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The TUD Ditch System has been the subject of much study. Most recently, in 2009 Stantec Consulting Services, Inc.,
a global engineering firm, finalized the South Fork Stanislaus Water Supply Reliability Study which identified and
assessed various hazards to the ditch system and developed an emergency response plan. Then again in 2012,
Stantec produced the Ditch System Sustainability Project which focused on evaluating the Cultural and Historic
Resources of the ditch system and included a Historic Properties Management Plan.

Despite numerous studies, there is an absence of data related to improving the efficiency of the ditch system through
tighter operations and strategic capital investment. The severe droughts in 2014 and 2015 renewed interest in securing
a reliable water supply for Tuolumne County. Obtaining a secure water supply is a generational issue that has plagued
this County for nearly a century. The problem has been made worse by new regulatory mandates on water
conservation, the Pinecrest Lake Level constraint, and in-stream flow requirements set forth in FERC licensing of
upstream hydroelectric projects owned by Pacific Gas & Electric Company (PG&E). All of these reasons, coupled with
climate variability and PG&E's recent bankruptcy filing, has prompted Staff to conclude that the status quo can no
longer be maintained. The security of the District's water supply has never been more at risk than it is today and it is
imperative that the District adjust to the reality that its water supply will be monetized. An efficient ditch system is a
critical component of achieving a reliable and secure water supply for residents of Tuolumne County.
Under new leadership, our General Manager, contacted Dr. Charles Burt of the Cal Poly Irrigation Research and
Training Center (ITRC), with the purpose of commissioning a high-level study of the opportunities available to improve
ditch efficiencies. Dr. Burt is a global recognized expert in irrigation systems. By partnering with an academic
institution, the District was able to access subject matter experts at minimal cost.

Attached is the Ditch Modernization Report produced by ITRC. The document is a "high level" overview of Dr. Burt's
impressions of the TUD Ditch System and lays the foundation for the Board to direct staff to further investigate specific
recommendations. The information contained herein is not an exhaustive analysis of the feasibility and/or costs
associated with implementation. Although the document is titled, "Modernization Report", it is important to recognize
that recommendations for modernization are balanced against competing interests to preserve the ditch system's
cultural, historic, and recreational values.

At an upcoming Board meeting in September, Staff will outline specific recommendations intended to translate Dr.
Burt's concepts to actionable projects. A partial listing of the recommendations that will be presented are:
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Summary of Recommendations

1. Initiate a ditch customer survey to characterize our customer base by user type and demand. This will assist
in understanding where to target efforts and resources to maximize system efficiencies.
2. Deploy Supervisory Control and Data Acquisition (SCADA) technologies to assist limited Staff resources with
achieving tighter operations over the entire 70+ miles of raw water conveyance system. Improvements could
involve installing automated level controls and spill gates to reduce end losses in the system.
3. Finish installing meters on all raw water services to improve water use accounting and enable full
implementation of consumptive water rates rather than service charges based on miner's inches, rate of flow.
4. Identify and construct regulating reservoirs in conjunction with pressurized pipeline delivery of raw water at
locations within the ditch system that will improve operator control and reduce end losses.
5. Continue making strides to eliminate ditch domestics throughout the system. Eliminating ditch domestics will
free up Staff to properly maintain ditches outside of the irrigation season and will move away from the
incredibly inefficient practice of providing small volumes of water to discrete residences scattered throughout
distant reaches of the ditch system.

6. Step up efforts to maintain the ditch system through application of shotcrete in conformance with the Ditch
System ISMND adopted by the Board.

7. Evaluate the feasibility of piping all, or, portions of the Algerine Ditch.

These projects, in addition to, several others will discussed in greater detail at the upcoming Board meeting.
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Tuolumne Utilities District (TUD)
Modernization Report
Executive Summary
“Modernization” of water distribution systems has been defined by
Burt and others to be an on-going process to improve the efficiency
of the distribution system while simultaneously providing better
water delivery service to customers. This is done in the context of
environmental, financial, labor, and other considerations.
ITRC modernization reports are typically characterized as follows:
• There is always an emphasis on how a system can best be
operated on a minute-to-minute basis. More typical plans and
discussions focus on daily or annual numbers.
• The modernization approach begins with conceptualizing how the
whole distribution network will be operated after modernization,
as opposed to focusing on individual problematic (at the
moment) pieces.
• Efficient, flexible, and reliable customer service is always at the
forefront. The distribution system is only one side of the
equation; good customer service is necessary so that the
customer can most effectively use a scarce resource (water) once
it has been received.
• There are often some very fragile/vulnerable components in
delivery systems that require immediate attention so that water
delivery will not be shut off. Those critical elements cannot be
forgotten in the midst of discussions of efficiency and flexibility.
They fall under the category of “reliability,” which is an absolute
top priority for municipal water deliveries.

This an “abbreviated”
modernization plan that is
intended to bring new ideas
to TUD, as well as to provide
a different perspective on
ideas that have already been
generated locally. It is not a
detailed engineering plan.
For example, where pipe
sizes are shown they are
intended to provide a sense
of magnitude and to
introduce important ideas
and considerations for
eventual designs. Likewise,
the paths shown for new
pipelines are conceptual;
final paths of any new
pipelines must always
consider ease of
construction, costs,
environmental impacts, and
rights-of-way.

The contents of this report are roughly divided into four groupings:
1. Setting the stage by consolidating and organizing data and
information that will influence modernization recommendations.
2. Presentation of long-term practical necessities of utilizing more pipelines throughout the system,
while preserving selected areas of flumes and canals. Recommendations are then given for specific
locations (see Figure 1. Key points include:
a. It is recommended to ultimately provide pressurized (by gravity), pipelined water to the
water treatment plants (WTPs) via a new and independent pipeline distribution system that
originates at Lyons Reservoir. A similar recommendation is to have a continuous
pressurized pipeline from the Phoenix Reservoir to the end of the Algerine ditch. Clearly,
these are long-term projects that require adequate (and currently unavailable) funding as
well as a recognition (by all board members and the public) of the importance of piping
water for treatment.
Irrigation Training & Research Center
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b. The new WTP supply pipelines would operate in conjunction with supplies for other raw
water customers that would continue to flow through the old ditches, flumes, and canals to
the north of an east-west line running approximately through Phoenix Reservoir.
3. Presentation of multiple near-term recommendations (Figure 2), including:
a. Characterizing the raw water customer base.
b. Expanding the SCADA system so that it is a real-time tool for managing raw water supplies.
c. Utilizing some of the WTP water tank storage for flexibility to reduce the number of new
regulating reservoirs that will be needed. Only one new regulating reservoir is
recommended.
d. Improved and more timely control of flow rates (sometimes using new automated valves
and SCADA) upstream of the terminal ends of the system, so that flows into terminal
pipelines can be delivered with a high level of efficiency and flexibility.
e. Pipeline certain terminal ditch sections, typically to the south of the east-west line through
Phoenix Reservoir. Provisions are provided for maintaining base flows in selected stretches
of ditches and creeks.
4. Discussion of various technical details.

Figure 1. Long-term recommendations for water distribution modernization

Irrigation Training & Research Center
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Figure 2. Locations of near-term recommendations for raw water distribution system modernization
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Modernization Report
Tuolumne Utilities District
Raw Water Distribution System

Background
Purpose of This Report
Recommendations in this report are provided to improve the efficiency of raw water deliveries in terms
of controls, delivery scheduling, use of balancing ponds, and other engineering options, while
simultaneously considering vulnerabilities and optimization of multi-faceted obligations related to
groundwater recharge, recreation, historical features, and aesthetic values.

Overview
The stated mission of TUD is “[t]o provide reliable, responsive utility services with dedicated customer
service and in a financially responsible manner.”
TUD faces significant engineering and maintenance challenges while attempting to fulfill its mission.
The Tuolumne County 2015-2016 Grand Jury Report – TUD noted that TUD faces serious issues including
delivery unreliability, vulnerability to structural, flume, and ditch failures, contamination of drinking
water sources, and a low conveyance efficiency. Other problems that TUD faces include difficult
maintenance of upper elevation flumes and ditches during winter (due to freezing), and relatively poor
measurement of flow rate or volume of flows to agricultural customers. TUD does not own many of the
reservoirs within its system, nor does it have legal rights-of-way along many ditches and canals.
Of large concern is the possibility of future impacts of climate change and droughts, which will require a
high delivery efficiency to just meet the basic water demands of TUD’s customers. Any consideration of
the future must also account for the possibility of a larger number of customers in the future. Although
the region’s population has recently stagnated, increasing populations in the world, nation, and state
indicate that any investments made today must consider a significant future population growth in 60100 years. Compounding this is the possibility of future regulatory requirements that will require TUD
to change the way it delivers raw water to some domestic users, whose water does not pass through a
WTP.
Overlapping TUD’s core responsibility to provide domestic and agricultural water is a desire to support
historical, groundwater, environmental, aesthetic, and recreation needs and perceptions. TUD operates
within a difficult balance between needs that are often at conflict, especially because TUD’s income is
based on just one side of the balance – that of water delivery service (its core responsibility). TUD’s
financial ability to meet the other needs and perceptions is therefore limited. TUD is also prevented
from applying standard engineering/maintenance processes and solutions in historically significant
ditch/flume sections, which creates an additional financial burden that other water districts do not
carry.
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The challenge, then, is to define economical engineering solutions that will offer suitable compromises
between good and safe water delivery service to all customers, while simultaneously protecting
historical and environmentally sensitive environments and imagining the future.

