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Agenda

• About Solano Irrigation District

• Pipeline Replacement Program

• Design Considerations

• Construction Challenges & Successes

• Costs

• Lessons Learned



Solano County is between 
Sacramento and San 
Francisco Bay Area
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Location



• Untreated water for Benicia, 
Vacaville, Fairfield, and Vallejo 
serving a resident population of 
more than 300,000

• Seven Public Water Systems 
ranging from 10 to 8,000 services

• 141,000 acre-feet of irrigation 
water 

• 59,000 acres of irrigable land

• 112 miles of canals

• 186 miles of pipeline

• All constructed circa 1961, 
concrete pipe
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About Solano Irrigation District
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Rehabilitation & Betterment
• R&B Program: mechanism for 

upgrades and replacement for 
all irrigation facilities

• Legally restricted funds from 
property assessments

• Annual budget ~$4M

• Historically all design and 
construction work performed 
by in-house staff
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Certificate of Participation (COP)

• Similar to bond funding

• 2021 with infusion of $11M via COP funds set out to 
replace as much pipe as possible in 3-year deadline

• All construction must occur between outside 
irrigation season: October 15 and March 15

• Pipe diameters range from 12” to 48”



Pipe Replacement by Year
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12” to 
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Design Criteria  Unique to Agricultural 
Water Distribution
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• Demand is determined by 
customers not nature

• Constructability is impacted by 
crop type and specific farming 
practices

• Historically flow measured 
based on height over weirs



Hydraulic Modeling Ag System
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• Conversion from flood to drip and sprinklers use less water
• Discreet transitions to a closed system challenging
• HGL must be carefully evaluated to prevent overtopping of 

downstream open structures
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Trust but Verify
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• Operations & Engineering worked together to establish a known flow 
rate at locations where the pressure could be measured by a gauge

• The field data corroborated the calculated HGL



Air and Vacuum Valves
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• Start up and shut down procedures

• Air and vacuum Valves for low head systems

Waterman

AV-150

CR-101



Slip-lining vs Pipe-bursting

• Existing monolithic concrete, unsure of roundness

• Specification written for pipe-bursting with “where host pipe 
remains intact, cellular grout annular space”

• Contractor option for open cut or pipe bursting
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• Where existing pipe was found to 
be deep enough allowed pipe-
bursting

• Several hundred feet of slip-lining 
but no actual bursting occurred



HDPE Beyond Pressure Rating
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• More resistant to farming 
activities

• District standardized on 
DR17 IPS

• Ag lines all low pressure (<25 psi) unless 
pumped

• In-house construction backfill with dumped 
sand or native (mostly clay); heavier wall 
allows for lower E’



Connections: HDPE to MCP
• End HDPE with a flange & connect to flanged steel, then 

connect to concrete pipe
• In-house seal with mortar and epoxy only
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Bigger Base

Weko Seals

DISTRICT STD DRAWING
3RD ITERATION OF DESIGN DRAWING



Connections to Structures
• End HDPE with a flange & connect to flanged steel, 

then connect steel to concrete structure

• Embed weep ring on steel in concrete
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(E) STRUCTURE



Cost Value Analysis of TCE

16

• Constrained working 
conditions have a significant 
impact on project cost.



Cost Value Analysis of TCE
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• Temporary Construction Easements 
have an initial cost but frequently 
can reduce overall project costs

Price per Installed Foot of Pipe vs. Easement Width



Constrained Construction Space
• Construction space constrained primarily by farming activities

• No vehicles within 10 feet of tree trunk

• No vehicles over drip tape

• Silt fencing required to protect horse training arena
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• Coordination with PG&E

• Underground service, contractor chose 
to work 48” pipe around service rather 
than engage PG&E

• Installed 48” pipe between power pole 
and guy wire



HDD from Walnuts to Tomatoes
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WALNUT 
ORCHARD

TOMATO 
FIELD



Constrained Schedule
• No work during irrigation season

• Generally, March 15 to October 15, but 
set by the Board 1 month prior

• Some walnuts have particularly late 
harvest, so no work before November 15

• Leaves 4-5 winter months for 
construction

• Two Notices to Proceed

• Phase 1 – Preliminary Operations

• Phase 2 - Construction
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• Submittals
• Permits
• Procurement

• Prep staging area
• No demolition
• Avoid heavy equipment over existing pipes



Contractor Notice & Prequalification
• Notice to all contractors we were aware of

• During first bid, questions from small firms, 
added qualifications to spec

• Future projects pre-qualified contractors 
using state template and scoring below
• 28- thru 30-inch diameter HDPE: 

 1 point for each 1,000 feet installed.

• 32- thru 36-inch diameter HPDE:   

 2 points for each 1,000 feet installed.

• 42-inch diameter HPDE: 

 4 points for each 1,000 feet installed 

• 48-inch HPDE: 

 6 points for each 1,000 feet    

• Minimum 10 points to pass
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Prepurchase Materials
• First Project:

• Originally designed for in-house construction

• Pre-purchased ALL materials: pipe, fittings, 
nuts, bolts, gaskets, etc.

• Fabricated all steel fittings and manifolds in-
house

• Second – Fourth Project:

• Pre-purchased pipe, fittings and valves larger 
than 12”

• Split steel fabrications in-house and outside 
pipe fabricator
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• Need to be very clear on what is provided and what is not

• Include cut sheets for pre-purchased material in specs

• Increased construction contingency to 15%



Prepurchase Materials
• Delivery is an issue because 

pipe must be stored near job or 
will require additional move

• Traffic control, equipment & 
scheduling on the District

• Beveled and Non-beveled 
HDPE flanges different lengths
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• Segmented vs single piece gasket

• The case of the missing electrofusion branch

48”4”



Constrained Alignment

500 feet of 48” pipe in 18’ corridor
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Dressage 
Training 
Facility



Turning the Corner
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Dressage 
Training 
Facility

HDPE 
Flange 



Slip-Lining
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Written as pipe-
burst so contractor 
mandrilled before 
pulling new pipe

Slip-lined 350-500 feet a 
day with separate crew 
fusing ahead.

Cellcrete used to fill annular space



Old Rehabilitation Failed
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Slip-lined through Techite where possible Techite removal is messy



Pipe Does Float
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Reuse/Repurpose
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Fusion of Large Diameter HDPE
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• Handling 50’ long 48” diameter 
pipe is challenging 

• Staging must be considered when 
fusing ahead of installation

• Large fusion machines are 
expensive

• Fusion subcontracted on all but 
one contractor projects and all in-
house projects



Round Bottom Bucket
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• