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Figure 5. Map of key hydraulic elements of the Lower Tule River Irrigation District
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Lower Tule River Irrigation District Rapid Appraisal Report

Recommendations Summary

As Lower Tule River Irrigation District (LTRID) moves beyond the current drought, it may find
it difficult to transition growers back to surface water. During the drought, growers have relied
solely on groundwater. Groundwater wells provide high-quality water that can be turned on and
off as needed, allowing growers to irrigate during off-peak hours, and for shorter durations than
the District’s 24-hr set time. Helping the growers transition back to surface water is a key
component to maintaining groundwater levels for surrounding disadvantaged communities. To
do this, the District will need to raise its level of service by increasing flexibility to growers. To
provide flexibility, the District needs effective operational buffer storage within the District, and
the ability to move varying quantities of water quickly through the system to respond to rapid
changes in demand.

This Rapid Appraisal identified some technical recommendations and design concepts that
LTRID may find helpful as it plans for the future of the District. Both long-term and short-term
recommendations are discussed in this report.

The following are key long-term recommendations (involving major capital expenditures) to

improve efficiency and ease of management throughout LTRID:

1. Modify existing structures at key locations along the canals. These will provide the District
with the ability to move water more quickly through the system, improve water level control
within the system, and direct excess flows to storage basins for future use. These
modifications will also provide growers with more flexibility and consistent flow rates.
Several detailed examples are provided.

2. Modify key existing basins (and associated canal structures and canal linkages) so they can
be used as irrigation regulating/buffer basins in addition to their current use as recharge
basins.

3. Continue to expand the existing SCADA system to remotely monitor sites, as well as to
adjust target flow rates at key bifurcation points. This will include good access to real-time
information by the ditchriders.

The following are key short-term recommendations, which mainly focus on a few key locations:

1. Install an air vent system along the Poplar Pipeline.

2. Modify the downstream water levels and/or inlets to the Highway 99 culverts to increase
their flow rate capacities.

3. Modify components of the Woods Ditch Flume to increase accuracy of the flow

measurement.

Test flow meters for grower well pumps.

Consider an updated flow meter for district low-lift pumps that are used to deliver water from

canals to fields.

6. Discuss with farmers the possibility of using SO2 generators for small, private reservoirs with
algae problems.

SRR
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Anticipated District Priorities

It is anticipated that the district will pursue the short and long-term recommendations in the
following, or similar, order:

A.

B.

C.

E.

F.

Modify the downstream water levels and/or inlets to the Highway 99 culverts. This will
increase the canals’ flow rate capacities.

Modify structures along the Taylor Ditch. This will give the district experience with
construction techniques and costs related to structure upgrades.

Modify upper canal system bifurcation points to improve flexibility and create
“superhighways” for quickly moving water through the system. The modifications detailed in
this report should work equally well whether the buffer reservoir is constructed at Creighton
Ranch and/or the Toledo Basin.

Simultaneously, continue to upgrade the SCADA system to remotely monitor sites and adjust
target flows in the system.

Review completed projects and determine how to proceed with new management of existing
storage.

Throughout the entire process, improve flow measurement devices throughout the district.

These technical recommendations were designed to allow LTRID to increase its level of service
to growers and more effectively manage its water supplies. This will reduce growers’
dependence on groundwater pumping and help maintain groundwater levels for the
disadvantaged communities that pump from the same basin.

Irrigation Training and Research Center
-7-









Lower Tule River Irrigation District Rapid Appraisal Report

TULE RIVER

TVYNVYD ANVIIV]

Water level is the
same as in
& Creighton Ranch

.....
.
Iy

Creighton
Ranch

LEGEND

GATE - FLow CONTROL
Avel4d SR EEEEE L L e L (A NEW FLOW RATE IS ESTABLISHED HERE)

- -

I \ Remove

existing
flashboards

LCW - UPSTREAM WATER LEVEL

CONTROL
(ALL VARIATIONS PASS THROUGH THIS STRUCTU RE)

LAWRENCE DITCH

I ADVM-FLOW MEASUREMENT
(INSTALLED IN SPECIAL SUBCRITICAL SECTION, IN
STRAIGHT PORTION OF CANAL. FEEDS FLOW RATE
INFO TO THE GATE)

CONNECTED WITH SCADA AND

- «»
A AUTOMATED WITH PLC

Y)

\ Remove

€= GROWER TURNOUT

rubble
‘ There are 5 options for how the Boswell
m Basin can supplement water to Taylor
Ditch. See Attachment B for details.
Farmer
Reservoir
- CANAL 1
— —)
Boswell
[10-15 cfs below \l/
Highway 43] HW 43 Notes:

If the Boswell Basin is supplementing
‘ flows, the flows from Creighton Ranch

should be less than needed.

Not all turnouts and crossings are

= shown.
]

VIOIONY

Conceptual; not to scale.