District Description Adapted from the “Tuolumne County 2015-2016 Grand Jury Report - TUD”

TUD owns 11 water systems and five wastewater systems, and maintains 70 miles of ditches, canals and
flumes, 14 water treatment plants, 78 treated water storage tanks, and 330 miles of treated water
pipeline. The district serves nearly 14,000 treated water customers, 600 ditch (raw) water customers, of
which 130 are “ditch domestic” customers, meaning that their sole source of water is the ditch.

TUD sells treated wholesale water to the Twain Harte Community Services District (THCSD, which in turn
serves roughly 1,600 connections), Muller Water Company, Sonora Meadows Water Company, Sonora
Water Company, and the Sleepy Hollow Water Company. Additionally, the district’s Columbia Water
System is the sole water source to Cal Fire’s Columbia Air Attack Base.
The ages of TUD’s facilities vary widely. The Sonora treatment plant was constructed in the 1950’s, while
construction of the Tuolumne plant was finished in 2011. TUD’s treatment facilities are small in scale
and extremely inefficient. Many of the facilities were constructed by developers to serve specific
developments and were not constructed to TUD standards or with future expansion in mind.
Consolidation of treatment facilities into regional facilities has long been a goal of district staff.
Currently, treatment plants serve an average of 900 connections per facility. It is extremely expensive to
operate and maintain so many facilities with such a small customer base.
Many of the plants receive their raw water from 57 miles of open ditches and two miles of elevated
wooden flumes, and raw water quality deteriorates as it travels through this system. The distribution
infrastructure to connect various treatment facilities has yet to be developed. Subsequently, each water
system has its own host of storage tanks. The district’s service area ranges from over 4,900 feet
elevation to approximately 1,200 feet. The typical lifespan of water pipes is 50-70 years. Major sections
of the water system are now 80 years old. Of the 14 water treatment plants that TUD maintains, eight of
them are in need of improvement.

Key Physical Attributes

An overview map prepared by TUD is seen in Figure 3. Figure 4 shows the raw water distribution
systems plus the characteristics of the ditches/pipelines, and locations of users. Figure 5 shows 240’
elevation contours throughout the district.

Irrigation Training & Research Center
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Figure 3. Overview map of the TUD raw water distribution system and WTPs

Figure 4. Primary raw water conveyance facilities of TUD
Irrigation Training & Research Center
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Figure 5. 240-foot elevation contours within TUD

Raw Water Supply

During the four months of summer prior to Labor Day, TUD receives water from Lyons Reservoir. This
water can come from the approx. 3500-4000 acre-feet (AF) storage of Lyons, or from flows in excess of
storage that come from the upstream Pinecrest Reservoir. For eight months after Labor Day, stored
Pinecrest Lake water (17,000 - 20,000 AF) is available. PG&E, upon request by TUD, releases water from
Lyons Reservoir and controls the Tuolumne Main Canal all the way to Phoenix Reservoir.
As noted by the Grand Jury report, the water travels down a combination of unlined ditches, natural
watercourses, flumes, unpressurized pipelines (except the Phoenix penstock) and canals until it reaches
one of the fourteen water treatment plants (WTPs), where the water is made consumable and is held in
closed storage tanks until released into TUD’s potable water distribution system. Agricultural customers
are served directly from the canals and ditches with raw water both upstream and downstream of the
WTPs, with a large percentage of these customers downstream of any WTPs.
Table 1 provides two water balances: one for the PG&E distribution system between Lyons Reservoir
and Phoenix Reservoir, and another for TUD’s raw water conveyance system. It does not include any
lateral inflows due to surface runoff of precipitation.

Irrigation Training & Research Center
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The percentage of losses within TUD’s system is greatest during drought years. This is not unusual, and
indicates that a base quantity of seepage and spills occurs regardless of the total annual volume
delivered. Values in Table 1 are approximate, as flow rate measurements of raw water and agricultural
deliveries are rough.
Table 1. Surface water balances for the PG&E and TUD raw water distribution systems – originating at Lyons
Description
Lyons Reservoir outlet
Estimated Phoenix power
water above and beyond
TUD needs
Volume delivered to TUDcontrolled conveyance
system
Estimated losses in
Phoenix Res. and between
Phoenix Res. and Lyons
Reservoir
Volume delivered to TUDcontrolled conveyance
system
WTP production
Raw water sales
Estimated raw water filter
loss at WTPs
Estimated losses in TUD
raw water conveyance
system, not incl. filter
water
WTP production, % of TUD
Water
Raw water sales, % of TUD
Water
Raw water losses, % of
TUD water
Total

2009
20,683

Acre-feet (AF) per water year - Between Lyons Reservoir and TUD Facilities
2010
2011
2012
2013
2014
2015
2016
2017
20,617 21,484 18,593 20,936 14,242 15,333 19,905 17,413

2018
19,464

3,538

3,278

4,093

1,587

3,611

1,040

976

4,125

3,667

4,200

13,799

12,520

12,870

12,512

13,575

10,299

11,378

12,333

12,307

12,735

3,346

4,819

4,521

4,494

3,750

2,903

2,979

3,447

1,439

2,529

Acre-feet (AF) per water year - Within TUD control
13,799

12,520

12,870

12,512

13,575

10,299

11,378

12,333

12,307

12,735

5,992
3,251

5,439
2,862

5,226
2,955

5,385
3,441

5,540
3,772

4,132
3,076

3,913
2,856

4,335
2,716

4,545
2,707

4,437
2,564

479

435

418

431

443

331

313

347

364

355

4,077

3,784

4,271

3,255

3,820

2,760

4,296

4,935

4,691

5,379

Water Destinations within the TUD System, % of Total
43%

43%

41%

43%

41%

40%

34%

35%

37%

35%

24%

23%

23%

28%

28%

30%

25%

22%

22%

20%

33%

34%

36%

29%

31%

30%

41%

43%

41%

45%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%
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Well Water

The district provided the information on active and standby wells, as seen in Table 2. There is limited
information on specific capacity (GPM/ft of drawdown).
Table 2. TUD summary of active and standby wells

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Ground Water Supply
Apple Valley 1
Apple Valley 2
Apple Valley 3
Brentwood
Cedar Ridge Springs
Comstock Ranch
Confidence 1
Confidence 2
Crystal Falls Plant
Cuest Center 1
Lambert Lake
Matt Dillon 1
Mill Villa Active
Mono Village 2
Mono Village 7
Oakridge Ranch
Peaceful Pines
Phoenix Reservoir
Rybar 1
Rybar 2
Scenic View Plant
SPI/ TUD
Springfield 5
Wards Ferry 1
Wards Ferry 2

Well
Status
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
No pump
Standby
Active
Active
Active
Active
Active
Active
Active
Active
Standby
Active
Active

Safe Yield,
GPM
45
50
130
12
60
30
15
10
50
60
180
20
45
23
35
50
40
40
40
150
61
105

Feet below ground surface
Well
Pump
Pumping
Depth
Setting
Static
Level
410
120
39
98
300
135
26
51
580
357
15
29
400
380
357
0
46
488
315
360
340
226
215
500
290
231
33
59
270
252
36
56
300
632
940
300
580
250
695
600
114
175

200
609
231
252
357
210
651
105
152

Problems

Fe/Mn

80

58
21.5
47
17
75
27

78

1156

The specific capacities (GPM/ft of drawdown) of the wells are relatively low, and the typical well flow
rates are also relatively small.
Figure 6 shows the locations of wells in the TUD service area. The TUD-owned wells supplement the
treated water supply, and do not discharge into the canals/ditches. TUD is an aggregate of eleven
separate treated water systems that were developed separately over the decades and over time, and
then merged in with TUD as they begin to fail. Some of those systems used wells for their treated
water.
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Figure 6. Locations of wells in the TUD service area
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Operation of the Raw Water Distribution System
Locations of key flow measurement gauges and approximate flow rate and annual volume values are
seen in Figure 7.

Figure 7. TUD raw water distribution system, key gauge stations, and approximate flow/volume data
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PG&E owns and operates three flow control gates remotely from its “Tiger Creek” control center. The
gates are not automated with closed-loop control. The flow control gates are located at:
• Head of the Tuolumne Main Canal, which is the discharge from Lyons Reservoir
• Head of Columbia ditch
• Head of the Section IV
PG&E operators will make changes within five minutes of a request from TUD, and are available
24 hours/day, which is excellent.
The travel time of a flow change between Lyons and the Phoenix Reservoir is about 6-8 hours. The
travel time between the head of the Columbia ditch and the San Diego Reservoir is 3-5 hours.
Table 3. Availability of TUD ditchriders
Day of the Week
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

# of Ditchriders
1
3
4
4
4
3
1

The ditchriders work 8-hour days. They only work overtime or are called out during emergencies such
as large storms.
TUD has three closed loop automated sluice gates at the entrances to WTPs, all of which are used to
stop inflow to the WTPs if the canal turbidity exceeds some target high value. The locations and their
attributes are:
• Tuolumne WTP: Canal water that was flowing into the WTP is directed to spill to a creek.
• Monte Grande WTP: Same operation as Tuolumne WTP.
• Big Hill WTP: Water that was flowing into the WTP continues to flow down the Columbia ditch
rather than spilling to a creek.
TUD has no other automatic or remotely controlled gates in its raw water distribution system.

Buffer Reservoirs
TUD has a number of reservoirs scattered throughout the district. Table 4 contains pertinent data. The
majority of the reservoirs offer almost insignificant buffer storage. The West Side and San Diego
reservoirs are large enough to provide a few hours of buffer storage with a very flexible delivery system.
However, a few hours of storage are barely sufficient if one considers that there is about a 15-hour gap
during the evening and night (5 pm to 8 am) when no ditchriders are monitoring the system.

Irrigation Training & Research Center
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Table 4. Characteristics of buffer reservoirs
Reservoir
Phoenix
San Diego at College
Matelot
O'Neil
West Side @ Tuol. WTP
Monte Grande WTP
Big Hill WTP
Ponderosa WTP
Kincaid
Blue Gulch
Hippie Pond
Weber
Armstrong
End of Matelot

Ditch
Main Canal
San Diego
Lower Columbia
Table
Eureka
Souls
Upper Columbia
Eureka
Kincaid
Algerine
San Diego
Roaches
Roaches
Matelot

Effective
Storage (AF)
500
10
20
5
8
1
1
0.6
5
1
0.5
1
1
1

Owner
TUD
Col. College
TUD
TUD
TUD
TUD
TUD
TUD
Private
Private
Private
Private
Private
Private

Hours of buffer with 25% flow
(assumes half full target)
343
5
1
1
7
1
1
0.1
1
0.4
1
2
2
0.3

Storage Tanks Within the Treated Water Systems
An explanation from TUD staff regarding the TUD WTP pumping schedule/logic indicates the following:
• Rather than automatically responding to customer demand (by varying pump sequencing/speeds to
maintain target water levels in tank), the pumps at each WTP are set to deliver a constant 24-hour
flow rate.
• The tanks act as buffers, rather than having a buffered supply.
• Each day, a new 24-hour flow rate is computed.
• Ditchtenders change the daily flows into the WTPs depending on requests from the WTP operators,
which fluctuate due to changes in the weather, day of the week, vacations, and so on.
• For some of the smaller tanks it is difficult to match supply and demand on a 24-hour basis.
• There are a few flow rate restrictions, such as to the Zone 2 tanks in the Lakewood.
The details of all of the tank locations, sizes, and historical water level cycling were not examined.
However, some approximate overview numbers are as follows:
• 70 tanks/towers
• Of the smaller tanks, the average capacity is about 125,000 gallons
• Of the larger tanks, the average capacity is about 210,000 gallons
• 36 acre-feet of total storage
Without knowing the diurnal water use patterns in TUD and for individual zones, ITRC made rough
calculations of daily changes in water tank storage. A diurnal water use pattern from the Sacramento
Suburban Water District (SSWD) was used – with the clear recognition that diurnal water use pattern
can be completely different in one district than another. Using that diurnal water use pattern and
average TUD WTP deliveries, a daily swing in tank storage of 1.6 acre-feet was estimated (about 4.5% of
the available tank storage) – verifying comments made by TUD staff that there are only a few feet of
water level fluctuation in 24’ tall tanks.
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Peak Flow Rates and Volumes Throughout TUD’s Raw Water System
Table 5 provides approximate values of flow rates and volumes throughout TUD.
Table 5. Flow rate and volume data for various canal reaches (2018); values can have large variations between years
2018 Gauge Readings
Canals

Main Canal &
Columbia

San Diego
Canal
Section 4,
Eureka, Camp
Roach

Soulsbyville

Gauge
#
S17

Name
Main Canal

S20

End Main

S21

Columbia (Head)

8.4

T3
I11
I14
I16
I2
I3
I12
MSD
S22
S24
S28
S30
I1
S25
S32
S34

Upper Columbia
Columbia
Columbia
Matelot
Matelot
San Diego
Columbia College
Section IV
Eureka
Ponderosa
Tuolumne
Roaches
Soulsbyville
Ranchera
Monte Grande

5.3
2,479
4.5
2,001
Missing
Missing
3.3
967
2.1
646
0.9
239
Missing
6.7
2,651
3.5
1,146
Missing
Missing
0.6
210
2.3
816
Missing
Missing

S99

Bypass

2018 Missing

Best
Estimate
Peak CFS

Best
Estimate
AF

28

14,370

6.2

2,800
2,480
2,000

3.3
2.1
0.9

970
650
240

6.7
3.5

2, 650
1,150

0.6
2.3

210
820

4.5

2,160

From 2015 “estimates”

11.0

4,580

2017

I17

Phoenix
Phoenix at Mono
Village

4.9

1,605

4.9

1,610

4.8

1,651

-

4.8

1,650

Kincaid

2.0

415

-

2.0

420

I22

2018 Missing

Algerine
Shaws Flat

Missing
2.8
521
4.8
1,950

4-4.5

2.8
4.8

520
1,950

T4

Pig Farm

2018 Missing

-

2.4

980

I6

Table Mountain
Table Mtn Rim
Rock

4.1

1,493

3

4.1

1,490

2.8

848

-

2.8

850

I10

Table Mtn O’Neil

3.6

1,094

-

3.6

1,170

I7

Montezuma

2.0

763

-

2

760

I8

Peak could be fluke, only
if higher than 28
8.4 looks like fluke, next
highest 6.2

5.3
4.5

Shaws Flat MM

Missing
Missing

Notes

4.5

MM SF

I100
(S100)
I100a
I9
T1

Shaws Flat,
Table Mtn,
Montezuma

2,798

Hand Note CFS (if
avail.)
22.5-24.5 (Phoenix
+ Columbia)
4-5
3
2.5
18-20 (at start of
Penstock)
Up to 7 (out of
Phoenix?)
4

S40
S41
Phoenix,
Kincaid,
Algerine

Peak
2018
CFS
AF
Missing
14,38
37.5
9

From 2017 (incomplete
data), AF estimated
based on avg Q* 365

Filled in empty cells
w/estimates to get AF
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Flow Rate Changes by Hour, Day, and Month
While peak and average flows and volumes are important, operators must deal with minute-to-minute
unsteady flows throughout the raw water distribution system. Improved tools (infrastructure, SCADA,
etc.) can help to minimize the existing fluctuations – or make them easier to live with – while increasing
the conveyance efficiency.
Figure 8 through Figure 11 show flow rates plotted over time. The following points are clear:
1. Flow rates vary substantially from hour to hour.
2. Flow rates vary substantially from day to day.
3. Flow rates vary substantially from month to month.
4. The nature of the daily and hourly fluctuations shows that the water delivery service and spills are
likely worse than perceived.
5. Flow rate capacities needed for design, and control systems for modernization, must focus on how
to efficiently manage the large fluctuations in demand and availability. Alternatively or
simultaneously, new controls can minimize those fluctuations.

Figure 8. Recorded flow rates at Table Mountain in early 2019

Figure 9. Recorded flow rates at Shaws Flat T1 in early 2019
Irrigation Training & Research Center
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Figure 10. All recorded flow rates in early 2019 at Eureka S30, upstream of Tuolumne WTP

Figure 11. Daily flow rate and volume trends at Eureka S30 – upstream of Tuolumne WTP

Figure 12. Total WTP monthly deliveries for example years. Eight percent additional process water, on average.
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Specific Problems Noted by TUD Staff
1. Evidently it is difficult to refill the San Diego Reservoir if the level drops, which limits its use as a
regulating reservoir. There appears to be a bottleneck upstream on the San Diego Canal, at the
entrance to a siphon. The whole San Diego ditch is undersized. It has a 2.5 CFS rated capacity and
has a summer demand close to 2.0 CFS.
2. There are two challenging locations where the last downstream section is a pipe that is supplied by
an open ditch/canal. Because there must always be sufficient water to keep the pipeline full, there is
almost always spill at the transition. The two locations are:
a. The point where the Columbia WTP receives water from the Matelot Reservoir.
b. On the Montezuma ditch, downstream of the O’Neil Reservoir, where it transitions to a
pipe.
3. The Algerine ditch only delivers about 80 AF (which is small compared to the 600-800 AF that enters
the ditch).

Seepage Losses
Seepage losses from ditches, canals, and flumes obviously go into the soil. A typical destination is
groundwater. In some cases the seepage is a source of evapotranspiration by plants near the ditches,
canals, and flumes.
The estimated losses from Table 1 for the whole distribution system are in the range of 3000 – 5000
acre-feet/year. This includes evaporation loss from Phoenix Reservoir and seepage between Section IV
and Lyons.
Assuming 152,000 acres in the service area, and 4500 acre-feet/yr of losses, the losses represent an
average annual water depth of 0.36”. If the actual affected area is 5% the total area, that represents a
concentrated equivalent of 7.2”. The annual rainfall is about 35” in Sonora, with more at higher
elevations. In other words, seepage losses can be important on a very local (small) scale but are not of a
major importance for the whole region.

