-sk.jpg

409F1.jpg

130 Tiptoe Ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

409F1

Burlingame, CA 

Upstream Manhole: 203

Downstream Manhole: 203

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

2:49 PM

Defect Type: Sanitary Manhole

Comment: MH 167 defect

Date and Time of Test:

410A1-sk.jpg

410A1.jpg

3 Tiara Ct

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 9

Smoke Density: Light

410A1

Burlingame, CA 

Upstream Manhole: 167

Downstream Manhole: 167

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

2:49 PM

Defect Type: Sanitary Manhole

Comment: MH 212 defect

Date and Time of Test:

410B1-sk.jpg

410B1.jpg

2 Tiara Ct

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

410B1

Burlingame, CA 

Upstream Manhole: 167

Downstream Manhole: 220

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

2:49 PM

Defect Type: Upper Lateral

Comment: 5x10 ft patch of non localized smoke in 
the yard of House 3

Date and Time of Test:

410C1-sk.jpg

410C1.jpg

3 Tiara Ct

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 200

Smoke Density: Light

410C1

Burlingame, CA 

Upstream Manhole: 222

Downstream Manhole: 219

Thursday, March 31, 2011Report printed on

Sewer Main



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

3:20 PM

Defect Type: Upper Cleanout

Comment: 15ft (approx) sw of mh 3, possibly a 
cleanout

Date and Time of Test:

411A1-sk.jpg

411A1.jpg

100 La Mesa Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Heavy

411A1

Burlingame, CA 

Upstream Manhole: 0

Downstream Manhole: 3

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/27/2010

4:05 PM

Defect Type: Sanitary Manhole

Comment: no picture. Smoke around mh151

Date and Time of Test:

412A1-sk.jpg

412A1.jpg

206 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

412A1

Burlingame, CA 

Upstream Manhole: 151

Downstream Manhole: 151

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/28/2010

10:51 AM

Defect Type: Sanitary Manhole

Comment: MH 217 Defect

Date and Time of Test:

414A1-sk.jpg

414A1.jpg

3028 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

414A1

Burlingame, CA 

Upstream Manhole: 217

Downstream Manhole: 217

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/28/2010

10:51 AM

Defect Type: Sanitary Manhole

Comment: MH 162 defect

Date and Time of Test:

414B1-sk.jpg

414B1.jpg

3022 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

414B1

Burlingame, CA 

Upstream Manhole: 162

Downstream Manhole: 162

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/28/2010

10:51 AM

Defect Type: Sanitary Manhole

Comment: MH 163 defect

Date and Time of Test:

414C1-sk.jpg

414C1.jpg

3022 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

414C1

Burlingame, CA 

Upstream Manhole: 165

Downstream Manhole: 165

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

10/28/2010

10:51 AM

Defect Type: Area Drain

Comment: leak 1 ft west of cleanout on dirveway of 
house 3028

Date and Time of Test:

414D1-sk.jpg

414D1.jpg

3028 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

414D1

Burlingame, CA 

Upstream Manhole: 217

Downstream Manhole: 162

Thursday, March 31, 2011Report printed on

Upper Cleanout



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

11:30 AM

Defect Type: Sanitary Manhole

Comment: MH 155

Date and Time of Test:

415A1-sk.jpg

415A1.jpg

3004 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

415A1

Burlingame, CA 

Upstream Manhole: 155

Downstream Manhole: 155

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

11:30 AM

Defect Type: Lower Lateral

Comment:

Date and Time of Test:

415B1-sk.jpg

415B1.jpg

3004 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

415B1

Burlingame, CA 

Upstream Manhole: 156

Downstream Manhole: 155

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

11:30 AM

Defect Type: Sanitary Manhole

Comment: up structure not on map

Date and Time of Test:

415C1-sk.jpg

415C1.jpg

2730 el prado rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

415C1

Burlingame, CA 

Upstream Manhole: 156

Downstream Manhole: 156

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

11:30 AM

Defect Type: Sanitary Manhole

Comment: not on map

Date and Time of Test:

415D1-sk.jpg

415D1.jpg

2730 el prado rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

415D1

Burlingame, CA 

Upstream Manhole: 155

Downstream Manhole: 155

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

12:01 PM

Defect Type: Sanitary Manhole

Comment: MH 165 defect

Date and Time of Test:

416A1-sk.jpg

416A1.jpg

3004 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

416A1

Burlingame, CA 

Upstream Manhole: 165

Downstream Manhole: 165

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

12:01 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

416B1-sk.jpg

416B1.jpg

3022 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 400

Smoke Density: Light

416B1

Burlingame, CA 

Upstream Manhole: 162

Downstream Manhole: 162

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

12:28 PM

Defect Type: Upper Cleanout

Comment:

Date and Time of Test:

417A1-sk.jpg

417A1.jpg

2920 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 500

Smoke Density: Heavy

417A1

Burlingame, CA 

Upstream Manhole: 174

Downstream Manhole: 176

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

12:28 PM

Defect Type: Sanitary Manhole

Comment: MH 176 defect

Date and Time of Test:

417B1-sk.jpg

417B1.jpg

2890 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Heavy

417B1

Burlingame, CA 

Upstream Manhole: 178

Downstream Manhole: 176

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

1:41 PM

Defect Type: Sanitary Manhole

Comment: MH 139 Defect

Date and Time of Test:

419A1-sk.jpg

419A1.jpg

103 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

419A1

Burlingame, CA 

Upstream Manhole: 139

Downstream Manhole: 139

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

1:57 PM

Defect Type: Sanitary Manhole

Comment: light smoke around mh 127

Date and Time of Test:

420A1-sk.jpg

420A1.jpg

127 Fey Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

420A1

Burlingame, CA 

Upstream Manhole: 127

Downstream Manhole: 127

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

1:57 PM

Defect Type: Sanitary Manhole

Comment: defect located on path at right turn on the 
start of a step uphill grade

Date and Time of Test:

420B1-sk.jpg

420B1.jpg

128 Fey Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 600

Smoke Density: Light

420B1

Burlingame, CA 

Upstream Manhole: 124

Downstream Manhole: 125

Thursday, March 31, 2011Report printed on

Sewer Main



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

2:31 PM

Defect Type: Sanitary Manhole

Comment: mh 153 has light smoke coming around it.

Date and Time of Test:

421A1-sk.jpg

421A1.jpg

102 Fey Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

421A1

Burlingame, CA 

Upstream Manhole: 137

Downstream Manhole: 154

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/2/2010

2:31 PM

Defect Type: Sanitary Manhole

Comment: light smoke around mh 156

Date and Time of Test:

421B1-sk.jpg

421B1.jpg

103 Fey Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

421B1

Burlingame, CA 

Upstream Manhole: 156

Downstream Manhole: 156

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

11:20 AM

Defect Type: Sanitary Manhole

Comment: MH 139 defect

Date and Time of Test:

422A1-sk.jpg

422A1.jpg

103 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 8000

Smoke Density: Light

422A1

Burlingame, CA 

Upstream Manhole: 139

Downstream Manhole: 139

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

11:20 AM

Defect Type: Sanitary Manhole

Comment: MH 154 defect

Date and Time of Test:

422B1-sk.jpg

422B1.jpg

2999 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

422B1

Burlingame, CA 

Upstream Manhole: 154

Downstream Manhole: 154

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

11:41 AM

Defect Type: Downspout

Comment: whole roof is possible drainage area

Date and Time of Test:

423A1-sk.jpg

423A1.jpg

162 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 2500

Smoke Density: Heavy

423A1

Burlingame, CA 

Upstream Manhole: 116

Downstream Manhole: 113

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

11:41 AM

Defect Type: Sanitary Manhole

Comment: MH 119 defect

Date and Time of Test:

423B1-sk.jpg

423B1.jpg

158 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

423B1

Burlingame, CA 

Upstream Manhole: 119

Downstream Manhole: 119

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

12:40 PM

Defect Type: Sanitary Manhole

Comment: MH 109 defect

Date and Time of Test:

425A1-sk.jpg

425A1.jpg

3023 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

425A1

Burlingame, CA 

Upstream Manhole: 109

Downstream Manhole: 109

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

1:08 PM

Defect Type: Lower Lateral

Comment: smoke out of lateral in storm drain 10 ft 
from driveway of 142 valde flores dr.

Date and Time of Test:

426A1-sk.jpg

426A1.jpg

142 Valdeflores Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Light

426A1

Burlingame, CA 

Upstream Manhole: 118

Downstream Manhole: 145

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

1:08 PM

Defect Type: Area Drain

Comment:

Date and Time of Test:

426B1-sk.jpg

426B1.jpg

125 La Mesa Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 300

Smoke Density: Heavy

426B1

Burlingame, CA 

Upstream Manhole: 140

Downstream Manhole: 142

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

1:08 PM

Defect Type: Downspout

Comment: Downspout at corner of house in pic may 
be smoking slightly

Date and Time of Test:

426C1-sk.jpg

426C1.jpg

125 La Mesa Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 300

Smoke Density: Heavy

426C1

Burlingame, CA 

Upstream Manhole: 140

Downstream Manhole: 147

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

1:53 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

427A1-sk.jpg

427A1.jpg

135 Newton Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1500

Smoke Density: Light

427A1

Burlingame, CA 

Upstream Manhole: 90

Downstream Manhole: 90

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

1:53 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

427B1-sk.jpg

427B1.jpg

120 Newton Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

427B1

Burlingame, CA 

Upstream Manhole: 120

Downstream Manhole: 89

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

2:22 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

428A1-sk.jpg

428A1.jpg

2870 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Heavy

428A1

Burlingame, CA 

Upstream Manhole: 104

Downstream Manhole: 104

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/3/2010

2:22 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

428B1-sk.jpg

428B1.jpg

2849 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

428B1

Burlingame, CA 

Upstream Manhole: 108

Downstream Manhole: 241

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

10:45 AM

Defect Type: Sanitary Manhole

Comment: MH 63 defect

Date and Time of Test:

429A1-sk.jpg

429A1.jpg

109 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Heavy

429A1

Burlingame, CA 

Upstream Manhole: 62

Downstream Manhole: 63

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

10:45 AM

Defect Type: Sanitary Manhole

Comment: MH 62 defect

Date and Time of Test:

429B1-sk.jpg

429B1.jpg

109 Los Robles Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

429B1

Burlingame, CA 

Upstream Manhole: 62

Downstream Manhole: 62

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

11:16 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

430A1-sk.jpg

430A1.jpg

2900 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 8

Smoke Density: Light

430A1

Burlingame, CA 

Upstream Manhole: 61

Downstream Manhole: 61

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

11:16 AM

Defect Type: Lower Lateral

Comment:

Date and Time of Test:

430B1-sk.jpg

430B1.jpg

2861 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 600

Smoke Density: Heavy

430B1

Burlingame, CA 

Upstream Manhole: 82

Downstream Manhole: 93

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

11:47 AM

Defect Type: Lower Cleanout

Comment: possible cleanout leak

Date and Time of Test:

431A1-sk.jpg

431A1.jpg

2832 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

431A1

Burlingame, CA 

Upstream Manhole: 94

Downstream Manhole: 96

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

11:47 AM

Defect Type: Upper Lateral

Comment:

Date and Time of Test:

431B1-sk.jpg

431B1.jpg

2810 Hillside Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 48

Smoke Density: Light

431B1

Burlingame, CA 

Upstream Manhole: 237

Downstream Manhole: 238

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

12:55 PM

Defect Type: Lower Cleanout

Comment: smoke coming from landscape approx 5 ft 
sw of cleanout on d/w and 10 ft south of 
storm drain.

Date and Time of Test:

432A1-sk.jpg

432A1.jpg

2835 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Light

432A1

Burlingame, CA 

Upstream Manhole: 76

Downstream Manhole: 78

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

12:55 PM

Defect Type: Lower Lateral

Comment: landscape is stacked rocks beside end of 
driveway

Date and Time of Test:

432B1-sk.jpg

432B1.jpg

2815 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 80

Smoke Density: Light

432B1

Burlingame, CA 

Upstream Manhole: 78

Downstream Manhole: 80

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

12:55 PM

Defect Type: Upper Cleanout

Comment:

Date and Time of Test:

432C1-sk.jpg

432C1.jpg

2825 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 300

Smoke Density: Light

432C1

Burlingame, CA 

Upstream Manhole: 78

Downstream Manhole: 80

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

12:55 PM

Defect Type: Lower Lateral

Comment: Area drain at bottom of driveway smoking.

Date and Time of Test:

432D1-sk.jpg

432D1.jpg

2825 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 200

Smoke Density: Heavy

432D1

Burlingame, CA 

Upstream Manhole: 78

Downstream Manhole: 80

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

1:40 PM

Defect Type: Lower Lateral

Comment: smoke from possible lateral leak across 
from 2880 in drain

Date and Time of Test:

433A1-sk.jpg

433A1.jpg

2880 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 200

Smoke Density: Light

433A1

Burlingame, CA 

Upstream Manhole: 51

Downstream Manhole: 50

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

2:05 PM

Defect Type: Sewer Main

Comment:

Date and Time of Test:

434A1-sk.jpg

434A1.jpg

2933 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 150

Smoke Density: Light

434A1

Burlingame, CA 

Upstream Manhole: 52

Downstream Manhole: 53

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

2:05 PM

Defect Type: Upper Cleanout

Comment:

Date and Time of Test:

434B1-sk.jpg

434B1.jpg

2925 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 120

Smoke Density: Heavy

434B1

Burlingame, CA 

Upstream Manhole: 52

Downstream Manhole: 53

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/4/2010

2:05 PM

Defect Type: Lower Lateral

Comment: smoke coming out of water meter and 50 
ft North of MH 53 possible lateral tie in

Date and Time of Test:

434C1-sk.jpg

434C1.jpg

2909 Adeline Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 250

Smoke Density: Heavy

434C1

Burlingame, CA 

Upstream Manhole: 53

Downstream Manhole: 54

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

11:45 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

435A1-sk.jpg

435A1.jpg

 blackhawk ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

435A1

Burlingame, CA 

Upstream Manhole: 65

Downstream Manhole: 68

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

11:45 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

435B1-sk.jpg

435B1.jpg

 blackhawk ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

435B1

Burlingame, CA 

Upstream Manhole: 68

Downstream Manhole: 68

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

11:45 AM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

435C1-sk.jpg

435C1.jpg

 blackhawk ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

435C1

Burlingame, CA 

Upstream Manhole: 69

Downstream Manhole: 69

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

1:41 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

436A1-sk.jpg

436A1.jpg

2890 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

436A1

Burlingame, CA 

Upstream Manhole: 98

Downstream Manhole: 98

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:01 PM

Defect Type: Sewer Main

Comment: Spots around exposed piping smoking.

Date and Time of Test:

437A1-sk.jpg

437A1.jpg

2884 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Heavy

437A1

Burlingame, CA 

Upstream Manhole: 49

Downstream Manhole: 48

Thursday, March 31, 2011Report printed on

Adeline Dr



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:01 PM

Defect Type: Sewer Main

Comment: Spots around exposed piping smoking.

Date and Time of Test:

437B1-sk.jpg

437B1.jpg

2884 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 100

Smoke Density: Heavy

437B1

Burlingame, CA 

Upstream Manhole: 49

Downstream Manhole: 48

Thursday, March 31, 2011Report printed on

Adeline Dr



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:01 PM

Defect Type: Lower Cleanout

Comment: cleanout 3 ft from steps and about 12 ft 
from mh 49

Date and Time of Test:

437C1-sk.jpg

437C1.jpg

2884 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

437C1

Burlingame, CA 

Upstream Manhole: 49

Downstream Manhole: 48

Thursday, March 31, 2011Report printed on

Adeline Dr

Adeline Dr



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:01 PM

Defect Type: Upper Lateral

Comment: small lateral defect in the inside portion of 
house number 2886 canyon near the 
backyard fence.