Figure 7. Layout of proposed modifications to Taylor Ditch

Irrigation Training and Research Center
-10-



Lower Tule River Irrigation District Rapid Appraisal Report

Buffer (Operational) Storage

Currently, the district uses Creighton Ranch and the northwest cell of the Toledo Basin as active
storage during the irrigation season to buffer flow variations (temporary discrepancies between
deliveries and supply along canals) and increase flexibility to growers. These locations have high
infiltration rates (which is ideal for groundwater recharge, but not ideal for irrigation water
regulation) and do not have significant irrigated acreage downstream. As the district upgrades its

system and provides more flexibility to growers, it may find the need to increase/modify its
storage.

There are basins throughout the district used primarily for groundwater recharge. Some of the
basins are already divided into cells. Certain cells could be upgraded for irrigation water
regulation, leaving other cells for groundwater recharge (irrigation water regulation cells could
still be used for groundwater recharge, but would likely have much lower infiltration rates).

An example is given on the next few pages, but the principle can be applied throughout the
District’s system. An ideal regulating reservoir is located more than halfway down a canal
system (with about 2/3" of the acreage upstream and 1/3" downstream of the reservoir).
However, given the difficulty and expense involved in purchasing new properties, the existing
recharge basins were used as starting points for possible locations. The following map indicates
some key existing basins that could be used as irrigation regulating basins in the District.
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3. Upstream of these new flow control points, ditchriders and farmers will be able to operate
turnouts with a higher degree of flexibility. In particular, farmers can shut off their water at
any time to conserve water, and those early shutoff flows will move down and automatically
spill into the Toledo Basin.

4. Canal 1 will deliberately be operated with an excess flow target of about 10-20 cfs, because
water cannot be moved from the Toledo Basin back to the Cross Ditch. This excess water
will be stored in the Boswell Basin and used to supplement flows in the Taylor Ditch (see
Taylor Ditch details, starting on page 13).

See Attachment A for detailed structure-by-structure details of the modernization of the Toledo
Basin and the surrounding canal network.

There are locations along Canals 2 and 3 that will likely have capacity restrictions for conversion
to superhighways due to the shape of the canal, bank heights, crossings, etc. The Highway 99
crossings are addressed in the Short Term Recommendations section. The 90° curve in Canal 2,
just upstream of the Toledo Basin, is a location that the District has indicated would require
modification for increased capacity. There are likely a number of other locations that would also
require modification; as the District proceeds with the modernization plan, it will need to identify
and remediate these locations.

To determine if the District will be able to move water in the southern direction as well as the
northern direction along the Toledo Tie (the end of Canal 2), an in-depth survey of the canal will
be needed.

Toledo Basin Capacity

Assuming a + 5% discrepancy between what enters into Canals 1, 2, 3, and 5 and what is
delivered to growers, the volume of regulation storage needed in the Toledo Basin is:

Volume needed =  Plus/Minus Factor (2)
x (Percent discrepancy of daily flows with flexibility)/100
x Total canal flow rate between this reservoir and the next upstream
regulation reservoir
x [Travel Time + Reaction Time]

2.0 x (5%/100) x 813 cfs x [((18+12) hours) x (3600 seconds/hour)] x
(1 AF/43,560 ft%)

~ 200 AF for Toledo Basin

The 2010 Agricultural Water Management Plan (AWMP) indicated that the greatest surface
water supply occurs in August; approximately 50,000 AF of surface water enters the District in
August. This value translates to an average flow rate of 813 cfs in August.

The 2010 Agricultural Water Management Plan (AWMP) indicated that the capacity of the
Toledo Basin is 800 AF. The 200 AF can be obtained by converting the northeast cell to an
irrigation regulating reservoir by sealing the bottom and sides, and supplying the proper in/out
hardware.

Irrigation Training and Research Center
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Percolation losses can be eliminated by sealing both the floor and sides of the cell. A
geomembrane covered with soil can be used on the floor of the reservoir. The sides should be
protected from wave action, so it is recommended to use a combination of ggomembrane plus
shotcrete on the sides. The Huesker Canal® geomembrane is designed so that the shotcrete
adheres to the geomembrane on slopes.
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Figure 12. Aerial view of proposed Toledo Basin layout

The 200 AF value came from a variety of assumptions regarding flow rate discrepancy and the
times required to respond and send a flow change from the Friant-Kern Canal. It is likely that
the 5% flow rate discrepancy is too small for good flexibility. Therefore, it will be important to
reduce the response and travel times for flow changes. If those times are reduced, the 200 AF
could support +10-15% flow discrepancies.

Reduction of the response time (the time it takes staff to notice a change in conditions at the
reservoir, and to respond to those changes by adjusting the flow at the Friant-Kern (F-K) Canal
can be achieved with a good SCADA package that will include:

1. Remote monitoring of the water level and trends in the Toledo Basin.

2. Remote control of the flow rate at the F-K Canal turnouts to Canal 2 and Canal 3.

Reduction of the travel time (the time it takes a flow change to arrive at the Toledo Basin, after a

flow change is made at the F-K Canal), can be achieved by:

1. Modifying the check structures on Canals 2 and 3 between the F-K Canal and the Toledo
Basin, so that they have automatic upstream water level control. This can be accomplished
with complex computerized gates, or with relatively simple and static long-crested weirs.

2. Reducing bottlenecks at the Hwy 99 crossings of both Canals 2 and 3.

The recommendation is to improve Canal 2 first.

Irrigation Training and Research Center
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Supervisory Control and Data Acquisition (SCADA)

LTRID has already begun investing in a SCADA system. As the District modernizes, it will add
more SCADA, as appropriate, to the system. An enhanced SCADA system would allow District
personnel to monitor and control flows from the office as well as monitor reservoir water levels
at key locations.

Benefits of SCADA integrated with current and future automation include:

e Real-time monitoring of flows, etc. that allows decisions to be made from the District office
when canal operators may be in other locations.

e Remote adjustment of setpoints (target flows, etc.) for gates

e Alarming (a key component). If critical problems (such as decreased flow rates) occur, the
SCADA system will contact District personnel and tell them about the problem immediately.

These are just a few of the potential benefits. SCADA is no longer new technology in the
irrigation industry. There are numerous companies that manufacture and sell sensors, PLCs,
radios, antennas, etc. However, some equipment is more suitable than others, especially in the
harsh environments (temperature, dust, vandalism, etc.) common in irrigated areas.

SCADA refers to a variety of items, but should not be confused with the automation/control
algorithms that make pumps and gates move appropriately. Most integrators (companies that
install sensors, radios, office software, etc.) have algorithms that are adequate for the automation
of very simple sites. However, some of the recommended controls in this report are not
“simple”. For example, more complex control includes:

1. Downstream control of flows from the Boswell Basin

2. Flow control from Creighton Ranch, using redundant methods of computing flow rates

3. In/out control for the Boswell Basin

4. In/out control for the Toledo Basin

When the District is ready to begin expanding its SCADA system, ITRC can write the
specifications for the integrators (a “SCADA Plan”), and also provide the control code, logic,
and quality control for the more complicated sites. This will include the specifications of the
correct types of pumps and the VFD (Variable Frequency Drive) controls.

It will be important to have a SCADA Plan that enables the District to purchase software and
hardware that will be expandable and compatible with future SCADA installations throughout
the District. Such a plan also helps to ensure that the District receives quality equipment and
documentation (something rarely received by districts), and that the equipment is installed
appropriately.

The plan outlined below is divided into two phases. Phase 1 sites are SCADA sites that need to
be completed in order for the modernization projects outlined in this report to be successful (high
priority). Phase 2 sites are SCADA sites that should function properly when manually operated
but automation and SCADA would allow the District to monitor and modify set points remotely
(medium priority).

Irrigation Training and Research Center
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Short-Term Recommendations

The following short-term recommendations could be implemented in the near future to provide
LTRID with increased performance and accurate information. These represent fairly low-cost
interventions.

Poplar Pipeline

Currently, the Poplar Pipeline has issues with water surging, resulting in occasional flooding of
the adjacent road. This is a common problem associated with trapped air in pipelines. The
existing air vents are located only a few feet downstream of the weirs, and have been capped.

[

SOOOTOTO

CURRENTLY,

AIR VENT IS LOCATED TOO CLOSETO
WEIR AND IS CAPPED (SEALED) \

AIR POCKETS
FORM IN PIPE i

Figure 14. Existing conditions in the Poplar Pipeline

Two levels of effort are described on the next few pages. If Effort 1 is insufficient, Effort 2 can
also be implemented. Work should begin at the head of the pipeline and progress downstream.
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The culverts for Canals 1, 2, and 3 and the Sola Ditch were examined to determine the cause of
the flow limitation. For all canals, both the inlet and outlet appeared to be submerged during
high flows, indicating that the culverts are controlled by the downstream water level.

The recommended changes at each culvert are:

1. Drop the water level downstream of the Hwy 99 crossing. This will provide a much greater
flow capacity, but it will also require the installation of infrequently used, low-lift pumps
and/or addition of vortex suppression plates on the inlet to the pumps for the turnouts
immediately downstream of the Hwy 99 crossing. With the caveat that water was not running
during our surveying and therefore our values are not exact, it appears that:

Dropping the downstream water level by about 1.5 will double the flow rate capacity
through the culverts on Canal 1 and Canal 2.

Canal 3 consists of 2 culverts (Highway 99 and a dirt road crossing just downstream).
Dropping the water level downstream of the second culvert by about 1.5 will
increase the flow rate capacity through the culverts on Canal 3 by about 75%.

2. Round and smooth the entrances to the culverts. This will have a beneficial impact, but only
in the 5% range of increased flow.

3. Install a vortex suppression plate on the inlet to each culvert.

Head loss
across culvert

4. Keep the culverts cleaned out.

1. Downstream Water Level

Figure 18. Current conditions in canal at culvert

Lowering the water level on the downstream side will increase the flow rate that can pass
through the culvert, but this will likely require modifications to turnouts in the affected pool (the
pool between the culvert outlet and the check structure). Installing a low-lift pump and/or adding
a vortex plate to an existing pump can allow the water level to be lowered while still making
deliveries to the affected turnouts.
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It is not known if the gauge is scaled properly. To check this, the elevations above the crest of
the flume at various flow rate markings must be compared against the head/discharge
relationship given above.

Finally, the calibration of any sensor needs to be checked to see that it has the proper offset (zero
value) and slope.

2. Edges of the staff
gauge should not
protrude into canal

1. Stilling well pipe
should not protrude
3. Entrance to into canal
flume should

be smooth

ATRAEE R R T
Figure 26. Recommended modifications to Woods Central Canal Replogle Flume

Metergates

LTRID is adopting a standard design for its turnout metergates. The gates have incorporated

many of the recommended design components. The following suggestions could help improve

LTRID’s design. For further information, details, and example photographs, a document

summarizing metergate design is included as Attachment D.

1. The top of the stilling well pipe should be at the same elevation as either the top of the gate
frame or the concrete structure. This makes it easy to determine the head difference across
the gate.

2. The stilling well pipe should be made of a sturdy material so that canal maintenance
equipment, weather, etc. does not break the pipe.

3. The stilling well pipe should have a cover that is easily removable. The cover protects the
stilling well from filling with debris.
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There are many specific details that go into the proper design of a long-crested weir. When the
District is ready to begin installing long-crested weirs, ITRC can design the weirs.

Figure 30. Example long-crested weir pointed downstream. District (un-named to protect the guilty)
employees are performing a structural test on the bridge used to access the flushing gate.
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Example Location

An example of where a long-crested weir (LCW) could be utilized to provide improved water
level control is at the Woods Central Canal Bifurcation Point (*The Forks”), where the Woods
Central Canal (Canal 3) splits into North Canal and South Canal. Currently, the South Canal has

flashboards, and the North Canal has a gate.

Lower Tuba River Imigation District
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Canal 3 bifurcation
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Figure 31. Location of example location for long-crested weir at Canal 3 bifurcation point
IMPROVED LAYOUT

CURRENT LAYOUT

Automate
gate for flow
control

North
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175 cfs

A3

South
Lateral
100 cfs

Install long-crested weir for
water level control

Figure 32. Example location for long-crested weir at Canal 3 bifurcation point showing current
layout (left) and improved layout (right). The installation of a long-crested weir is more important
than flow control automation at this site
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An analysis of the canal system during full capacity showed an average percolation rate of
approximately 56 ft® (418 gallons) per ft (length) of filled canal per day. This is an average
value, as canal widths and depths vary throughout the system. However, it does show that a
significant amount of water can percolate the canal system if it can readily and efficiently be
moved through the canal system to available canals and basins for percolation.

The recommendations in this report will primarily affect the groundwater recharge in two ways:

1)

2)

The current primary recharge facilities are at the western (downstream) edge of the
district. This recharge likely primarily benefits users outside of the district boundaries (to
the west of the district). The recommendations in this report will provide the district with
better control throughout the district, allowing the district to recharge groundwater at
basins in the central and eastern (upstream) portions of the district. This will make the
recharged water primarily available to (agricultural and residential) users within the
district. This is a difficult benefit to quantify.

The improved control will also allow the district to move any available excess flows
(winter or otherwise) efficiently through the district for recharge. Given the
comparatively low evaporation rates (especially in the winter months), nearly all of this
water should percolate and recharge the groundwater basin. As a general estimate, a 10%
increase in inflow solely directed toward recharge would result in about a 23% increase
in groundwater recharge. Likewise, a 20 percent increase in inflow solely directed toward
recharge would result in about a 45% increase in groundwater recharge.
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Overview

The overall control objective is to be able to route excesses and deficits in flow rate into and out
of the Toledo Basin. Figure 9 from the main body of the report is shown below.
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Figure A-1. Proposed operation of canals around the Toledo Basin

The following sections summarize the current and recommended operation as well as
modifications to structures for the new operation of the Toledo Basin.
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Figure A-5. Recommended structure and function changes at the intersection of Canal 5 and the
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Figure A-6. Recommended structure layout at the intersection of Canal 5 and the Westside Intertie
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The net result for operations will be:

a) The Canal 5 flow rate will be re-started at this bifurcation point, allowing the remainder of
Canal 5 (downstream) to be operated as a very short canal.

b) The long-crested weir should always have some flow over it, into the Intertie, to provide
flexibility in operation along Canal 5.

c) The variable flow over the long-crested weir will be captured in the Toledo Basin.
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Figure A-7. New operation at the bifurcation of Canal 5 and the Westside Intertie
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Proposed Modifications

The functions of the structures in the Westside Intertie will be switched, which will require
different structures at two locations. The function of the structure in Canal 3 will remain the
same, but an upgrade to the structure is also recommended. Specifically,

1.

