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EXECUTIVE SUMMARY

The goal of the Water Loss Audit and Component Analysis Project (Project) was to fulfill the
requirements of Best Management Practice (BMP) 1.2 in the California Urban Water
Conservation Council (CUWCC) Memorandum of Understanding (MOU) that were due on June
30, 2013. The BMP requires an annual audit of the water system, and the completion of a
component analysis every 4 years. With the passage of Assembly Bill 1420 in 2009, compliance
with the CUWCC BMPs is mandatory for a water agency to qualify for state grants and loans.

For the Project, Water Systems Optimization (WSQO) examined the efficiency of the Los Angeles
Department of Water and Power (LADWP) water distribution system. Specifically, WSO
investigated the current ability to accurately identify real and apparent losses, determined the
economic optimum level of water losses, and identified, prioritized, and recommended the
most efficient and cost-effective loss intervention strategies to minimize water loss. The audit
period examined was from July 1, 2010 to June 30, 2011 (FY 2010-2011). A Water Conservation
Field Services Program Grant was received from the United States Bureau of Reclamation to
partially fund contract costs for the Project.

This report includes the results of the required BMP water audit, the component analysis of real
and apparent losses, the economic level of leakage (ELL) analysis, and the results of the pilot
leak detection and District Metered Area (DMA) efforts. The Project results indicate an efficient
water system, per national standards, with low levels of water losses. However, the research
located several components in the water system that will improve the system’s efficiency while
saving costs.

ES.1 Overview of Project

ES.1.1 AWWA Water Balance

The American Water Works Association (AWWA) Water Balance uses methodology developed
by the International Water Association (IWA) to account for all water entering and leaving the
distribution system. The water audit utilizes the IWA/AWWA standardized Water Balance
methodology to disaggregate and validate components of System Input Volume, Consumption
Volume, Apparent Loss Volume, and Real Loss Volume in an effort to identify potential for
reduction of Water Loss Volumes. The basic components of the Water Balance for LADWP are
as follows:

System Input Volume (SIV) includes water produced at all water treatment plants, water
pumped from wells, and bulk water imports. Three main sources supply LADWP’s potable
water distribution network: the Los Angeles Aqueduct (LAA), purchased water from the
Metropolitan Water District of Southern California (MWD), and groundwater from LADWP’s
well fields. The metering accuracy for each of these supplies was carefully examined for the



FY 2010-2011 water loss audit. When dealing with such high volumes, meter accuracy can
have a significant impact on the water balance results. The methodology used to determine
the final System Input Volume is discussed in detail in Section 1.

Authorized Consumption includes metered and un-metered water taken by customers and
other uses that are authorized by LADWP. The main component of Authorized Consumption
is Billed Metered Authorized Consumption (BMAC). The billing database was examined,
checking the data integrity of the billing records on the whole and analyzing consumption
by meter size and customer type to isolate instances of potential meter under-registration
or over-registration. Other components of Authorized Consumption include water from
system flushing and fire fighting. The components of Authorized Consumption are
calculated and explained in Section 2.

Water Losses are calculated by subtracting Authorized Consumption from System Input
Volume. Water Losses are divided into two main categories: Apparent Losses and Real
Losses. This calculation is detailed in Section 3 and is shown in Table ES-1.

Table ES-1: Water Losses Calculation

FY 2010-2011 VOLUME
(MG) (AF)

VALUE

System Input Volume (A) — see Section 1 175,575.83 | 538,822.44

Authorized Consumption (B) — see Section 2 166,662.61 | 511,468.77

Water Losses ( (A) - (B) ) 8,913.22 27,353.67

Apparent Losses are non-physical losses that occur due to customer meter inaccuracies,
data handling errors, and water theft. The term “apparent” is applied because water is
consumed but is not properly measured. For small meters (2” or smaller), a representative
sample of meter test results were analyzed to determine the meter accuracy for the whole
small meter population (see Section 4.2.1). Based on these test results, WSO also
completed an economic analysis of meter replacement scenarios (see Section 10). For large
meters (3” or larger), WSO examined the current meter maintenance schedule and analyzed
an alternative routine that would keep under-registration at an economically efficient level
(see Section 10.2).

Real Losses are physical water losses such as leaks, breaks and overflows. It is the remaining
volume after Authorized Consumption and Apparent Losses are subtracted from System
Input Volume. Real Losses are characterized as Reported Leaks, Unreported Leaks, and
Background Leaks. Discussion on how Real Losses are calculated through the water balance
is presented in Section 5. Additionally, District Metered Areas (DMAs) in three distribution
system service zones were set up as a pilot project to estimate the amount of Water Losses
and Unreported Leaks that occur on a smaller scale (see Section 9). An analysis of
economically efficient Real Loss reduction strategies was also performed based on the
component analysis of Real Losses and the results of the DMA pilot (see Section 11).



Table ES-2 shows the LADWP Water Balance Summary for FY 2010-2011, highlighting each of the Water Balance components.

Table ES-2: Water Balance Summary !

1 . . . . .
The data and estimates used to calculate the water balance are subject to errors and uncertainty. These errors accumulate in the calculation of Real Losses.
To understand how these uncertainties influence the results, 95% confidence limits were calculated for each component of the water balance.



ES.1.2 Water Loss Performance Indicators

With a complete AWWA Water Balance, it is possible to calculate a variety of performance
indicators (PI) that further describe the total volumes of real and apparent losses. In the late
1990’s, the IWA initiated a large-scale effort to assess water supply operations, which resulted
in the publication of Performance Indicators for Water Supply Services, 2001 (updated in 2006).
These performance indicators are now accepted industry-wide as the best way to gain an
understanding of how well losses are being managed, and to set targets for reducing water loss.

Table ES-3 describes these performance indicators and provides the performance indicator
results calculated for LADWP during FY 2010 — 2011.

Table ES-3: Performance Indicators

Performance Descriotion of Use Pl for LADWP
Indicator (PI) P FY 2010-2011

The ILI is calculated by comparing the annual volume of Real
Losses against an internationally derived standard related to the
Infrastructure lowest Real Losses that can be technically achieved for that water 1.26
Leakage Index (ILI) | system. The methodology takes into account all the factors
affecting Real Losses. ILI values close to 1 indicate a water system
with very low leakage.

This is the preferred basic operational performance indicator for
analyzing leakage management performance and one of the most 23.21
reliable when there are more than 30 services connections per
mile, as is the case with the LADWP system.

Real Losses in
gallons per service
connection per day

This performance indicator is useful for comparing losses against
average annual consumption per customer. It can also be used to 10.60
provide a quick estimate on the value of Apparent Losses when
multiplied by an average sales cost for water.

Apparent Losses in
gallons per service
connection per day

Though this performance indicator is still commonly used in the
U.S,, it is not a good benchmark for measuring water losses
because it is unduly influenced by consumption. For example, if
customer demand decreases due to conservation, the percentage 5.2%
of loss will increase even if leakage levels have not changed. This
performance indicator should therefore be interpreted with
caution.

Non-Revenue
Water as a % of
System Input
Volume

All of the indicators suggest that LADWP’s water distribution system does not have significant
volumes of real or apparent losses. Each of the performance indicators reflects a well-
performing system in California. However, it is important to take the data quality concerns
noted throughout this report into serious consideration before such good performance is
regarded as final and accurate. Further, the component analysis of real losses (introduced
below) presents useful information on cost-effective proactive measures to reduce real loss
volumes even more.




ES.1.3 Component Analysis of Real Losses

Equipped with the results of the Water Balance, a closer examination of the real losses in
LADWP’s distribution system was undertaken. This involved collecting infrastructure failure
data from the audit period and breaking the total Real Loss Volume into components of
Reported Leakage, Unreported Leakage, and Background Leakage. This process is an approach
called the Break and Background Estimate (BABE) component analysis methodology. The details
of this analysis are outlined in Section 8.

Real Losses were calculated using two different methodologies:

e The AWWA Water Balance methodology; and
e The Break and Background Estimate (BABE) component analysis methodology.

By comparing the results of the two methodologies it is possible to estimate the volume of
Hidden Losses (losses from leaks running undetected in the distribution system), as outlined in
Section 8.6 and shown in Figure ES-1.

Figure ES-1: FY 2010-2011 Real Loss Components for LADWP

A District Metered Area (DMA) analysis was conducted to determine actual water loss volumes
and detect leaks in three pilot system service zones. This analysis is further detailed in Section
9. Additionally, upon determining and properly categorizing the types of leakage throughout
the LADWP distribution system, the Economic Level of Leakage (ELL) was determined. Cost-
effective tools to reduce the Real and Apparent Losses are identified in Section 10 and Section
11.



ES.2 Findings & Recommendations

Each of the following sections includes findings and recommendations for improvement in both
future water audit efforts and management of water losses within the LADWP system.
ES.2.1 System Input Volume

ES.2.1.1 Findings

Table ES-4 summarizes the main components of the System Input Volume (SIV) for LADWP in FY
2010 -2011.

Table ES-4: System Input Volume

SYSTEM INPUT VOLUME COMPONENT FY 2010-2011 VOLUME

(MG) (AF)
Los Angeles Aqueduct Filtration Plant 134,056.68 411,404.84
MWD Treated Imports 24,376.16 74,807.70
Groundwater Well Field Production 17,114.66 52,522.96
Microfiltration Plants 33.87 103.93
LA County Waterworks District Exports -5.54 -17.00
TOTAL WATER SUPPLIED (= TOTAL SYSTEM INPUT — EXPORT VOLUME) 175,575.83 538,822.44

Assessment of the Los Angeles Aqueduct Filtration Plant:

The Los Angeles Aqueduct Filtration Plant (LAAFP) volume introduced the greatest amount of
uncertainty to the calculation of total SIV. The LAAFP volume includes inflows from the Los
Angeles Aqueducts (LAAs) and the LA-35 Metropolitan Water District (MWD) connection. This
volume is measured at several different meters that combine to represent the total LAAFP
influent and effluent. A wide confidence limit of +/-5.00% was assigned to the volume of LAAFP,
which accounted for approximately 76% of the total SIV during the audit period.