Date and Time of Test:

437D1-sk.jpg

437D1.jpg

2886 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 4

Smoke Density: Light

437D1

Burlingame, CA 

Upstream Manhole: 49

Downstream Manhole: 48

Thursday, March 31, 2011Report printed on

Adeline Dr

Adeline Dr

Adeline



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:01 PM

Defect Type: Sewer Main

Comment: possible lateral tie-in (large hole in ground 
is smoking) approx 50 ft along trail north 
of MH 49, and down from trail 40 ft south 
of mh 48

Date and Time of Test:

437E1-sk.jpg

437E1.jpg

2884 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 10000

Smoke Density: Heavy

437E1

Burlingame, CA 

Upstream Manhole: 49

Downstream Manhole: 48

Thursday, March 31, 2011Report printed on

Adeline Dr



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

3:21 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

438A1-sk.jpg

438A1.jpg

2734 Summit Dr

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Heavy

438A1

Burlingame, CA 

Upstream Manhole: 6078

Downstream Manhole: 6078

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

2:13 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

439A1-sk.jpg

439A1.jpg

2890 Canyon rd

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 1

Smoke Density: Light

439A1

Burlingame, CA 

Upstream Manhole: 176

Downstream Manhole: 176

Thursday, March 31, 2011Report printed on



INFILTRATION CORRECTION RECORD
Burlingame Hills Sewer Maintenance District

11/11/2010

4:33 PM

Defect Type: Sanitary Manhole

Comment:

Date and Time of Test:

441A1-sk.jpg

441A1.jpg

15 tulip ln

ACTION TAKEN

Corrective Action Taken

Owner Notified

Date:

Letter

Phone

Date

OK by

Drainage Area (sq. feet): 25

Smoke Density: Light

441A1

Burlingame, CA 

Upstream Manhole: 236

Downstream Manhole: 236

Thursday, March 31, 2011Report printed on



THIS PAGE INTENTIONALLY LEFT BLANK 



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 

B 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

Attachment B: Dye Testing Inspection Forms 
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Attachment C: Manhole Inspection Form Information 
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Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 C 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

C.1 Manhole Inspection Forms 
The manhole inspection form shown on Figure C-1 and C-2 was used to record asset information and defect 
observations in the field. The inspection form includes the information required by the National Association 
of Sewer Service Companies (NASSCO) Manhole Assessment and Certification Program (MACP). The key to 
the abbreviations/codes used on the manhole inspection form are shown on Figure C-3 and Figure C-4. 

Figure C-1.  Manhole Inspection Form (Page 1) 



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 

C 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

 
Figure C-2.  Manhole Inspection Form (Page 2) 



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 C 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

 

Figure C-3.  Manhole Inspection Form Codes (Page 1) 

 



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 

C 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

 
Figure C-4.  Manhole Inspection Form Codes (Page 2) 



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 C 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

C.1 Manhole Inspection Forms 

The location criteria form shown on Figure C-5 was used to record observations of public impact, 
environmental, and access/safety criteria for each manhole location. The Priority rating key for each of these 
criteria are shown on Figure C-6. 

 
Figure C-5.  Manhole Location Criteria Form 
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Figure C-6. Priority Key for Manhole Location Criteria Form 
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Attachment D: Manhole Inspection Summary and Forms 
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Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 D-1 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

2          5  

3         X   

4           X 

5   X         

6          10  

7          45  

8          6  

9 X  X X     X   

10          7  

11   X         

12          7  

13 X   X      7  

14         X 7  

15          3  

18          7  

19          7  

21          3  

22          7  

23          3  

24    X      7  

27 X      X   7  

28   X         

29          7  

30           X 

31          3  

35           X 

36           X 

41           X 

42           X 

43           X 

45   X         

46         X   

47           X 

48   X         

49           X 

50 X           



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 

D-1 
TM1_InfiltrationInflowInspections_FINAL 062411.docx 

Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

51    X     X   

52         X   

53 X           

54    X        

55   X         

56   X X        

57 X  X         

58 X  X X        

61       X     

62 X  X         

63           X 

64   X         

65          7  

66           X 

67  X          

68           X 

69   X         

70 X   X        

71           X 

72           X 

73      X      

74   X         

75 X           

76    X   X     

77    X        

78 X   X   X X    

79 X      X     

80 X      X     

82    X        

83 X           

84       X     

85 X  X    X  X   

88           X 

89 X  X    X     

90 X  X         

91 X           
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Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

92   X         

93           X 

94 X      X     

95 X      X     

96       X     

98           X 

99           X 

100           X 

102          6  

103          7  

104 X   X      7  

105 X       X  7  

107          7  

108 X  X X   X   7  

109 X         5  

110    X   X   7  

111   X         

112 X      X     

113 X  X    X     

114           X 

115           X 

116 X  X         

117           X 

118    X   X   7  

119 X   X   X   7  

122      X    7  

123 X  X X   X   7  

125   X X        

126   X X   X     

127 X   X   X   7  

128           X 

129           X 

130           X 

131           X 

133          7  

134           X 
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Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

135    X X  X  X 7  

136           X 

137 X   X   X   7  

138 X   X   X   7  

139    X        

140      X      

141 X  X       7  

142   X       4  

143           X 

144   X       7  

145           X 

147 X  X    X   7  

149          7  

151   X         

154   X X      7  

155    X   X   7  

156          3  

158   X         

159 X  X X   X     

160           X 

161 X      X     

162     X     7  

163    X      7  

164      X    3  

165    X   X   7  

166       X   3  

167           X 

168      X      

170 X           

171 X       X  3  

172           X 

173        X  7  

174   X X    X  7  

175   X   X      

176        X  7  

177 X           



Technical Memorandum No. 1  System Performance Evaluation – Collection System Field Inspections (Task 2)
 

 D-1 

TM1_InfiltrationInflowInspections_FINAL 062411.docx 

Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

178    X      7  

179           X 

180    X      7  

181    X    X  7  

182 X  X X      7  

185          7  

186          3  

187           X 

188          3  

189   X         

190          7  

191   X X   X   7  

192           X 

194   X       7  

199 X           

202           X 

203 X  X    X X    

205           X 

206 X           

209           X 

210           X 

211           X 

212           X 

213           X 

216 X  X X        

217   X       7  

218   X       7  

219           X 

220           X 

221 X      X   3  

222       X     

223           X 

224           X 

225          3  

226 X  X         

227          3  
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Table D-1.  Manhole Inspections and Defects 

Inspection 
Manhole 

Infiltration 
Stain 

Inflow 
Source Roots 

Mortar 
Deterioration Brick 

Frame 
Offset 

Frame Seal 
Cracked 

Adjustment 
Ring Cracked Deposits 

Vent 
Holes 

No 
Defects 

228          4  

229           X 

230          3  

231   X         

232          3  

233          3  

234           X 

236       X   3  

237           X 

238 X         15  

239       X   3  

240          3  

241 X  X X   X   7  

243          3  

244          3  

245           X 

246          3  

249          3  

252           X 

253          3  

254           X 

256           X 

5842 X           

5872           X 

6071           X 

6078          3  
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Attachment E: Manhole Location Criteria Forms 
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Technical Memorandum 2 

Hydraulic Model Development 
This Technical Memorandum 2 (TM 2) documents the development of a hydraulic model of the Burlingame 
Hills Sewer Maintenance District’s (District) trunk sewers to evaluate their hydraulic capacity. 

2.1 Introduction 
The intent of the Burlingame Hills Sewer Maintenance District Wastewater Collection System Capacity 
Assurance Plan and Master Plan Update (Master Plan Update) project is to develop an update to the 1999 
Master Plan utilizing flow monitoring data collected in the District and the City of Burlingame (City) in 2009 
and field inspection data collected as part of this project.  

2.1.1 Scope of Work 
The scope of work for the Master Plan Update includes the following tasks: 

1. Project Management 
2. Infiltration/Inflow (I/I) Field Inspections 
3. Hydraulic Model Development 
4. System Performance Evaluation and Capacity Assurance Plan 
5. Capital Improvement Plan Development 

TM 2 is the deliverable for Task 3, Hydraulic Model Development.  

2.1.2 Service Area 
The District service area encompasses approximately 161 acres located in the County of San Mateo (County) 
on the San Francisco Peninsula. The District is roughly bounded by Canyon Road and Summit Drive in the 
south, Skyline Boulevard and Tiptoe Lane in the west, Hillside Drive and Adeline Drive in the north and 
Alvarado Avenue in the east. Figure 2-1 shows the District service area and collection system. 

2.1.3 Existing Collection System 
The District collection system consists of approximately 6.6 miles of 6-inch to 8-inch-diameter vitrified clay 
pipe. There are three main trunk sewers in the District, located on Adeline Drive, Canyon Road and Hillside 
Drive. These sewers roughly divide the District service area into three major drainage areas. 

The District’s collection system also transports City and Town of Hillsborough (Town) flows in the trunk 
sewers on Adeline Drive and Canyon Road and in the sewer on Canyon Road upstream of the trunk sewer. 
Flow monitoring data includes flows contributed by the City and Town, as well as the District. The 
contributing City and Town areas (approximately 165 acres) are also shown on Figure 2-1. District service 
area flows are conveyed by gravity to the City collection system and transported and treated at the City’s 
wastewater treatment plant. Wastewater pumping stations are not required in the District due to the 
topography in the service area. The District trunk sewers discharge to the City’s collection system at different 
locations. 

2.1.4 Previous Planning Reports and Information 
An evaluation of the District wastewater collection system was completed in 1999. The City, which transports 
and treats the District’s wastewater and contributes flows to District sewers, prepared an evaluation of their 
wastewater collection system in 2010. Reports, planning documents, and information used in the 
development of this Master Plan Update are included in the References section.  
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2.2 Land Use Evaluation 
This section describes existing land uses within the District service area and in contributing City and Town 
areas. Land use provides the basis for developing unit wastewater flows and wastewater flow projections for 
the Master Plan Update.  

2.2.1 Information Sources 
Land use information was assigned to each parcel within the District service area and contributing City and 
Town areas. Information used to develop the parcel land use information is summarized below.  
• Geographical Information System (GIS) data – The County provided a GIS shapefile containing the County 

Tax Assessor’s (Assessor’s) parcel numbers (APNs), boundaries, and address information. 
• San Mateo County parcel information – Parcel information was received in a Microsoft® Access database 

including APNs and County Tax Assessor’s land use codes for parcels. 
• City of Burlingame 2010 Wastewater Collection System Master Plan – The land uses developed in the 

City’s 2010 Master Plan were used for contributing City parcels. 
• City of Burlingame General Plan – The City’s General Plan consists of 10 elements, two of which were 

used for the land use analysis: the Land Use Element and the Housing Element, adopted in 1969 and 
2002, respectively. Burlingame Hills is in the City sphere of influence. 

• County of San Mateo General Plan – The County’s General plan Land Use and Housing Elements, 
adopted in 2003, were used for the land use analysis. 

• Aerial Photography – Aerial photography from Google Earth software was used to categorize the land use 
of some parcels originally of unknown land use. 

2.2.2 Master Plan Update Land Use 
The land use assignments for the area tributary to the District’s collection system are shown on Figure 2-2. 
The majority of the parcels are single family residential. Table 2-1 summarizes the areas in each of the land 
use categories. 

The areas served by the District are essentially fully developed and planning documents do not indicate 
substantial changes in land use distribution due to redevelopment in the study area. Therefore, this Master 
Plan Update evaluates current land use conditions and does not evaluate a future build-out land use 
scenario. 

 
Table 2-1.  Land Use Categories 

Master Plan  
Land Use Category Assessor’s Land Use Descriptions 

City and Town Contributing District Service Area 

Parcel 
Count 

Area 
(acres) 

Percent of 
Total Area (%) 

Parcel 
Count 

Area 
(acres) 

Percent of 
Total Area (%) 

Single Family Residential Residential, single family residence 458 154 47.1 418 155 47.5 

Multi-Family Residential 
(Medium Density) 

Residential, miscellaneous - - - 2 1.2 0.4 

Residential, more than one detached residence - - - 2 0.6 0.2 

Institutional Institutional, schools 1 6 1.9 - - - 

Non-Contributing Vacant, residential 7 3 1.0 10 4.1 1.3 

 Miscellaneous, water companies, radio stations 2 2 0.6 - - - 

TOTAL 468 165 50.6 432 161 49.4 
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2.3 Dry Weather Flow Projections 
This section summarizes the development of dry weather flow (DWF) projections for parcels located in the 
District service area and in City and Town contributing areas. Flow projections were based on the master 
plan land use categories developed in Section 2.2, and will form the foundation for the development and 
calibration of the hydraulic model of the collection system. 

2.3.1 Wastewater Flow Components 
Wastewater flow generally consists of three components (see Figure 2-3): base sanitary flow (BSF), 
groundwater infiltration (GWI), and rainfall dependent infiltration and inflow (RDI/I). DWF is comprised of only 
BSF and dry weather GWI.  

 
Figure 2-3.  Wastewater Hydrograph Components 

Base Sanitary Flow. BSF is generated from residential, commercial, industrial, and public sources that 
discharge wastewater into the collection system. During dry weather, it is the major source of the DWF in the 
collection system. BSF is determined from the land use type, and may be impacted by water use practices 
such as water conservation. 

Unit Flow Factors. BSF is typically calculated by applying a distinct unit flow factor to each type of land use. 
The BSF for this project was based on the amount of potable water billed to water service customers of each 
land use category during the winter months of 2008 (November 2007 – February 2008) by estimating the 
portion of potable water discharged to the collection system as wastewater. 

Diurnal Patterns. BSF varies throughout the day, and the pattern of variation depends on the land use 
category. Residential areas, for example, typically exhibit a diurnal pattern with the lowest flows occurring 
during early morning hours, and the highest peak flows occurring mid-morning, with a second peak in the 
evening. Commercial and industrial land uses tend to generate a relatively constant flow during working 
hours, dropping off steeply between late evening and early morning. Diurnal patterns will be used during the 
dry weather model calibration in Section 2.5. 

Fl
ow

 

Time (24 Hours) 

RDI/I 

BSF 

GWI 

Rainfall 
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Groundwater Infiltration. GWI occurs when groundwater levels are above the collection system pipe inverts, 
allowing water to enter the system through faulty joints or other defects. During any given day, GWI 
comprises a relatively constant proportion of the total flow entering the system. It can vary significantly from 
dry season to wet season, and is higher in the spring after the rainy season than at the end of a dry summer. 
The amount of GWI can be approximated by taking the difference between the projected BSF and measured 
DWF. The difference between the predicted BSF and the measured DWF will be used to develop dry weather 
and wet weather GWI projections during the model calibration in Section 2.5. 

Rainfall Dependent Infiltration and Inflow. RDI/I occurs during wet weather. Infiltration enters the collection 
system by the same mechanism as GWI. The inflow component of RDI/I comes from surface water and 
stormwater runoff that enters the collection system largely through manholes, cross connections with the 
storm drain system, downspouts, or direct connections to the collection system. The amount of RDI/I can be 
characterized for different rainfall events using flow monitoring and precipitation data. RDI/I does not 
contribute to dry weather flows. RDI/I projections will be made during the wet weather model calibration in 
Section 2.5. 

2.3.2 Unit Flow Factor Development 
Dry weather unit flow factors are developed to project base sanitary flow by land use category using winter 
water consumption data. The unit flow factor for the single family residential land use is derived by dwelling 
unit (flow per parcel). For medium to high density residential and non-residential land uses, unit flows are 
derived on a flow per acre basis. 

Estimating BSF from Water Use Data. In a non-arid urban setting such as Burlingame Hills, landscape 
irrigation and other non-household water uses are typically at a minimum during wet season winter months. 
The amount of municipal water “consumed” can be consistently correlated with the amount of water 
returned to the wastewater collection system and is used to estimate BSF. Although water use data is 
variable throughout the year and summer water use is higher than winter use, BSF generation is consistent 
throughout the year. The potable water returned to the collection system as BSF is typically 90 to 95 percent 
of winter water use. 

