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1 Introduction
This document presents the results of smoke testing conducted in the City of Pacifica (City) wastewater
collection system during the fall 2011. The smoke testing program was conducted in accordance with the
Illicit Discharges Elimination Program Plan prepared by the City in August 2011. The City is required to
develop and implement a program to eliminate illicit discharges into its sanitary sewer system and
conduct smoke testing in areas identified as having the most significant infiltration/inflow (I/I) in
compliance with Cease and Desist Order No. R2-2011-0031 (CDO) adopted by the Regional Water
Quality Control Board, San Francisco Bay Region, on May 11, 2011, and in accordance with the Consent
Decree with Our Children’s Earth Foundation (OCE) dated June 29, 2011.
The CDO states as follows:
The Discharger shall develop and implement a program to detect and eliminate illicit discharges.
By December 31, 2011, the Discharger shall complete and document the results of smoke testing
of the portions of its collection system identified in the System Evaluation and Capacity
Assurance Plan… as having the most significant I&I and as being most appropriate for smoke
testing. The Discharger shall require private property owners to eliminate illegal drainage
connections or defective laterals and shall eliminate any inappropriate cross-connections in
Discharger-owned facilities identified during smoke testing.
By November 15, 2011, the Discharger shall adopt an ordinance, or amend existing ordinances,
to provide the Discharger with the requisite authority to eliminate illicit discharges and shall
take reasonable enforcement efforts under said ordinance(s) to eliminate identified illicit
discharges. The Discharger shall take reasonable enforcement actions against any violators and
maintain records to document any such enforcement actions.
The Consent Decree states as follows:
By July 1, 2011, the City shall commence development of a program to detect and eliminate illicit
discharges. The City shall commence implementation of its program by September 1, 2011 and
commence field work by October 30, 2011. The City shall thereafter continue to develop and
implement its program. As part of its program, by December 31, 2011, the City shall complete
smoke testing of the portions of its Collection System identified in the Master Plan…as having
excessive I&I and are the most appropriate for smoke testing. By November 15, 2011, the City
shall adopt an ordinance, or amend existing ordinances, to provide the City with the requisite
authority to eliminate illicit discharges and shall take reasonable enforcement efforts under said
ordinance to eliminate identified illicit discharges.
.

2 Purpose, Application, and Limitations of Smoke Testing
The primary purpose of smoke testing is to identify potential illicit discharges, or sources of direct
stormwater runoff (“direct inflow”) to the sanitary sewer system. Such sources include roof downspouts,
driveway and yard drains, and other types of area drains with direct piped connections to sanitary sewer
laterals; as well as defective or open cleanouts on private property that are located in areas that may
collect surface drainage. Other direct inflow sources include cross connections between storm drains and
sanitary sewers, which could be located within the City’s sewer system as well as in private systems.
Smoke testing is the most common method used for identification of direct inflow sources because it can
be accomplished relatively inexpensively and cover a wide area. Smoke testing involves blowing a nontoxic smoke into sanitary sewers at manholes and recording observations of where the smoke emerges
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from the ground, from sewer or drainage structures, or from buildings (called “smoke returns”). The
smoke returns indicate the potential pathways of extraneous flow into the sanitary sewer system. Smoke
testing can be used to identify infiltration sources (e.g., defective service laterals) as well as direct inflow
connections if the testing is done when the soil is relatively dry, to allow the smoke to travel through the
ground. However, not all such defective laterals will necessarily be detected. Direct inflow sources can
be identified regardless of soil conditions as long as the piped connections are open (not filled with
water).
Smoke testing is typically documented by taking photographs of the observed smoke returns and
recording the location of the smoke and type of connection. However, if access to private property is
restricted (e.g., due to fences or locked gates), some smoke returns may not be detected. Smoke testing is
not effective for detecting such inflow connections as drainage sump pumps or foundation drains located
inside buildings or underground.

