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Introduction and Purpose 

The City of Sunnyvale (City) has retained HydroScience Engineers, Inc. (HydroScience) to 
support the City in preparing the City’s lead service line inventory to comply with the January 15, 
2021 Lead and Copper Rule Revisions (LCRR) service line inventory requirements. This technical 
memorandum (TM) outlines the proposed workplan to complete the City’s lead service line 
inventory.  

Regulatory Background 

In 1991, the Environmental Protection Agency (EPA) published the Lead and Copper Rule (LCR) 
to control lead and copper in drinking water.  On January 15, 2021, the LCR was updated with 
the Lead and Coper Rule Revisions (LCRR).  Notable changes in the LCRR include strengthening 
compliance tap sampling requirements and requiring an inventory of water service lines. On 
December 17, 2021, the EPA announced plans to revise the LCRR and propose the Lead and 
Copper Rule Improvements (LCRI) by October 2024. Although some portions of the LCRR may 
be delayed beyond the October 2024 compliance date, the EPA maintains the October 16, 2024 
compliance date for the initial lead service line inventory. 

The lead service line inventory must identify the material of all service lines connecting the water 
main to a building's interior plumbing, regardless of ownership. If specific information on the 
service line material is not available, the lines can be labeled as "non-lead" based on evidence-
based records or verified methods and techniques. The following methods are approved by the 
California Division of Drinking Water (DDW) to identify a service line as “non-lead”: 

 Physical visual inspection 

 Installation date (after January 1, 1986) 

 Pipe diameter (4 inches or greater) 

 Historical records that identify the service line material 

The following methods are approved on a case-by-case basis: 

 Statistical verification, predictive modeling 

 Interpolation 

 Water quality sampling 

 Interviews 
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Background Data 

There is no historical evidence of lead service lines within the City. The City’s triennial lead and 
copper water quality reports have consistently shown water quality results below the EPA’s Action 
Level for lead and there have been no reports of lead service lines identified through normal field 
operations. 

The following list provides the data used or referenced in the development of the inventory 
workplan. 

 City of Sunnyvale Water Meter Billing Records 

 City of Sunnyvale Plat Maps 

 City of Sunnyvale Service Line GIS Shapefile 

 City of Sunnyvale Valve Maps and Shapefile 

 City of Sunnyvale GIS Parcel Shapefile 

 City of Sunnyvale Lead and Copper Tap Monitoring Reports 

Data Analysis 

A comprehensive review of existing data was performed to identify any evidence of lead service 
lines within the City's service area and to prioritize areas with missing data for targeted field 
verification.  Other criteria were considered in relation to potential service line materials including 
service line size, building age, other City infrastructure, water quality data, and field verification.  
Each of these criteria are described in the following subsections. 

Service Line Material and Size 

The City maintains a GIS shapefile of all service lines in the City which includes information on 
service line location, size, and material. The shapefile was developed from City plat maps and 
updated over time using historical records and as-builts. The City is currently using scanned City 
plat maps that contain information on service line material and size to update the shapefile and 
reduce the number of unidentified service lines. It is noted that services to many buildings are 
represented by multiple line segments in the GIS shapefile, accounting for pipeline branches to 
multiple meters within a single site. For example, a townhouse with two services may be 
represented by three segments: one segment from the water distribution line that splits into two 
additional segments upstream of each meter. Because the number of line segments in GIS does 
not always correspond to the number of services, service line length is used as a proxy for 
quantifying the occurrence of service line material data.  

As previously stated, DDW guidance allows the City to use a non-lead designation for any pipe 4 
inches in diameter or greater. Approximately 14% of service lines in the City shapefile are 4 inches 
or larger. Out of the service line segments that are less than 4 inches (including services with an 
unidentified size), only approximately 13% of service line materials are not identified in the GIS 
shapefile. The identified services are 99% copper, with only 1% identified as other non-lead 
materials. Figure 1 presents the materials for the services smaller than 4 inches or of an 
unidentified diameter.  
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Most service lines are copper, with only a few locations, generally in groups, where material is 
not identified. Figure 2 presents the distribution of all service line materials by segment length. 