Water Use Data. The City supplied a monthly water billing summary by land use, which includes the study 
area, for July 2007 through June 2008. The water use data for the winter of 2007/2008 was correlated to 
the master plan land use categories. Table 2-2 lists the average water use for each master plan land use 
category, used for the initial calibration of the hydraulic model. 
 

Table 2-2.  Water Use by Land Use Category 

Master Plan Land Use Category Water Billing Land Uses Average Water Use 

Single Family Residential Single Family 170 gpd per parcel 

Multi-Family Residential (Medium Density) Duplex 1,270 gpd per acre 

Institutional  Hospitals & Institutional 450 gpd per acre 

 

2.4 Flow Monitoring 
Flow monitoring and rainfall data will be used for model calibration and to develop design storm 
hydrographs. Flow monitors (FM) and rain gages were installed from December 30, 2008 to March 10, 
2009.  Flow monitors were installed in the designated manhole and monitored flows in the pipe immediately 
upstream of the manhole. Table 2-3 identifies the location of the four flow monitors.  
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Table 2-3. Flow Monitor Locations 

Site No. Location Manhole No. Diameter Recording Interval Notes 

3 Adeline Dr. & Alvarado Ave. 79 8-inch 5-minute  

4 Easement (Hillside Dr.) & Alvarado Ave. 5842 6-inch 5-minute  

7 Easton Dr. City E3-21078 12-inch 5-minute Downstream of manhole 241 

18 Easement (Adeline Dr.) 52 6-inch 5-minute City Entry Point 

 

The locations of the flow monitors and the tributary drainage basin boundaries are shown on Figure 2-4. 

2.5 Hydraulic Model 
This section summarizes the development of the hydraulic model. The District’s collection system was 
included in the City’s collection system hydraulic model. The hydraulic model was developed by importing 
and validating the collection system network, allocating BSF and GWI to the network, applying wastewater 
diurnal patterns based on land use, and then calibrating the model to both dry and wet weather precipitation 
and flow monitoring data collected during the winter of 2009. 

2.5.1 Model Software 
InfoWorks™ CS is used for this project because it is a fully dynamic hydraulic modeling program able to 
model complicated collection systems. It has a robust user interface, accurate and stable hydraulic engine, 
and the ability to model RDI/I via R-factor analysis. InfoWorks™ CS imports sewer data directly from an 
existing database, and is currently used by a number of Bay Area municipalities including San Jose, San 
Francisco, and San Mateo. 

2.5.2 Model Network Development 
The hydraulic model of the District’s collection system consists of the model network conduits (pipes) and 
nodes (manholes), and subcatchments for flow allocation. 

Model Network. The three District trunk sewers were modeled. These sewers include all the 8-inch diameter 
pipelines in the District. In addition, 6-inch diameter pipelines in Canyon Road and Adeline Drive were 
modeled. The modeled sewers are summarized in Table 2-4. 

 
Table 2-4.  Modeled District Sewers 

Description Diameter 
(inches) 

Upstream 
Manhole Number 

Downstream 
Manhole Number 

Length 
(feet) 

Adeline Drive Trunk Sewer 8 49 79 2,007 

Hillside Drive Trunk Sewer 6 93 5842 1,319 

Canyon Road Trunk Sewer 8 154 241 2,164 

Adeline Drive Sewer 6 52 76 2,003 

Canyon Road Sewer 6 13 154 2,809 

El Prado Road Easement Sewer 6 6071 6078 232 

 

Figure 2-5 shows the location and diameter of modeled gravity mains. Approximately 30 percent of the total 
length of pipe in the District’s collection system was included in the model.  
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Pipe and Manhole Data. Data for the network pipes and manholes were imported directly from the GIS files. 
All gravity mains were assigned Manning’s friction factor n = 0.013. A number of GIS elements with 
incomplete or inconsistent data were either excluded from the hydraulic model or corrected during the 
model development: 
• Missing or inconsistent invert elevations and pipe diameters were interpolated from upstream and 

downstream pipes. 
• Missing manhole rim elevations were interpolated from 2-foot GIS topographic contours. Generally, the 

interpolated elevations were found to be within ±0.5 feet of known rim elevations. 

Flow Allocation. Wastewater flows were allocated to the collection system by loading the flows generated by 
each parcel to a manhole based on GIS sewer lateral locations where available, or the proximity of the parcel 
to the nearest manhole. Parcels sharing common land uses and input nodes were grouped into 
subcatchments and input into the model as a single element. The summation of subcatchment loads is the 
total load at each manhole. 

2.6 Dry Weather Model Calibration 
The dry weather model calibration process used to calibrate the hydraulic model for the City and District 
collection systems is described in this section. The calibration process sought to match modeled peak flows 
and volumes to observed data at the FM sites by projecting BSF, distributing GWI, and matching the shape 
of FM hydrographs. Once the network and subcatchments were developed, the hydraulic model was 
calibrated to dry weather flow data collected during the winter of 2008/2009.  

2.6.1 Dry Weather Flow Data 

No significant precipitation was recorded during the period from January 3 to January 20; therefore, 
Thursday, January 15, 2009 was selected as the dry weather calibration day. 

2.6.2 BSF and Diurnal Pattern Calibration 

The objective of BSF calibration was to correlate the modeled hydrographs with the shape and magnitude of 
the observed hydrographs at each FM location by applying diurnal patterns and manipulating the unit flow 
factors until modeled flows match observed flows reasonably well.  

Diurnal patterns are used to account for the typical variation in flow during a day, and were applied to the 
model subcatchments by land use during BSF calibration. Initially, diurnal flow patterns were developed from 
flow monitor (FM) data by average BSF hourly peaking factors from multiple days. Single family residential 
(SFR) parcels account for the largest proportion of flow in the District’s service area. The Burlingame Hills 
residential diurnal pattern varied from the City FM basins, which have higher SFR densities. The typical 
weekday diurnal patterns for Burlingame Hills residential as well as City residential and commercial land 
uses are shown on Figure 2-6.  

2.6.3 Unit Flow Factor and Dry Weather GWI Calibration 

Unit flow factors were adjusted to match model flows to observed flows during BSF calibration. Metered 
flows at FM 7 required a significant increase in the unit flow factors. 

The flow attributed to GWI was roughly equivalent to the difference between the low (early morning) metered 
flow and model BSF. For basins where there was a difference, a constant flow of GWI was added to the 
subcatchments in the corresponding FM basin. The location of each FM basin is shown on Figure 2-4. 

2.6.4 Dry Weather Parameters.  

The final dry weather GWI, diurnal patterns, and unit flow factors resulting from the calibration are listed in 
Table 2-5. 
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Figure 2-6.  Typical Weekday Diurnal Patterns 

(Source: 2010 Burlingame Wastewater Collection System Master Plan) 

 

 
Table 2-5.  Calibrated Dry Weather Parameters 

FM 
Basin 

GWI 
(mgd) Land Use Category Calibrated Unit  

Flow Factors 
Diurnal 
Pattern 

3/18 0.05 Single Family Residential 170 gpd per parcel Burlingame Hills 

41 0.00 
Single Family Residential 170 gpd per parcel Burlingame Hills 

Single Family Residential (FM 7) 420 gpd per parcel Burlingame Hills  

7 0.03 

Single Family Residential (FM 7) 420 gpd per parcel Burlingame Hills  

Multi-Family Residential (Medium Density) 1,200 gpd per acre City Residential2 

Institutional 430 gpd per acre Commercial 

1. FM basin 4 has characteristics similar to both FM basins 3 and 7, and is modeled as a mix of both. 
2. The City diurnal was used for all multi-family residential in the City model, including the few parcels in the District. 
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2.6.5 Dry Weather Observed vs. Modeled Results 

The dry weather calibration was carried out by comparing modeled results with metered data from the flow 
monitoring period described above. The dry weather calibration hydrographs for FM 3, 4, and 7 are located 
in Attachment A. FM 18, which monitored City flows, was used only for wet weather calibration at FM 3.  

Comparisons of metered vs. modeled average dry weather flow (ADWF) and peak dry weather flow (PDWF) 
are presented in Table 2-6. The target accuracy range for peak flow calibration is typically ±15 percent; it is 
more difficult to calibrate to flows in small metered areas because they are more sensitive to daily variations 
in water usage. As illustrated on the figures and in Table 2-6, modeled ADWF and PDWF varied slightly from 
monitored data but were with an acceptable margin of error, particularly for low flow rates such as these. 

 
Table 2-6.  Dry Weather Model Calibration Results 

Flow 
Monitor 

ADWF 
(mgd) 

PDWF 
(mgd) 

Observations 
Observed Modeled Percent 

Difference Observed Modeled Percent 
Difference 

3 0.10 0.10 0 0.15 0.13 -13 Used only for dry weather calibration for the FM Basin 3. 

4 0.006 0.007 17 0.019 0.014 -26 Low DWF. 

7 0.20 0.16 -20 0.32 0.26 -19 Higher observed flow may be due to Institution (school) parcel. 

18 NA NA NA NA NA NA Used only for wet weather calibration for FM Basin 3. 

 

2.7 Wet Weather Model Calibration 
The wet weather model calibration process used to calibrate the hydraulic model for the City and District 
collection systems is described in this section. Wet weather model calibration involves estimating the 
amount of RDI/I that enters the collection system during a storm event, spatially distributing the total RDI/I 
amount throughout the collection system area, and then adjusting modeling parameters to match modeled 
flows to observed flows. Once the dry weather parameters were developed, the hydraulic model was 
calibrated to wet weather flows based on metered flows collected during the winter of 2008/2009.  

2.7.1 Wet Weather Flow Data 

The three-day period of February 14, 15, and 16, 2009 was selected as the wet weather calibration period, 
with significant rainfall, approximately a 5-year 24-hour storm (a total of 2.9 inches, with a peak hourly 
rainfall of 0.25 inches/hour), occurring between 3:00 a.m. on February 15 and 10:00 a.m. on February 16. 
This period was selected because data from the FMs showed that rainfall during that period caused the 
highest peak at most of the FM sites. The storm event on March 2, 2009 was used to verify the wet weather 
calibration.  These storms will be used to identify calibrated RDI/I parameters which will later be applied to 
the 10-year, 24-hour design storm. 

2.7.2 Wet Weather GWI Calibration 

Significant rainfall events during the FM period began around February 5, 2009 and continued to March 5, 
2009, and caused a slight rise in the minimum flows observed afterwards. During the days between those 
early rains and the calibration storm, the shape and magnitude of the diurnal patterns returned to normal, 
but were transposed slightly higher up the Y-axis, indicating an increase in wet weather GWI. For that reason, 
wet weather GWI factors were developed and applied to the network for the wet weather calibration. 



Technical Memorandum No. 2  Hydraulic Model Development (Task 3) 
 

 13 

\\BCWCK01\Projects\139000\139924 - Burlingame Hills MP Update\03 Hydraulic Model Development\TM2_HydraulicModelDevelopment_final 021811.docx 

2.7.3 R-factor Calibration 

Subcatchment RDI/I factors were input into the model in the form of an R-factor, which is the percentage of 
rainfall volume that reaches the collection system. RDI/I varies between sewer basins depending on many 
different localized conditions such as pipe condition, ground surface (permeable vs. impermeable), number 
of connections, etc. 

R-factors are divided between fast, medium, and slow runoff surfaces (see Figure 2-7) that determine how 
fast RDI/I enters the system. During calibration, the percentage of rainfall assigned to each surface was 
manipulated to change the shape of each FM basin hydrograph. The process of manipulating the runoff 
surfaces was iterative, and was repeated until the modeled hydrograph corresponded reasonably well with 
the observed hydrograph. 

 

 
Figure 2-7.  Typical RDI/I Hydrograph Components: Runoff Surfaces 

 

FM 3 showed anomalies in data during wet weather flows. Both FM 3 and FM 18 monitored the FM basin 3, 
with FM 18 located approximately 2,000 feet upstream of FM 3. Flow velocities were very high at FM 3, 
particularly during wet weather events, due to the steep grade just upstream of its location. High velocity can 
affect the accuracy of flow meters; therefore, FM 18 was used for wet weather calibration of the FM 3 basin 
when velocities peaked. 
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2.7.4 Wet Weather Parameters 

The model was calibrated to wet weather flows by iteratively comparing modeled results with observed data 
for the calibration period. The final wet weather GWI and R-factors resulting from the calibration process are 
listed in Table 2-7 and shown on Figure 2-8.  

Wet weather GWI rates ranged from 0 to 1060 gallons per day (gpd) per acre for the four FM basins. FM 
Basins 3, 7, and 18 exhibited relatively GWI rates compared to FM Basin 4. The low wet weather GWI rate 
seen in FM Basin 4 indicates a lower incidence of GWI due to pipe and manhole leaks.  

R-factors vary slightly between the four basins, ranging from 5.7 to 9.5, and are considered higher than 
normal. Generally, R-factors above three (3) are considered high.  
 

Table 2-7.  Calibrated Wet Weather Parameters 

FM Basin Area 
(ac) 

GWI 
(mgd) 

GWI Rate 
(gpd/ac) 

R-factor  
(Percent of Rainfall Volume) 

3* 21 0.02 950 7.1 

4 20 0.00 0 9.5 

7 208 0.22 1060 5.7 

18 62 0.04 645 7.1* 

* Wet weather parameters for FM 3 were developed using FM 18 calibration 
 

2.7.5 Wet Weather Observed vs. Modeled Results 

The wet weather calibration was carried out by comparing modeled results with metered data from the flow 
monitoring period described above. Table 2-8 presents the numerical results of the final wet weather 
calibration. Wet weather results are presented as peak wet weather flow (PWWF) occurring during the three-
day wet weather calibration simulation.  

 
Table 2-8.  Wet Weather Model Calibration Results 

Flow 
Meter 

ADWF 
(mgd) 

Peak Wet Weather Flow 
(mgd) 

Observations 
Observed Modeled Percent 

Difference 

3 0.10 - - - Used only for dry weather calibration for the FM Basin 3. 

4 0.01 0.21 0.21 0  

7 0.20 1.58 1.57 -1  

18 - 0.72 0.71 -1 Used only for wet weather calibration for the FM Basin 3. 

 

The wet weather calibration hydrographs for FM 4, 7, and 18 are located in Attachment B. As illustrated on 
these figures and in Table 2-8, FM 4 and FM 7 hydrographs aligned well for both peak hour and total 
volume, while the peak hour at FM 18 was matched but not the secondary peaks and overall volume. 

The wet weather parameters listed in Table 2-7 were verified by applying these wet weather parameters to a 
simulation of the rainfall event on March 2, 2009, and comparing the modeled flows with the metered flow 
data. Wet weather parameters vary with each storm because of varied rainfall patterns and characteristics 
of the collection system; but generally, the model responded well to the March 2, 2009 rainfall and 
projected wet weather flows that correlated well with metered flows. 
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2.8 Conclusions 
The following conclusions were made on the hydraulic model development: 
• Flow monitoring limitations were encountered (such as low flows and high velocities), but enough data 

was collected to calibrate the model. 
• The PWWF calibration was good (within 1 percent), which lends confidence to the model projections using 

the design storm. 