The flow rate in the Intertie will be controlled and measured at the structure just downstream
of Canal 3. The structure will consist of flow control gates (recommendation: rectangular
sluice gates).

The flashboards in the Intertie will be replaced with rectangular sluice gates. They could
be automated for flow control or could be manually operated. As indicated in the main
report, this site is considered a “Phase 2" (medium priority) SCADA site. The long-
crested weir (item 2, below) will keep a fairly constant water level upstream of the flow
control gates, so even with manual control, the flow through those gates should remain
fairly constant. However, automation is recommended for this site because it will allow
the District to remotely monitor and adjust the flow rate through the gates.

Some surveying of elevations would be necessary to determine if a flume could be used
downstream for flow measurement, but it is likely that the flow measurement will be done
using the values of the water level difference across the gates, plus the gate openings.

The structure in the Westside Intertie, just upstream of Canal 3, will maintain the water level
in the Westside Intertie (recommendation: long-crested weir).

A long-crested weir will be installed in the Intertie just upstream of the Canal 3 crossing.
The existing gate will remain in place, to maintain the ability to stop flow from entering
the Intertie. During normal operation, the gate will be kept fully open. The design of the
length and crest height of the long-crested weir will require some survey information
regarding freeboard and the drop available across the new sluice gates. It may be
possible to use an ITRC flap gate here if there is sufficient drop.

The water level in Canal 3 will continue to be maintained by a structure just downstream of
the Westside Intertie crossing and turnouts (recommendation: long-crested weir)

The flashboards in Canal 3 will be replaced with a long-crested weir for better water
level control. The long-crested weir should be located downstream of the road crossing
and turnouts. The design of the length and crest height of the long-crested weir will
require some survey information regarding freeboard, and the drop available across the
existing sluice gate. It may be possible to use an ITRC flap gate here if there is sufficient
drop.

Irrigation Training and Research Center
Page A-8



(2) Replace gate to Canal 3
with water level control device
(long-crested weir)

(3) Upgrade
flashboards with long-
crested weir (better
water level control)

(1) Remove flashboards and
replace with flow control
device (sluice gates)

Figure A-12. Recommended structure and function changes at the bifurcation of the Westside
Intertie and Canal 3.

Long-crested weir
designed to maintain
water level in the Intertie

Sluice gates
%

] designed for flow
| control in Intertie

Long-crested weir
designed to maintain
water level in Canal 3

Figure A-13. Recommended structure layout for new operation of the bifurcation of the Westside
Intertie and Canal 3, not to scale.
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The net result for operations will be:

a) The Westside Intertie flow rate will be re-started at this bifurcation point.

b) Both of the long-crested weirs should always have some flow over them, into Canal 3, to
provide flexibility in operation along Canal 3 and the Westside Intertie.

c) The variable flows over the long-crested weirs will be captured in the Toledo Basin via Canal
3.

Westside
Intertie M
@ GATE - FLow CONTROL
(A NEW FLOW RATE IS
Canal 3 Canal 3 ESTABLISHED HERE)
( LCW - UPSTREAM
- S WATER LEVEL CONTROL
(ALL VARIATIONS PASS
Westside THROUGH THIS STRUCTURE)
Intertie

Figure A-14. New operation at the bifurcation of Canal 3 and the Westside Intertie
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The flashboards in Canal 2 will be replaced with a long-crested weir downstream of the
road crossing and turnouts for better water level control. The design of the length and
crest height of the long-crested weir will require some survey information regarding
freeboard and the drop available across upstream turnouts. It may be possible to use an
ITRC flap gate here if there is sufficient drop.

2. The water level in the Westside Intertie will continue to be maintained by a structure
upstream of the Canal 2 intersection.
The existing flashboards may need to be replaced with a long-crested weir. A long-
crested weir would provide a near-constant downstream water level on the Westside
Intertie gates at Canal 3. This would allow for simple adjustment of the flow through the
gates (the upstream and downstream water levels would be constant).

y F oz (2) Flashboard structure may
Use culverts AIEE | | need to be upgraded with a
20 long-crested weir to keep a
constant level on the flow
control gates at Canal 3

(1) Upgrade flashboards !

with a long-crested weir ’

(better water level control) | -pidiRY ‘. %
Westside

Figure A-18. Recommended structure and function changes at the bifurcation of the
Intertie and Canal 2.