It was discovered that the final LAA meters located in Santa Clarita showed a discrepancy
between manually-recorded volumes and SCADA readings in May 2011. A comparison of the
sum of LAA volumes recorded by these meters and the LA-35 meter versus the influent meters
at LAAFP also suggested that the LAA meters are under-registering volume. In addition, process
water used at LAAFP is recycled back through the influent meters, further complicating the
analysis.

Effluent volume was determined to be a better representation of SIV from LAAFP than influent
or LAA volumes. LAAFP effluent volume is split into two branches — treated water from one
branch flows into the Van Norman Pumping Station and directly into the distribution system
and water from the other branch is stored in the Los Angeles Reservoir and subsequently
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released into the distribution system. Currently, two meters account for these volumes — one
insertion magnetic meter located on Van Norman Pumping Station branch (known as the “Flow
to City” meter), and one ultrasonic meter located at the Los Angeles Reservoir main outlet
(known as the “LA Reservoir Outlet” meter). In 2011, two new ultrasonic meters were installed
in Vaults 104 and 106, at a split directly downstream of the Flow to City meter; the volume
from these two new meters combined represents the same volume from the Flow to City
meter. Also in 2011, another new ultrasonic meter was installed in Vault 204 directly south of
the LA Reservoir Outlet meter. The data from the old meters (Flow to City and LA Reservoir
Outlet) was compared to the new meters (Vaults 104, 106, and 204) and it was determined that
the Flow to City meter under-registers by 4.42% and the LA Reservoir Outlet meter under-
registers by 0.91%.

Lastly, for approximately 1-2 months annually, the Los Angeles Reservoir main outlet is closed
for maintenance. During this time, the West Outlet is used to provide water to the distribution
system from the Los Angeles Reservoir. However, the West Outlet connection from the LA
Reservoir into the distribution system is not metered. Operations records show that the West
Outlet was opened from December 17, 2010 to February 7, 2011 during the audit period. A
volume of 3,957.56 MG (or 12,145.31 AF) was estimated for the West Outlet during these two
months.

Assessment of Purchased Water from Metropolitan Water District:

Installation conditions at seven of the MWD connections to LADWP’s distribution system were
examined. It was determined that all of the examined input meters had sufficient upstream and
downstream straight lengths (however confirmation of exact setup at LA-5 and the sizes of the
LA-17 meters were not provided).

Furthermore, SCADA data for each MWD connection is available in a public database online. For
each connection, this data was compared to the billed volumes to guarantee that the volumes
used for the water balance corresponded to the operational data on registered flow and did not
include financial adjustments. Most all of the billed volumes matched the SCADA totals for the
audit period; however, a more significant discrepancy for LA-31 was found and documented.

Assessment of Groundwater Wells:

Select meters in each well field were examined to check whether the manufacturer’s
installation condition requirements were satisfied. It was determined that none of the well field
meters have sufficient straight lengths of pipe to satisfy the manufacturer’s installation
conditions. Therefore, it is not guaranteed that any of the well meters perform within the
manufacturers’ quoted accuracy ranges.

Additionally, the sum of the individual well meters at Tujunga well field was compared against
the outflow meters at the collector basin that leads to the distribution system. The results of
this comparison suggest that the well field meters under-register by 5.43%.
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ES.2.1.2 Recommendations

1. Use the new meters located in Vaults 104, 106, and 204 for all future calculations of
System Input Volumes from LAAFP. These meters are the most accurate representation
of LAAFP effluent flow and are closest to the point of distribution system entry. The only
volume from LAAFP these do not capture is volume that leaves the LA Reservoir from
the West Outlet. LADWP should install a flow meter at this site to accurately and reliably
record the volume supplied into the distribution network. Specifically, it is
recommended to install an ultrasonic multi-point meter to capture all flow through the
West Outlet.

2. Improve the accuracy of metering the well field production. Currently, the installation
conditions for the individual well meters will not provide for accurate flow
measurement. For each of the well fields, meters installed on the collector line (the
pipeline supplying the combined well field production into the distribution network)
should meter the total well field production. At some of the well fields such a meter
already exists; however, the site inspections showed that these meters are currently not
regularly tested and maintained and may also not be sized correctly to capture variable
flow volumes. Where necessary new meters should be installed and maintained to
accurately capture all flow levels.

3. Consider streamlining the SCADA system organization. For the LAAFP volume analysis
alone, data from three separate SCADA systems was required. With different data
extraction procedures and permissions for each SCADA system, the data collection
process for System Input Volume determination becomes quite cumbersome.

4. Track level data for a complete inventory of reservoirs so that a total increase or
decrease in storage volume can be accounted for in the System Input Volume
determination.

5. Even though it is recommended to no longer use the LAA meters for the System Input
Volume calculation, the LAA SCADA data (from the Northern District Hydrographic
Database) and manual reads should be routinely compared on a monthly basis. The
difference between manual reads and SCADA data should stay within 0.5%.

6. Routinely compare the MWD billed volumes to the MWD published SCADA totals for
each month (available at: https://wins.mwdsc.org/Reports/WAMIReports.aspx).

7. Consider installing a meter at the LA-25 MWD connection to simplify the accuracy
assessment process at this site. However, the current setup provides a reasonably
accurate volume calculation. Relative to the meter installation at LAAFP, this is not a
priority (due to lesser volume and better current accuracy).
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ES.2.2 Authorized Consumption

ES.2.2.1 Findings

Table ES-5 summarizes the four main Authorized Consumption components for LADWP in FY
2010-2011.

Table ES-5: Authorized Consumption

FY 2010-2011 VOLUME
CONSUMPTION COMPONENT

(MG) (AF)
Billed Metered Authorized (Retail Sales) 166,443.14 510,795.24
Billed Un-Metered Authorized Consumption NA NA
TOTAL BILLED AUTHORIZED CONSUMPTION 166,443.14 510,795.24
Un-billed Metered Authorized Consumption NA NA
Un-billed Un-Metered Authorized Consumption 219.47 673.53
TOTAL UN-BILLED AUTHORIZED CONSUMPTION 219.47 673.53
TOTAL AUTHORIZED CONSUMPTION 166,662.61 511,468.77

Billed Metered Authorized Consumption:

Overall, the review of the Billed Metered Authorized Consumption (BMAC) volume determined
that the billing system data is in good condition and provides reliable information on
consumption volumes. The majority of the BMAC is determined from actual meter readings;
only 3.61% of the BMAC was submitted to the billing database as an estimated read.

The water audit process focuses exclusively on the potable water system. As such, all recycled
accounts were excluded from the calculation of BMAC. A majority of these accounts are flagged
with Rate Code “44”, which represents recycled water, but it was determined that a handful of
accounts have a different rate code but still received recycled water. Beyond the Rate Code
“44” accounts, an additional 544.95 MG or 1,672.39 AF was excluded from the final BMAC
volume determination.

All consumption included in the BMAC volume determination must be accounted for in the
System Input Volume. It was determined this is not the case for two accounts that use potable
water before the points of measurement for the System Input Volume. These two meters,
which track process water at LAAFP, were excluded from the final BMAC volume determination.

In addition, the size of the customer meter was compared to average daily consumption
through the meter for all meters in LADWP’s billing system. Several meters were noted to be
under-sized or over-sized based on the volumes recorded (see Appendix E). Meter size is stored
in two main databases - the Customer Information System (CIS) and the Work Management




Information System (WMIS); for this exercise, the size information was retrieved from CIS. A
cross-check between CIS and WMIS discovered many inconsistencies between these two
databases that need to be addressed.

Unbilled Unmetered Authorized Consumption:

Unbilled Unmetered Authorized Consumption volumes, such as system flushing and fire
fighting, are not tracked. These volumes were estimated to be 0.125% of the total water
supplied by LADWP for FY 2010-2011.

ES.2.2.2 Recommendations

1.

For the determination of total consumption during the audit period, this analysis
suggests that the billing database has reliable and consistent information. However, for
use as a meter inventory database, CIS requires a great deal of data cleaning and data
integrity improvement (see section ES.2.3 on Apparent Losses).

The large number of inaccuracies between WMIS and CIS should be addressed. The
current number of inconsistencies could have a big impact on revenue collection and
analysis of meter use by size or customer class. Ideally one central database would have
up to date information for all meter characteristics and billing data for consumption
analysis.

For consistency of water audit results from year to year, two groups of accounts should
be excluded from the determination of BMAC: all recycled water accounts (Rate Code
44 and additional miscellaneous accounts) and the accounts that receive water before
the point of measurement of the System Input Volume.

Investigate the meters/accounts highlighted in Appendix E for proper sizing and
potential for revenue improvement.

Introduce tracking of Unbilled Unmetered Authorized Consumption volumes.

For determination of the Unbilled Metered Authorized Consumption, track all of the
reservoir levels from first to last day of the audit period in addition to volume
estimations for reservoir drainage events.

For determination of Unbilled Metered Authorized Consumption, LADWP should further
investigate what portion of fire line detector meters register consumption. The manual
meter reading exercise carried out in the three trial DMAs has highlighted that a
noteworthy number of fire line meters registered consumption over a 7-day period. As
an intermediate step, it is recommended that the fire line detector check meters are
read on a regular basis. As Automated Meter Reading and Advanced Metering
Infrastructure (AMR/AMI) technology is implemented throughout LADWP’s service area,
these fire line detector check meters should also be upgraded to be AMR/AMI
compatible for easier tracking.



ES.2.3 Apparent Losses
ES.2.3.1 Findings

Table ES-6 summarizes the volumes of Apparent Losses determined for FY 2010-2011.