Figure 2: Service Line Materials 

 

The City also has scanned valve records for all valves in the City’s service area that were used 
to provide support for the data contained in the service line shapefile. Each record contains a 
location map, the valve size, the connecting pipe material, and the date of installation. The City is 
in the process of digitizing the data contained in the scanned maps to a GIS shapefile. The City’s 
valve maps and shapefile provide additional confirmation of the City’s non-lead service line 
inventory; in the years prior to 1986, typical connecting pipe materials were all non-lead. 

Building Installation Year 

The City has a detailed parcel shapefile that includes the year of installation for most buildings 
within the service area. In California, lead piping was banned effective 1986, meaning all service 
lines installed after January 1, 1986 can be assumed to be lead-free. Therefore, it is assumed 
that buildings installed after this date have non-lead service lines. Out of the 31,507 parcels with 
recorded installation years, approximately 5,610 were constructed after January 1, 1986 (see 
Figure 3). 

In addition, to better understand the relationship between construction date and materials used 
within the City, the parcel shapefile was joined with the service line shapefile to determine the 
general distribution of materials typically used in each decade leading up to the ban. The known 
service line segments summed to 140 miles of service line. Table 1 presents the percentage of 
service line materials by length from 1890 to 1989.  

Table 1: Historical Service Line Materials 

Service Line Material 
Decade 

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 

Copper 100% 93% 89% 98% 99% 98% 99% 95% 83% 70% 

Other Non-Lead 0% 7% 11% 2% 1% 2% 1% 5% 17% 30% 

Total Miles of Service Line 0.1 0.1 0.3 1.3 1.1 3.8 54.5 46.2 19.4 4.4 

83%

6%

11%
Copper

Other Non-Lead

Unidentified
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Water Quality Sampling Results 

The City conducts triannual lead and copper sampling at customer taps to comply with the LCR. 
Out of the 279 unique sites sampled between 2004-2022, 275 sites were non-detect (below the 
State’s detection limit for the purposes of reporting [DLR]). It is assumed that these sites have 
non-lead service lines. All sampled sites with no lead detections are presented on Figure 3. 
Several sites have recorded service line materials based on customer surveys. All sites that 
indicated copper as the service line material match the information contained in the GIS shapefile.  

The remaining four sites that had detections above the DLR were below the EPA’s action limit for 
lead. Three of the four sites were identified as having copper service lines through customer 
surveys. These sites will be field verified to confirm service line materials. 

Completed Field Verification 

Initial field verification using visual inspection, a magnet test, or a scratch test was performed to 
collect data on service line materials and building installation dates across the City. The intent of 
the initial field verification was to guide the development of a targeted field verification plan. A 
representative set of 25 regions evenly distributed throughout the City's potable water distribution 
system was chosen in order to ensure comprehensive coverage. An average of six addresses 
were analyzed in each of these 25 regions, resulting in the verification of 163 service lines. The 
locations of these verified service lines are depicted in Figure 3. 

Each sample point includes detailed information on the service line address, the material of both 
the City-owned (public) lateral and the customer-owned (private) lateral, and the year the building 
was installed. During the field verification process, photos were taken at each sample point to 
provide visual confirmation of the service line materials. All City recorded material results confirm 
the information contained in the GIS shapefile; all service lines identified as copper during field 
verification are identified as either copper or unidentified in the City’s service line shapefile. 

All inspected service line materials were non-lead. The service line materials on the public side 
for the representative sample set were 99% copper, with only one address served by the City with 
a brass service line. The customer side materials were also majority copper. The installation dates 
for the buildings at the field-verified sample locations ranged from 1919 to 2007, with 124 sites 
installed before 1986. Earlier decades were specifically targeted due to the higher risk of 
containing lead service lines. Approximately 47% of the sites with recorded installation dates were 
installed between 1919 and 1960. Table 2 presents the verified service line materials for all 
buildings constructed before January 1, 1986. 