Irrigation Training and Research Center
Page A-13



- e
Long-crested weir 4
designed to maintain
water level in Intertie
1

Long-crested weir
designed to maintain
water level in Canal 2

Figure A-19. Recommended structure layout at the bifurcation of the Westside Intertie and Canal
2, not to scale.

The net result for operations will be:

a) The long-crested weirs should maintain constant upstream water levels despite varying flows
without any manual adjustment.

b) Both of the long-crested weirs should always have some flow over them, into Canal 2, to
provide flexibility in operation along Canal 2 and allow easy adjustment of the upstream flow
rate in the Westside Intertie.

¢) The variable flows from the Westside Intertie and Canal 2 will be captured in the Toledo Basin.

\1/ LEGEND
Westside
Intertie I'\ LCW - UPSTREAM
/ \ WATER LEVEL CONTROL
( (ALL VARIATIONS PASS

THROUGH THIS STRUCTURE)

Canal 2
— -

Figure A-20. New operation of the bifurcation of the Westside Intertie and Canal 3 — same as
current operation.
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sufficient. A second culvert will be added next to the existing culvert. The design of the
culvert size and elevations is given on the next few pages.

4. The existing flashboard structure in Canal 2 should be kept closed, routing all flows from
upper Canal 2 into the Cross Ditch.
The existing flashboard structure will remain in place to maintain the ability to route
flow around the Cross Ditch. During normal operation, the flashboard structure will be
kept fully closed.

5. The existing gate and flashboard structure from Canal 2 to the Cross Ditch can remain in place.
The existing gate and flashboard structure will remain in place to maintain the ability to
stop flow from entering the Cross Ditch. During normal operation, the gate and
flashboard structure will be kept fully open.

_E—
(4) Flashboard structure will be kept
closed (no flow over flashboards)

CANAL oA —

p—

e T s
'm .:ur'.«’a'-..‘.-; < '.-P"Q!"'_'.:“';_\n‘_-'

(1) Install water level
control device — long-
crested weir

(3) Add second
culvert from Cross :
Ditch to Canal 2 M P
= P e ! .
| (2)Upgrade flashboards ; : (5) Gate and flashboards

- | withlong-crested weir should remain open during
(better water level control) normal operation

—

m'-_ .
Figure A-24. Recommended structure and function changes at the intersection of Canal 2 and the
Cross Ditch
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A. New Long-Crested Weir from Canal 2 to Cross Ditch

Long-crested weir
designed to maintain
water level in Canal 2

Figure A-27. Location of new long-crested weir from
Canal 2 to the Cross Ditch — not to scale

Length = 100 ft
Elevation of crest = 98.29’
Upstream water level at high flow (120 CFS) =98.93’

— The existing high water level in Canal 2 is 98.68’. This means the high water level
will be raised by about 0.25’. This does not appear to be an issue with the existing
structures that will remain, but it should be verified that the structures do not need to
be modified to accommodate the increased water level.
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B. Existing Culvert from Canal 2 to Cross Ditch

.._.\..,u...*'-’f S

'..'“. -

Figure A-28. Location of existing culvert from Canal 2 to the
Cross Ditch — not to scale

Diameter = 6’
Invert of culvert = 88.97° (approximately flat)
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C. New Long-Crested Weir from Cross Ditch to Canal 2

Long-crested weir
designed to maintain
water level in Cross Ditch

Figure A-29. Location of new long-crested weir from the
Cross Ditch to Canal 2 — not to scale

Length =100 ft
Elevation of crest =97.19’
Upstream water level at high flow (145 CFS) =97.85’
— This is the existing high water level in Cross Ditch.
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D. Existing Culvert from Cross Ditch to Canal 2

_."“'"’J.’ B

Figure A-30. Location of existing culvert from the Cross
Ditch to Canal 2 — not to scale

Diameter = 3.5’
Invert of culvert = 94.04° (approximately flat)

Irrigation Training and Research Center
Page A-22



E. New Culvert from Cross Ditch to Canal 2

Figure A-31. Location of new culvert from the Cross Ditch
to Canal 2 — not to scale

Diameter = 4.5’
Invert of culvert = 92.00° (flat)
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The net result for operations will be:

a)
b)

The long-crested weir from upper Canal 2 should always have some flow over it, into the
Cross Ditch, to provide flexibility in operation to the turnouts upstream in Canal 2.

The long-crested weir from the Cross Ditch should always have some flow over it, into lower
Canal 2, to provide flexibility in operation to the turnouts off of the Cross Ditch (Cole Ditch
and lower Canal 1).

The variable flow over the long-crested weirs will be captured in the Toledo Basin.