Table ES-6: Apparent Losses

Annual Annual
Apparent Losses Component Volume Volume
(MG) (AF)

UNAUTHORIZED CONSUMPTION 439.06 1,347.43
METER DATA HANDLING ERROR 0.00 0.00
CUSTOMER METER UNDER-REGISTRATION SUBTOTAL 2,355.98 7,230.26
Small Customer Meter Under-Registration 1,991.64 6,112.14
Large Customer Meter Under-Registration 364.34 1,118.12
TOTAL APPARENT LOSSES 2,795.04 8,577.69

Small Meter Accuracy Assessment:

A small meter accuracy testing effort was completed to determine the volume of apparent
losses due to small meter under-registration. This involved testing 1,073 small meters at
multiple flow rates. The results of this testing program indicate that the average accuracy of
LADWP’s small meter stock (grouped by size and make) ranges from 84.24% to 99.76%. The
3/4” x 1” meter population test results indicate that the majority of these meters are
performing well (presenting an average accuracy of 98.72%). These results are especially
notable because the 3/4” x 1” meters make up the majority of the small meter population.
Overall, the test results suggest that LADWP’s small meter stock is performing well; 60% of the
small meters tested complied with AWWA recommended accuracy limits at all flows, while only
8% of the small meters tested did not comply with the recommended accuracy limits at any
flow rate. Of the 1,073 small meters tested, 14 of the meters pulled were completely stuck at
all flows.

The apparent loss volume from small meter under-registration was determined to be 1,991.64
MG (or 6,112.14 AF). The largest contributing meter group by size is the 5/8” x 3/4” meter
group, which incurred a total of 579.26 MG (or 1,777.69 AF) of apparent losses.

Large Meter Accuracy Assessment:

The maintenance of the large meter population was reviewed in depth, and the overhaul
schedule was analyzed to optimize replacement frequency according to potential revenue loss
due to under-registration. For the purposes of calculating an apparent loss volume for the large
meter population during the audit period, an estimated accuracy of 99% was applied to all large
meters. This was an assumption informed by the existing large meter testing/replacement
program and the overall good performance of the small meter population. For the FY 2010-
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2011 an assumed under-registration of 1% results in an apparent loss volume from large meters
of 364.34 MG (or 1,118.12 AF).

Unauthorized Consumption and Systematic Data Handling Errors:

The amount of Unauthorized Consumption for FY 2010 — 2011 was estimated at 439.06 MG (or
1,347.43), applying the AWWA recommended default value of 0.25% of the Water Supplied. No
specific sources of data handling errors were identified in the billing system; therefore, no
volume was allocated to this category for FY 2010 — 2011.

ES.2.3.2 Recommendations

Recommendations for Reducing Small Meter Under-Registration:

1.

3.

4.

The small meter test results indicate that the small meter population is operating at a
relatively high level of accuracy. The accuracy results and economic analysis here do not
present a case for any immediate action on widespread small meter replacement.
However, isolating the worst performing, most economic meter groups (by size and
make) for a targeted meter replacement program is recommended. The following small
meter groups should be targeted for replacement given that the internal rate of return
on the required meter replacement investment was positive:

= 5/8 x3/4” Sensus meters

= 3/4 x1” Sensus meters

= 11/2” Sensus meters

= 2” Sensus meters

Continue regular testing of random small meter samples (100 to 200 meters per year).
Regular testing will allow tracking of the average accuracy of each size/make groups of
meters. With this type of monitoring, LADWP will be able to initiate meter replacement
when a certain meter make/size group reaches the threshold where meter replacement
becomes an economically viable option.

The small meter test effort for this analysis revealed inconsistencies in actual meter
characteristics and CIS meter records. Improving the data quality on the size, make, and
age of meters in the billing database is critical to any meter maintenance program going
forward. As the Apparent Loss analysis demonstrates, grouping accuracy test results by
meter make and size and aligning these tests with the groups’ annual consumption
volumes allows for calculating detailed apparent loss volumes and prioritizing subsets of
meters.

To best apply small meter test results, it is recommended to pursue consumption
profiling research specific to LADWP’s customer base. Volume weighting factors can
have significant impact in determining average meter accuracies, influencing all
subsequent calculations of apparent losses and economic evaluations of replacement.
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Recommendations for Reducing Large Meter Under-Registration:

1.

It is economically infeasible to overhaul each of the 21,250 large meters on a regular
basis; it is necessary to identify those meters where potential losses in accuracy would
result in the largest losses in revenue generation. It is recommended to rank the large
meter population by annual consumption registered by meter.

For the large meter population, it is recommended to implement the evaluation
approach as outlined in Section 10.2 (comparing annual revenue losses due to under-
registration to cost of overhaul) to create prioritized overhaul schedules.

Since consumption patterns and consumption volumes of large customers can change
over time it is recommended that the overhaul schedule be updated regularly.

For the top one hundred large customer meters (ranked by revenue generated), it is
recommended to undertake consumption profiling and targeted selection of
appropriate metering technology. An improvement of 1% in metering accuracy
(achievable by switching from a standard compound meter to an electromagnetic flow
meter, for example) will results in significant revenue increases for these meters.

ES.2.3.3 Summary of Recommended Apparent Loss Intervention Strategies

Table ES-7 summarizes the main recommendations for reducing apparent losses to an
economically efficient level. It includes a general timeline by fiscal year to provide an overall
roadmap for the upcoming five years.

Table ES-7: Apparent Loss Intervention Strategies

Small Small Meter
Fiscal Year Meter Large Meter Maintenance Unbilled Consumption
. Replacement
Testing
FY 2013 - 2014 Replace targeted Initiate the overhaul program, | Read fire service
size/make meter as outlined in Section 10.2.4 detector checks regularly
roups, outlined in . . -
FY 2014 - 2015 & 'p Begin consumption profiling
Section 10 .
Ongoing for highest revenue-
Random generating customers
FY 2015 - 2016 Small Revisit replacement | Pursue meter right-sizing and | Upgrade fire service
Metfar economics and appropriate technology detector checks to
Testing target revised group | replacement where necessary | AMI/AMR for consistent
FY 2016 — 2017 .
of small meters surveillance
FY 2017 - 2018
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ES.2.4 Real Losses & Component Analysis
ES.2.4.1 Findings

The Water Balance shows that system-wide Real Losses (physical losses from the distribution
system) are to be 6,118.18 MG (or 18,776.00 AF) for FY 2010 -2011. The component analysis of
Real Losses produced the following results shown in Table ES-8:

Table ES-8: Real Losses

FY 2010-2011 Volume
(MG) (AF)

Leakage Component

volume lost through continuously running
Background Leakage seeps and drips throughout the system, 3,917.01 | 12,020.86
cannot detect through leak detection
volume lost through failures on mains,
Reported Losses service connections, and appurtenances that 1,409.59 4,325.87
are reported to LADWP and repaired

volume lost through failures on mains,
service connections, and appurtenances that
are uncovered through a proactive leak
detection survey

volume of losses that ran undetected in the
system

Total Real Losses 6,118.18 | 18,776.00

Unreported Losses?

Hidden Losses 791.59 2,434.06

Assessment of Reported Losses:

To determine the Reported Losses volume, records for all infrastructure failures during the
audit period were requested. The process of collecting and analyzing this leak repair data
presented notable challenges. Five different database sources provided records that did not
consistently have all of the information necessary to determine Reported Leakage (i.e.
awareness time of failure, time of repair, size of pipe, type of failure, etc).

With the available data for repairs on mains, LADWP’s main break frequency was determined to
be 17 breaks per 100 miles per year. This is less than the average North American break
frequency (as determined in a Water Research Foundation Project #4372) of 25 breaks per 100
miles per year. In fact, it approaches the “optimum” break frequency of 15 breaks per 100 miles
per year (as determined by another Water Research Foundation Project #4109 on target
performance indicators for distribution systems).

With the available data for repairs on service connections, LADWP’s service connection break
frequency was determined to be 1.2 breaks per 1,000 service connections per year.

> As LADWP did not have a pro-active leak detection program in FY 2010-2011, the volume of Unreported Losses is
zero.
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These are relatively low break frequencies and suggest that LADWP may have a distribution
system in overall good condition; however, the low break frequencies may also suggest that the
repair data is not yet capturing all of the failures repaired.

Assessment of Unreported Losses:

The Unreported Losses volume is zero because no proactive leak detection was undertaken by
LADWP in FY 2010-2011.

Assessment of Background Leakage:

Background Leakage was estimated using the method outlined in the AWWA M36 Manual for
Water Audits and Loss Control Programs. See Section 8.4 for details on the Background Leakage
calculation.

ES.2.4.2 Recommendations

1. The break data provided from LADWP was sourced from multiple databases and
required much coordination. Streamlining of break record information will make future
efforts to produce a real losses component analysis much more manageable. Currently,
different record keeping routines and data collection processes are maintained for
different types of breaks and sections of pipe. All instances of distribution system
failure should be documented to ensure a complete and thorough record-keeping of
reported losses in the future.

2. Ideally, all of the repair record information should be kept in one database.
Appropriate codes should be developed to allow for the complete data entry for all
leak relevant work. Further, all attributes should be recorded in separate fields for ease
of analysis and data export.

3. In the component analysis, the reliability of leak run times has an important impact in
determining reported leakage volumes. It is important that each repair record’s start
and finish times reflect the run-time of the leak from awareness to containment as best
as possible. Linking the timestamps directly in the repair records (and not separately in
the Trouble Board) will expedite the location and repair time calculations.

4. It is recommended to consider reducing the average location and repair time for main
leaks, service connection leaks, and appurtenance leaks. An initial modeling of savings
suggests that a significant real loss reduction could be achieved (approximately $1.6
million annually based on MWD water rates) if the average location and repair time
was reduced by 50%. This initial savings analysis is based on the average location and
repair time as determined from the leak repair records from FY 2010-2011; before
response time improvements are pursued, it is important to revisit the reliability and
completeness of the response time data.
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ES.2.5 Field Quantification of Real Losses: District Metered Area & Leak
Detection Pilots

ES.2.5.1 Findings

Three pressure zones (517/Boyle Heights, 1960/Tujunga, and 540/Westwood) were selected for
isolation as District Metered Areas (DMAs) with the aim of collecting field data to validate levels
of leakage in smaller parts of the LADWP distribution system. Comprehensive leak detection
surveys in each of the three zones are summarized in Table ES-9. The leak detection results
indicate that the volume of hidden leakage in these zones — and overall in LADWP’s entire
distribution network —is relatively low.

Pressure fluctuations in these pressure zones are noteworthy with maximum recorded pressure
surges of about 16 PSI. Pressure fluctuations immediately downstream of the pressure
regulating value (PRV) stations and then within the distribution network would indicate that the
pressure control valves were not able to provide a smooth fixed outlet pressure curve. This
could be due to not enough flow through the PRVs, not enough pressure differential across the
PRV, or current PRV set points that are not optimized, etc.