The RDI/I parameters developed in this task will be used to develop 10-year, 24-hour flow projections in the 
next task. This information will be used to evaluate the system capacity and develop capital improvement 
projects where deficiencies are identified. 
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Attachment A: Dry Weather Calibration Hydrographs 

January 15th, 2009 
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Attachment B: Wet Weather Calibration Hydrographs 

February 14th, 15th, and 16th, 2009 
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Technical Memorandum 3 

System Performance Evaluation and Capacity 
Assurance Plan - Hydraulics 
This Technical Memorandum 3 (TM 3) documents and evaluates the results of the hydraulic modeling and 
hydraulic capacity deficiencies in the Burlingame Hills Sewer Maintenance District (District) wastewater 
collection system.  The TM also includes the hydraulic modeling results evaluating the effect of rainfall 
dependent infiltration/inflow (RDI/I) flow reduction on the City of Burlingame’s (City) wastewater treatment 
plant (WWTP).  Finally, the TM will present alternatives to address hydraulic capacity deficiencies and high 
RDI/I areas. 

3.1 Introduction 
The intent of the District Wastewater Collection System Capacity Assurance Plan and Master Plan Update 
(Master Plan Update) project is to develop an update to the 1999 Master Plan utilizing flow monitoring data 
collected in the District and the City in 2009 and field inspection data collected as part of this project. 

3.1.1 Scope of Work 

The scope of work for the Master Plan Update includes the following tasks: 
1. Project Management 
2. Infiltration/Inflow (I/I) Field Inspections 

3. Hydraulic Model Development 

4. System Performance Evaluation and Capacity Assurance Plan 
5. Capital Improvement Plan Development 

TM 3 is the deliverable for Task 4, System Performance Evaluation and Capacity Assurance Plan. 

3.1.2 Service Area 

The District service area encompasses approximately 161 acres located in the County of San Mateo (County) 
on the San Francisco Peninsula. The District is roughly bounded by Canyon Road and Summit Drive in the 
south, Skyline Boulevard and Tiptoe Lane in the west, Hillside Drive and Adeline Drive in the north and 
Alvarado Avenue in the east. Figure 3-1 shows the District service area and collection system. 

3.1.3 Existing Collection System 

The District collection system consists of approximately 6.6 miles of 6-inch to 8-inch-diameter vitrified clay 
pipe. There are three main trunk sewers in the District, located on Adeline Drive, Canyon Road and Hillside 
Drive. These sewers roughly divide the District service area into three major drainage areas. 

The District’s collection system also transports City and Town of Hillsborough (Town) flows in the trunk 
sewers on Adeline Drive and Canyon Road and in the sewer on Canyon Road upstream of the trunk sewer. 

The contributing City and Town areas (approximately 165 acres) are also shown on Figure 3-1. District 
service area flows are conveyed by gravity to the City collection system and transported to and treated at the 
City’s WWTP. Wastewater pumping stations are not required in the District due to the topography in the 
service area. The District trunk sewers discharge to the City’s collection system at three different locations, 
City manholes E3-21012 at Adeline Drive and Alvarado Avenue, E3-21099 at Hillside Drive and Alvarado 
Avenue, and E3-21067 at Canyon Road and Summit Drive.   
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3.1.4 Previous Planning Reports and Information 

Hydraulic modeling was performed using the hydraulic model developed in TM 2, Hydraulic Model 
Development. I/I deficiencies are documented and evaluated separately in TM 1, System Performance 
Evaluation – Infiltration/Inflow Field Inspections. 

An evaluation of the District wastewater collection system was completed in 1999. The City, which transports 
and treats the District’s wastewater and contributes flows to District sewers, prepared an evaluation of their 
wastewater collection system in 2010. A list of the reports, planning documents, and information used in the 
development of this Master Plan Update is included in the References section. 

3.2 Hydraulic Capacity Evaluation Criteria 
The performance of the existing sewer collection system, shown in Figure 3-1, was analyzed using the 
hydraulic model under two peak wet weather flow (PWWF) scenarios.  This section describes the criteria and 
design storms that were used for the analysis to identify potential hydraulic deficiencies in the modeled 
sewers. 

3.2.1 Design Storms 

The performance of the existing District collection system was evaluated using the hydraulic model for a 
10-year return period rainfall with a duration of 24 hours (10-year, 24-hour) under two design storm 
scenarios: 

 Design Storm Scenario 
 Consent Decree Storm Scenario 

The same volume of precipitation was applied for both storms but was distributed differently. 

The amount of precipitation was determined using the National Oceanic and Atmospheric Administration 
(NOAA) Intensity Duration Frequency (IDF) curves for San Mateo County. The IDF rainfall depths are listed in 
Table 3-1. The 10-year, 24-hour precipitation volume used to evaluate the capacity of the collection system 
was 3.69 inches. 

 
Table 3-1.  IDF Rainfall Depths 

10-year Storm Duration 
(hours) 

Total Rainfall Depth 
(inches) 

1 0.89 

2 1.20 

3 1.49 

6 2.18 

12 2.94 

24 3.69 

 

Two rainfall distribution scenarios were used to evaluate the collection system for the 10-year, 24-hour 
precipitation: 
 The Design Storm Scenario applied a distribution based on the six NOAA IDF rainfall depths presented in 

Table 3-1, i.e., the peak hour rainfall was set equal to the 1-hour rainfall depth, the peak two hour rainfall 
was set equal to the 2-hour rainfall depth, and so on. This type of distribution is often used for collection 
system master plans. 
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 The Consent Decree Storm Scenario applied an SCS Type IA 24-hour rainfall distribution curve, as 
referenced in Appendix B of TR-55 (USDA 1986) and shown in Figure 3-2. 

 
Figure 3-2. TR-55 SCS Rainfall Distribution Curve (USDA 1986) 

The resulting design storms are shown on Figure 3-3. 

 
Figure 3-3.  Design Storms 
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The performance of the collection system was evaluated using the following criteria for modeled gravity 
pipes: 

 Surcharge condition (throttle versus backwater)  
 Surcharge elevation (as a function of freeboard). 

A pipe was considered surcharged when the hydraulic grade line (HGL) rose above the crown of the pipe. 
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breaks downstream. It is possible that a single throttle-surcharged pipe can cause flooding and overflows in 
multiple upstream manholes. 

Surcharge elevation. Surcharging was evaluated using “surcharge freeboard” which is the vertical freeboard 
from the HGL elevation to the manhole rim elevation. For example, one foot of surcharge in a sewer with six 
feet of cover has a surcharge freeboard of five feet. Possible locations for sanitary sewer overflows (SSOs) 
are predicted in the model when surcharging causes the HGL elevation to reach the ground surface 
elevation at a manhole (thus, the surcharge freeboard is equal to or less than zero). The Design and Consent 
Decree Scenarios were evaluated for minimum surcharge freeboard levels of five and three feet, 
respectively. These surcharge freeboard levels provide a margin of safety before SSOs occur to compensate 
for inherent inaccuracies that are present in collection system models. 

3.3 Flow Conditions 
The performance of the existing District collection system was evaluated using the hydraulic model for three 
flow condition scenarios: 

 Baseline Scenario (No RDI/I reduction) 
 30 Percent RDI/I Reduction Scenario (30%) 

 50 Percent RDI/I Reduction Scenario (50%) 

For the Baseline Scenario, all flows were modeled as discussed in TM 2, Hydraulic Model Development. This 
scenario will be used to develop alternatives for addressing pipe hydraulic deficiencies. 

3.3.1 RDI/I Reduction Scenarios 

The RDI/I reduction scenarios modeled the effect of RDI/I reduction in the District service area on the 
performance of the City WWTP based on the wet weather flow volume contributed by the District. The 
R-factors, or percentage of rainfall volume that reaches the collection system as RDI/I, in the District ranged 
from 5.7 to 9.5 percent. These R-factors are considered high, and therefore collection system rehabilitation 
for the purposes of RDI/I reduction was considered. 

Two approaches often used to rehabilitate collection systems were used to define the RDI/I reduction 
scenarios: 

 Public – Rehabilitation of mains, manholes, and lower laterals in the public right-of-way or easements. 
 Public and private property – Rehabilitation of mains, manholes, lower laterals, as well as privately-owned 

upper laterals. 

30 Percent RDI/I Volume Reduction Scenario. The public rehabilitation approach was modeled as the 
30 Percent RDI/I Volume Reduction Scenario. The basin R-factors were reduced by 30 percent in the 
hydraulic model. This scenario would require the comprehensive, service area-wide rehabilitation of mains, 
manholes, and lower laterals within the public right-of-way or easements. A review of documented case 
studies (Merrill et al 2003) and Brown and Caldwell’s (BC) experience indicate this rehabilitation approach 
generally provides between 5 and 40 percent reductions in RDI/I volumes.  

50 Percent RDI/I Reduction Scenario. The public and private property rehabilitation approach was modeled 
as the 50 Percent RDI/I Volume Reduction Scenario. The basin R-factors were reduced by 50 percent in the 
hydraulic model. This scenario would require the comprehensive, service area-wide rehabilitation of the 
collection system, including privately-owned upper laterals. A review of documented case studies (Merrill 
et al 2003, WEF 1999) and BC’s experience indicates this rehabilitation approach generally provides 
between 50 and 70 percent reductions in RDI/I volumes. 

The R-factors used for hydraulic modeling are presented in Table 3-2. The dry weather parameters and wet 
weather groundwater infiltration (GWI) are as discussed in TM 2 for all flow scenarios. 
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Table 3-2.  Modeled R-Factors by Flow Scenario 

Flow Monitor  
(FM) Basin 

R-Factor by Flow Scenario 
Notes 

Baseline 30% 50% 

3 7.1 5.0 3.6  

4 9.5 6.7 4.8  

7 5.7 4.0 2.9 RDI/I reduction not applied to contributing City and Town parcels. 

18 7.1 7.1 7.1 RDI/I reduction not applied to this City basin. 

3.4 System Performance Evaluation 
This section describes the analysis performed to identify potential collection system hydraulic deficiencies. 

3.4.1 Model Scenarios 

Hydraulic modeling was performed for a total of six scenarios: 
 Design Storm with Baseline, 30% Reduction, and 50% Reduction RDI/I. 

 Consent Decree Storm with Baseline, 30% Reduction, and 50% Reduction RDI/I. 

3.4.2 Comparison to 1999 District Master Plan 

The system performance evaluation discussed in this section is based on design storms with a 10-year 
return period. The 1999 District Master Plan was based on a design storm with a 5-year return period. 
Therefore, hydraulic deficiencies identified in this section are different from the previous results. 

3.4.3 Results by Basin 

Table 3-3 summarizes the results of the hydraulic modeling of the existing collection system under the 
modeled scenarios. Detailed model output for the Baseline scenario is included in Attachment A for the 
Design Storm and Attachment B for the Consent Decree Storm. A flow schematic showing the connections 
between the District and City is provided on Figure 3-4. 

 
Table 3-3.  Hydraulic Modeling Results by Basin 

Flow Monitor Observed ADWF (mgd) 
Design Storm Consent Decree Storm  

PWWF (mgd) Peaking Factor PWWF (mgd) Peaking Factor 

Basin 3* 0.10 0.83 8.3 0.79 7.9 

Basin 4 0.01 0.45  45 0.32 32 

Basin 7* 0.20 1.97 9.9 1.88 9.4 
* Note PWWFs and peaking factors are reduced because of system losses in the model. Flow from basins 3 and 7is lost by SSO due to 
inadequate hydraulic capacity to convey the basin flows in the existing collection system. 

3.4.4 Results at City WWTP 

Table 3-4 summarizes the results of the hydraulic modeling of the District as well as City collection system 
without any hydraulic deficiencies, i.e., all flow is conveyed downstream to the City WWTP after hydraulic 
capacity deficiencies are addressed through capacity improvement projects. The modeling results 
demonstrate only the effect of comprehensive collection system rehabilitation within the District (there was 
no RDI/I reduction for City and Town contributing areas). RDI/I volume at the treatment plant were reduced 
between 0.2 and 0.5 million gallons (MG). The Design Storm 50% reduction scenario results in a 2.6 percent 
decrease in RDI/I volume at the WWTP. 
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Figure 3-4.  Flow Schematic 

 
Table 3-4.  RDI/I Reduction at City WWTP 

Modeled RDI/I Volume (MG) 

 

Design Storm Consent Decree Storm  

Baseline 30% 50% Baseline 30% 50% 

18.9 18.7 18.4 19.0 18.7 18.6 

Reduction from Baseline - 1.1% 2.6% - 1.6% 2.1% 

* Note there was no RDI/I reduction applied to the City and Town basins. 

 

3.4.5 Locations of Surcharge and Potential Overflows – Design Storm 

Sanitary sewer surcharge and potential SSO locations for the Design Storm Baseline scenario, which has the 
highest PWWFs (is the most conservative), are shown on Figure 3-5 for the District service area and the City 
basin upstream of FM 18 (City basin 18). Sewers with inadequate surcharge freeboard, as well as sufficient 
freeboard are shown on the figure. 

Surcharge locations. There are six areas of pipe in the District with throttle surcharge with inadequate 
freeboard: 

1. Adeline Drive Trunk Sewer (Easement) – From manhole 49 to 75 

2. Adeline Drive Trunk Sewer (Right-of-way) – From manhole 75 to 79 
3. Canyon Road Sewer (Tiara Ct) – From manhole 162 to 163 

4. Canyon Road Sewer (El Prado Road) – From manhole 155 to 154 

5. Canyon Road Trunk Sewer – Manhole 177 to 105 
6. Canyon Road Trunk Sewer (Summit Drive) – From manhole 108 to 241 and downstream to 

City manhole E3-21078 

Of these surcharge locations, the Adeline Drive Trunk Sewer (Easement and Right-of-way), and Canyon Road 
Sewer (Tiara Ct and El Prado Road) and Trunk Sewer (Summit Drive) sewer surcharge locations are 
downstream of potential SSO locations. Alternatives will be considered to address these hydraulic capacity 
deficiencies. 
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SSO locations. As shown on Figure 3-5, there are seven potential SSO locations in the District and three 
potential SSO locations in City Basin 18, which may be affected by downstream District flows in the Adeline 
Drive Trunk Sewer.  

SSOs published on the State Water Resources Control Board website for 2007 through 2010 and annual 
reports provided by the District for 2009 and 2010 were reviewed. No reported SSOs were identified as 
caused by wet weather events. One SSO occurred at the potential SSO location identified at the top of the 
Adeline Drive Trunk sewer, but the cause was debris. The available data spanned a period of four years, and 
a storm equivalent to the 10-year return period design storms in this section may not have occurred. 

City collection system. Improvements to address hydraulic capacity deficiencies in the District collection 
system may affect upstream and downstream City pipes. The impact of District projects to address hydraulic 
capacity deficiencies in the City collection system were addressed in the City Master Plan.  

3.4.6 Locations of Surcharge and Potential Overflows – Consent Decree Storm 

Sanitary sewer surcharge and potential SSO locations for the Consent Decree Baseline scenario are shown 
on Figure 3-6. 

Surcharge locations. The surcharge location on Canyon Road Sewer (El Prado Road) is reduced to surcharge 
with sufficient freeboard condition from manhole 177 to 105 under the Consent Decree Storm scenario.  

SSO locations. Potential SSO locations are the same for both storms, while the volume of SSO would be 
different, they would occur at the same manholes. 

3.5 Capacity Assurance Plan 
This section describes the development of alternatives to address the hydraulic deficiencies in the District 
collection system to reduce the occurrence of SSOs. Two alternatives were considered: 

 Capacity improvement projects such as relief sewers and sewer replacement to increase conveyance 
capacity. 

 Collection system rehabilitation projects to lower flows to the City WWTP through RDI/I reduction. 

3.5.1 Capacity Improvement Projects 

Capacity improvement project alternatives were identified to reduce the occurrence of SSOs in the collection 
system by eliminating pipe hydraulic restrictions. The design flows used to define the capacity improvement 
projects are the Design Flow Baseline, or highest modeled, PWWFs. 