Irrigation Training & Research Center
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Long-Term Recommendations
Overview
The long-term recommendations will require significant investment and environmental discussions. The
recommendations include the following:
1. Minimize numerous risks and financial burdens by supplying the WTPs via a new dedicated pipeline
system from Lyons Reservoir. Furthermore, the new WTP pipelines, connected directly to Lyons
Reservoir, can be used to automatically and immediately respond to hourly increases or decreases in
flow rate needed at the WTPs. In other words, Lyons Reservoir will become a regulating reservoir
for minute-to-minute operation of TUD rather than only being a storage reservoir.
2. Preserve a core mass of the old flumes and ditches by continuing to deliver agricultural water via the
old system of flumes, ditches, and canals in the upper reaches of TUD.
3. To the south of an east-west line drawn approximately through Phoenix Reservoir, distribute
agricultural water via a system of pressurized pipes, utilizing pipeline segments that are already in
place, if possible.
4. In strategic sections of ditch south of the Phoenix Reservoir where there are recreational or
recharge concerns that would be bypassed by new pipelines, install valving and pumping systems to
be able to feed those sections and recycle the water downstream into the new pipeline system.
This shift in strategy is intended to move away from a choice between “historical,
cultural, environmental needs” versus “service to paying customers”. It is intended to
simultaneously meet both needs – imperfectly but adequately.

Irrigation Training & Research Center
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Figure 13. Conceptual overview of long-term modernization recommendations
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Supplying WTPs Directly by Pressurized Pipelines from Lyons
The major recommendation is to provide pressurized raw water directly from Lyons Reservoir to all the
WTPs. The new pipelines would not replace any existing ditches or flumes. Rather, they would follow
new economically and environmentally selected routes to reach the various WTPs.
Improvements to the water supply for the WTPs are important or critical in order to:
1. Ensure an efficient supply for treated water, with minimal losses. This will be extremely important if
the area experiences certain types of climate change and increased droughts. Table 1 showed
current “losses” in the 30-45% range. With less water available during a year, the percentage of
losses increases. With a piped supply for WTP water, losses of WTP water can be near zero.
2. Eliminate the numerous risks of failure and vulnerabilities that exist with the present Main Canal
and other open channels and pipelines that supply the WTPs. If the Main Canal fails, the whole
system fails. As an agency that must supply water for drinking, this is simply unacceptable.
3. Reduce electrical bills by providing pressurized water to many or all of the WTPs.
4. Avoid turbidity and contamination issues that are presently encountered with the raw water
entering the WTPs. New water quality restrictions, combined with increased future urbanization,
may require a cleaner water supply to the WTPs than can be achieved via the ditch system. TUD
must be proactive and prepare the physical infrastructure needed for the future.
5. Allow the WTPs to operate efficiently by maintaining full tanks for fire protection in case electricity
fails.
6. Temporarily supplement flows to raw water ditches to balance supply/demand, which will eliminate
the “feast-or-famine” deliveries to tailenders on the ditch systems.
7. Greatly simplify operation of the whole system while simultaneously improving service.
8. Improve flow/volume measurement to all customers, ensuring equity and transparent billing and
allocations.
9. Improve the ability of WTPs to function even if the power supply is shut off – as PG&E is
contemplating for hours or days to minimize fires caused by their transmission lines.
10. Eliminate dangerous working conditions for TUD employees that must keep sections of the old
water distribution system open from ice jams during the winter.
11. Provide a well-designed backbone of an adequately sized pressurized pipeline to supply WTPs for
the future. Although the regional population is stagnant, it is likely that population will increase in
the future. Having a well-designed backbone is preferable to patching and assembling fixes as new
demands arise over time.

Pipe Sizes
The recommendation is to design the new WTP pipeline backbone for at least double the maximum flow
rate needed today, to account for future developments. The extra cost of the larger pipe diameters will
be relatively minor compared to the complete costs of engineering, excavating, installation, securing
rights-of-way, etc.
Assuming today’s maximum daily WTP (aggregated) flow is 22 CFS, assuming a worst-case scenario of all
WTPs simultaneously at their highest recorded flows. A more realistic maximum flow rate for today is
16 CFS; doubling that capacity results in 32 CFS capacity of the pipeline originating at Lyons. The cost of
HDPE DR19 pipe material only from the Stockton JM Eagle plant would be about double to maintain a
comparable velocity of less than 5.5 ft/sec. As ballpark numbers, the nominal pipe diameter (OD) would
increase from 26” to 36” to account for future expansion.
Irrigation Training & Research Center
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Retain Northern Scenic and Historic Ditch/Flume Sections
Most of the historically significant ditch/flume sections are located approximately north of an east-west
line that goes through Phoenix Reservoir. The plan envisions continuing to use these to convey water for
groundwater recharge, recreation, and agricultural water distribution.

Pipeline from Phoenix Reservoir to the Tail End of Algerine Ditch
There are clear justifications to replace the Algerine ditch with a pipeline, including very large seepage
losses, maintenance and operational difficulties, and poor water delivery service at the tail end. The
short-term recommendation is to just pipeline the Algerine ditch downstream of the Kincaid Reservoir.
The long-term recommendation is to connect the “short-term” investment of a pipelined Algerine ditch
with a new pipeline that extends all the way back to the Phoenix Reservoir, utilizing some pipeline that
already exists.
By using Phoenix Reservoir as the buffer reservoir for the complete distance, operation will be very
simple and water delivery service will be excellent.
The long-term conceptual plan view layout is seen in Figure 14, and a profile view with hydraulics
information is found in Figure 16. There are several special considerations for this recommendation:
1. The Kincaid Reservoir is privately owned.
2. Flows into/out of the Kincaid Reservoir and in some stretches of the adjacent creek will likely need
to be maintained.
3. The pipeline route can be considerably shorter than the existing ditch route. It is anticipated that
the existing ditch downstream of Kincaid will be abandoned.
4. Very high pressures can be developed in a pipeline because of the large elevation change from
Phoenix Reservoir. However, those pressures can be controlled with pressure regulation valves, and
pressure relief valves should be installed to avoid accidental high pressures.
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Figure 14. Conceptual plan view of pipeline from the Phoenix Reservoir to the end of the Algerine ditch
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Figure 15. Conceptual pipe sizes for the Algerine pipeline
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Figure 16. Conceptual profile view and hydraulics values for Phoenix Reservoir – Algerine pipeline
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Near-Term Recommendations
Characterize Raw Water Customers
Most of this report focuses on “supply side” modifications to improve efficiency, reliability, and water
delivery service. Most water districts also have some component of “demand side” efforts to improve
efficiencies. In other words, the districts may encourage customers to change certain patterns of water
use through improved awareness (public messages, inserts in water bills) or cost-sharing programs. On
the municipal side, cost-sharing or grant programs involving low-flow shower heads and low-volume
flush toilets have been common.
TUD does not appear to have developed or organized strong information regarding its 600+ raw water
customers. Without good characterization of its customers, it cannot determine if a consumer program
might be effective, or what type of program it might attempt to develop.
It is recommended that TUD first estimate the annual volume used by each of its raw water customers.
It is possible that 20% of the customers are responsible for 70% of the delivered volume – or some such
relationship. TUD would then attempt to obtain information from each of the high users regarding the
perceived value of the water, time-of-day water usage, any special hardware used to minimize flows or
volumes, knowledge of monthly water usage, ability to change usage volumes or flows, and financial
incentives for specific actions that would spur action. It would also identify what the raw water was
used for, and whether it is a continuous flow or intermediate flow.

Develop a Plan for an Expanded and Improved SCADA System for Raw Water Distribution
TUD’s raw water customers receive water with a high degree of flexibility, albeit with conveyance
inefficiencies. As a service organization, a focus of TUD should be to maintain the high degree of flexible
and convenient service. The question is always: With a ditch system that has no advance ordering
procedures, and no real-time monitoring of each delivery flow, can TUD match the supply to unexpected
demand changes?
The answer is more than “build more regulating reservoirs”, although expansion of some existing
reservoirs and construction of one new one may be warranted. With timelier modern control in
strategic locations, the required reservoir volumes are less than if there is more relaxed management.
That translates to lower construction costs, and fewer land purchasing costs.
Some of the new control will need to be automatic – simply because TUD has only skeleton/no staff
available for its raw water system during weekends and daily between 5 pm and 8 am.
The improved manual and automatic controls will need a SCADA (Supervisory Control and Data
Acquisition) for several reasons, including:
1. Flow rates throughout the system should be known for real-time management purposes, and to
detect problems. For example, the flumes that TUD has installed on raw water ditches would be
included in the SCADA system and might be remotely monitored as often as every minute (a typical
irrigation district time step for remote monitoring).
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2. Any automation should always be accompanied by remote monitoring. There are numerous other
details, such as ITRC’s insistence on redundant sensors for all control variables. The fact is that
equipment and sensors fail occasionally, and automation can be risky if failures occur.
3. Any automation should also be accompanied by the ability to remotely manually operate any pump
or valve, in addition to placing them in automatic mode.
As a note, a significant portion of ITRC’s work over the past 30 years has been dedicated to developing
SCADA plans, writing SCADA specifications, and then developing and implementing special control
algorithms in canal and pipeline systems. ITRC often functions as the quality control arm on behalf of
irrigation districts for their contracts with SCADA integrators. The contract for this report did not include
time for a SCADA plan or specifications, but some cursory SCADA and control details are included with
various near-term recommendations.
In general, a SCADA system implementation is accompanied with a slight reorientation of personnel
tasks. A single water master is given the responsibility of looking at key values (reservoir water levels,
pumping flow, trends in flows and water levels, status of automated gates, etc.) throughout the day.
That water master then controls flow rate changes throughout the system, rather than only focusing on
individual branches. The water master, of course, is in constant communication with field operators.

Convert Selected Short Terminal Sections of Ditches into Pipelines
The piped sections are recommended because each would provide high efficiencies during drought
periods, lower annual maintenance, and much more simple operation and better customer service.
Plus, turnouts could be supplied with good flow meters, and meters could theoretically be located
differently for better access by TUD operators.
To be effective and efficient, the beginning of each terminal pipeline must be directly connected to a
regulating reservoir that provides flow rate flexibility without spill or deficit. Regulating reservoirs must
provide buffering capability for both upstream (open ditch) and downstream (piped) delivery flow rate
variations.
The success of the new pipeline sections will depend in part on changes in reservoir and WTP
operations, which are discussed later.
The following short terminal sections are recommended for piping:
1. Camp Roach ditch
2. The canal between O’Neil Reservoir and the inlet of the existing terminal Montezuma pipeline.
Three options are provided for this connection, and it also incorporates better control of flows into
O’Neil Reservoir.
3. Some section of ditch downstream of the Matelot Reservoir. Three options are discussed.
4. The ditch downstream of the pipe that is supplied by the San Diego Reservoir.
Piping of the Algerine ditch all the way back to Phoenix Reservoir was discussed in the earlier section of
long-term recommendations. Efficient near-term piping of the Algerine ditch itself will require special
attention to the inlet connections, which are discussed later in the near-term recommendations.
An overview of these modifications is shown in Figure 17.
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Figure 17. Locations of near-term recommendations for raw water distribution system modernization

Modification of WTP Operations to Facilitate Raw Water Improvements
The current operation of the WTPs is such that the WTP flows are constant for a day. All flow
fluctuations in the canals are absorbed by the raw water distribution system. To reduce the need for
expanding the size of existing reservoirs, or for constructing new reservoirs, it is recommended to
consider a slight modification to the WTP operations.
For selected WTPs, a target average daily flow rate would still be used for planning purposes. However,
the actual pump/treatment flow rate would vary throughout the day to maintain a fairly constant water
level in the WTP buffer pond. The water tanks throughout the treated water distribution system would
be “exercised” more and have a larger fluctuation in water level. This was discussed earlier in the
report.
Specific WTP plant activities are recommended as follows:
1. Columbia WTP. Several options are provided for this WTP, depending upon the ultimate design
combination of pipeline and ditch.
2. Monte Grande WTP. The Monte Grande is at the downstream end of the long Soulsbyville ditch,
which has a relatively small number of raw water customers. It should be reasonably easy to vary
the WTP flow rate when needed to maintain the 1 AF Monte Grande buffer reservoir at about half
full, and thereby avoid all spill from the Soulsbyville ditch.
Irrigation Training & Research Center
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3. Tuolumne WTP. The regulating reservoir at this WTP is fairly large with about 8 AF effective storage.
With the pipelining of the Camp Roach ditch, the regulating reservoir will likely experience more
inflow fluctuation than what is currently seen. Again, it should be reasonably easy to vary the WTP
flow rate when needed, to maintain the reservoir about half full. Specifics for how to modify the
inlet are given later in this report.
4. Ponderosa WTP. ITRC did not examine the inlet conditions to this WTP, and it may not be necessary
to use this WTP for more flexibility on the Eureka Canal, but it is likely available if needed.

Control into and out of a Recommissioned San Diego Siphon
The Shaws Flat ditch supplies the Table Mountain ditch, and subsequently the Montezuma ditch and
pipeline. Between the Table Mountain ditch and the Montezuma ditch is the 5 acre-feet (AF) O’Neil
Reservoir. The 5 AF storage is quite small when one considers that:
1. It must buffer all customer turnout flow variability downstream of the Sonora WTP, which is a 15.4
miles length. The present maximum flow rate downstream of the Sonora WTP is estimated at about
4.5 CFS and may increase in the future. ITRC has doubled existing flow rates in conceptual designs
to plan for the future.
2. There is about an 8-10 hour travel time for a flow rate change to move from the Sonora WTP to the
O’Neil Reservoir (a distance of 9.8 miles). When combined with the fact that there may not be any
flow rate changes made at the pipe exit (located at the Sonora WTP) for several days (due to
weekends and evenings), this makes flexible and efficient tail-end operation very difficult.

Figure 18. Approximate elevation profile of canals that supply O’Neil Reservoir

3. The Sonora WTP is the most downstream WTP for this service area. No downstream WTPs are
available for modified operation in which they could actively use their storage tanks to provide a
buffer for the ditch fluctuations.
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Optimized utilization of the limited storage available at O’Neil can be obtained by doing two things
simultaneously:
1. Always provide a portion of the flow rate for Shaws Flat ditch from the San Diego siphon. This
would likely change the travel time from 9 hours to perhaps 4.5 hours – a great improvement.
2. Automatically adjust the flow from the San Diego siphon based on the water level in the O’Neil
Reservoir. This would be done as follows:
• Assume a 4.5-hour travel time in the ditch between the San Diego siphon and the O’Neil
Reservoir
• The water level in the O’Neil Reservoir would be continuously monitored for both level and
trend (up/down and speed of change). The target water level would typically be half full,
although if specific day-of-the-week or diurnal consumption patterns are known the
reservoir target may be higher or lower than that.
• Every 6 hours, there would be an opportunity to change the flow rate from the San Diego
siphon (called a “6-hour control timestep”). The flow rate change would be based on a
control logic that considers the deviation of the reservoir water level from the target, and
the trend in water level variation. ITRC has special unsteady modeling capabilities for this
type of problem and can develop and optimize a control program for the new automatic
control valve on the discharge of the San Diego siphon.
• SCADA would provide the link between the water level in the O’Neil Reservoir and the new
automated gate at the discharge of the San Diego siphon. A programmable logic controller
with the control logic, plus actuator and gate position sensors, would be located at the new
automated gate.
The inlet to the San Diego siphon would need to be modified. Assuming that the siphon pipeline has the
pressure rating to be full at no flow, the entrance to the siphon would remain open all the time or
perhaps with an inlet valve in a partially closed position to act as a manual flow limiting device. If the
pressure rating of the siphon is too low, the flow control could be located at the inlet to the siphon.

Figure 19. Existing entrance to San Diego siphon; flume in the background is located upstream in the San Diego
Canal

Immediately downstream of the San Diego siphon entrance the San Diego Canal flashboards would be
installed in the existing vertical slots at the exit of the box seen in Figure 19. All flow not entering the San
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Diego siphon would flow over the flashboards, to the San Diego Reservoir. The existing flume in the San
Diego ditch would need to be moved upstream to avoid submergence and inaccurate measurements.

Use flashboards
in existing slots
To San Diego
Reservoir

Move flume upstream to
avoid submergence
(exaggerated distance)
San Diego Ditch

San Diego Siphon
New automated valve to control flow into Shaws Flat Ditch, plus PLC and SCADA

New flume in Shaws
Flat Ditch used in
new control logic

Shaws Flat Ditch
Existing valve to control flow

Sonora WTP

Shaws Flat Pipeline

O'Neil Reservoir water

O'Neil Reservoir

Montezuma Ditch

Figure 20. Conceptual control for San Diego siphon. Orange boxes describe new features. Not to scale

Camp Roach Ditch Replacement
Pipelining the Camp Roach ditch is a relatively small project. Conceptual pipeline sizes are seen in Figure
21. The flow rates are the current estimated flow rates, because it is not anticipated that the
agricultural customer usage will increase on that ditch in the future. The pipeline will also likely be
placed in the existing ditch cross section, and new turnout connections will be provided.
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Figure 21. Conceptual pipe sizes for the Camp Roach ditch

The Camp Roach pipeline will begin at the end of the open Eureka ditch – both in the short-term and in
the future. This configuration at the junction of an open ditch supplying a closed pipeline always
requires special consideration, as discussed next.
Inlet Configuration Before the New WTP Pipeline is Installed
The inlet to the Camp Roach pipeline and the Tuolumne WTP reservoir can be improved immediately,
but it definitely needs to be modified before the Camp Roach ditch is replaced. A simple configuration
as shown in Figure 22 will maintain a constant pressure on the Camp Roach ditch/pipeline, simplify
operation, prevent the Parshall flume from being submerged, and pass all flow rate fluctuations into the
reservoir.
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Existing 18"
Parshall
Flume
EUREKA Ditch

16' long-crested side weir. All flow that
does not enter the new pipe will spill into
box. Weir height to be 1.5' above the
top of new 12" pipeline. This will eliminate
submergence of the upstream flume.

On/off valve in new headwall. Remains fully open when
operating. Place the valve 1.5' lower than the existing valve, to
provide good submergence of the 12" pipe inlet.

New 12" pipe past the WTP, to connect to new 10" pipe
that will be placed in existing Camp Roach ditch
Flow meter for
monitoring only

Spill to the creek
via an automated valve
that opens if turbulence
is too high. Same gate as
now, but in a new box.

To the reservoir for the Tuolumne WTP. Same
gate as now, but in a new box.

Figure 22. Conceptual plan view of recommended inlet to the Tuolumne WTP before the new WTP supply
pipeline is installed. Not to scale.

Inlet Configuration After the New WTP Pipeline is Installed
The configuration of the control mechanisms will remain the same as seen in Figure 22, but with one
exception. If the new WTP supply pipeline is installed from Lyons, the regulating reservoir will no longer
be used by the WTP. Therefore, there must be a means for returning spill water to the ditch so that it
can be used in the Camp Roach pipeline. The regulating reservoir will still be used, but it will only be
used to buffer flow variations in the Eureka and Camp Roach systems.
The new feature is a pump and short pipeline that will automatically maintain the Eureka ditch water
level about 0.2’ below the crest of the weir.

Existing 18"
Parshall
Flume
EUREKA Ditch

16' long-crested side weir. All flow that
does not enter the new pipe will spill into
box. Weir height to be 1.5' above the
top of new 12" pipeline. This will eliminate
submergence of the upstream flume.

On/off valve in new headwall. Remains fully open when
operating. Place the valve 1.5' lower than the existing valve, to
provide good submergence of the 12" pipe inlet.

New 12" pipe past the WTP, to connect to new 10" pipe
that will be placed in existing Camp Roach ditch
Flow meter for
monitoring only

Spill to the creek
via an automated valve
that opens if turbulence
is too high. Same gate as
now, but in a new box.

To the reservoir for the Tuolumne WTP. Same
gate as now, but in a new box.

Additional features will be a pump and
pipeline to recirculate reservoir water
into the Eureka ditch

Figure 23. Conceptual view of additional feature at the start of the Camp Roach pipeline after the WTP receives
pressurized water. Not to scale.
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Piping Downstream of the San Diego Reservoir
Assuming that a pipeline already discharges from the San Diego Reservoir into the existing ditch, it
should be relatively easy to complete the pipeline by laying a new HDPE pipe in the existing ditch. No
special controls would be needed, as the San Diego Reservoir will automatically provide buffering for
both upstream and downstream flow variations.

Near-Term Piping of the Algerine Ditch, and Its Inlet Control
If the new pipeline for the Algerine ditch is not extended all the way upstream to a pipeline connection
from the Phoenix Reservoir, it still offers large benefits in terms of improved service and flexibility, and
reduction of major seepage/operational losses. Any new pipeline material and fittings should be
selected to have the pressure ratings that would be needed if the complete pipeline connection is ever
made.
The civil works in the Curtis Creek to divert water into the Kincaid Reservoir are crude at best, and have
obvious silt and maintenance problems. Control appears to be very rudimentary. Access to the existing
diversion site is problematic – one must walk near a private residence and then walk down a slippery
slope with no good trail or road. A visit to the Kincaid Reservoir gave the impression that it might be
difficult to plumb directly into the existing outlet with a new pipe.
The preliminary recommendation for a control configuration lets the existing structures remain as-is
until the Algerine ditch begins. That ditch, which begins downstream of the Kincaid Reservoir, would be
lined until it reaches a convenient reservoir site. A reservoir would be constructed to directly supply the
new downstream pipeline. The reservoir would enable TUD staff to buffer the long time lag between
adjusting the flow originating from the existing Phoenix Reservoir pipeline, and arrival at the new
reservoir site.
Existing diversion dam

Kincaid Reservoir

Existing diversion dam

Line and clean existing ditch betwen
Curtis Creek and the new reservoir
Reservoir water level and trend sent
to SCADA. Perhaps automatic
adjustment from Phoenix Pipeline.
New regulating reservoir

New pipeline in improved,
less expensive route

Figure 24. Conceptual control for new pipeline to replace Algerine ditch
Irrigation Training & Research Center
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Options Between O’Neil Reservoir and the Montezuma Pipeline
TUD staff have recognized the difficulty of matching releases from the O’Neil Reservoir to the variable
and uncertain demands from water users along the Montezuma pipeline, and enroute to the
Montezuma pipeline.

Figure 25. Overview of existing Montezuma pipeline and ditch to O’Neil Reservoir
Irrigation Training & Research Center
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Expand the Storage Volume of O’Neil Reservoir

It may be possible to excavate the banks of the reservoir, or expand the reservoir area, to increase the
effective storage. Regardless of the option selected for control, more storage in O’Neil will be helpful.

Three Options Below O’Neil Reservoir

Three options are discussed in the next sections:
Option #1 - Extend the Montezuma pipeline to the O’Neil Reservoir. This is the most simple and
efficient option, but there may be resistance to eliminating the ditch. No adjustments to the reservoir
discharge flow rate are necessary.
Option #2 - Run a new pipeline from the O’Neil reservoir parallel to the ditch. Retain the open ditch.
Always release slightly more water from O’Neil than what is required by the open ditch, alone. Install a
very small buffer pond at the inlet to the Montezuma pipeline, the level of which is controlled by a float
valve from the new pipeline. Flows down the ditch would be adjusted automatically based on the ditch
flow measured just before it enters the small buffer pond.
Option #3 - Construct a larger buffer pond at the inlet to the Montezuma pipeline. Do not install a new
pipeline section. Flows down the ditch would be adjusted automatically based on the water level in the
buffer pond.
All three options would benefit from the proposed recommissioning of the San Diego siphon, as
described in the previous section.
Option #1. Extend the Montezuma Pipeline Upstream to the O’Neil Reservoir
This option would be the simplest from a management and hardware perspective. It would also provide
pressurized water to raw water customers (variable, based on elevations and flows).
Existing Flow Control Valve
Flow Control Valve would remain open all the time
O'Neil Reservoir
Existing Montezuma Ditch
Pipeline the existing ditch. Use a new
alignment that would place
flow meters near a road, for better
access by TUD operators.

Figure 26. Conceptual controls for Option 1 downstream of O’Neil Reservoir. Not to scale
Irrigation Training & Research Center
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Figure 27. Option 1 – Profile view and hydraulic data for Montezuma pipeline extension to O’Neil Reservoir
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Figure 28. Conceptual plan view of Option 1 – New HDPE pipeline sizes between O’Neil Reservoir and the
Montezuma pipeline
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Option #2. Run a New Pipeline from the O’Neil Reservoir Parallel to the Ditch; Retain the Open Ditch
This is the most complicated of the three options, but it preserves the ditch and does not require a large
buffer reservoir.
The operation would always release slightly more water from O’Neil than what is required by the open
ditch alone. Install a very small buffer pond at the inlet to the Montezuma pipeline, the level of which is
controlled by a float valve from the new pipeline. Flows down the ditch would be adjusted
automatically based on the ditch flow measured just before it enters the small buffer pond.
The new pipeline would be designed to convey the future anticipated maximum design flow rate in the
existing pipeline. Typically, some residual upstream ditch flow would arrive at the entrance to the
existing pipeline. The float at the downstream end of the new pipeline would automatically
compensate.
If the ditch flow rate entering the small buffer pond exceeded some target flow rate (e.g., 0.5 CFS), the
ditch flow from O’Neil would be reduced. In this example, it might be reduced by 0.25 CFS.
Existing Flow Control Valve
Existing or new flow control valve would be
automated to maintain a small flow at the
end of the existing Montezuma Ditch
O'Neil Reservoir

New pipeline to only supply the
existing Montezuma pipeline

Existing Montezuma Ditch
Flume flow rate and trend are
transmitted back to the ditch flow
control valve PLC
Flume to measure flow rate at
the end of the existing ditch

Float valve at end of new
pipeline, in box structure at old
pipeline inlet.

Figure 29. Option #2 downstream of O’Neil Reservoir. Not to scale.

Option #3. Construct a Larger Buffer Pond at the Inlet to the Montezuma Pipeline; Do Not Install a
New Pipeline Section
Flows down the ditch would be adjusted automatically based on the water level and trends in the new
buffer pond.
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Existing flow control valve
Existing or new control valve would be
automated to maintain a target water
level in new buffer pond
O'Neil Reservoir
Existing Montezuma ditch
Buffer pond level and trend
are transmitted back to the
ditch flow control valve PLC

New buffer pond at
entrance to existing pipeline

Figure 30. Option #3 downstream of O’Neil Reservoir. Not to scale.