During the meter reading phase of the task, it was noted that a significant number of the fire
line detector meters registered consumption. This consumption, which should theoretically be
insignificant, is usually not billed since those meters are not read on a regular basis.

Table ES-9: Leak Detection Survey Findings

Est. Est. Flow
Pressure Zone Leak # Leak Type Flow
(gpm) (gal/day) | (HCF/day) | (MG/Year) | (AF/year)
1 Service 10
2 Service 10
3 Valve 1
4 Valve 2
5 Valve 2
5I1-I7e/igBl?tysle 6 Hydrant 2
7 Hydrant 5
8 Hydrant 2
9 Service 10
10 Hydrant 5
11 Hydrant
540/Westwood 12 Hydrant 1
1960/Tujunga 0 NA NA
Total 51 73,440 98.2 26.8 82.2

The number of leaks identified in each pressure zone varies significantly reflecting a typical
picture found in most distribution networks; leakage is not evenly distributed.
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ES.2.5.2 Recommendations

Pilot DMA Implementation Recommendations:

1.

The selection of appropriate flow meters is crucial for accurate flow measurements in
DMAs. It is suggested that for future DMAs permanent meter installations should be
considered using turbine or electromagnetic flow meters.

If a DMA has multiple feeds it is necessary to consider that during low demand periods
(or in some cases, most of the time), some feeds will show only very little demand. This
will be the case if one feed takes the lead, supplying the vast majority of DMA demand.
As a result, the feeds with low demand do not experience enough flow for the flow
meter to record accurately. In these cases the feeds providing very little to no flow
should be used as standby feeds, only opening up in case demand in the DMA requires
additional supply.

All boundary valves and check valves need to be investigated to guarantee that the DMA
is hydraulically discrete.

Future DMAs should be combined with Advanced Meter Infrastructure (AMI) trial areas
for accurate and easily available consumption data.

In the effort to comprehensively read all of the meters in each DMA, discrepancies
between the meter information in CIS and the actual meters were unveiled. A reliable
billing database with up-to-date meter characteristics is an important tool in
determining water losses (as demonstrated both for the water loss baseline calculations
for each DMA and for the apparent loss analysis).

Since LADWP is considering trials of Advanced Metering Infrastructure (AMI), it is
recommended that for the pressure zones with AMI, a water loss mass balance is
calculated on a regular basis to identify pressure zones with higher levels of leakage that
should be targeted for proactive leak detection. The three pressure zones used for the
DMA trial should be considered as candidates for trial AMI installation projects.

Pilot Pressure Management Recommendations:

1.

At around 82 PSI the average pressure in Zone 540/Westwood is about 10 PSI higher
than in the other two pressure zones, which indicates that the average pressure could
be reduced further to achieve savings in real losses and extend the infrastructure life
span.

High frequency pressure logging should be performed in all three pressure zones to
assess the full extent of the pressure surges. Necessary steps to avoid pressure surges in
the pressure zones should be taken.

Pilot Leak Detection Recommendations:

1.

Even though the volume of hidden leakage detected and recovered in these three areas
was relatively small, the leak detection pilot has a simple payback period of 0.8 years
(about 10 months), indicating that proactive leak detection is an economically viable
water loss control strategy for LADWP.
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ES.2.6 Economically Efficient Intervention Strategies to Reduce Real Losses

ES.2.6.1 Findings

Four intervention tools against Real Losses were evaluated to determine if there is room for
improvement in LADWP’s current leakage management policy. Proactive leak detection and
improved leak repair time were found to be short-term tools against Real Losses with potential
for improvement. Since LADWP already has plans to increase infrastructure replacement, there
is no recommendation to improve infrastructure management. Pressure management was
found to be a medium term tool against Real Losses with potential for improvement. Table ES-
10 summarizes the findings for Real Loss Intervention Strategy evaluation.

Table ES-10: Real Loss Intervention Strategy Evaluation

. Assess benefit/cost ratio of
. Currently employed by Potential for . . .
Intervention Tool . new/improved intervention
LADWP improvement

tool
Proactive leak detection No Yes Yes
Improved leak repair time Yes Yes Yes
Pressure management Yes Yes Yes
Infrastructure management Yes No’ No

ES.2.6.2 Recommendations
Proactive Leak Detection:

1. The analyses indicate that given the high value of Real Losses, it is economic to
periodically survey the distribution network for unreported leaks. However, at this point
it is recommended to consider the results of the proactive leak detection intervention
frequency model discussed in this report as preliminary since the accuracy of the water
balance and real loss component analysis needs to be further improved before
significant investments in this real loss reduction strategy are made.

2. It is recommended that LADWP targets surveying about 10% to 15% of the distribution
network per year for the next five years using in-house resources and carefully
documenting the results and findings to inform LADWP’s future proactive leak detection
strategy.

Improved Leak Repair Time:

1. Itis important to note that a significant portion of the break data - 25% of main failure
repair records and 30% of service connection break data — do not have sufficient
timestamp data to calculate the location and repair time. As such, improving the
completeness of the leak repair data should be the first step in refining the evaluations
of possible reductions in average location and repair time.

3 e . . . . .
Since LADWP already has plans to increase infrastructure replacement, there is no recommendation to improve
infrastructure management.
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2.

Reducing the average location and repair time on mains failures by 50%, would save
about 472 MGY (or 1,448.61 AFY), resulting in a cost savings of $1,227,425 (using the
MWD Tier 1 rate). The assumed reduction of average location and repair time by 50%
was used to get an initial idea of the potential savings that could be achieved. Before a
substantial recommendation can be made on a target location and repair time for main
failures, the currently available leak repair data needs to be substantially improved in
terms of data quality/availability.

Reducing the average location and repair time on service connection failures by 60%
would save about 157 MGY (or 481.82 AFY), resulting in a cost savings of $409,029. This
indicates significant potential for real loss and cost savings. The assumed reduction of
average location and repair time by 60% was used to get an initial idea of the potential
savings that could be achieved. Before a substantial recommendation can be made on a
target location and repair time for service line failures, the currently available leak repair
data needs to be substantially improved in terms of data quality/availability.

Pressure Management:

1.

It is recommended to follow the three-step process outlined in Section 11 to achieve the
pressure reductions that would produce an estimated annual savings of $1,414,000 per
year (by reducing losses by 544 MGY or 1,669.47 AFY).

It is recommended that LADWP implement a small pressure monitoring pilot (5 to 10
pressure zones) over the first 12 months of the pressure management program before
implementing Step 1 over the next 36 months, followed by Step 2 over the next 48
months and Step 3 over the subsequent 48 months (see Section 11.4 for details on each
Step).

Demand-based pressure control should be investigated as an option to optimize the
current pressure management scheme in each pressure zone.
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ES.2.6.3 Summary of Recommendations for Real Loss Intervention Strategies

Table ES-11 summarizes the main recommendations for reducing real losses to an economically
efficient level. It includes a general timeline by fiscal year to provide an overall roadmap for the
upcoming five years.

Table ES-11: Recommendations for Reduction of Real Losses

Fiscal Year

Proactive Leak Detection

Improved Location and Repair
Times for Reported Leaks

Pressure Management
Program

FY 2013 - 2014

Prepare for implementation of
proactive leak detection program

Focus on collection of better
leak repair data

Prepare for implementation
of pressure monitoring pilot
in 5 to 10 pressure zones

FY 2014 - 2015

Detailed leak detection in 10% to
15% of the distribution network
using LADWP leak detection staff

Focus on collection of better
leak repair data

FY 2015 -2016

Detailed leak detection in 10% to
15% of the distribution network
using LADWP leak detection staff

Update analysis on improved
location and repair times and
evaluate the necessary
additional budget for reducing
the average location and repair
time for reported mains leaks

FY 2016 — 2017

Detailed leak detection in 10% to
15% of the distribution network
using LADWP leak detection staff

FY 2017 -2018

Detailed leak detection in 10% to
15% of the distribution network
using LADWP leak detection staff

FY 2018-2019

Detailed leak detection in 10% to
15% of the distribution network
using LADWP leak detection staff

FY 2019 - 2020

Evaluate results of detailed leak
detection efforts and update
strategy according to findings over
past 4 years

FY 2020 - 2021

FY 2021 -2022

FY 2023 - 2024

FY 2024 - 2025

FY 2025 - 2026

Implement updated proactive leak
detection strategy and if/where
AMl is implemented utilize AMI
and SCADA data for prioritizing
areas for ongoing leak detection
based on calculated leakage loss

levels by pressure zone

If found cost effective Deploy
additional repair crews to
reduce average location and
repair times to optimum levels

Implement Step 1 of the
pressure management
program as detailed in

Section 11.4.2

Implement Step 2 of the
pressure management
program as detailed in

Section 11.4.2

Implement Step 3 of the
pressure management
program as detailed in

Section 11.4.2
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SECTION 1. SYSTEM INPUT VOLUME

1.1 System Input Volume Background

The System Input Volume (SIV) is the total amount of water supplied into the distribution
system and is obtained by adding the volume of water owned and operated by LADWP to the
volume of water imported from wholesale providers. In other words, the SIV consists of:

& Own Sources: This is the volume of water input to a system from the water supplier’s own
sources.

é Water Imported: This is the volume of bulk transfers from other water agencies or
distributors into the distribution system.

The Water Supplied Volume is the total amount of water that directly supplies the customers of
LADWP. The Water Supplied Volume is equal to the System Input Volume minus wholesale
exports to neighboring water agencies.

Figure 1 highlights in yellow the components of the Water Balance assessed and validated in
this report. Note that the table is not formatted to scale (the size of each box is not
proportional to its volume).

Billed Billed Metered Consumption R
. evenue
Authorized Water
Authorized Consumption | Billed Unmetered Consumption
Consumption Unbilled Unbilled Metered Consumption
Authorized
Water Consumption Unbilled Unmetered Consumption
Spplhze Unauthorized Consumption Non-
Apparent Revenue
PP Customer Meter Inaccuracies Water
Losses
Water Losses
Data Handling Errors
Real Losses

Figure 1: International Water Association’s standardized components
of Annual Water Balance — Water Supplied highlighted



1.2 Introduction to LADWP’s Inputs & Exports

LADWP supplies water to a population of 3.9 million residents, serving a total of 722,112 service
connections. The service area covers 465 square miles.