Capacity improvement projects identified include: 
 Increasing the diameters of the Adeline Drive Trunk Sewer from 8-inch to 10-inch in the easement and 

from 8-inch to 12-inch in the right-of-way. This alternative would eliminate the Adeline Drive Trunk Sewer 
SSO locations within the District. Coordination of this project with the City is required because of the City 
contributing flows and the need to also address hydraulic deficiencies upstream in City basin 18. The City 
Master Plan included a project combining these improvements as CIP Project Number 3. 

 Increasing the diameters of the Canyon Road Sewers from 6-inch to 8-inch and the Canyon Road Trunk 
Sewer from 8-inch to 10-inch. Coordination of this project with the City is required because of City and 
Town contributing flows and the need to address hydraulic deficiencies downstream in basin 7 City 
sewers. The City Master Plan included a project combining these improvements as CIP Project Number 5. 

The District capacity improvement projects are shown on Figure 3-7; City Master Plan project numbers are 
used for consistency. Capacity improvements will be sized based on the Design Storm. 
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3.5.2 Collection System Rehabilitation Projects 

All flow monitor basins in the District were identified as candidates for collection system rehabilitation in the 
City’s Master Plan, based on the high potential for RDI/I reduction based on the high R-factors as well as the 
effectiveness of RDI/I reduction based on the RDI/I volume in gallons per lineal foot of pipe, as shown in 
Table 3-5. The District basins, particularly basin 4, are recommended for rehabilitation because they are 
considered leaky for collection systems. 

 
Table 3-5.  RDI/I Reduction Potential for District Basins 

Flow 
Monitor 

Basin 

Observed 
ADWF  
(mgd) 

Contributing 
Area (ac) 

Wet 
Weather 

GWI  
(mgd) 

R-factor 
(Percent of 

Rainfall 
Volume) 

Consent Decree Storm* Total 
Length of 
Pipe (LF) 

Gallons  
RDI/I  
per LF 

Candidate for 
Collection 

System 
Rehabilitation 

Modeled 
PWWF (mgd) 

Peaking 
Factor 

RDI/I Volume 
(MG) 

3 0.10 79 0.02 7.1 1.67 16.7 0.63 19,222 33  

4 0.01 24 0.00 9.5 0.32 32.0 0.19 5,069 37  

7 0.20 208 0.22 5.7 2.21 11.1 1.58 42,881 37  

* PWWF and RDI/I volumes represent the total flows after hydraulic capacity deficiencies are corrected (i.e., there are no system losses due to SSO. 

 

Rehabilitation by area approach. Experience throughout the country has shown that rehabilitation should 
occur on an area approach. With this approach, the entire collection system within a designated basin is 
rehabilitated as compared to trying to identify and repair specific defects (e.g. cracks, offset joints) spread 
throughout the collection system. The latter approach has proven ineffective because storm water can 
migrate past rehabilitated defects and enter the collection system through other defects that were not 
rehabilitated. 

Privately-owned upper laterals. In many collection systems, privately-owned upper laterals are found to be a 
significant source of RDI/I, typically as much as 50 percent of the total collection system RDI/I. Upper lateral 
rehabilitation throughout the collection system can occur through a program that requires the property 
owner to rehabilitate the privately-owned upper portion of the lateral at the sale of property, as a condition 
for a building permit, or under some other trigger.  

The District does not currently have a privately-owned upper lateral rehabilitation program. The City has a 
program to rehabilitate privately-owned upper laterals which requires testing and rehabilitation at the sale of 
the property. The Town has an ordinance to rehabilitate privately-owned upper laterals at the sale of 
property. 

Rehabilitation effectiveness for RDI/I reduction. The effectiveness of collection system rehabilitation 
projects depends on the rehabilitation approach, the extent of rehabilitation achieved (how many manholes, 
pipes, and laterals are actually rehabilitated), and the implementation and success of any privately-owned 
upper lateral program. Given the uncertainty in how much RDI/I reduction will actually be achieved, 
rehabilitation is recommended to reduce flows at the City WWTP, but not as an alternative to address 
hydraulic capacity deficiencies in the District. 
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3.6 Conclusions 
The following conclusions can be made from the results of this analysis: 
 There are five areas of the District’s collection system with hydraulic capacity deficiencies for the Design 

and Consent Decree Storm flow scenarios.  

 There are seven potential SSO locations in the District caused by hydraulic capacity deficiencies on 
District sewers. The locations of potential SSOs in the District are the same for both the Design and 
Consent Decree flow scenarios. 

 There are three potential SSO locations in the City that may be related to hydraulic capacity deficiencies 
on District sewers for the Design flow scenario. There are no SSOs projected at these locations for the 
Consent Decree flow scenario. 

 Two pipe capacity improvement projects in the District are necessary to eliminate the risk of SSO for the 
Design flow scenario. These capacity improvement projects would also eliminate the risk of SSO for the 
Consent Decree flow scenario because the peak wet weather flows are lower than the Design flow 
scenario. 

 Comprehensive collection system rehabilitation could potentially reduce the flow volume at the City 
WWTP by approximately 2.6 percent. 

Recommended projects and a schedule for construction of the improvements to address hydraulic capacity 
deficiencies will be further developed and prioritized in TM 4, Capital Improvement Plan. 
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US 

District 

MH

DS 

District 

MH

US 

City 

MH ID

DS 

City 

MH ID Sewer

Pipe

Diameter 

(in)

Length 

(ft)

Gradient 

(%)

US Rim 

Elevation

(ft)

US Invert 

Elevation

(ft)

DS Rim 

Elevation

(ft)

DS Invert 

Elevation

(ft)

Pipe Full 

Capacity

(mgd)

Peak 

Modeled

Flow (mgd)

Peak 

Modeled 

Velocity (ft/s)

US MH 

Maximum 

Depth (ft)

DS MH 

Maximum 

Depth (ft)

Hydraulic 

Condition at 

Peak Flow

52 53 E2-21041 E2-21043 Adeline Drive 6 422 9.184 403.1 400.9 362.7 352.7 1.10 0.04 2.18 0.09 0.11 Gravity

53 54 E2-21043 E2-21044 Adeline Drive 6 233 9.183 362.7 352.7 338.6 331.3 1.10 0.07 2.6 0.11 0.13 Gravity

54 55 E2-21044 E2-21045 Adeline Drive 6 378 9.181 338.6 331.3 307.0 296.6 1.10 0.12 4.0 0.13 0.14 Gravity

55 51

51 50 E2-21045 E2-21046 Adeline Drive 6 287 9.180 307.0 296.6 272.2 270.2 1.10 0.15 4.8 0.14 0.15 Gravity

50 70 E2-21046 E3-21008 Adeline Drive 6 260 9.183 272.2 270.2 255.2 246.3 1.10 0.17 5.5 0.15 0.15 Gravity

70 74 E3-21008 E3-21009 Adeline Drive 6 195 9.181 255.2 246.3 232.0 228.4 1.10 0.17 5.2 0.15 0.16 Gravity

74 76 E3-21009 E3-21007 Adeline Drive 6 232 11.183 232.0 228.4 207.8 202.4 1.21 0.21 1.4 0.16 2.95 Surcharged

49 48 E2-21036 E2-21037 Adeline Drive Trunk 8 78 1.230 214.4 209.5 238.1 208.6 0.87 0.92 3.8 FULL 4.88 Throttled

48 47 E2-21037 E2-21038 Adeline Drive Trunk 8 55 1.231 238.1 208.6 212.7 207.9 0.87 0.92 3.4 4.85 4.73 Throttled

47 46 E2-21038 E2-21039 Adeline Drive Trunk 8 96 0.521 212.7 207.9 211.1 207.4 0.56 0.92 3.5 4.70 FULL Throttled

46 45 E2-21039 E2-21040 Adeline Drive Trunk 8 205 0.537 211.1 207.4 211.1 206.3 0.57 0.60 2.6 FULL 3.77 Throttled

45 65 E2-21040 E3-21001 Adeline Drive Trunk 8 100 0.470 211.1 206.3 212.2 205.8 0.54 0.60 2.7 3.76 3.67 Throttled

65 66 E3-21001 E3-21002 Adeline Drive Trunk 8 121 0.515 212.2 205.8 210.3 205.2 0.56 0.61 2.6 3.65 3.54 Throttled

66 67 E3-21002 E3-21003 Adeline Drive Trunk 8 172 0.489 210.3 205.2 208.4 204.4 0.55 0.65 2.6 3.52 3.15 Throttled

67 68

68 69

69 72 E3-21003 E3-21004 Adeline Drive Trunk 8 140 0.493 208.4 204.4 206.2 203.7 0.55 0.71 2.8 3.13 FULL Throttled

72 73 E3-21004 E3-21005 Adeline Drive Trunk 8 60 0.250 206.2 203.7 212.5 203.5 0.39 0.61 3.0 FULL 2.57 Throttled

73 75 E3-21005 E3-21006 Adeline Drive Trunk 8 97 0.658 212.5 203.5 206.7 202.9 0.63 0.61 2.5 2.56 2.85 Surcharged

75 76 E3-21006 E3-21007 Adeline Drive Trunk 8 106 0.454 206.7 202.9 207.8 202.4 0.53 0.61 2.5 2.84 2.95 Throttled

76 78 E3-21007 E3-21010 Adeline Drive Trunk 8 340 0.591 207.8 202.4 210.2 200.4 0.60 0.75 3.1 2.93 1.69 Throttled

78 80 E3-21010 E3-21011 Adeline Drive Trunk 8 243 0.585 210.2 200.4 203.2 199.0 0.60 0.79 4.1 1.66 0.53 Throttled

80 79 E3-21011 E3-21012 Adeline Drive Trunk 8 159 13.308 203.2 199.0 181.5 177.8 2.85 0.83 9.1 0.25 0.28 Gravity

93 94 E3-21040 E3-21041 Hillside Drive Trunk 6 398 6.550 288.6 275.8 252.5 249.7 0.93 0.20 3.8 0.17 0.21 Gravity

94 96 E3-21041 E3-21096 Hillside Drive Trunk 6 254 8.837 252.5 249.7 232.9 227.2 1.08 0.36 7.0 0.21 0.21 Gravity

96 237 E3-21096 E3-21097 Hillside Drive Trunk 6 129 8.839 232.9 227.2 217.0 215.8 1.08 0.36 6.8 0.21 0.22 Gravity

237 238 E3-21097 E3-21098 Hillside Drive Trunk 6 302 10.537 217.0 215.8 187.3 184.0 1.18 0.42 6.4 0.22 0.26 Gravity

238 5842 E3-21098 E3-21099 Hillside Drive Trunk 6 225 6.548 187.3 184.0 172.2 169.3 0.93 0.45 3.2 0.26 2.10 Surcharged

13 14 F2-21004 F2-21005 Canyon Road 6 100 6.332 555.0 545.7 549.3 539.4 0.91 0.22 5.5 0.18 0.18 Gravity

14 21 F2-21005 F2-21006 Canyon Road 6 213 10.098 549.3 539.4 523.4 517.9 1.15 0.22 5.6 0.16 0.18 Gravity

21 24 F2-21006 F2-21009 Canyon Road 6 129 10.606 523.4 517.9 508.7 504.2 1.18 0.27 6.7 0.18 0.18 Gravity

24 29 F2-21009 F2-21010 Canyon Road 6 179 10.675 508.7 504.2 488.8 485.1 1.19 0.27 6.1 0.18 0.19 Gravity

29 22 F2-21010 F2-21017 Canyon Road 6 59 10.881 488.8 485.1 481.8 478.7 1.20 0.32 7.5 0.19 0.19 Gravity

Attachment A. Model Results - Design Storm
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22 27 F2-21017 F2-21018 Canyon Road 6 207 11.758 481.8 478.7 458.9 454.4 1.24 0.32 6.1 0.18 0.22 Gravity

27 185 F2-21018 F2-21019 Canyon Road 6 117 10.674 458.9 454.4 445.0 441.9 1.19 0.42 8.4 0.22 0.22 Gravity

185 191 F2-21019 F2-21020 Canyon Road 6 167 11.164 445.0 441.9 425.2 423.3 1.21 0.42 7.4 0.21 0.23 Gravity

191 194 F2-21020 F2-21021 Canyon Road 6 154 11.167 425.2 423.3 410.0 406.1 1.21 0.47 8.5 0.23 0.22 Gravity

194 186 F2-21021 F2-21025 Canyon Road 6 231 11.730 410.0 406.1 383.5 379.0 1.24 0.47 6.6 0.22 0.28 Gravity

186 190

190 218 F2-21025 F2-21032 Canyon Road 6 161 9.392 383.5 379.0 368.8 363.9 1.11 0.58 7.2 0.27 0.31 Gravity

218 216 F2-21032 F2-21033 Canyon Road 6 151 7.308 368.8 363.9 356.8 352.9 0.98 0.58 7.2 0.29 0.31 Gravity

216 217 F2-21033 F2-21034 Canyon Road 6 161 8.558 356.8 352.9 343.6 339.1 1.06 0.62 7.7 0.29 0.32 Gravity

217 162 F2-21034 F2-21035 Canyon Road 6 161 8.450 343.6 339.1 331.4 325.5 1.06 0.62 3.7 0.29 FULL Surcharged

162 165 F2-21035 F2-21044 Canyon Road 6 102 7.151 331.4 325.5 323.5 318.2 0.97 0.98 7.0 FULL FULL Throttled

165 163 F2-21044 F2-21052 Canyon Road 6 83 6.883 323.5 318.2 317.3 312.5 0.95 0.95 6.1 5.25 FULL Throttled

163 155 F2-21052 F2-21053 Canyon Road 6 256 5.465 317.3 312.5 303.5 298.5 0.85 0.83 5.5 FULL 4.88 Surcharged

155 156 F2-21053 F2-21055 Canyon Road 6 146 4.838 303.5 298.6 300.1 291.5 0.80 0.85 5.8 4.77 3.28 Throttled

156 154 F2-21055 F2-21056 Canyon Road 6 69 3.068 300.1 291.5 296.0 289.4 0.64 0.94 7.8 3.18 0.45 Throttled

6071 6078 F3-21039 F3-21040 El Prado Road Easement 6 232 17.445 414.0 409.5 373.2 369.0 1.52 0.03 2.5 0.08 0.08 Gravity

154 139 F2-21056 F2-21081 Canyon Road Trunk 8 255 11.561 296.0 289.4 265.5 259.9 2.66 1.24 8.4 0.33 0.43 Gravity

139 180 F2-21081 F3-21045 Canyon Road Trunk 8 160 6.363 265.5 259.9 254.0 249.7 1.97 1.24 7.3 0.39 0.48 Gravity

180 181 F3-21045 F3-21047 Canyon Road Trunk 8 208 4.733 254.0 249.7 243.3 239.9 1.70 1.24 8.1 0.43 0.43 Gravity

181 174 F3-21047 F3-21048 Canyon Road Trunk 8 145 8.740 243.3 239.9 230.9 227.2 2.31 1.31 9.6 0.37 0.41 Gravity

174 178 F3-21048 F3-21049 Canyon Road Trunk 8 100 8.497 230.9 227.2 223.2 218.7 2.28 1.31 9.6 0.37 0.41 Gravity

178 176 E3-29001 E3-21051 Canyon Road Trunk 8 142 8.495 213.4 210.4 203.4 198.3 2.28 1.32 6.8 0.38 1.00 Surcharged

176 177 E3-21051 E3-21053 Canyon Road Trunk 8 174 4.822 203.4 198.3 196.0 189.9 1.72 1.45 5.8 0.84 2.93 Surcharged

177 105 E3-21053 E3-21057 Canyon Road Trunk 8 189 2.702 196.0 189.9 188.6 184.8 1.28 1.51 7.1 2.83 0.60 Throttled

105 104 E3-21057 E3-21058 Canyon Road Trunk 8 258 5.411 188.6 184.8 175.7 170.8 1.82 1.54 8.4 0.48 1.18 Surcharged