Table 2: Field Verified Service Line Materials before 1986 

Service Line Location 
Service Line Material 

Copper Plastic Brass Galvanized Steel 

City Side (Public) 99% 0% 1% 0% 

Customer Side (Private) 70% 19% 5% 6% 

 



LEGEND
!( FIELD VERIFICATION
!( WATER QUALITY TESTING SITE

POTABLE WATER MAIN
PARCELS BUILT AFTER 1/1/1986
CITY LIMITS

N

_1 IN = 4,000 FT

0 2,000 4,000
FT

FIGURE 3
CITY OF SUNNYVALE

REGULATORY SUPPORT - LEAD SERVICE LINE INVENTORY
COMBINED LEAD INVENTORY DATA ANALYSIS



City of Sunnyvale 
Lead Service Line Inventory Workplan 
August 1, 2024 
Page 7 of 13 

Most service lines were copper on both the public and private sides, with the next most common 
combination being copper on the public side and plastic on the private side. Table 3 shows the 
percentage of all combinations of service line materials for both the City and customer sides for 
sites that were field verified.  

Table 3: Field Verified Public and Private Service Line Materials 

City Side / Customer Side  Percentage 

Copper / Copper 62% 

Copper / Plastic 24% 

Copper / Brass 8% 

Copper / Galvanized Steel 6% 

Brass / Plastic 1% 

Based on the ongoing field verification analysis, where the City side material is copper or another 
non-lead material, it is anticipated that the customer side material will also be non-lead. Continued 
field verification is being implemented to support and confirm this assumption. 

Interpolation and Statistical Verification 

The City plans to utilize interpolation and statistical verification to develop an initial inventory of 
service line materials. Based on the City’s meter billing data, there are approximately 24,867 
service lines less than 4 inches to buildings built before January 1, 1986 and 2,212 service lines 
built after 1986.  The City will use a stratified random sampling method using a 95% confidence 
level, 5% margin of error, and 50% sample proportion to determine if all private service lines built 
before 1986 that are less than 4 inches are non-lead. These services were separated into five 
groups based on building installation date. The groups and the required number of samples from 
each based on the random sampling method are presented in Table 4. 

Table 4: Stratified Random Sampling 

Group (by Installation Years) 
# of Unknown (Private) 

Connections 
Required Number of Samples1, 2 

Pre 1949 1,912 321 

1950 - 1970 19,095 377 

1971 - 1985 3,487 347 

Total 24,8672 1,045 

Notes:  
1. The City has already collected 124 samples as described in the section above. 
2. The City is in the process of analyzing existing data to identify the installation year of 373 services. After all installation years 

have been identified, the 373 services will be distributed to the appropriate group and the required number of samples will be 
updated.  

After identifying the required number of samples from each group, sampling locations were 
chosen at random using an Excel based randomizer formula.  
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The initial field investigation results showed that if the service line material on the City side was 
non-lead, the customer side material will also be non-lead. The City has a dedicated surveying 
team that is conducting ongoing field verification tests to confirm the necessary number of 
samples, as specified in Table 4, to classify service line materials on the private side as non-lead. 

As shown on Figure 1, the City has a comprehensive existing inventory of public service lines, 
with only a few locations where materials are unidentified. The ongoing update of the City’s 
service line shapefile based on the scanned City plat maps will reduce the amount of unidentified 
service lines. Additionally, many of these service lines with unidentified materials are surrounded 
by known copper service lines or are partial service line segments attached to copper service 
lines and can thus be presumed to be copper.  

Figure 4 illustrates an example of service lines consisting of segments with both known and 
unidentified materials within the GIS shapefile. Field verification at these three sites as well as a 
review of the City’s plat maps confirmed that the service line on the public side is all copper, 
supporting the assumption that connecting service line segments consist of the same material. 
This condition (connecting service line segments with both known and unidentified materials) 
occurs primarily where there are multiple meters on one property. While this is considered more 
of a file-cleaning issue, data from the ongoing field verification will be compared against the City 
GIS shapefile to provide additional support for these assumptions. 