Three main sources supply LADWP’s potable water distribution network: the Los Angeles
Agueduct (LAA), purchased water from the Metropolitan Water District of Southern California
(MWD), and groundwater from LADWP’s well fields. Two microfiltration plants that provide
treatment for overflows from Encino and Stone Canyon Reservoirs also contribute small
volumes to the system.

The LAA pipelines (LAA 1 and LAA 2) source water from the Mono Basin and Owens Valley. They
supplied the majority of LADWP’s potable water supply during FY 2010-2011. Though this water
travels a significant distance, LADWP owns and operates the LAA infrastructure so this is
considered as part of the “Own Sources” component. Both the LAA pipelines and the MWD
untreated water connection, LA-35, are treated at the Los Angeles Aqueduct Filtration Plant
(LAAFP) in Sylmar. The treated water from LAAFP directly supplies the distribution system; a
portion of the water is also used for operational use at the plant (“LAAFP Backwash”).

While LAA 1, LAA 2 and LA-35 track the raw water inputs into LAAFP, it is best to use
measurements that are as close to the point of distribution system input as possible. A
collection of meters tracks LAAFP outputs of treated water at two different sites. At the first,
the “Flow to City” meter tracks the majority of the LAAFP treated water, headed directly to the
distribution system. In close proximity to this meter, there are two newer meters (in vault 104
and Vault 106) that track the same volume. The remaining LAAFP treated water volume goes to
the LA Reservoir. The following meters track the water from the LA Reservoir into the
distribution system: the LA Reservoir meter tracks the majority of volume leaving from the
mainline off of the LA Reservoir; another newer meter is along this same line (in vault 204); and
lastly, another route from the LA Reservoir into the distribution system is through the “West
Outlet”, which is not metered. The newer meters off the Flow to City line and the new meter
off the LA Reservoir will be heretofore referenced as the “New Meters”. Section 1.4.2 outlines
the arrangement of these meters in greater detail.

LADWP also received potable water from MWD through a total of 12 treated water connections
during the audit period. MWD has two main sources of raw water: one is from the Sacramento-
San Joaquin Delta, transferred south through the State Water Project, and the other is from the
Colorado River through the Colorado River Aqueduct (and treated at various MWD facilities).

LADWP’s groundwater supply was extracted from 11 different well fields during the audit
period. These included the Aeration, Erwin, Manhattan, Mission, North Hollywood, Pollock,
Rinaldi-Toluca, Tujunga, Verdugo, Whitnall, and 99" St well fields.



Though LADWP has historically supplied water to its neighboring water agencies (Las Virgenes
and Calleguas Municipal Water Districts), this transfer did not occur during the audit period.
During the audit period, LADWP did provide LA County Waterworks District a small volume of
water (through its five connections).

Table 1 summarizes the input meters in use during the audit period of July 1, 2010 to June 30,
2011. Figure 2 presents a flow diagram of the SIV components for LADWP.

Table 1: LADWP System Input and Export Components for FY 2010-2011

System Meter Description

LAAFP Meters The following 8 meters track input or output volume
for LAAFP. Comparisons of these meters allowed for
the estimation of volume from LAAFP.

LAA 1 Soledad Station Point of measurement for the first of the Los Angeles
Aqueduct pipelines

LAA 2 Soledad Station Point of measurement for the second of the Los Angele
Aqueduct pipelines

MWD LA-35 The MWD connection that supplies raw water; later
treated at LAAFP.

Flow to City Meter These meters track the majority of treated water

New Meters in Vaults 104 and 106 | from LAAFP.

LA Reservoir Meter These meters track the water transferring from the

New Meter in Vault 204 LA Reservoir into the distribution system.

MWD Treated Water: LA 4, LA-5, LA-9, Treated water imports from MWD that were active

LA-12, LA-13, LA-16, LA-17A, LA-17C, LA- during the audit period.
21B, LA-25, LA-31, LA-35B

Aeration Wells #2,3,4,6,7,8 Active meters in the Aeration well field.

Erwin Wells # 6, 10 Active meters in the Erwin well field.

Manhattan Forebay This forebay meter tracks the total production from
the Manhattan well field. *

Mission Wells #6,7 Active meters in the Mission well field.

North Hollywood Wells #7, 22, 23, 25, 26, | Active meters in the North Hollywood well field.
32,33,34,36,37,43A, 45
Pollock Wells #4,6 Active meters in the Pollock well field.

Rinaldi-Toluca Wells #1, 2, 3,4,5,6, 7,8, | Active meters in the Rinaldi-Toluca well field.
9,10,11,12,13,14,15
Tujunga Wells#1, 2,3,4,5,6,7,8,9,10, | Active meters in the Tujunga well field.

11,12

Verdugo Wells #11, 24 Active meters in the Verdugo well field.

99" st Wells # 12, 13, 14, 15 Active meters in the 99" St well field.

Encino Reservoir Microfiltration Plant No treated water meter at this site — estimates
submitted.

Stone Canyon Reservoir Microfiltration No treated water meter at this site — estimates

Plant submitted.

LA County Water Works District Small volumes were exported to LA County during the
audit period.

* Unlike for other well fields, the Manhattan forebay meter is used for total production because the individual well
meters were deemed unreliable.



Figure 2: Flow diagram of LADWP SIV components

1.3 System Input Meter Testing Approach & Procedures

Table 2 outlines the approaches used to determine the SIV and its accuracy.

In all cases, in-situ tests (comparative meter tests or volumetric tests) were not feasible for the
system input meters. It was not possible to arrange a test for either LAA 1 or LAA 2 mainly
because of two insurmountable challenges. First, the closest reservoir or contact basin is over
20 miles away: this setup is not conducive to a successful volumetric drop test because there is
so much opportunity for interference between the meter location and the comparative volume
measurement. Secondly, there were operational constraints to consider: the time to draw
down and start up the LAA 1 and LAA 2 meters would be too disruptive to supply and was
concluded to be prohibitive. Further, upon confirming the availability of data for the meters
that track treated water from LAAFP, it was no longer necessary to depend on the raw water
meter data.

Instead, installation conditions and meter testing procedures were examined to best estimate
how accurately each meter is performing. The quoted accuracy range for each meter depends
largely on the proper implementation of the required installation conditions. Installation
requirements call for a minimum length of straight, uninterrupted pipe upstream and
downstream of the meter (the specific length of which is determined by the meter’s
specifications — manufacturer, model, size, etc. Table 14 and Table 18 outline the specific
straight-length requirement for each meter examined.
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Ensuring sufficient straight-length is necessary to avoid turbulence and allow for the most
uniform velocity profile as possible. Upon confirming that the straight-length installation
requirements are met, the meter manufacturer’s accuracy range can be more confidently
applied. If the straight-length installation requirements are not met, a conservative estimate of
the accuracy range is assigned to the meter.

It is important to note that a majority of the system input meters are Venturi models made in-
house. Without specifications available from a commercial manufacturer, industry standards
were used for the accuracy ranges and installation requirements for these meters. The AWWA
Manual 33, “Flowmeters in Water Supply”’ provides a standard accuracy for Venturi
flowmeters of +/- 0.75%. The International Standards Organization (ISO) provides information
on installation requirements based on the size of the Venturi meter®.

For all the input meters that do not meet the installation condition requirements a confidence
level of +/-5% was assigned as a conservative estimate because these meters are not operating
under recommended conditions. Note that this is a best guess based on industry experience
and not a statistically derived confidence limit.

For the LAAFP Filtration Plant, WSO determined that the most reliable data was produced at
the New Meters. However, these meters were only recently installed so data was not available
for the whole audit period. Select comparisons and extrapolations allowed for estimation of the
System Input Volume component from LAAFP. Volumetric testing was not possible at any of the
meters here. Installation condition assessments were made for accuracy estimations at the LAA
meters and the LA-35 meter. Section 1.4 outlines the volume analysis at LAAFP in detail.

For the groundwater well field inputs, installation condition assessments were also conducted.
A volumetric test at the Tujunga well field site was considered. It was not pursued at the time
because the wells that are currently in operation do not overlap with those operating during
the audit period. Though the test was not feasible at this time, the procedure for the test is
included here for future pursuit (see Appendix B). Section 1.6 outlines the analysis of
groundwater production in detail.

For the treated imports from MWD, billed volumes for the audit period were collected and
examined. A select number of MWD connections — those that provided the largest imported
volumes during the audit period — were visited to assess the meter installation conditions and
setup as well. Further, the SCADA data for each connection was downloaded from MWD’s
online database to cross-reference with the billed volumes and guarantee that no financial
adjustments were included. Section 1.5 outlines the MWD imported volume in detail.

> American Water Works Association. “Flowmeters in Water Supply: AWWA Manual M33, First Edition.” Denver,
CO. 1989.

® International Standards Organization. “Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full — Part 4: Venturi tubes”. Geneva, Switzerland. 2003.
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Since the production volumes from the two Microfiltration Plants are responsible for less than
0.1% of the total SIV, no further review of the procedures used to estimate the production
volumes was undertaken. The same goes for the LA County Waterworks District exports, which
also account for less than 0.004% of the total SIV.

Table 2: Components of input volume accuracy determination

System Input Volume Component Approach to Assess Meter Accuracy

LAAFP Data comparison: LAAFP outputs vs. LAA + LA-35, Installation
Assessment

Groundwater Well Fields Installation Condition Assessment

MWD Wholesale Connections Installation Condition Assessment

Microfiltration Plants No assessment

LA County Waterworks District Exports No assessment

1.4 Los Angeles Filtration Plant

LAAFP provides the largest component of treated water into the distribution system. As such,
the plant’s production is a critical part in calculating the System Input Volume (SIV) used for the
water balance and analysis of system losses.

The following section outlines the data comparison between the sum of the inputs into LAAFP
and the total volume of treated water that flows from LAAFP into the distribution system.