LEGEND
Canal 2
Canal 2 LCW - UPSTREAM
WATER LEVEL CONTROL
I (ALL VARIATIONS PASS
/I\ \l/ THROUGH THIS STRUCTURE)
Cross
Ditch

¢

Figure A-33. New operation at the bifurcation of Canal 2 and the Cross Ditch
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Proposed Modifications

The Toledo Tie, intersection of Canals 2 and 3, and the Toledo Basin will be modified to allow
water to flow from upper Canal 2 to the Toledo Basin, or from the Toledo Basin to lower Canal
2. Specifically,

1. Upper Canal 2 and the Toledo Tie is a single, floating pool from this location to the end of
the canal.
The Canal 2/Toledo Tie pool will be connected with Canal 3 to create a larger pool
(“Toledo Tie pool”). Under the new plan, the water level in this pool will be maintained
by the Toledo Basin.

2. A second culvert will need to be added adjacent to the existing culvert at Avenue 144.
A 60 culvert will be installed adjacent to the existing culvert at the road crossing at
Avenue 144. This second culvert will allow the District to increase flows from upper
Canal 2 (the “superhighway”) to the Toledo Basin.

3. The Toledo Tie should be widened.
The Toledo Tie should be widened to ensure increased flows can be delivered from upper
Canal 2 to the Toledo Basin (the “superhighway”), and that the water level fluctuations
upstream of the gates to lower Canal 2 are minimized. Minimizing fluctuations in water
level upstream of the flow control gates will provide a more constant water level to lower
Canal 2.

4. The flow rate for lower Canal 2 will be controlled and measured in the existing structure with
automation.

The existing gates will be automated for flow control. As indicated in the main report,
this site is considered a “Phase 2" (medium priority) SCADA site. The varying flow and
direction of flows in the Toledo Tie will cause the water level on the upstream side of this
site to vary. Because of this, automation could be used to maintain a more constant flow
rate through the gates. Additionally, the SCADA system will allow the District to
remotely monitor and adjust the flow rate through the gates.

Some surveying of elevations is necessary to determine if a flume could be used
downstream for flow measurement. But it is likely that the flow measurement will be
done using the values of the water level difference across the gate, plus the gate opening.
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Figure A-37. Recommended structure and function at the intersection of Canal 2 and the Toledo

(3) Widen Toledo Tie =y = =
=g ‘ ek ‘ ! .
- i E e ‘—_

1
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(2) Install additional 60” 5« y ‘
culvert at Avenue 144 N\_A-

fﬁ}-&-— R

I
I]I (1) Single pool

(4) Existing gates used
as flow control

Y

Tie

The net result for operations will be:

a)
b)

c)

The lower Canal 2 flow rate will be re-started at this bifurcation point.

The additional culvert and widened canal should allow high flows to flow from Canal 2 to
the Toledo Basin without a significant change in water level between the Toledo Basin and
lower Canal 2.

The alterations should also allow water to flow from the Toledo Basin and/or Canal 3 to
lower Canal 2.
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Figure A-38. New operation at the intersection of Canal 2 and the Toledo Tie
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with soil. The sides could use a combination of geomembrane plus shotcrete to protect
the sides from wave action. The Huesker Canal’ geomembrane is designed so that the
shotcrete adheres to the geomembrane on slopes.

4. Pumps, water level sensors, a PLC, and related equipment will be installed to regulate the
new Toledo Tie pool with the northeast cell of the Toledo Basin.

Pumps and water level sensors will be installed in the Toledo Tie pool and the northeast
cell of the Toledo Basin. The pump(s) in the Toledo Tie pool will pump water from the
pool to the Toledo Basin if the water level in the pool is too high. The pump(s) in the
Toledo Basin will pump water from the Toledo Basin to the pool if the water level in the
pool is too low. Together, the pumps should maintain a constant water level in the Toledo
Tie pool. The water level in the Toledo Basin should be viewable remotely via SCADA.
The actual control elevation will be dependent on the elevations of limiting structures
(such as culverts in the pool).

5. The Toledo Basin should be modified to allow excess water to spill from the northeast cell to
the other three cells should the water level in the northeast cell get too high.

?,&;_ > %
(1) Replace flashboards

: ﬁ—/ with long-crested weir

(3) Modify NE cell of basin
for water regulation

et

CANAL 3

w . __&_‘ g-.:_.. ,‘Q

—_

(2) Replace
culvert

(4) Install pumps to
maintain water level
in Canal 2/3 pool
(power is at site)

Figure A-43. Recommended structure and function changes at the intersection of Canal 2 (Toledo
Tie), Canal 3, and the Toledo Basin.
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Long-crested weir
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water level in Canal 3
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Flashboard

structure removed New culvert —
minimal head loss

Figure A-44. Recommended structure layout at the intersection of Canal 2 (Toledo Tie), Canal 3,
and the Toledo Basin.