104 108 E3-21058 E3-21059 Canyon Road Trunk 8 215 6.949 175.7 170.8 163.0 155.9 2.06 1.53 5.6 1.01 FULL Surcharged

108 241 E3-21059 E3-21067 Canyon Road Trunk 8 232 2.810 163.0 155.9 156.8 149.4 1.31 1.41 5.1 FULL 5.89 Throttled
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Technical Memorandum No. 3 System Performance Evaluation and Capacity Assurance Plan - Hydraulics (Task 4)

US 

District 

Manho

le

DS 

District 

Manho

le

US 

City 

MH ID

DS 

City 

MH ID Sewer

Pipe

Diameter 

(in)

Length 

(ft)

Gradient 

(%)

US Rim 

Elevation

(ft)

US Invert 

Elevation

(ft)

DS Rim 

Elevation

(ft)

DS Invert 

Elevation

(ft)

Pipe Full 

Capacity

(mgd)

Peak 

Modeled

Flow (mgd)

Peak Modeled 

Velocity (ft/s)

US MH 

Maximum 

Depth (ft)

DS MH 

Maximum 

Depth (ft)

Hydraulic 

Condition at 

Peak Flow

52 53 E2-21041 E2-21043 Adeline Drive 6 422 9.184 403.1 400.9 362.7 352.7 1.10 0.03 1.78 0.09 0.10 Gravity

53 54 E2-21043 E2-21044 Adeline Drive 6 233 9.183 362.7 352.7 338.6 331.3 1.10 0.05 2.3 0.10 0.11 Gravity

54 55 E2-21044 E2-21045 Adeline Drive 6 378 9.181 338.6 331.3 307.0 296.6 1.10 0.08 3.4 0.11 0.13 Gravity

55 51

51 50 E2-21045 E2-21046 Adeline Drive 6 287 9.180 307.0 296.6 272.2 270.2 1.10 0.11 4.1 0.13 0.13 Gravity

50 70 E2-21046 E3-21008 Adeline Drive 6 260 9.183 272.2 270.2 255.2 246.3 1.10 0.13 4.7 0.13 0.13 Gravity

70 74 E3-21008 E3-21009 Adeline Drive 6 195 9.181 255.2 246.3 232.0 228.4 1.10 0.13 4.5 0.13 0.14 Gravity

74 76 E3-21009 E3-21007 Adeline Drive 6 232 11.183 232.0 228.4 207.8 202.4 1.21 0.15 1.0 0.14 2.68 Surcharged

49 48 E2-21036 E2-21037 Adeline Drive Trunk 8 78 1.230 214.4 209.5 238.1 208.6 0.87 0.92 3.8 FULL 4.87 Throttled

48 47 E2-21037 E2-21038 Adeline Drive Trunk 8 55 1.231 238.1 208.6 212.7 207.9 0.87 0.92 3.4 4.84 4.73 Throttled

47 46 E2-21038 E2-21039 Adeline Drive Trunk 8 96 0.521 212.7 207.9 211.1 207.4 0.56 0.92 3.5 4.70 FULL Throttled

46 45 E2-21039 E2-21040 Adeline Drive Trunk 8 205 0.537 211.1 207.4 211.1 206.3 0.57 0.61 2.6 FULL 3.73 Throttled

45 65 E2-21040 E3-21001 Adeline Drive Trunk 8 100 0.470 211.1 206.3 212.2 205.8 0.54 0.60 2.7 3.71 3.60 Throttled

65 66 E3-21001 E3-21002 Adeline Drive Trunk 8 121 0.515 212.2 205.8 210.3 205.2 0.56 0.61 2.6 3.59 3.46 Throttled

66 67 E3-21002 E3-21003 Adeline Drive Trunk 8 172 0.489 210.3 205.2 208.4 204.4 0.55 0.64 2.6 3.44 3.08 Throttled

67 68

68 69

69 72 E3-21003 E3-21004 Adeline Drive Trunk 8 140 0.493 208.4 204.4 206.2 203.7 0.55 0.69 2.7 3.07 FULL Throttled

72 73 E3-21004 E3-21005 Adeline Drive Trunk 8 60 0.250 206.2 203.7 212.5 203.5 0.39 0.61 3.0 FULL 2.51 Throttled

73 75 E3-21005 E3-21006 Adeline Drive Trunk 8 97 0.658 212.5 203.5 206.7 202.9 0.63 0.61 2.5 2.50 2.70 Surcharged

75 76 E3-21006 E3-21007 Adeline Drive Trunk 8 106 0.454 206.7 202.9 207.8 202.4 0.53 0.61 2.6 2.69 2.68 Throttled

76 78 E3-21007 E3-21010 Adeline Drive Trunk 8 340 0.591 207.8 202.4 210.2 200.4 0.60 0.74 3.1 2.66 1.54 Throttled

78 80 E3-21010 E3-21011 Adeline Drive Trunk 8 243 0.585 210.2 200.4 203.2 199.0 0.60 0.76 4.0 1.51 0.52 Throttled

80 79 E3-21011 E3-21012 Adeline Drive Trunk 8 159 13.308 203.2 199.0 181.5 177.8 2.85 0.79 9.0 0.25 0.28 Gravity

93 94 E3-21040 E3-21041 Hillside Drive Trunk 6 398 6.550 288.6 275.8 252.5 249.7 0.93 0.14 3.4 0.15 0.18 Gravity

94 96 E3-21041 E3-21096 Hillside Drive Trunk 6 254 8.837 252.5 249.7 232.9 227.2 1.08 0.26 6.3 0.18 0.18 Gravity

96 237 E3-21096 E3-21097 Hillside Drive Trunk 6 129 8.839 232.9 227.2 217.0 215.8 1.08 0.26 6.0 0.18 0.19 Gravity

237 238 E3-21097 E3-21098 Hillside Drive Trunk 6 302 10.537 217.0 215.8 187.3 184.0 1.18 0.30 5.8 0.18 0.22 Gravity

238 5842 E3-21098 E3-21099 Hillside Drive Trunk 6 225 6.548 187.3 184.0 172.2 169.3 0.93 0.32 2.4 0.22 1.36 Surcharged

13 14 F2-21004 F2-21005 Canyon Road 6 100 6.332 555.0 545.7 549.3 539.4 0.91 0.19 5.5 0.17 0.17 Gravity

14 21 F2-21005 F2-21006 Canyon Road 6 213 10.098 549.3 539.4 523.4 517.9 1.15 0.19 5.3 0.15 0.17 Gravity

21 24 F2-21006 F2-21009 Canyon Road 6 129 10.606 523.4 517.9 508.7 504.2 1.18 0.23 6.3 0.17 0.17 Gravity

24 29 F2-21009 F2-21010 Canyon Road 6 179 10.675 508.7 504.2 488.8 485.1 1.19 0.23 5.7 0.16 0.18 Gravity

29 22 F2-21010 F2-21017 Canyon Road 6 59 10.881 488.8 485.1 481.8 478.7 1.20 0.27 6.9 0.18 0.18 Gravity
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Technical Memorandum No. 3 System Performance Evaluation and Capacity Assurance Plan - Hydraulics (Task 4)
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22 27 F2-21017 F2-21018 Canyon Road 6 207 11.758 481.8 478.7 458.9 454.4 1.24 0.27 5.8 0.17 0.20 Gravity

27 185 F2-21018 F2-21019 Canyon Road 6 117 10.674 458.9 454.4 445.0 441.9 1.19 0.35 8.1 0.20 0.19 Gravity

185 191 F2-21019 F2-21020 Canyon Road 6 167 11.164 445.0 441.9 425.2 423.3 1.21 0.35 6.9 0.20 0.21 Gravity

191 194 F2-21020 F2-21021 Canyon Road 6 154 11.167 425.2 423.3 410.0 406.1 1.21 0.39 7.9 0.21 0.21 Gravity

194 186 F2-21021 F2-21025 Canyon Road 6 231 11.730 410.0 406.1 383.5 379.0 1.24 0.39 6.4 0.21 0.24 Gravity

186 190

190 218 F2-21025 F2-21032 Canyon Road 6 161 9.392 383.5 379.0 368.8 363.9 1.11 0.48 7.2 0.24 0.26 Gravity

218 216 F2-21032 F2-21033 Canyon Road 6 151 7.308 368.8 363.9 356.8 352.9 0.98 0.48 7.2 0.26 0.26 Gravity

216 217 F2-21033 F2-21034 Canyon Road 6 161 8.558 356.8 352.9 343.6 339.1 1.06 0.52 7.7 0.26 0.26 Gravity

217 162 F2-21034 F2-21035 Canyon Road 6 161 8.450 343.6 339.1 331.4 325.5 1.06 0.52 3.7 0.26 FULL Surcharged

162 165 F2-21035 F2-21044 Canyon Road 6 102 7.151 331.4 325.5 323.5 318.2 0.97 0.97 7.0 5.91 FULL Throttled

165 163 F2-21044 F2-21052 Canyon Road 6 83 6.883 323.5 318.2 317.3 312.5 0.95 0.95 6.1 5.25 FULL Surcharged

163 155 F2-21052 F2-21053 Canyon Road 6 256 5.465 317.3 312.5 303.5 298.5 0.85 0.83 5.5 FULL 4.74 Surcharged

155 156 F2-21053 F2-21055 Canyon Road 6 146 4.838 303.5 298.6 300.1 291.5 0.80 0.85 5.8 4.63 3.14 Throttled

156 154 F2-21055 F2-21056 Canyon Road 6 69 3.068 300.1 291.5 296.0 289.4 0.64 0.92 7.7 3.04 0.45 Throttled

6071 6078 F3-21039 F3-21040 El Prado Road Easement 6 232 17.445 414.0 409.5 373.2 369.0 1.52 0.03 2.2 0.08 0.08 Gravity

154 139 F2-21056 F2-21081 Canyon Road Trunk 8 255 11.561 296.0 289.4 265.5 259.9 2.66 1.16 8.4 0.32 0.41 Gravity

139 180 F2-21081 F3-21045 Canyon Road Trunk 8 160 6.363 265.5 259.9 254.0 249.7 1.97 1.16 7.3 0.38 0.45 Gravity

180 181 F3-21045 F3-21047 Canyon Road Trunk 8 208 4.733 254.0 249.7 243.3 239.9 1.70 1.16 7.9 0.42 0.42 Gravity

181 174 F3-21047 F3-21048 Canyon Road Trunk 8 145 8.740 243.3 239.9 230.9 227.2 2.31 1.22 9.6 0.35 0.38 Gravity

174 178 F3-21048 F3-21049 Canyon Road Trunk 8 100 8.497 230.9 227.2 223.2 218.7 2.28 1.22 9.6 0.36 0.38 Gravity

178 176 E3-29001 E3-21051 Canyon Road Trunk 8 142 8.495 213.4 210.4 203.4 198.3 2.28 1.23 6.8 0.36 0.52 Gravity

176 177 E3-21051 E3-21053 Canyon Road Trunk 8 174 4.822 203.4 198.3 196.0 189.9 1.72 1.34 5.7 0.46 1.86 Surcharged

177 105 E3-21053 E3-21057 Canyon Road Trunk 8 189 2.702 196.0 189.9 188.6 184.8 1.28 1.40 6.5 1.78 0.60 Throttled

105 104 E3-21057 E3-21058 Canyon Road Trunk 8 258 5.411 188.6 184.8 175.7 170.8 1.82 1.42 8.4 0.45 0.49 Gravity

104 108 E3-21058 E3-21059 Canyon Road Trunk 8 215 6.949 175.7 170.8 163.0 155.9 2.06 1.42 5.6 0.42 FULL Surcharged

108 241 E3-21059 E3-21067 Canyon Road Trunk 8 232 2.810 163.0 155.9 156.8 149.4 1.31 1.41 5.1 FULL 5.87 Throttled
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Technical Memorandum 4 

Capital Improvement Plan Development 
This Technical Memorandum 4 (TM 4) describes the development of projects to address capacity and 
infiltration and inflow (I/I) deficiencies identified in the Burlingame Hills Sewer Maintenance District (District) 
collection system and presents the recommended Capital Improvement Plan (CIP), including estimated 
project costs and recommended prioritization. 

4.1 Introduction 
The intent of the District Wastewater Collection System Capacity Assurance Plan and Master Plan Update 
(Master Plan Update) project is to develop an update to the 1999 Master Plan utilizing flow monitoring data 
collected in the District and the City of Burlingame (City) in 2009 and field inspection data collected as part 
of this project. 

4.1.1 Scope of Work 

The scope of work for the Master Plan Update includes the following tasks: 
1. Project Management 
2. Infiltration/Inflow (I/I) Field Inspections 

3. Hydraulic Model Development 

4. System Performance Evaluation and Capacity Assurance Plan 
5. Capital Improvement Plan Development 

TM 4 is the deliverable for Task 5, Capital Improvement Plan Development. 

4.1.2 Service Area 

The District service area encompasses approximately 161 acres located in the County of San Mateo (County) 
on the San Francisco Peninsula. The District is roughly bounded by Canyon Road and Summit Drive in the 
south, Skyline Boulevard and Tiptoe Lane in the west, Hillside Drive and Adeline Drive in the north and 
Alvarado Avenue in the east. Figure 4-1 shows the District service area and collection system. 

4.1.3 Existing Collection System 

The District’s collection system consists of approximately 6.6 miles of mainly 6-inch to 8-inch-diameter 
vitrified clay pipe. There are three main trunk sewers in the District, located on Adeline Drive, Canyon Road 
and Hillside Drive. These sewers roughly divide the District’s service area into three major drainage areas. 

The District’s collection system also transports City and Town of Hillsborough (Town) flows in the trunk 
sewers on Adeline Drive and Canyon Road and in the sewer on Canyon Road upstream of the trunk sewer. 
The contributing City and Town areas (approximately 165 acres) are also shown on Figure 4-1. 
  