3 Smoke Testing Program
Smoke testing was conducted in four areas of the City’s wastewater collection system identified as having
the highest wet weather peaking factors based on the results of flow monitoring and hydraulic modeling
conducted for the City’s Collection System Master Plan (Master Plan) completed in October 2011. The
identified areas were the Pedro Point, Linda Mar, and Fairway Park districts, comprising approximately
182,000 feet of sanitary sewer mains (approximately 35 percent of the total sewer system), as listed in
Table 1 and shown in Figure 1. In many of these areas, the upper portions of the service laterals (portion
located on private property) are known to be constructed of Orangeburg pipe. The flow monitoring and
hydraulic evaluation of the system conducted for the Master Plan determined that the highest peak wet
weather flows occur in the lower Linda Mar and Pedro Point areas in particular and have the greatest
impact on predicted capacity deficiencies and required capacity improvements.

Table 1: Smoke Testing Areas and Pipe Footages
Approximate Length of Sewer Mains (ft.)

Estimated
Number of
≤ 8”
10” – 15”
Total
Laterals*
 18”
Pedro Point
16,300
500
0
16,800
440
Lower Linda Mar
50,300
5,300
2,800
58,400
1,460
Middle Linda Mar
26,200
7,000
2,900
36,100
870
Upper Linda Mar
47,700
12,700
700
61,100
1,590
Fairway Park
10,200
0
0
10,200
270
Total
150,700
25,500
6,400
182,600
4,630
 Estimated assuming one lateral per 38 feet of 15-inch and smaller mainline sewers.
Area

The smoke testing field work was conducted by a contractor, SFE Global (SFE), retained by the City
based on a competitive procurement process. The work was conducted in accordance with the City’s
specifications (Special Provisions) for smoke testing, included as Attachment A to this report. SFE was
provided with GIS mapping of the areas targeted for smoke testing and a tabulation of the pipes included
in each area. City operations staff familiar with the collection system provided assistance in locating
manholes and overall oversight of the field activities. The City’s Master Plan consultant, RMC Water and
Environment (RMC), reviewed the database deliverables and summarized the smoke testing results based
on the database and reports provided by SFE.
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Figure 1: 2011 Smoke Testing Areas
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The smoke testing was completed during the four-week period from October 4 to November 3, 2011. The
field crews recorded the date and location of each smoke blower setup and the extent (upstream and
downstream manholes) of smoke transmission for each smoke test “run”; and documented the
occurrences of smoke returns or other issues (called “incidents”) from each run. The coordinates
(latitude/longitude) of each manhole and incident were determined using Global Positioning System
(GPS) instruments, and the following information was recorded for each smoke test incident:









Incident location (address and/or street)
Upstream and downstream manholes
Result status (positive or suspect)
Leak source (service connection or main sewer)
Leak type (see Table 2)
Leak size (A through F, indicating relative inflow or infiltration potential)
Leak surface cover (asphalt, concrete, dirt, grass, etc.)
Observations (text description of location and type of leak or any problems/issues encountered)

In addition, a digital photograph was taken of each incident location (other than incidents such as no
smoke observed from roof vents or manholes that could not be located).
Table 2: Leak Type Codes and Descriptions
Leak Type Code
CB
CCD
CCM
DT
MHC SAN
NS
O
RWL
SC
SI
SM
?

Description
Catch basin
Cleanout cap defective
Cleanout cap missing
Drain tile (or yard drain)
Sanitary manhole cover
No smoke from vent
Other
Rainwater (roof) leader
Service connection (lateral)
Smoke in building
Sewer main
Source unknown

The information recorded by the field crews on the field forms was entered into MS Access databases
(separate database for each of the five smoke testing areas) and reviewed for quality control/quality
assurance by SFE office staff. The databases were then transmitted to the City and RMC for final review.
The final databases were used to generate reports showing the information for each incident. An example
report is shown in Attachment B.