1.4.1 LAAFP Input Data

WSO examined the available points of measurement upstream of LAAFP. The first is the LAAFP
inflow, which involves two Venturi meters used to measure the raw water volume into the
plant. The other points of measurement to work with come from the sources of raw water: the
two LAA pipelines and the purchased raw water from MWD through connection LA-35. The
schematic in Figure 3 shows the setup of the meters that track the input volume into LAAFP.



_

Figure 3: Meter Setup for Water Sources into LAAFP

Table 3 outlines the different data available for each of the relevant points of measurement
into LAAFP. For both the LAA pipelines and the MWD LA-35 connection, two data sources are
available. These sources were checked against each other to verify consistency.

Table 3: Data Available Related to LAAFP Volume Production

Measurement | Data Source 1 | Data Source 2 Location Description
Point
LAA Pipelines | Northern Manual Reads | At the Soledad | Flow data received for each of the
District meters in two LAA pipelines’ Venturi meters
Hydrographic Santa Clarita from the Northern District
Database Hydrographic Database system and
from copies of manual daily reads.
MWD LA-35 Billed MWD Online At the Jensen Billed data from MWD shows volume
Volumes from | SCADA Data’ Plant before purchased through the LA-35
MWD treatment connection. MWD’s SCADA records
also track the flow.

1.4.1.1 LAA Pipelines

Raw water is delivered through the two LAA pipelines, and a Venturi meter on each registers
the flow. Anecdotally, it was shared that the two meters here are calibrated every 6 months,
but it was not possible to collect the calibration records. Beyond this intermittent calibration
(which checks that the pressure differential transmitter reads zero flow and its maximum flow
setting properly), there is no volumetric or comparative testing for the meters’ flow
measurement accuracies.

7 https://wins.mwdsc.org/Reports/WAMIReports.aspx



Historic flow data from each meter was provided from archived SCADA records retrieved from
the Northern District Hydrographic Database. Average flow data (in cubic feet per second) for
each day in the audit period was provided. These flows were converted into volumes by
extrapolating the average flow for each 24-hour period. To confirm this SCADA data, WSO
requested copies of the daily manual reads taken from the Soledad meters on the LAAs. Daily
recordings of the flow at the time of visit (in cubic feet per second) and the totalizer readings
were compiled and examined.

Table 4 and Figure 4 show the comparison results for LAA 1 (note that the totals are applied
only to the months that are included in the audit period that are shaded). The SCADA and
manual volumes at LAA 1 show volumes within the same range: the overall comparison shows
that SCADA readings total 2.69% more than the manual reads. The main contribution to this
difference is in May 2011 where the manual reads show production of 5,339.82 MG and the
SCADA system reports flows that led to a calculation of 7,280.11 MG.

It is recommended that the discrepancy between the SCADA data and manual reads for May
2011 is examined. A preliminary look at the data by Water Operations staff shows that the
manual reads may have been incorrect from April 28, 2011 to May 17, 2011, and the SCADA
readings may have also read incorrectly from May 11, 2011 to May 16, 2011. These potentially
erroneous volume records result in a high difference between the manual and SCADA volume
totals for May 2011. A comparison check between manual reads and SCADA readings should be
conducted as standard procedure.

Table 4: LAA 1 Manual and
SCADA Read Comparison

MONTH MANUAL SCADA % DIFF
(MG) (MG)
May-10 1,293.67 1,393.41 7.71%
Jun-10 6,322.02 6,261.52 | -0.96%
Jul-10 5,559.73 5,565.44 0.10%
Aug-10 5,230.02 5,125.29 | -2.00%
Sep-10 4,802.68 4,807.31 0.10%
Oct-10 6,323.59 6,302.88 | -0.33%
Nov-10 5,358.22 5,197.03 | -3.01%
Dec-10 5,198.60 5,255.20 1.09%
Jan-11 6,384.25 6,229.85 | -2.42%
Feb-11 1,592.42 1,644.23 3.25%
Mar-11 6,732.67 6,775.99 0.64%
Apr-11 6,645.31 6,790.21 2.18%
May-11 5,339.82 7,280.11 | 36.34%
Jun-11 7,347.30 7,333.11 | -0.19%
Jul-11 7,621.82 7,584.53 | -0.49%
Aug-11 7,635.51 7,607.15 | -0.37%
FY 2010 -2011: 66,514.63 68,306.65 2.69%




Figure 4: LAA 1 Manual and SCADA Reads Comparison

Table 5 and Figure 5 show the comparison results for LAA 2. The SCADA and manual volumes at
LAA 2 show volumes within the same range: the overall comparison shows that SCADA readings
total 0.47% more than the manual reads.

Table 5: LAA 2 Manual and
SCADA Read Comparison

MONTH MANUAL SCADA % DIFF
(MG) (MG)

May-10 5,628.85 5,618.43 -0.19%
Jun-10 5,034.79 5,042.56 0.15%
Jul-10 5,269.51 5,293.34 0.45%
Aug-10 4,767.15 4,703.25 -1.34%
Sep-10 1,162.32 1,121.23 -3.53%
Oct-10 381.11 419.20 10.00%
Nov-10 708.43 749.47 5.79%
Dec-10 719.80 667.39 -7.28%
Jan-11 1,264.05 1,242.35 -1.72%
Feb-11 2,114.37 2,191.08 3.63%
Mar-11 1,101.13 1,027.00 -6.73%
Apr-11 3,588.38 3,793.56 5.72%
May-11 5,231.44 5,204.14 -0.52%
Jun-11 5,519.72 5,545.40 0.47%
Jul-11 5,674.40 5,692.76 0.32%
Aug-11 5,730.13 5,727.66 -0.04%

FY 2010 - 2011: 31,827.40 | 31,957.40 0.41%




Figure 5: LAA 2 Manual and SCADA Reads Comparison

LADWP should compare the LAA1 and LAA2 SCADA data and manual reads on a monthly basis.
The difference between manual read and SCADA data should stay within 0.5%. This is an
important quality check to consistently conduct for one of the main components of the System
Input Volume. If the comparison shows a difference greater than +/- 2% a more detailed
examination of the data should be pursued.

1.4.1.2 MWD LA-35 Connection

MWD provides LADWP with raw water through connection LA-35. Monthly bills were examined
to determine the purchased volume for the audit period. These billed volumes were compared
to the LA-35 data in MWD’s public database that features an archive of each connection’s flow
and volume information. Table 6 shows the results of that comparison: during the audit period
there were little to no differences between the billed volumes and the volumes in the SCADA
system.
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Table 6: LA-35 MWD Billed Volumes
and Comparison to SCADA Data

LA - 35 Connection
MWD BILLING MWD SCADA |% Difference
DATA DATA
(MG) (MG)
May-10 4,546.44 4,399.74 -3.23%
Jun-10 1,262.77 1,262.78 0.00%
Jul-10 2,054.07 2,054.07 0.00%
Aug-10 3,700.98 3,700.98 0.00%
Sep-10 6,657.27 6,657.28 0.00%
Oct-10 3,983.98 3,983.97 0.00%
Nov-10 4,044.20 4,044.19 0.00%
Dec-10 3,623.10 3,623.11 0.00%
Jan-11 2,836.70 2,836.68 0.00%
Feb-11 839.91 839.91 0.00%
Mar-11 1,560.96 1,560.96 0.00%
Apr-11 436.18 436.19 0.00%
May-11 78.92 78.92 0.00%
Jun-11 187.30 187.31 0.01%
Jul-11 611.17 611.16 0.00%
Aug-11 667.70 667.71 0.00%
FY 2010 - 2011: 30,003.58 30,003.58 0.00%

1.4.2 LAAFP Output Data

A collection of meters tracks the treated water production from LAAFP. Figure 6 shows the
configuration of these meters, presenting two main metered volumes from LAAFP: the volume
that goes directly to the distribution system through the Flow to City meter (a 120” Metron
insertion magnetic flow meter) and the volume that goes first to the LA Reservoir before going
through the LA Reservoir Outlet meter (a Panametrics multipoint ultrasonic meter). Each of
these two volumes is metered at additional points. The Flow to City meter is followed by two
New Meters in vault 104 and vault 106 (each of which is a multipoint ultrasonic meters). The LA
Reservoir Outlet meter is also followed by a New Meter in vault 204 (a Rittmeyer multipoint
ultrasonic meter).

It is important to note that the flow data for these meters is stored in two different SCADA
databases: the LAWSDAC system houses the data for the Flow to City meter and the LA
Reservoir meter, and the TOCC / Wave Server houses the data for the New Meters. Multiple
locations of flow data increase the difficulty and time required to analyze the comparisons and
determine the System Input Volume component from LAAFP.
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Figure 6: Schematic of Meters that Track LAAFP Treated Water Production

For the most accurate estimate of the System Input Volume component from LAAFP, it would
be best to use the three New Meters: they are closest to the point of input into the distribution
system and are newly installed multi-path ultrasonic flow meters. However, only going online in
January 2012, the New Meters were not in place for the audit period.