4

7

2
8

9

1

6

3

44

42

11

10

18
19

14

13

28

21

15

34

31

32

33 36

35

37

41

12

27

98

91

88

85

64
63

60

58

59
56

84

96

89 95

61

52

90

97

92

99

79

94

80

93

78

77

73

74

68

71

82

70

66

83

65

45

50

51

57

46

55

49

47
48

54

53

246
247

256

254

252

224
225

227

230

244

245

243

223

213

203

210

209

212

199

234

236

205

142

141

147

150

149

148
182

183
189

185

187

191

194
188

193

198

155

164

162

169

167

222

221

231

229

228

253

152

151 160

159
161

217

215
216

218

181

180

139

136

156

138
137

153

135

134

132

133
121

122

145

119

144

116

118

140

114

115

117

175

178

174

173
130

129
128

123

131

126

127
125

120
113

112

110109

241107

100

177

172

111

237

238

6089

6078

6071

5877

5876

5875

5872

5869

5870

6091

5842

5

43

23

22

29

24

30

7675
7269

67

233
232

211207

206

190

186

192

163 170
171

168

154

143

176

124

108

103
104

101

105

5874

5871

H
IL
L
S
ID
E
 D
R

SU

M
M
IT
 D
R

STATE HIGHWAY 35

TIPTO
E
 L
N

LA MESA DR

LO
S
 R
O
B
L
E
S
 D
R

INTERSTATE HIGHWAY 280

ALVARADO AVE

VALDEF
LO
R
E
S
 D
R B

E
L
L
A
 V
IS
T
A
 D
R

ALTURAS DR

LOS ALTOS DR

U
N
N
A
M
E
D

LOS
 M

O
N
T
E
S
 D
R

PATTON PL
E
L
 P
R
A
D
O
 R
D

PRIVET DR

C
H
U
R
C
H
IL
L
 D
R

D
EL M

O
N
TE D

R

L
A
 M
E
S
A
 L
N

H
IL
L
S
ID
E
 L
N

HILLSIDE CIR

W
O
O

D
GATE CT

G
L
E
N
 A
U
L
IN
 LN

SEBASTIAN DR

V ISTA LN

T
U
L
IP
 C
T

LOMA VISTA L N

K
IP
 L
N

B
E
L
V
E
D
E
R
E
 C
T

LIV
E OAK LN

L

A LO
MA 

LN

L
A
 S
T
R
A
D
A
 C
T

M
A
C
A
D
A
M
IA
 D

R

PANORAMA CT

M
IL
L
S
 C
A
N
Y
O
N
 C
T

LA ME
SA CT

KIN
D
E
R
 LN

S
C
O
T
T
 C
T

CHANDLER WY

INTERSTATE HIGHWAY 280

SUMMIT D

R

S
U

MM
IT
 D

R

CHURCHILL D
R

3

4
7

18

62

249

226
158

179

5873

201202

165

166

220

102

219

P
:\
1
3
9
0
0
0
\1
3
9
9
2
4
 -
 B
u
rl
in
g
a
m
e
 H
ill
s
 M
P
 U
p
d
a
te
\G
IS
\m
x
d
\T
M
3
_
F
ig
u
re
s
.m
x
d

Location Map

LEGEND

Master Plan Update

FIGURE 4-1
Existing Collection System

County of San Mateo
Burlingame Hills
Sewer Maintenance District

District Manholes

!!8 Manhole

!!8 Drop Manhole

$1 Cleanout

$1 Flushing Inlet

Ð
%î" Wye

!= Terminus

District Sewers

6-inch diameter

8-inch diameter

Non District Sewers

City

Town

Non Contributing Parcels

Flow Monitor

FM 3

FM 4

FM 7

FM 18

Basins

District

City

District

City

District

District

City

Town

City

2

0 500 1,000

Scale in Feet

µ

City of
Burlingame



Capital Improvement Plan Development (Task 5) Technical Memorandum No. 4
 

3 

TM4_CIP_Final 062411.docx 

District service area flows are conveyed by gravity to the City’s collection system and transported to and 
treated at the City’s wastewater treatment plant (WWTP). Wastewater pumping stations are not required in 
the District due to the topography in the service area. The District’s trunk sewers discharge to the City’s 
collection system at three different City manholes: 

 E3-21012 at Adeline Drive and Alvarado Avenue 
 E3-21099 at Hillside Drive and Alvarado Avenue 

 E3-21067 at Canyon Road and Summit Drive. 

4.1.4 Previous Planning Reports and Information 

An evaluation of the District’s wastewater collection system was completed in 1999. The City, which 
transports and treats the District’s wastewater and contributes flows to District’s sewers, retained Brown 
and Caldwell to prepare an evaluation of their wastewater collection system in 2010. Brown and Caldwell’s 
scope of work for the City’s project did not include similar private-sector I/I field investigations in City areas 
contributing flows to the District, though that task is a requirement of the City’s Consent Decree.  A list of the 
reports, planning documents, and information used in the development of this Master Plan Update is 
included in the References section. 

Collection system field inspections and recommendations to address I/I deficiencies were presented in 
TM 1, System Performance Evaluation – Collection System Field Inspections. Hydraulic modeling was 
performed using the hydraulic model developed in TM 2, Hydraulic Model Development. The hydraulic 
performance of the modeled sewers was evaluated in TM 3, System Performance Evaluation and Capacity 
Assurance Plan – Hydraulics.  

4.2 Project Development 
Improvement projects are recommended in the collection system to: 
 Convey peak wet weather flows (capacity improvement projects). 

 Reduce the total rainfall dependent I/I (RDI/I) at the City’s WWTP and correct structural deficiencies 
(collection system rehabilitation projects). 

Capacity improvement projects are based on the results of the hydraulic assessment presented in TM 3. 
Collection system rehabilitation projects are based on the hydraulic assessment as well as the results of the 
collection system field inspections presented in TM 1.  

4.2.1 Capacity Improvement Projects 

Capacity improvement projects are recommended to address hydraulic deficiencies and reduce the 
occurrence of sanitary sewer overflows (SSOs) in the District’s collection system for the two 10-year design 
storm conditions. Capacity improvement projects are recommended for the Adeline Drive and Canyon Road 
trunk sewers.  Hydraulic deficiencies by pipe reach were identified and evaluated, and the most effective 
improvement (e.g. relief sewers, sewer replacement, and sewer re-routing) were modeled iteratively from 
upstream to downstream until system hydraulic grade lines (HGLs) dropped to provide an acceptable level of 
surcharge freeboard. The capacity improvement projects are detailed in Table 4-1. 
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Table 4-1.  Capacity Improvement Projects 

Project Up MH Down MH 

Diameter Length, 
feet1 Existing Future 

Adeline Drive Trunk Sewer 

49 48 8 10 97 

48 47 8 10 45 

47 46 8 12 94 

46 45 8 12 228 

45 65 8 12 86 

65 66 8 12 16 

66 67 8 12 124 

67 68 8 12 109 

68 69 8 12 40 

69 72 8 12 137 

72 73 8 12 74 

73 75 8 12 93 

75 76 8 12 109 

76 78 8 12 357 

78 80 8 12 218 

80 79 8 12 180 

    Project 2,007 

Canyon Road Trunk Sewer 

162 165 6 8 82 

165 163 6 8 96 

163 155 6 8 241 

155 156 6 8 143 

156 154 6 8 69 

154 139 8 82 282 

139 180 8 82 170 

180 181 8 82 185 

181 174 8 82 147 

174 178 8 82 143 

178 176 8 82 170 

176 177 8 10 163 

177 105 8 10 206 

105 104 8 10 252 

104 108 8 10 217 

108 241 8 10 229 

    Project 2,795 

1Lengths are from the shape lengths in the County GIS. 
2These reaches have adequate hydraulic capacity. Replacement of the reaches for rehabilitation is included with the 
capacity improvement project so the entire length is constructed under one project to minimize community disruption. 
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4.2.2 Collection System Rehabilitation Projects 

Collection system rehabilitation projects are recommended to reduce RDI/I by at least 30 percent. Basins 3, 
4, and 7 (areas tributary to flow monitor locations) that include the District’s collection system were 
identified as candidates for rehabilitation for RDI/I reduction in the City Master Plan and TM3. 

The collection system consists of sewer mains, manholes and laterals.  Laterals are privately owned by 
property owners and extend from the house or other building to the connection at the sewer main.  In order 
to obtain a 30 percent reduction in RDI/I, it is recommended that the District evaluate the two rehabilitation 
scenarios described below and implement the projects as funds are made available and in accordance with 
the requirements of the Consent Decree.   

The first scenario would include rehabilitation of all sewer mains and manholes in Basins 3, 4 and 7 and to 
require property owners to address RDI/I sources that were identified by smoke and dye testing 
(downspouts, area drains, etc).  The second scenario would include a combination of sewer main 
replacement, manhole rehabilitation, and private lateral replacement.  With this alternative, property owners 
will need to agree to fund the rehabilitation of the laterals in conjunction with District funded rehabilitation of 
about 60 percent of the sewer mains and manholes in Basins 3, 4 and 7.   

Projected RDI/I reductions are approximate and actual RDI/I reductions will depend on the type of 
rehabilitation performed and how much RDI/I is contributed by sewer mains and manholes and how much is 
contributed by laterals. Projections may need to be adjusted based on actual results. 

Collection System Rehabilitation Projects were developed using an area approach within the three basins, 
where an entire area is rehabilitated as compared to specific defects spread throughout the basin. The 
collection system was divided in eight areas for rehabilitation, as shown on Figure 4-2. Two of these areas 
match the Capacity Improvement Project extents (Adeline and Canyon); the remaining areas were identified 
by location and are summarized in Table 4-2. 

 
Table 4-2.  Collection System Rehabilitation Areas 

Area 

Diameter, inches Number of Length of 
Sewer Main, 

feet2 Existing Future1 Mains Manholes Parcels 

Hillside/Adeline 6-8 8 27 29 87 6,744 

Upper Canyon 6 8 50 52 80 6,355 

Fey 6 8 37 40 71 6,019 

Tiara 6 8 35 37 71 4,520 

Alturas/La Mesa 6 8 23 27 48 3,606 

Lower Canyon 6 8 26 29 44 3,128 

  TOTAL 198 214 401 30,372 

18-inch-diameter is the standard minimum sewer main size in several engineering standards such as the 10 States 
Standards and many local agencies. Hydraulic modeling results showed the existing 6-inch diameter sewers have 
adequate hydraulic capacity. 

2Lengths are from the shape lengths in the County GIS. 
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4.3 Project Prioritization 
Projects to address hydraulic deficiencies are the highest priority, and are required in the Consent Decree to 
be completed within 3 1/2 years from the date of the final Capacity Assurance Report. Projects to reduce 
RDI/I volume at the City WWTP through rehabilitation are the next highest priority, and are scheduled to be 
completed by 2020 to align with the requirements of the City’s Consent Decree and Master Plan. Costs for 
rehabilitation of sewer mains to correct severe structural deficiencies identified during upcoming CCTV 
inspections are included with the collection system rehabilitation projects; prioritization of the rehabilitation 
may need to be adjusted in order to meet the requirements of the Consent Decree. The project priorities are 
summarized in Table 4-3. 

 
Table 4-3.  Project Prioritization 

Priority Schedule Project Types 

1 2011-20151 Capacity Improvements2 

2 2015 to 20203 Collection System Rehabilitation 

13 1/2 years from the date of the final Capacity Assurance Report. 
2Capacity improvement project locations in the District’s collection system are the same 

for the Consent Decree and Design Storms. 
310 Years from the completion of the City’s Master Plan. 

 

4.3.1 2011 to 2015 

The two Capacity Improvement Projects are recommended for completion by 2015 to comply with the terms 
of the Consent Decree: 
1. Adeline Drive Capacity Improvement Project 

2. Canyon Road Capacity Improvement Project 

The District is also required to complete CCTV inspection on their collection system in accordance with the 
terms of the Consent Decree. A project to complete these inspections is included in this CIP. The District is 
required to repair, rehabilitate, or re-inspect any sewers with Pipeline Assessment and Certification Program 
(PACP) Grade 5 structural defects within two years of the inspection and PACP Grade 4 structural defects 
within five years of the inspection. Costs for these repairs are not included here because all pipe reaches are 
included in the collection system rehabilitation project costs. The District may need to reprioritize 
rehabilitation after evaluation of the CCTV inspection results. 

4.3.2 2015 to 2020 

All areas in the District’s collection system are recommended for rehabilitation between 2015 and 2020 for 
RDI/I reduction at the City WWTP. Three areas were identified as higher priority for rehabilitation projects 
by 2020 based on the defect observations presented in TM 1 and the RDI/I evaluation presented in TM 3: 

3. Hillside/Adeline Area Rehabilitation Project 

4. Upper Canyon Area Rehabilitation Project 
5. Fey 

Hillside/Adeline. The Hillside/Adeline area includes the Adeline Drive Sewer, located in Basin 3, and the 
Hillside Drive Trunk Sewer, located in Basin 4. These basins have high R-factors (percentage of rainfall 
volume that enters the collection system) combined with many moderate (cracks/fractures) and severe 
(broken/hole) structural deficiencies in the sewer mains as well as minor and moderate manhole defects. 
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Upper Canyon. The Upper Canyon area, located in Basin 7, includes the Canyon Road Sewer and side sewers 
from Skyline Boulevard to the start of the Canyon Road Capacity Improvement Project. The Canyon Road 
Sewer has many moderate and some severe structural deficiencies as well as minor and moderate manhole 
defects. 

Fey. The Fey area, located in Basin 7, had a number of minor and moderate manhole defects that are 
potential sources of I/I. 

Rehabilitation of Hillside/Adeline, Upper Canyon, and Fey areas would total approximately 19,118 linear 
feet (LF). When combined with the capacity improvement projects, these projects would result in a total of 
approximately 23,920 LF (68 percent of collection system) of sewer main rehabilitation in the District, 
comprehensive rehabilitation of Basin 3 and Basin 4 and partial rehabilitation of Basin 7. 

The remaining three areas, approximately 11,250 LF or one-third of the collection system, are the final 
priority for rehabilitation based on available condition information: 

6. Tiara 

7. Alturas/La Mesa 
8. Lower Canyon 

 

If the District elects to perform comprehensive private lateral rehabilitation, the main sewer and manhole 
rehabilitation project may be reduced by approximately 40 percent. 

4.4 Construction Costs 
Project costs were developed based on planning level unit costs and preliminary pipeline lengths and 
diameters developed above in Section 4.2. 

4.4.1 Pipeline Construction Methods 

Two pipeline construction methods are considered for developing costs for this master plan update, pipe 
bursting and open cut construction: 
 Pipe Bursting. Pipe bursting is a trenchless method of constructing replacement sewer pipe. The 

replacement sewer can be of the same or slightly larger diameter (up to two nominal pipe diameter sizes) 
as the existing pipe, but the pipe grade must remain the same. In the past, minor soil heaving in shallow 
pipe trenches has been mitigated with a pavement saw-cut trench over the pipe. 

 Open Cut Construction. Open cut construction is the traditional method of installing sewer pipe and 
consists of excavating a trench along the alignment of the existing sewer reach, removing the existing 
pipeline, and installing a new sewer. The replacement sewer can be of the same or larger diameter, and 
can be constructed at a different grade depending on the downstream conditions.  

The District prefers replacing sewers by the pipe bursting method because of its cost effectiveness and has 
had success with pipe bursting projects in the District. Therefore, pipe bursting was the default construction 
method chosen for pipeline projects, and open cut construction was only considered in cases of extremely 
shallow cover, required grade change, or where pipe diameters increased more than two nominal sizes. 

4.4.2 Unit Costs 

Planning level unit costs are presented in Table 4-4, and are for replacement by pipe bursting or open cut 
construction of sewers less than ten feet deep and CCTV inspection. Planning level unit costs were 
developed from bid tabs from recent pipeline construction projects in Northern California and confirmed with 
bid results from several recent City sewer projects, details of which can be found in Attachment A.  

 



Capital Improvement Plan Development (Task 5) Technical Memorandum No. 4
 

9 

TM4_CIP_Final 062411.docx 

Table 4-4.  Sanitary Sewer Unit Costs 

Item Unit $/Unit 

Pipe Bursting  

 8-inch  LF $184 

 10-inch  LF $220 

 12-inch  LF $264 

Open Cut  

 8-inch  LF $272 

 10-inch  LF $280 

 12-inch  LF $336 

 15-inch  LF $420 

 CCTV Inspection LF $2 

 

Unit costs for sewer replacement by open cut construction and pipe bursting include: 
 Mobilization and demobilization 

 Traffic control 
 Normal sheeting, shoring and bracing 

 Excavation and typical dewatering 

 Standard manholes at typical intervals 
 Lateral reconnection at typical intervals 

 Typical surface restoration 

 Erosion, sediment and stormwater control 
 Overhead and profit.  

Costs for CCTV inspection include the field inspection costs including pre-cleaning of the sewer lines. 

4.4.3 Lateral Rehabilitation Costs 

Costs for the rehabilitation of privately-owned lateralswill average approximately $8,000 per lateral plus 
contingencies.  This includes the full replacement or rehabilitation of the lateral from the house to the sewer 
main. 

4.4.4 Other Costs 

Other costs include allowances for contingency as well as engineering, administration, change orders, etc. 

Contingency. A contingency of 35 percent was added to the planning level costs to obtain planning level 
construction costs. Planning level projects have many inherent uncertainties and it is appropriate to include 
a contingency allowance to cover the potential additional construction costs. Uncertainties associated with 
planning-level projects include unexpected geotechnical conditions, extraordinary utility relocation, 
alignment changes, and permits. All of these uncertainties can increase the construction cost. 