4 Smoke Testing Findings
Over 400 smoke testing “incidents” were recorded, of which 315 indicated some type of “leak” or
potential source of infiltration or inflow into the sanitary sewer system. Approximately 93 percent of the
leaks were found to be related to private property (service laterals, cleanouts, roof or yard drains) and 7
percent related to the pubic sewer system (manholes, sewer mains, potential storm drain crossconnections). An additional 34 smoke incidents indicated cases of faulty plumbing (smoke inside the
building). The remaining recorded incidents were either cases of manholes that could not be located or
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appeared to be buried (approximately 30 manholes) or situations where roof vents showed no smoke,
indicating that the smoke had not traveled through the system to the connected properties (approximately
20 locations).
Most of the leaks (64 percent) were indicated to have “little if any” or “light” inflow or infiltration
potential, indicating that the smoke intensity was light and the potential surface area draining to the leak is
small. Another 29 percent were classified as “medium”. Only 8 percent were indicated to be “moderate”
or “high”, primarily consisting of roof leaders, yard drains, or low-lying cleanouts with missing caps.
It should be noted that the relative lack of smoke incidents in the public sewer system does not necessarily
indicate that that portion of the system is not subject to I/I. Rather, because much of the public system
lies under pavement, smoke may not be able to travel and emerge at the ground surface. Therefore other
methods such as closed-circuit television (CCTV) inspection are more appropriate for identifying
potential I/I sources in the public portion of the system. The City has CCTV inspected about half of the
system to date, and will complete the remainder by 2013.
Overall, the smoke testing identified relatively few potential sources of direct inflow to the sewer system.
Only 7 directly connected roof leaders and 4 yard drains (categorized as “drain tiles” by the smoke testing
crews) were found. The two public catch basins identified did not appear to be direct connections based
on the intensity of the smoke, and may be cases of water being transferred indirectly between storm and
sanitary systems through leaky joints or other defects in the pipes. Additional potential sources of surface
inflow were a few identified low-lying manholes.
As is very typical of systems throughout the Bay Area, the majority of the identified leaks were in service
laterals and defective cleanouts on private property. However, only an estimated five percent or less of
the private laterals were found to have such leaks or defects.
Table 3 summarizes the smoke testing results by area.
Table 3: Summary of Smoke Testing Results by Area
Leak Type
Private
Cleanout cap defective
Cleanout cap missing
Drain tile/yard drain
Roof leader
Service connection
Source unknown
Smoke in building
Public
Catch basin
Manhole cover
Sewer main
Total
Estimated percentage of
laterals with observed
leaks
Estimated percentage of
laterals with missing or
defective cleanout caps
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Number of Leaks
Middle
Upper
Linda Mar Linda Mar

Pedro
Point

Lower
Linda Mar

Fairway
Park

Total

2
6
1
3
13
7
11

8
7
1
1
68
5
6

13
8
2
2
55
8
7

0
0
0
1
43
2
2

12
5
0
0
21
0
8

35
26
4
7
200
22
34

0
9
1
53

0
1
1
98

1
5
1
102

1
1
0
50

0
0
0
46

2
16
3
349

3%

5%

6%

3%

8%

4%

2%

1%

2%

0%

6%

1%
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Note that the areas with the highest percentage of leaks in service laterals (Fairway Park and the lower
and middle portions of Linda Mar) are those areas where the upper laterals are predominantly constructed
of Orangeburg pipe. However, the number of observed leaks in laterals is still a very small percentage of
the total number of laterals, indicating that smoke testing is not an effective method of identifying most
defective laterals, as the smoke may not be able to reach the ground surface due to localized groundwater,
saturated soil, or impermeable surface material.

5 Planned Follow-up Actions
Based on the results of the smoke testing, the City intends to take the following actions to further verify
the identified potential sources of I/I and address other identified issues:


Verify identified potential defective or missing cleanout caps, yard drains, and roof leaders by
field visits and additional photo documentation if necessary.



CCTV inspect laterals with recorded leaks identified through the smoke testing (including laterals
on properties with leaks identified as “source unknown”).



Inspect manholes identified as potential manhole cover leaks.



CCTV inspect or review existing CCTV inspection records for sewer mains identified as potential
leaks.



Verify potential sanitary sewer/storm drain cross-connections (catch basin leaks) via dye testing
and/or CCTV inspection as appropriate.