New Pipeline Between the Matelot Reservoir and the Existing Matelot Pipeline
There are three options for this reach:
1. Only pipeline downstream of the Columbia WTP. This option would retain the ditch between the
Matelot Reservoir and the Columbia WTP. In this case, some of the Columbia WTP pumps would
need to be equipped with variable speed drives to maintain a constant water level in the ditch right
at the entrance to the new pipeline. This is quite feasible and similar control has been done for
years by ITRC. It does require excellent equipment and control algorithms, programming, and
attention to detail.
Matelot Reservoir

New remote controlled valve to adjust
flow to meet target WTP pump flow

New small buffer pond

Add VFD capability to some of
the WTP pumps, to maintain a constant
water level in the new small buffer pool
Columbia WTP

Pipeline downstream
of the Columbia WTP

Figure 31. Option 1 control concepts for Matelot. Not to scale.
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2. Pipeline the complete distance between the Matelot Reservoir and the inlet to the existing
pipeline; abandon the ditch between the reservoir and the WTP. With Option 2, both the WTP and
all raw water customers would be supplied by the new pipeline. This would be simple. The
Columbia WTP pumps could be operated to maintain a fairly constant water level in the Matelot
Reservoir, if needed. It is more likely that the flow rate toward the Matelot Reservoir, from the San
Diego ditch bifurcation, would be automated if anything was to be automated.
Matelot Reservoir

Columbia WTP
Replace the entire ditch
with a new pipeline

Figure 32. Matelot Option #2. Not to scale.

3. Pipeline the complete distance between the Matelot Reservoir and the inlet to the existing
pipeline; maintain the old ditch between the reservoir and the WTP. In this scenario, the WTP
(and raw water customers between the WTP and the Matelot Reservoir) would continue to receive
water from the old ditch. The inlet to the ditch could be automated to provide a target flow rate to
the WTP. In either case, the pumps at the Columbia WTP would need to have variable flow rate
capabilities to be able to pump exactly the flow that arrives at the WTP. The new pipeline would
only be large enough to supply raw water customers downstream of the WTP.
Matelot Reservoir

New ditch valve is
automated to provide
target WTP flow

Install a new relatively
smaller pipeline all the way
to the existing pipeline
Columbia WTP
WTP pumps need VFDs

Figure 33. Matelot Option #3. Not to scale.
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Removal of the Bottleneck Upstream of the San Diego Reservoir
The details of this bottleneck are not known by ITRC. However, any bottleneck should be eliminated for
two reasons:
1. It is always good policy to provide good service to existing customers that are supplied from the San
Diego reservoir. Bottlenecks are not helpful.
2. The recommendations for improvements to the operation of O’Neil Reservoir include
recommissioning the San Diego siphon, which will require more flow through the San Diego ditch.
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Notes/Considerations
Maintaining Flows in Isolated Sections of Ditch
In designing the piping for the southern half of the district, isolated ditch sections may be identified as
being very important for recharge and recreation. It is possible to supply those sections with a low flow,
and then recover any remaining water downstream – while maintaining the advantages of a pressurized
pipeline for efficient and flexible water delivery to raw water customers. Figure 34 shows the general
concept that can be used. This general idea is used in recirculation of drainage water in irrigation
districts, and in tailwater return systems on some farms.
3

1
2

5 6

7

1 - Pipeline for raw water
2 - Ditch or creek section for recreation or recharge
3 - Flow control valve with pipeline to ditch
4 - Weir or simple small dam in ditch
5 - Automatic filter
6 - Pump with VFD controls automatically maintain
a target water level upstream of weir/dam.
Pressurized water is pumped back into the pipeline
7 - Pressure reducing valve. Return flows are injected
downstream of this valve

4

Figure 34. Conceptual sketch of supplying an isolated section of ditch with water

Reducing Seepage in Canals/Ditches
There are many practical ways to reduce seepage in canals, but TUD is restricted from applying concrete
lining, gunnite, and geomembranes because of concerns about the historical significance of ditches, and
possible negative effects on vegetation if seepage is reduced.
Vibratory compaction of moist soils can reduce seepage by 85% or so, but this only works in soils that
are medium texture (e.g., loams), and which do not have many rocks or gravel. Furthermore, this is
typically done with large equipment that can apply a large pressure on the vibratory roller equipment.
Hence, vibratory compaction does not appear to be practical except perhaps on some stretches of the
Algerine ditch.
Techniques that are not recommended include:
• Bentonite (an expansive clay) is used in some canals, but the canal must be over-excavated and the
bentonite then placed and re-covered with soil. TUD is restricted from conducting extensive
excavations along long stretches of canals.
• PAM (a form of polyacrylamide) has been applied to canal cross sections or sprayed into the water,
and if there is sufficient silt in the water the silt flocculates and settles out, sometimes plugging
pores. But TUD does not have silty water, and the water is typically destined to WTPs, so this is not
a reasonable option.
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•
•

Leaky pipes have sometimes been sealed, on an annual basis, by pouring sawdust and horse manure
into the water. Again, this is unsuitable for water that will be used for domestic purposes and is also
only somewhat effective.
Plugging leaks with burlap bags would work if the seepage was confined to just a few discrete small
locations and if the leaks could be identified. However, most canal seepage is diffuse rather than a
“point source” break problem. Such a solution is practical for non-point seepage only if it is done
with a different material such as geomembranes that cover the whole cross section of the canal for
long distances. Plugging leaks with burlap bags is also not recommended because of their
temporary nature and the liabilities associated with future larger breaks that can damage downhill
property and which shut down the water supply to customers.

In the canal sections that TUD contemplates covering with shotcrete, it is highly recommended to use a
special membrane under the shotcrete. The membrane reduces seepage, and the shotcrete provides
mechanical protection of the membrane. The shotcrete only needs to be a few inches thick and should
still use the various additives the TUD used now (e.g., fibers, or possibly entrained air).
Texas A&M (https://idea.tamu.edu/files/2018/10/2014_LiningReport.pdf) has recently provided a
comparison of various canal liners. Table 3 of that report is provided below.
Table 6. Summary from Texas A&M Canal Lining Study of 2013
Material
Polyester with shotcrete
PVC with shotcrete
Polypropylene
PVC alloy
EPDM rubber
Polyurethane
Green TPO-R, Reinforced EPDM,
Reinforced FPP-R
Multi-layer polyethylene

No. of Projects Total Miles
Rating (2013)
With a protective barrier
5
15.03
Excellent to Good
1
2.62
Good
Without a protective barrier
2
0.60
Excellent to Serious Problems
3
0.02
Good to Serious Problems
9
5.01
Good to Serious Problems
9
1.35
Fair to Serious Problems

Age (years)
5-10
9
10
15
9-14
10-15

3

0.12

Excellent

5

3

0.54

Excellent to Good

2

The process is more elaborate than just putting a polyethylene sheet on the cross section and spraying
shotcrete on it. Instead, special polyethylene membranes are laminated between two nonwoven
protective layers. One of the nonwoven layers is rough (resembling Velcro) and provides good adhesion
to the shotcrete. Canal3 by Huesker is an example of such a product used by irrigation districts in the US,
with good support services and technical information. Solano ID uses a different product.
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Figure 35. Shotcrete application on Canal3, from Huesker literature

Flow Measurement Flumes
The following are recommendations for the existing flumes:
1. The vandalism covers for ultrasonic depth sensors need to be vented at the top and should be
painted white. The sensor itself needs to have the same temperature as the air, and the venting and
white paint are intended to achieve that goal.
2. A side (profile) view of a Parshall flume is provided in Figure 36. As long as Hb/Ha is less than about
0.7, only Ha must be measured to determine the flow rate.

Ha

Hb

Figure 36. USBR profile view of a Parshall flume

3. The depth sensors must measure the depth (Ha) at exactly the proper location. For Parshall flumes
this is defined as (.67A), shown in Figure 37.
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Figure 37. USBR illustration of a Parshall flume
Table 7. Key dimensions for Parshall flumes
Width (W),
inches
6
9
12
18
24
36
48

Width (W),
ft
0.5
0.75
1
1.5
2
3
4

Location of Ha along wall
upstream of throat, ft.
1.36
1.92
3.00
3.17
3.33
3.67
4.00

A, ft
2.0
2.9
4.5
4.75
5
5.5
6

4. The discharge equation for Parshall flumes has two constants that vary depending upon the size of
the flume.
Flow rate in CFS = C × (Ha)b
Table 8. Discharge coefficients for Parshall flumes, from USBR Water Measurement Manual
Parshall flume W
6 in
9 in
1 ft
2 ft
3 ft
4 ft

C
2.06
3.07
3.95
8.00
12.00
16.00

b
1.58
1.53
1.55
1.55
1.57
1.58

5. To ensure suitably uniform approach flow conditions and a stable upstream water level that can be
accurately measured, the channel upstream from the flow measurement structure should satisfy the
following requirements, evaluated at the maximum design flow.
• The Froude number should not exceed 0.5 at the gaging station or for a distance of 30 times
Ha,max upstream from the gaging station location. If feasible, better measurements can be
obtained if the Froude number is limited to a value no greater than 0.2. For channels with high
sediment loads, the Froude number should be kept relatively high. The Froude number is
calculated as:
Fr1 =

v1
gA1
B1
Irrigation Training & Research Center
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•
•
•
•

•

where v1 is the average flow velocity, g is the acceleration of gravity, A1 is the cross-sectional
area perpendicular to the flow, and B1 is the top-width of the water surface.
The upstream channel should be straight and uniform for a distance of at least 30 times Ha,max
upstream from the gaging station location.
There should be no flow of highly turbulent water (e.g., undershot gates, drop structures,
hydraulic jumps) into the upstream channel for a distance of 30 times Ha,max upstream from the
gaging station.
If there is a bend close to the structure (closer than 30 times Ha,max), the water surface elevations
at the two sides of the structure will be different. Reasonably accurate measurements can be
made (added error about 3%) if the upstream straight channel has a length equal to at least two
times its width. In this case, the water level should be measured at the inner bend of the
channel.
To ensure accurate head measurement, there should be no offsets or sudden changes in
sidewall alignment within a distance of Ha,max upstream from the gaging station location. Such
offsets could cause local flow separation that would affect the measurement of Ha.