Engineering, Administration, Change Orders, etc. 35 percent was added to the planning level costs to 
account for design, construction services, administration, legal and environmental services, and 
construction change orders. Engineering services associated with projects are estimated at 15 to 17 percent 
of the construction cost and include preliminary investigations and design services, site and route surveys, 
geotechnical explorations, preparation of drawings and specifications, construction services, surveying and 
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staking, and sampling and testing of materials. Administrative charges are estimated at 8 to 10 percent of 
the construction cost and include administrative costs, legal and environmental services, financing 
expenses, and interest during construction. A 10 percent allowance is also included for unforeseen 
construction change orders. The total allowance for engineering, administrative, and change orders costs is 
35 percent of the construction cost. 

4.5 Capital Improvement Plan 
The CIP is comprised of sanitary sewer hydraulic capacity projects required to meet the Consent Decree 
Scenario and/or the Design Scenario (described in TM 3) and collection system rehabilitation projects for 
RDI/I reduction. The capital improvement projects are summarized in Table 4-5, and are shown in 
Figure 4-3.  

4.6 Other Recommendations 
We recommend the District address private property I/I deficiencies, correct structural defects in the 
timeframe for action in the Consent Decree, and prepare an update to the Master Plan following completion 
of the CIP projects to evaluate the effectiveness of the RDI/I reduction. 

4.6.1 Private Property I/I Deficiencies 

The only major sources of I/I identified during field inspections were two private property inflow sources (125 
La Mesa Drive and 162 Los Robles Drive) and the unknown source draining to manhole 67, included in 
Table 4-6. We recommend the District contact the property owners to coordinate disconnection of these 
major inflow sources as expeditiously as possible, as required by the Consent Decree.  

We also recommend the District contact property owners with lateral and cleanout I/I deficiencies to 
coordinate testing and repair of laterals and cleanouts with smoke sources in accordance with the sewer 
ordinance. Properties with lateral and cleanout I/I defects identified in TM 1 are also included in Table 4-6. 

In many collection systems, privately-owned laterals are found to be a significant source of RDI/I, typically as 
much as 50 percent of the total collection system RDI/I. Lateral rehabilitation throughout the collection 
system can occur through a program that requires the property owner to inspect (CCTV or air test), and repair 
as necessary in accordance with the sewer ordinance, the privately-owned lateral at the sale of the property, 
as a condition for a building permit, or under some other trigger.  Lateral repairs within the County street 
right-of-way will require a separate encroachment permit and inspection process.   

4.6.2 CCTV Inspection Defect Correction 

After CCTV inspection of the collection system, the District should correct (clean, repair, rehabilitate) or 
monitor (re-inspect) structural and operation and maintenance defects in accordance with the requirements 
of the Consent Decree. 

4.6.3 Master Plan Update 

After completion of the Capacity and Collection System Rehabilitation Projects, BC recommends the District 
update this Master Plan. This project should include flow monitoring to evaluate the effectiveness of the 
projects at reducing RDI/I.  
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Table 4-5.  Capital Improvement Plan Project Summary 

Project 
No. Name Project Description 

Existing 
Size Future Size 

Quantity, 
LF or No. 

Construction 
Cost Contingency 

Construction 
Cost with 

Contingency 
Engineering, 
Admin, Etc. 

Total Project 
Cost 

2011-2015:  Capacity Improvement Projects 

A Collection System CCTV Inspection 
CCTV inspection for 
condition assessment 

- - 35,097 $70,190 $24,570  $94,760  $33,170  $127,930  

1 Adeline Drive Capacity Improvement 
Upsize and re-grade by 
open cut construction. 

8-in 10-in, 12-in 2,007 $656,320  $229,710  $886,030  $310,110  $1,196,140  

2 Canyon Road Capacity Improvement 
Upsize by open cut 
construction1. 

6-in, 8-in 8-in, 10-in 2,795 $768,780  $269,070  $1,037,850  $363,250  $1,401,100  

Subtotal - Capacity Improvement Projects $1,495,290  $523,350  $2,018,640  $706,530  $2,725,170  

2015-2020: Collection System Rehabilitation Projects 

3 Hillside/Adeline Area Rehabilitation Replace by pipe bursting2. 6-in, 8-in 8-in 6,744 $1,240,900  $434,320  $1,675,220  $586,330  $2,261,550  

4 Upper Canyon Area Rehabilitation Replace by pipe bursting2. 6-in 8-in 6,355 $1,169,320  $409,260  $1,578,580  $552,500  $2,131,080  

5 Fey Area Rehabilitation Replace by pipe bursting2. 6-in 8-in 6,019 $1,107,500  $387,630  $1,495,130  $523,300  $2,018,430  

6 Tiara Area Rehabilitation Replace by pipe bursting2. 6-in 8-in 4,520 $831,680  $291,090  $1,122,770  $392,970  $1,515,740  

7 Alturas/La Mesa Area Rehabilitation Replace by pipe bursting2. 6-in 8-in 3,606 $663,500  $232,230  $895,730  $313,510  $1,209,240  

8 Lower Canyon Area Rehabilitation Replace by pipe bursting2. 6-in 8-in 3,128 $575,550  $201,440  $776,990  $271,950  $1,048,940  

Subtotal – Collection System Rehabilitation Projects $5,588,450  $1,955,970  $7,544,420  $2,640,560  $10,184,980  

2015-2020: Optional Private-Property Lateral Rehabilitation Projects3 

9 Private-Property Lateral Rehabilitation  - - 445 $3,560,000 $1,246,000 $4,806,000 $1,682,100 $6,488,100 

Subtotal – Optional Private-Property Lateral Rehabilitation Projects $3,560,000 $1,246,000 $4,806,000 $1,682,100 $6,488,100 

Total – Without Private-Property Lateral Rehabilitation $7,083,740  $2,479,320  $9,563,060  $3,347,090  $12,910,150  

Total – With Private Property Lateral Rehabiliation (Including 40 percent reduction of Collection System Rehabilitation Cost)4 $8,408,360  $2,942,930 $11,351,290  $3,972,950  $15,324,240  

1Open cut construction is identified because the pipe is shallow at some locations. 
2If open cut construction is required because of sags, shallow pipes, or utility interference, the costs would increase by 48 percent. 
3Service laterals are not owned by the District.  These projects would require separate funding from property owners.  See Section 4.2.2.  
4Includes costs for private-property lateral rehabilitation.  These costs would require separate funding from property owners. Implementation of a lateral rehabilitation program would reduce 
the Collection System Rehabilitation Project costs by approximately 40 percent.     

 



���
�

�
�

##
##

#

#
#
##

#
#

�
�

��

��
�

�
�

�
�

�
�

�
�

�
�

��

�

�

�
�

�
�

��
�

��
��

�
�

�

�
� #

##
##
##

#

�

�
� �

�

�
#
##

#
##

#
##

#
##

�
�

�
�

�

�
�

��
�

�

�
��

�

��
�

�
��

�

�
�

�
�

�
�

�
�

�
�

��
��

�

�

�

�
�

�

�
�

�
�

�
�

�
�

���
���

�

��
�

�

�

�
�

�
��

��
�

�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

��
�

��
��

��
�

�
��

��
�

��
��

�
��

�
�

��
�

���
�

���
�

�
�

�

�

��
�

�
��

�

�
��

�

�

�

#
##

#
##

�
��

�
�

�

�
�

�
�

�
�

�

�
��

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�
�

�
�

�
�

�
�

�

�

��
�

��
�

��

�
��

�
��

�
�

�
�

�
��

�

�
�

�
�

�
�

�
�

�
�

�
��

�
�

�
� �

�

�

�

�
��

�
�

� �
��

�

�
�

�

�
�

#
##

#
#
#

�

�
�

�
��

�

�
��

�
�

��

��
��

�

�

�
�

�

�
�

��
�

��

�
��

�

�
��

�

�

�

��
�

�

�

��
�

��
�

�
�

�
�

�
�

�

�
��

�

��
��

�

��
�

#
##

#

#
##

#
##

�

�

�
���

�

�

�

�
�

�

�
�

�

�

#
##

#
##

##
#
#

#
#
#
##

�
�

#
##

#
##

#
#
##

#
##

��
�

##
#
##

# ##
##

#

�
�

�
�

�
�

�
�

�
�

�

�
�

�
�

�

��
�

�

�
��

�

��
�

�

��
�

��
��

�

�
�

��
�

��

�
��

�
��

�
�

��
�

�
�

�
�

��
�

�
�

�

�

�

�
��

� �

�
�

��
��

�

�
��

�

�
��

�
�

�
�

�
�

�
�

�

�
�

�
�

�
�

�
�

�
�

�
�

�

�
�

�
�

�

�
�

�
�

�
�

�
�

��
�

�
��

�

�
�

�

�
�

�
�

�
�

��
�

�
�

�

��
��

��
�

�
�

��
�

�

�
�

�

�

�

��
�

�
��

�

��
�

��
�

�

� �
��

��
�

��
�

�
�

�

��
�� �

�
�

�
�

�

�
��

�

�
�

��
�

�

� �
�

�

�
�

�

�

�
�

�
��

�

� ��
�

�

�
��

�

��
�

�
��

�

��
�

�

��
�

��
�

��
��

�

��
��

��
�

��
�

�

�

�
��

�

�

�
�

�

�
�

�
�

�
�

�

�
��

�
�

�
��

�
��

��
� �

�
�

�
�

�
�

�

��
�

�
�

�

�
��

��
�

�
�

�
�

�

�
�

��
��

�

�
�

�

��
�

�

�
�

�
�

��

��
�

�
�

�

�
��

�
�

��
�

�
�

�
�

��
��

�

�
��

�

�
��

�

�
�

�
�

��

�
�

�
�

�

�

�

�

�
�� ��

�
��

�
�

�

�

�

��
��

��
��

�

�
�

�
�

�
�

�

��
�

��
�

��
�

��
�

��
���

�

��
�

�
��

�

�
�

�
�

�
�

�
�

�
��

�

��
�

��
�

�
��

� �

�
##

#
##

#
#

#
##

##
#

#
#
##

# ##
##

#

##
#
##

#

##
#
##

#

#
#
#

#
#
#

##
##

#
##

#
##

#

#
##

#
##

H
IL
L
S
ID
E
 D
R

SU

M
M
IT
 D
R

STATE HIGHWAY 35

T

IPTO E LN

LA MESA DR

LO
S
 R
O
B
L
E
S
 D
R

INTERSTATE HIGHWAY 280

ALVARADO AVE

NEWTON DR

VALDEFLORES
 D
R

B

E
L
L
A
 V
IS
T
A
 D
R

ALTURAS DR

LOS ALTOS DR

U
N
N
A
M
E
D

LOS MONT ES DR

PATTON PL
E
L
 P
R
A
D
O
 R
D

PRIVET DR

C
H
U
R
C
H
IL
L
 D
R

D
EL M

O
N
TE D

R

L
A
 M
E
S
A
 L
N

H
IL
L
S
ID
E
 L
N

HILLSIDE CIR

W
O
O

D
GATE CT

G
L
E
N
 A
U

LIN
 LN

SEBASTIAN DR

V ISTA LN

T
U
L
IP
 C
T

LOMA VISTA L N

K
IP
 L
N

B
E
L
V
E
D
E
R
E
 C
T

L
IV
E
 O
A
K
 L
N

L

A LO
MA 

LN

L
A
 S
T
R
A
D
A
 C
T

M
A
C
A
D
A
M
IA
 D

R

PANORAMA CT

M
IL
L
S
 C
A
N
Y
O
N
 C
T

LA MESA CT

KIN
D
E
R
 LN

S
C
O
T
T
 C
T

CHANDLER WY

INTERSTATE HIGHWAY 280

SUMMIT D

R

S
U

MM
IT
 D

R

CHURCHILL D
R

P
:\
1
3
9
0
0
0
\1
3
9
9
2
4
 -
 B
u
rl
in
g
a
m
e
 H
ill
s
 M

P
 U
p
d
a
te
\G
IS
\m

x
d
\T
M
3
_
F
ig
u
re
s
.m
x
d

Location Map

LEGEND

Master Plan Update

FIGURE 4-3
Capital Improvement Plan

Projects

County of San Mateo
Burlingame Hills
Sewer Maintenance District

Capacity Improvement CIP

1 - Adeline

2 - Canyon

Sewer Mains

District

Non District

Town

Rehabilitation CIP

1 - Adeline (Capacity)

2 - Canyon (Capacity)

3 - Hillside/Adeline

4 - Upper Canyon

5 - Fey

6 - Tiara

7 - Alturas/La Mesa

8 - Lower Canyon

City and Town Basins

City Basin 3
� � City Basin 7

# # Town Basin 7

Non Contributing

12

0 500 1,000

Scale in Feet

µ

City of
Burlingame



Technical Memorandum No. 4 Capital Improvement Plan Development (Task 5)
 

 

 13 

\\BCWCK01\Projects\139000\139924 - Burlingame Hills MP Update\05 Capital Improvement Plan\Final TM\TM4_CIP_Final 062411.docx 

Table 4-6.  Private Properties with I/I Deficiencies 

Address I/I Defect Location 

2815 Adeline Drive Lower Lateral 

2825 Adeline Drive Upper Cleanout 

2835 Adeline Drive Lower Cleanout 

2880 Adeline Drive Lower Lateral 

2884 Adeline Drive Lower Cleanout 

2886 Adeline Drive Upper Lateral 

2909 Adeline Drive Lower Lateral 

2925 Adeline Drive Upper Cleanout 

2920 Canyon Road Upper Cleanout 

3004 Canyon Road Lower Lateral 

3028 Canyon Road Upper Cleanout 

3110 Canyon Road Upper Cleanout 

10 Crystal Terrace Upper Lateral 

135 Glen Aulin Lane Upper Lateral 

2810 Hillside Drive Upper Lateral 

2832 Hillside Drive Lower Cleanout 

2861 Hillside Drive Lower Lateral 

3135 Hillside Drive Upper Lateral 

3151 Hillside Drive Upper Lateral 

100 La Mesa Drive Upper Cleanout 

125 La Mesa Drive1 Area Drain and Downspout 

162 Los Robles Drive Downspout 

142 Valdeflores Drive Lower Lateral 

181 Valdeflores Drive Upper Cleanout 

Unknown Drains into Manhole 67 

1Multiple connection points 
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Unit Cost Development
Date: October 23, 2009

Project:  City of Burlingame Collection System Master Plan

Project No.:  136414

Project Engineer:  Lani Good

Sewer Replacement by Open Trench 

Unit Costs vs. Pipe Diameter
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Unit Cost

Planning level unit costs for both sanitary sewer installation and rehabilitation were developed using the following 

methodology:

  1. Construction bids were tabulated for recent comparable projects in and around the Bay Area. 

  2. Only construction projects having a minimum of three responsive bids were included.

  3. The comparable projects were equalized by excluding the following project-specific line items, if any:

          a. jack and bore highway or railroad crossings,

          b. junction structures,

          c. cast-in-place pipe linings,

          d. installation of owner-provided materials, and

          e. small quantity pipe installation, relocation, or abandonment.

  4. The average bid for each line item was calculated for each project.

  5. Lump sum line items such as contractor mobilization, traffic control, and sheeting and shoring were then 

      redistributed in a weighted fashion to each linear pipe line item.

  6. The unit cost for each construction method was calculated as a cost per linear foot per inch diameter of 

      pipe.

  7. The unit costs were plotted for each construction method by project on the following charts.  The 

      "Unit Costs" used in this master plan were then developed from the trends identified.

P:\136000\136414 - Burlingame WW Collection System Master Plan\5 CIP\Unit Costs\Unit Cost Development.xls Printed: 10/23/2009



Unit Cost Development

Sewer Rehabilitation by Pipe Bursting 

Unit Costs vs. Pipe Diameter
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Sanitary Sewer - Open Cut Installation 

Unit Costs (Varying Depths)
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