To validate the audit period volumes for the Flow to City and LA Reservoir meters (the “Old
Meters”), the 2012 data was examined. Assuming the New Meter registration is a relatively
accurate reference, the accuracy of the Old Meter can be estimated. Figure 7 and Table 7 show
the results of comparing the New Meters to the Old Meter for the Flow to City output from
January 2012 to October 2012. Monthly volume comparisons show accuracies for the Old
Meter that range from 94.17% to 97.42%. Comparing the total volume for the ten-month
period, the old meters show an accuracy of 95.58% (under-registering by 4.42%).
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Figure 7: Flow to City Meter Comparison for 2012

Table 7: Monthly Volumes for Flow to City:

New and Old Meters Comparison

NEW METERS | OLD METER | ACCURACY

TOTAL (MG) TOTAL

(MG)
Jan-12 5,436.95 5,296.90 97.42%
Feb-12 5,570.15 5,245.30 94.17%
Mar-12 6,035.09 5,688.80 94.26%
Apr-12 5,963.76 5,639.40 94.56%
May-12 6,577.43 6,236.60 94.82%
Jun-12 7,088.64 6,753.20 95.27%
Jul-12 7,347.20 7,005.90 95.35%
Aug-12 11,163.75 | 10,675.70 95.63%
Sep-12 11,498.47 | 11,107.80 96.60%
Oct-12 10,475.35 |  10,093.40 96.35%
TOTAL 2012 77,156.79 |  73,743.00 95.58%

Figure 8 and Table 8 show the results of comparing the New Meter to the Old Meter for the LA
Reservoir output from January 2012 to October 2012. Monthly volume comparisons show
accuracies for the Old Meter that range from 97.97% to 99.61%. Comparing the total volume
for the ten-month period, the Old Meter shows an accuracy of 99.09% (under-registering by

0.91%).
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Figure 8: LA Reservoir Meter Comparison for 2012

Table 8: Monthly Volumes for LA Reservoir:
New and Old Meters Comparison

MONTH NEW METER OLD METER ACCURACY
(MG) (MG)

Jan-12 3,887.28 3,871.94 99.61%
Feb-12 3,340.66 3,298.72 98.74%
Mar-12 4,819.80 4,762.06 98.80%
Apr-12 4,168.17 4,083.51 97.97%
May-12 5,016.76 4,974.67 99.16%
Jun-12 5,087.24 5,054.20 99.35%
Jul-12 5,955.72 5,931.44 99.59%
Aug-12 3,029.15 3,002.70 99.13%
Sep-12 2,902.33 2,881.38 99.28%
Oct-12 2,826.23 2,799.85 99.07%
2012 TOTAL: 41,033.33 40,660.48 99.09%

Based on these comparisons, it appears that the Old Meters are under-registering. To account
for this, the overall accuracies for each Old Meter (as determined by the above 2012 data
comparisons with the New Meters) were applied, back-calculating a corrected volume for FY
2010 -2011. Table 9 shows the results of this calculation, presenting the corrected volumes for
the old meters in FY 2010-2011.
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Table 9: Flow to City and LA Reservoir Old Meter Corrections for FY 2010 -2011

RAW SUM CORRECTED UNDER-
(MG) SUM REGISTRATION
(MG) APPLIED
120" FLOW TO CITY: 86,354.67 90,348.06 4.42%
LA RESERVOIR 39,389.85 39,751.07 0.91%
TOTAL: 125,744.52 130,099.12

1.4.3 LAAFP Input and Output Data Comparison

Another check for consistency of the LAAFP data was made by comparing the sum of the LAAFP
inputs (“LAAFP Input Volume”) to the sum of its outputs (“LAAFP Outputs Volume”). The sum of
the purchased water from the LA-35 connection (using the MWD billed volume records) and
the LAA production (from SCADA flows) was used as the base of the LAAFP Input Volume. To
make the comparison valid, the change of the LA Reservoir volume was also accounted for. For
each month, if the total reservoir volume increased, the change would be detracted from the
total LAAFP Input Volume; if the total reservoir volume decreased, the change would be added
to the total LAAFP Input Volume. In this way, a direct comparison could be made to the LAAFP
Output Volume.

The LAAFP Output Volume was determined using the corrected measurements from the LA

Reservoir and Flow to City meters (as determined in Section 1.4.2). Figure 9 shows a schematic
of the comparison made here.

Figure 9: LAAFP Data Validation Comparison: Inputs v. Outputs

Table 10 shows the results of the comparison. Over the course of the total audit period, the
total LAAFP output volume is 603.07 MG more than the LAAFP input volume, which amounts to
only a 0.46% difference.
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However, the monthly differences are significantly more sizeable. Figure 10 shows the variation
in the difference between the LAAFP Input and the LAAFP Output Volume. For a majority of the
months (eight months within the audit period), the LAAFP Output Volume is larger than the
LAAFP Input Volume, ranging from 0.82% and 6.63% larger. Though specific accuracy
conclusions cannot be made from this comparison, it suggests a general trend of under-
registration at any or all of the LAAFP Input Volume meters (LAA 1, LAA 2 and LA-35).
Considering the frequent calibration of MWD meters, it is likely that LAA 1 and/or LAA 2 is a
source of under-registration.

The most significant finding here are the large discrepancies revealed for December 2010 and
January 2011. Unlike most of the other months of the audit period, the LAAFP Output Volume is
significantly less than the LAAFP Input Volume for these two months.

Table 10: LAAFP Input Volume and LAAFP Output Volume Comparison

MONTH LAAFP LAAFP DIFFERENCE
OUTPUT INPUT (MG) % OF OUTPUT
VOLUME (MG) | VOLUME VOLUME
(MG)

Jul-10 13,398.09 | 12,962.80 435.30 3.25%
Aug-10 13,394.28 |  13,530.76 -136.48 -1.02%
Sep-10 13,068.75 | 12,707.93 360.82 2.76%
Oct-10 11,238.74 |  10,759.23 479.51 4.27%
Nov-10 10,933.52 | 10,208.65 724.87 6.63%
Dec-10 8,643.80 9,527.14 -883.34 -10.22%
Jan-11 7,381.10 9,896.24 -2,515.14 -34.08%
Feb-11 4,731.65 4,692.78 38.87 0.82%
Mar-11 9,410.75 9,534.65 -123.90 -1.32%
Apr-11 11,585.12 | 11,359.82 225.30 1.94%
May-11 12,978.87 | 12,734.27 244.60 1.88%
Jun-11 13,334.45 |  12,787.92 546.53 4.10%

FY 2010 - 2011 130,099.12 | 130,702.19 -603.07 -0.46%
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Figure 10: Monthly Difference between LAAFP Input Volume
and LAAFP Output Volume (Output Minus Input)

Excluding the negative differences (where the LAAFP Output Volume is less than the LAAFP
Input Volume, unlike the trend of the rest of the audit period), the remaining months show that
each month the LAAFP Output Volume is 279.54 MG more than the LAAFP Input Volume on
average. The purple line in Figure 10 highlights this average.

This comparison between LAAFP Input Volume and LAAFP Output Volume led to suspicions that
the calculation of the LAAFP Output Volume was incomplete: using the total of the corrected
volumes for the Flow to City and LA Reservoir meters did not capture all of the treated water
leaving LAAFP.

1.4.3.1 LA Reservoir West Outlet Estimation

Upon further investigation, it was found that there was some amount of volume transferred to
the distribution system through another outlet at the LA Reservoir, the “West Outlet”. Water
Operations records show that the West Outlet was opened from December 17, 2010 to
February 7, 2011. The West Outlet is not metered, so the LAAFP Input Volume and LAAFP
Output Volume data was used to devise an estimated volume.

The average difference between the LAAFP Input Volume and the LAAFP Output Volume was
used to estimate the volume for the West Outlet in December 2010 and January 2011. Table 11
outlines this estimation process. It details how a total of 3,957.56 MG was added to the audit
period’s LAAFP Output Volume to account for the West Outlet flow.
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Table 11: West Outlet Estimation Calculations for December 2010 and January 2011

West Outlet Estimation Component DECEMBER 2010 JANUARY 2011
P (MG) (MG)
LAAFP Input Volume (A) 9,527.14 9,896.24
Average M.onthly Difference (8) 27954 27954
(Output minus Input)
Extrapolated LAAFP Output Volume (€) ?B()A) * 9,806.68 10,175.78
LAAFP Original Output Volume (D) 8,643.80 7,381.10
West Outlet Estimation (C)- (D) 1,162.88 2,794.68

Incorporating the West Outlet volume estimation, Table 12 outlines the monthly volume from
LAAFP for FY 2010 -2011.

Table 12: Final Calculation of Monthly LAAFP
Output Volume for FY 2010 -2011

MONTH FINAL LAAFP
OUTPUT VOLUME
(MG)
Jul-10 13,398.09
Aug-10 13,394.28
Sep-10 13,068.75
Oct-10 11,238.74
Nov-10 10,933.52
Dec-10 9,806.68
Jan-11 10,175.78
Feb-11 4,731.65
Mar-11 9,410.75
Apr-11 11,585.12
May-11 12,978.87
Jun-11 13,334.45
FY 2010 - 2011 134,056.68

1.4.4 LAAFP System Input Volume Data Selection for Water Balance

Ideally, system input volumes entered into the water balance are measured at the closest point
to system entry. In this case, the closest measurements to the points of entry are the New
Meters. Without this data for the audit period, 2012 data was used to determine the accuracy
estimates for the Old Meters — the Flow to City and LA Reservoir meters. The audit period flow
data was then corrected according to these accuracy estimates (see Section 1.4.2).

To make sure that the volume used for the water balance includes all water that enters the

distribution system, an estimation for the flow through the West Outlet was also included (see
Section 1.4.3.1).
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For the water balance, the monthly volumes outlined in Table 12 will be used as the basis for
the finished water introduced to the system from LAAFP. A total of 134,056.68 MG will be used
as the System Input Volume component from LAAFP.

1.5 MWD Imports

Treated water from MWD is delivered into LADWP’s system through 31 connections. This
section outlines the efforts to verify the volumes from each of the MWD connections that were
active during the audit period.

MWD actively maintains their population of wholesale meters. MWD calibrates each Venturi
meter twice every year. Documentation of the calibration results is stored in their work order
system. For the multi-point ultrasonic meters, the operating conditions and parameter data is
downloaded periodically to check for consistency, and the transducers are frequently checked
for signs of degradation.

1.5.1 MWD Treated Water Connection Volumes

Of the 31 MWD treated water connections, only 12 provided water to LADWP during the FY
2010-2011 audit period. For each connection, WSO reviewed the bills produced by MWD and
compiled all the monthly deliveries. Table 13 shows the sum of MWD treated water deliveries
for each active connection during the audit period (based on billing data provided). LA-25
provides treated water into the distribution system only when LAAFP is not in service for
maintenance, approximately two weeks per year.

Table 13: MWD Treated Water
Deliveries for FY 2010-2011

MWD Connection TOTAL AUDIT
PERIOD (MG)
LA-4 687.28
LA-5 2,822.00
LA-9 1,409.24
LA-12 0.13
LA-13 0.29
LA-16 2,588.04
LA-17A 31.25
LA-17C 9,188.31
LA-21B 3,154.69
LA-25 4,368.88
LA-31 3.32
LA-34B 122.72
TOTAL FY 2010 — 2011: 24,376.16
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1.5.2 MWD Installation Condition Assessment

Table 14 outlines the results of the site visits to the MWD treated water connections and shows
the comparison of actual installation conditions with the manufacturer’s or the International
Organization for Standardization’s installation requirements. The eight connections that
registered significant volumes for the audit period were examined.