(4) Install pumps to
maintain water level
in Canal 2/3 pool
(power is at site)

(5) Excess water can

spill from NE cell

(3) Modify NE cell
into other cells

of basin for water
regulation

Figure A-45. Recommended structure and function changes to the Toledo Basin.
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The net result for operations will be:

a) The long-crested weir should always have some flow over it to provide flexibility in
operation along upper Canal 3.

b) The variable flow over the long-crested weir will be captured in the Toledo Basin.

c) Combining the Toledo Tie (Canal 2) and Canal 3 pools will provide greater downstream
acreage that the Toledo Basin can supply water to.

d) The regulation of the Toledo Tie pool water level by the Toledo Basin will allow the District
to provide greater flexibility to growers while preserving surface water supplies.

LEGEND
Canal 3 Canal 3 \ LCW -UPSTREAM
WATER LEVEL CONTROL
< (ALL VARIATIONS PASS
THROUGH THIS STRUCTURE)
« A’) ) ® Pump
= (MAINTAINS WATER LEVEL IN
T Oledo * CAN AL)
Basin — E
NE Cell 8 (1) SCADA
g (REMOTE MONITORING AND
$ & ADJUSTMENT OF SETPOINTS)

Figure A-46. New operation at the intersection of the Toledo Tie, Canal 3, and the Toledo Basin.
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Proposed Modifications

The regulation point for the basin and the re-set of Canal 3 flow will be relocated upstream. This
requires modification to the operation and some of the structures at this location. Specifically,

1. The gate between the NW cell of the Toledo Basin and Canal 3 should remain closed during
normal operation.

The regulation point in the Toledo Basin will be relocated to the northeast cell. This
increases the acreage downstream of the regulation point by including lower Canal 2.
The northeast cell will be upgraded for canal regulation, with the other three cells
optimized for groundwater recharge. Further, the flow down Canal 3 will now be reset at
the northeast cell. Therefore, the northwest cell should no longer be used for irrigation
flow regulation.

2. The water level in Canal 3 adjacent to the northwest cell of the Toledo Basin will float with
the end of Canal 2 (the Toledo Tie), which will be regulated by the northeast cell of the
Toledo Basin.

3. The structure just downstream of the Toledo Tie pool in Canal 3 will measure and control the
flow rate into lower Canal 3. The structure will consist of flow control gates
(recommendation: rectangular sluice gates).

The existing round sluice gate and flashboard structure will be replaced with rectangular
sluice gates. They could be automated for flow control or could be manually operated.
As indicated in the main report, this site is considered a “Phase 2" (medium priority)
SCADA site. The pumps will keep a fairly constant water level upstream of the flow
control gates, so even with manual control, the flow through those gates should remain
fairly constant. However, automation is recommended for this site because it will allow
the District to remotely monitor and adjust the flow rate through the gates.

Some surveying of elevations would be necessary to determine if a flume could be used
downstream for flow measurement, but it is likely that the flow measurement will be done
using the values of the water level difference across the gates, plus the gate openings.
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Figure A-51. Structure modifications at Canal 3 and the Toledo Basin northwest cell

The net result for operations will be:

a)
b)

¢)

The Canal 3 flow rate will be re-started at this point, allowing the remainder of Canal 3
(downstream) to be operated as a very short canal.
Buffering of varying flows will now occur upstream, utilizing the northeast cell of the Toledo
Basin.
The northwest cell (as well as the southern two cells) of the Toledo Basin will be used for
groundwater recharge.
LEGEND
LCW - UPSTREAM
Canal 3 Canal 3 WATER LEVEL CONTROL
(ALL VARIATIONS PASS
( < THROUGH THIS STRUCTURE)
. —
Gate should b'e;
kept closed Toledo
Basin
NW Cell

Figure A-52. New operation at Canal 3 and the Toledo Basin northwest cell
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fairly constant water level upstream of the flow control gate, so even with manual
control, the flow through the gate should remain fairly constant. However, automation is
recommended for this site because it will allow the District to remotely monitor and
adjust the flow rate through the gate.

Some surveying of elevations would be necessary to determine if a flume could be used
downstream for flow measurement, but it is likely that the flow measurement will be done
using the values of the water level difference across the gate, plus the gate opening.

2. The Cross Ditch will continue to “float” with upper Canal 1. The Cross Ditch long-crested
weir into Canal 2 will maintain the water level.
A long-crested weir will be installed in the Cross Ditch that flows into Canal 2. This
design is discussed in the Canal 2/Cross Ditch section.

(1) Existing gate used : : ! .
as flow control = A 2 | (2) Canal water level here will

| be the same as the Cross Ditch
level, maintained by the LCW
that spills into Canal 2

Figure A-57. Recommended structure and function at the intersection of Canal 1 and the Cross
Ditch
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