Measurement of Flows/Volumes to Raw Water Customers
The details of the existing hardware used to measure raw water flow rates and volumes were not
examined for this report. However, a cursory viewing of a sample of ditch turnouts produced the
following observations:
1. Flow meters were not always obvious, and likely did not exist on some outlets.
2. There was typically some type of “local filtration” at the inlet in the ditch (see Figure 38). On/off
could be accomplished by raising the inlet above the water level.
3. The turnouts were often not easy to see or access (see Figure 39).

Figure 38. Turnout for a raw water customer. Filter is raised above the ditch water level.
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Figure 39. Steel pipe marking a turnout location

Several key concepts related to turnout flow measurement of raw water in TUD are:
1. Turnout measurement devices for TUD must be separate from the valves that provide on/off or flow
rate adjustment. In many agricultural irrigation districts, the turnout flow rates are on or off, and
when they are “on” the rate is fixed for the irrigation event. Therefore, it is sometimes suitable to
use a flow measurement device that is somehow built into the on/off device, such as with a
metergate. However, at TUD the flow rates are likely to be variable and the flow measurement
device must be an independent piece of hardware.
2. In TUD, if volumetric allocations and/or volumetric billing is employed, the flow measurement
devices must somehow measure both the flow rate and totalized volume. Typical propeller meter
registers provide both values; excellent electronic devices such as magnetic meters sometimes lack
good displays but are capable of being equipped with displays of both flow rate and volume.
3. TUD raw water customer turnouts may occasionally need to pass some amount of trash or sand.
Measurement devices with moving parts (such as paddlewheels and propeller meters) are not ideal.
Full bore magnetic flow meters are becoming the “standard” in many districts. They can be very
accurate, have no moving parts, and are relatively insensitive to nearby upstream and downstream
bends in the pipe. A disadvantage is that magmeters need batteries, which must be replaced. An
example full bore magnetic flow meter with a display is the Seametrics WMP-Series Plastic Bodied
1”, 2”, and 3” unit.
4. Any flow meter needs to be installed in a pipe section that is full of water during operation. It is
unclear if this requirement is being met in TUD.
5. Full water pipes must be drained in the winter, to prevent freeze damage to flow meters.
6. Ease of and quick access for repair and observation, and ease of reading are related and important
issues that appear to major challenges for TUD. It may be very beneficial to locate new pipelines
near roads instead of placing them in existing ditches. If they are near a road, flow meters and
connections can be more easily accessible by TUD operators.

Design Flow Rates for Agricultural Raw Water Pipelines
Most agricultural irrigation districts require farmers to call in advance and request a specific flow rate
and duration for each irrigation event (called “arranged” scheduling). That is impractical in TUD, which
operates on a very flexible “demand” water delivery basis, and with numerous very small customers.
Scheduled deliveries are not recommended for TUD because of the complexity of communications and
verification, difficulties with compliance, and the simple fact that the system can be modified to provide
“demand” operation with a high efficiency.
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However, there is always a question of the proper design flow rate for pipeline sizing. In more typical
agricultural irrigation districts we can access historical data related to the timing and amounts of water
orders, apply what is known as “demand theory” to the data, and estimate the required flow rates to
provide water on a “demand” basis rather than on an “arranged” basis. Such data are lacking in TUD.
First, the flows into the heads of ditches and open pipelines are only known “relatively well”, and
certainly not on an hourly basis. Second, there is no real-time record of when the water goes where.
The patterns of water demand at individual turnouts, and the aggregated demand at the head of each
ditch are unknown. There is a general understanding that at the ends of various ditches there is a
“feast-or-famine” condition. Customers may have adapted to these conditions, but this hardly
represents good modern service that enables users to efficiently utilize a limited resource.
Closed pipelines must be sized for the maximum demand that might occur only for a few minutes, rather
than the average daily flow. These numbers are unknown for TUD’s canals, as mentioned previously.
Compounding the lack of historical knowledge of peak flow rate demands is a change of customer
behavior that often occurs if water is made available on a more flexible basis. Customers may use less
or more volume per month, but the timing of their usage may change. A design engineer needs to
consider all these factors when making a best-estimate decision related to the pipeline capacity needed
for each segment of pipeline.
There are various design strategies that can be employed to narrow the gap between maximum and
minimum flow rates over time during a day. A common one is to place an automatic flow rate restrictor
at each outlet – which is possible to do if there is enough pressure available from the pipeline. Doing so
properly requires that the engineer has some knowledge of the demand characteristics of each turnout.
Some of the raw agricultural water pipelines described in this report have conceptual pipeline sizes
shown on figures. Table 9 provides an indication of what was done for this report to obtain a sense of
magnitude and how the design thought process might proceed in the future.
Table 9. Flow rate capacities assumed for various new agricultural water pipelines
Pipeline
Camp Roach
Algerine

Oneil Reservoir to
Montezuma
Matelot
Downstream of San
Diego Reservoir

Relative
Flow Rates
Same
Double

1.5
1.5
Double

Explanation
Very short pipeline, and it is doubtful that the demand will change in the future.
Very long pipeline, with large potential irrigated areas. It is clearly understood
that the existing pipe from the Phoenix Reservoir is smaller than the
recommended 30” pipe. The existing pipe would be used initially. If the future
demand pattern showed a need for larger peak flow rates, the existing pipeline
could always be supplemented by a new parallel pipe between Phoenix Reservoir
and the Shaws Flat pipeline.
Unknown pattern of demand
Unknown pattern of demand
Unknown pattern of demand; large number of users in a short distance.
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Automated Trash Screens
Automated screens should be placed at the head of every pressurized pipeline, and at every other
pipeline that services raw customers whose water is metered. This is important to minimize the fouling
of water meters. There a wide variety of suitable trash screens, some of which have a long history of
combinations of solar power and AC power, and others that have larger power requirements and are
almost always operated with AC power. Popular with some irrigation districts is an in-line screen from
AS2000 (https://www.as2i.net/sites/default/files/products/files/Inline%20Cleaner.pdf) which can be found in Merced
ID. A necessary feature is that the screen cleaning must remove the trash from the stream; some
screens are mounted on outlets and pass the trash to downstream canal users.
A simple manual punch plate screen, illustrated in Figure 40, can be suitable if it is cleaned when
needed. Suitability depends, of course, on the frequency of operator involvement, the trash load in the
water, and the degree of filtration needed (which depends on the type of flow meter used and the
design of the customers’ valves).

Figure 40. Simple manual punch plate filter design

Special Pipeline Hardware Considerations for Agricultural Deliveries
Air Vents

The Algerine ditch has no domestic customers and is typically empty from November through March.
The pipeline for such an on/off condition will require special engineering features that are not common
in municipal and domestic water systems. Specifically, more air vents will be needed than is typical, to
be able to quickly fill the empty pipes without air blockages (partial or complete) and without water
hammer.
Air vents will be needed for both large volume exhaust/vacuum relief, and for continuous air release
under pressure. The vertical pipes that connect the continuous air release vents should come from
chambers (at least half the diameter of the distribution pipe) on the top of the distribution pipe, to
prevent air from bypassing the small vertical pipe entrances.
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Isolation Valves

Isolation valves (for repair) are needed every mile or so along the new pressurized pipelines.

Pressure Regulation (Pressure Reducing) Valves

Pressure regulation valves must have special larger-than-typical external filters for the pilot valve
plumbing and must be located in freeze-proof vaults. Consideration should be given to how compressed
air can be used to remove water from the valve tubing and chambers if the valves are idle during
freezing weather. Pressure regulation valves are not all created equal; special springs and larger-thantypical pilot valves are generally needed for situations with low discharge pressures. All tubing should
be covered with stainless steel mesh.
The pressure regulator design may require up to four pressure regulators at any site; two each in
parallel legs. One leg might have two to break up the pressure if the pressure drop is too large. One leg
may be for small flows; another for large flows, to prevent valve chattering and wear.

Pressure Relief Valves

Pressure relief valves will be required in strategic locations for protection against high static pressure, in
case the pressure regulation valves leak instead of completely shutting off. These should be of the quick
opening, pilot-operated valve design. As with the pressure regulators, larger-than-typical external filters
for the pilot valve plumbing are needed. All tubing should be covered with stainless steel mesh.
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