Since LA-25 is a calculated volume from a mass balance between the Jensen Plant Influent (JPI)
meter, Reservoir 1 at the Jensen Plant and the Sepulveda Feeder Output (SFO) (see Figure 11),
these meters were examined as they inform the volume reported for LA-25. It is recommended
that a meter is installed at LA-25 to simplify the accuracy assessment process at this site.

If the upstream or downstream components were not visible but there was ample
unobstructed space for straight-length of pipe, “STRAIGHT” was assigned as the measurement,
and sufficient straight length was assumed.

Seven of the examined input meters had sufficient upstream and downstream straight lengths.
The examination at LA-5 connection revealed uncertainty about the meter setup. Only part of
the meter was visible in the vault and drawings could not be obtained (neither MWD nor
LADWP had records of as-built conditions).

For the LA-17 and SFO meters, the specific Venturi dimensions could not be obtained (both the
throat size and internal pipe size). As the installation requirements for Venturis are dependent
on these size parameters, it was not possible to conduct a comparison here. However, since all
these meters have sizeable straight lengths, it was decided that their setup is sufficient to allow
for the quoted Venturi accuracy.

Table 14: Installation Condition Assessment for MWD Treated Water Connection Meters

Type Size (") Manufacturer's Regs for Actual Conditions of SATISFIES 95%
Straight Length of Pipe Straight Length of Pipe INSTALLN CONFIDENCE

Up- Down- Accuracy | Upstream | Down- REQ's? LM
stream | stream Straight stream G
Req's Req's (") Length (") | Straight (+/) %
(") Length (")

LA-5 Venturi 23.7x16.2 332 NA 0.75% ? ? INACCESSIBLE 5.0%

LA-9 Venturi 24.7x13.3 247 NA 0.75% 492 STRAIGHT YES 0.75%

LA-16 Venturi 289x14.1 260 NA 0.75% STRAIGHT 0 YES 0.75%

LA-17 A Venturi ? ? NA 0.75% STRAIGHT 0 YES 0.75%

LA-17 B Venturi ? ? NA 0.75% STRAIGHT 0 YES 0.75%

LA-17 C Venturi ? ? NA 0.75% STRAIGHT 0 YES 0.75%

LA-21 A Venturi 47.2x21.7 425 NA 0.75% 480 0 YES 0.75%

LA-21B Venturi 18.6 x10.6 186 NA 0.75% 480 0 YES 0.75%

JPI Ultrasonic 144 1440 NA 0.5% STRAIGHT STRAIGHT YES 0.5%

SFO Venturi 120 NA NA 0.75% STRAIGHT STRAIGHT YES 0.75%
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1.5.3 MWD Data Consistency Assessment

MWD publishes all of their flowmeters’s SCADA data to a public database
(https://wins.mwdsc.org/Reports/WAMIReports.aspx). WSO downloaded each connection’s
water usage report for the audit period to double check that the billed volumes corresponded
to the operational data on registered flow and did not feature financial adjustments.

Table 15 shows that billed volumes largely matched the SCADA totals for the audit period.
However, there is a notable difference between the billed volume and the SCADA reads for
connection LA-31. A closer examination of this meter’s records revealed an inconsistency in
MWD'’s online SCADA system. Using the downloaded output from the "Meter Daily Flow - Last
Interval" option and using the meter reads to deduce volume (as was done for each of the
other MWD meters), the total volume for LA-31 is 0.34 MG. However, using a different output
selection and reviewing data from the "Meter Summary Volumes" output option, a total of 3.32
MG is tabulated (which matches the billed volume). An examination of this connection is
recommended. However, the total volume contribution here is so small, it will not significantly
affect the total system input.

LA-25 was not included in this comparison because its production volume is calculated through
a mass balance (as outlined in Figure 11). Without a meter at this connection, there is no
SCADA data to use for comparison. Instead, the accuracy of the meters involved in the mass
balance was assessed as detailed in Section 1.5.2.

LA-25 = JPI — SFO +/- Reservoir Change

Figure 11: LA — 25 Volume Determination Mass Balance
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Table 15: MWD Billed Volumes vs. SCADA Reads

MWD Connection BILLED SCADA DIFFERENCE
VOLUMES | REPORTED (MG)
(MG) VOLUMES
(MG)
LA-4 687.28 687.30 0.01
LA-5 2,822.00 2,822.03 0.03
LA-9 1,409.24 1,409.22 (0.02)
LA-12 0.13 0.11 (0.02)
LA-13 0.29 0.29 0.00
LA-16 2,588.04 2,588.02 (0.02)
LA-17A 31.25 31.22 (0.03)
LA-17C 9,188.31 9,188.26 (0.06)
LA-21B 3,154.69 3,154.69 (0.01)
LA-31 3.32 0.34 (2.99)
LA-34B 122.72 122.75 0.03
TOTAL FY 2010 - 2011 20,007.28 | 20,004.22 (3.06)

1.6 Well Production

1.6.1 Well Production Volumes

LADWP owns and operates wells in 11 different well fields. During FY 2010 - 2011, 65 of these
wells were active and registered flow. Table 16 shows a breakdown of well production volumes,
organized by well field.

Table 16: Well Production Volumes for FY 2010 - 2011

FIELD NAME # Active TOTAL % of TOTAL
Wells FY 2010 - 2011
(MG)

AERATION 6 342.49 2.11%
ERWIN 2 275.63 1.70%
MISSION 2 73.44 0.45%
POLLOCK 2 942.71 5.82%
NORTH HOLLYWOOD 13 1,802.72 11.13%
RINALDI-TOLUCA 15 2,615.55 16.15%
TUJUNGA 12 7,470.08 46.12%
VERDUGO 2 619.03 3.82%
WHITNALL 3 304.86 1.88%
99th St 4 1,504.87 9.29%
MANHATTAN 4 245.61 1.52%
TOTAL 65 16,196.98 100.00%
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1.6.2 Current Well Meter Testing Procedures

At the start of 2011, LADWP initiated an ongoing process of testing and calibrating the well
meters. Twenty of the well meters have been tested and calibrated to date. Table 17 shows the

results of the testing completed.

The North Hollywood, Pollock, and Mission well meters were not tested because new flow
meters were installed at these sites. For the remaining 17 meters that were tested at three
different flow rates, the results show a wide range of accuracy. An overall accuracy was
determined by averaging all three results for each meter; these average accuracies range
between 79.06% (under-registration) and 107.43% (over-registration).

Table 17: Completed Well Test Results

TEST RESULTS
WELL NAME: HIGH FLOW MEDIUM LOW FLOW AVERAGE
FLOW

TUJUNGA 10 108.00% 107.00% 107.30% 107.43%
RINALDI TOLUCA 15 106.42% 105.90% 102.92% 105.08%
RINALDI TOLUCA 11 105.45% 104.77% 100.34% 103.52%
RINALDI TOLUCA 2 105.06% 104.72% 97.28% 102.35%
RINALDI TOLUCA 8 105.46% 104.22% 92.83% 100.84%
TUJUNGA 11 103.10% 103.40% 96.50% 101.00%
RINALDI TOLUCA 4 104.25% 103.79% 93.29% 100.44%
RINALDI TOLUCA 6 103.45% 102.68% 97.24% 101.12%
RINALDI TOLUCA 14 101.42% 100.50% 94.06% 98.66%
RINALDI TOLUCA 7 101.06% 99.78% 95.68% 98.84%
RINALDI TOLUCA 3 100.43% 99.70% 93.20% 97.78%
RINALDI TOLUCA 12 100.00% 99.69% 91.32% 97.00%
RINALDI TOLUCA 1 100.43% 99.31% 91.79% 97.18%
RINALDI TOLUCA 13 99.85% 98.89% 86.53% 95.09%
RINALDI TOLUCA 5 99.86% 99.60% 82.97% 94.14%
RINALDI TOLUCA 9 99.12% 98.26% 84.19% 93.86%
RINALDI TOLUCA 10 98.15% 90.78% 48.24% 79.06%
NO. HOLLYWOOD 26* NA NA NA NA
Pollock 6* NA NA NA NA
MISSION WELL 7* NA NA NA NA

* These flowmeters were replaced; the replacements were not tested.

The well meter population tested so far has a wide range of accuracy results. Without any clear
trend of well meter performance, no extrapolations regarding the accuracy of the remaining
well meters can be made.
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The AWWA manual on testing and maintaining meters (AWWA M6) recommends that 12”
propeller meters (the type of most of the well field meters) should test within 98% and 102%.
Many of the test results shown in Table 17 do not meet this industry standard.

1.6.3 Well Meter Installation Condition Assessment

Table 18 outlines the results of the site visits to the well meters and shows the comparison of
actual installation conditions with the manufacturer’s installation requirements. For each well
field, a number of wells were examined: since the well meter setup is duplicated throughout
each field, the results of these installation condition investigations were extrapolated for all the
wells of a given field location. See Appendix C for representative photos from each of the
visited well field sites.

As the comparisons in Table 18 detail, none of the well meters satisfied their manufacturer’s
installation conditions. Without sufficient straight lengths of pipe, it is not guaranteed that a
meter performs within its quoted accuracy (even with mitigating measures such as
straightening vanes®). Given the installation conditions of the individual well meters it can be
assumed that even newly calibrated well meters will not provide accurate results. These meters
should therefore only be used for general operational purposes and not for accurate
production volumes.

Table 18: Well Meter Installation Condition Assessment Results

Manufacturer's Reqs for Straight | Actual Conditions of | SATISFY 95%

Length of Pipe Straight Length of REQ’S? CONFI-

) Pipe DENCE

Connection Name Size Make UP- DOWN- | Accuracy | UP- DOWN- LIMIT

) STREAM | STREAM STREAM | STREAM (+/-) %

(") (") (") (")

North Hollywood - #34 12 Water Specialties 120 24 2% 48 12 NO 10%
Erwin - #6 12 Hersey Sparling 60 12 2% 36 11 NO 10%
Manhattan - #5 12 Water Specialties 120 24 2% 36 18 NO 10%
Manhattan