CCTV inspect sewers in which the field crews indicated that smoke could not get through the line
to determine if there are obstructions or surcharged pipes that prevented the smoke from
traveling, and to confirm the connection points of laterals from adjacent properties. If necessary,
dye testing could be employed to confirm the connection point of laterals for properties that did
not show smoke from the building vents.



Locate (and uncover if necessary) manholes that the smoke testing field crew could not locate or
appeared to be buried, or make corrections to system maps if the manholes do not exist.

Based on the results of the above verification activities, the City will take the following actions:


Notify property owners with illegal drain or roof leader connections that such connections are in
violation of the City’s wastewater ordinance (Title 6, Chapter 13, Article 6 of the Municipal
Code) and must be disconnected.



Notify property owners with defective sewer laterals or cleanout caps that they must be repaired
or replaced to meet the standards for maintenance of sewer laterals as set forth in the City’s
ordinance.



Seal and/or raise manholes subject to potential surface inflow through the manhole cover.



Identify repair, rehabilitation, or replacement needed for any sewer mains or lower laterals for
which the City is responsible, and issue a repair work order or schedule the work in the City’s
sewer rehabilitation Capital Improvement Program as appropriate.

The City will track follow-up activities related to each identified smoke testing incident in a MS Excel
spreadsheet or MS Access database maintained by the City’s Wastewater Division. The database will
include the following information:


Smoke testing date, location, and leak type information (from the smoke testing database).
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Date and results of follow-up verification activities.
Name and contact information of property owner (if private property source).
Date when property owner (if private inflow source or defective lateral) was notified of violation.
Date and confirmation (e.g., reference to building permit signoff, official form signed by property
owner and/or his/her contractor, City repair work order, etc.) that correction has been verified to
be complete.
Follow-up enforcement action taken if correction is not completed.

6 Conclusions
Smoke testing was conducted in the areas of Pacifica with the highest wet weather peaking factors;
however, only a handful of direct inflow sources (e.g., yard and roof drains, low-lying manholes) were
found. Only about 1 percent of the laterals were found to have defective or missing cleanout caps, and
only about 4 percent of service laterals were identified as defective through the smoke testing. It may be
that smoke testing is not as effective a method for I/I source detection in Pacifica because the high I/I
areas are also low-lying and the soil is too saturated to easily allow the passage of the smoke. Based on
these results, the City does not plan to conduct any further smoke testing in the system, but will rely on
more effective methods such as CCTV inspection of sewer mains and laterals, along with visual
inspection of cleanouts and potential low-lying manholes, to identify and prioritize potential I/I sources
for repair and rehabilitation.
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Smoke Testing Specifications

Attachment B
Example Smoke Test Incident Report

U11-160 Pacifica, CA Smoke Testing
Smoke Test Incidents
Basin:

Run:

Lower Linda Mar

73

Incident: 65
Incident Location:
Lat:

860 CRESPI DR

37.59356 Long:

Upstream Manhole: LLD21
Downstream Manhole:
Result:

LLD22

122.49381
37.59368 o

Long:

122.49352

Lat:

37.59353 o

Long:

122.49412 o

Leak Source:

Positive

Leak Type:

Observations:

o

Lat:

U11-160 LOWER LINDA MAR R73 I65

Service Connection
CCM

Leak Size:

C

Leak Surface Cover:

T

SMOKE EMITTING FROM UNCAPPED CLEANOUT TO RIGHT OF WALKWAY. 5' X 8'.

Comments:

Basin:

Run:

Lower Linda Mar

74

Incident: 66
Incident Location:
Lat:

828 CRESPI DR

37.59316 Long:

Upstream Manhole: UNK09
Downstream Manhole:
Result:

LLD23

Positive

122.49477
37.59353 o

Long:

122.49427

Lat:

37.59529 o

Long:

122.49503 o

Leak Source:
Leak Type:

Observations:

o

Lat:

Service Connection

U11-160 LOWER LINDA MAR R74 I66

SC

Leak Size:

B

Leak Surface Cover:

T

SMOKE EMITTING FROM GRASS TO LEFT OF DRIVEWAY INDICATING A LEAK IN SERVICE
CONNECTION.

Comments:

Thursday, December 01, 2011
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