The remaining areas identified in the City’s service line shapefile requiring further investigation 
consist of clusters of unidentified service line materials. The City will use the historical data 
presented above to supplement the existing service line inventory to minimize the number of 
unknowns to prioritize ongoing field verification efforts. Below are examples illustrating the 
methodology for the City’s workplan. 

 Building Installation Year: Figure 5 depicts a dense grouping of unidentified service line 
materials. Since the parcel surrounding these service lines was constructed after January 1, 
1986, the City can reasonably conclude that the service lines shown in the figure are non-
lead.  

 Water Quality Testing: Figure 6 depicts copper service lines that have segments of 
unidentified material connected to them. These services are assumed to be non-lead since 
they are connected to copper service lines and are identified as all copper in the City plat 
maps, which can be further supported by water quality testing data. Two buildings in the area 
were tested for lead and copper in 2004 and had no lead detection. 

 Field Verification: Figure 7 provides an example where field verification is used to confirm 
service line materials of a development tract with multiple buildings built at the same time, 
supported using parcel year of installation records. Since there is no historical data to 
interpolate service line material from, the City is conducting physical field verification to record 
the materials present. Eight services have been physically verified so far out of the 122 
unidentified services. All inspected service lines were copper on the City side and either 
copper or plastic on the customer side. Field verification is in progress and will be conducted 
for at least 30% of buildings of the same development tract that have clusters of services with 
unidentified materials. The buildings targeted for field verification were built between 1944 and 
1952. In cases similar to this where physical inspection is required, houses with 1940’s 
installation dates will be prioritized.  
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Lead Service Line Inventory Report 

The City will use the State provided lead service line inventory template to present the service 
line inventory. For the field “If Material Anything Other than "Lead" in Column E, Was Material 
Ever Previously Lead?”, it is assumed that all non-lead service lines in the City were never 
previously lead. This assumption is based on the fact that all services are original with the 
exception of services replaced during water main replacement projects and there has been no 
historical evidence of lead service lines in the City. Table 5 presents a crosswalk of the 
assumptions presented in this workplan to the corresponding fields in the inventory template. 

Table 5: Workplan Assumptions Crosswalk 

Assumption 
Affected Columns in 
Detailed Inventory Template 

Basis of Material 
Classification Input 

Services identified as 4-inches or greater in the 
City’s service line shapefile are non-lead. 

Column E: System-Owned 
Portion Service Line Material 
Classification 

Service line diameter 4 inches 
or greater 

Services installed after 1/1/1986 are non-lead. 
Columns H and P: Service 
Line Installation Date 

Installation date is after state 
or local lead ban 

Service lines for parcels/buildings built after 
1/1/1986 were also installed after 1/1/1986. 

Columns H and P: Service 
Line Installation Date 

Installation date is after state 
or local lead ban 

Sites that have been tested for lead as part of 
the triannual lead and copper testing and are 
non-detect have non-lead service lines. 

Columns E and O: System-
Owned and Customer-Owned 
Portion Service Line Material 
Classification 

Water sampling 

If the service line material on the public side is 
identified as non-lead, the service line on the 
private side is also non-lead. 

Column O: Customer-Owned 
Portion Service Line Material 
Classification 

Field verification and 
interpolation 

If 30% of samples within a development tract do 
not contain lead service lines, confirmed using 
physical field verification, all services within the 
development tract are non-lead. 

Columns E and O: System-
Owned and Customer-Owned 
Portion Service Line Material 
Classification 

Statistical analysis or 
predictive model 

If a service line is non-lead, the service line was 
never previously lead. 

Column G: If Material 
Anything Other than “Lead” in 
Column E, Was Material Ever 
Previously Lead? 

Not applicable 

 


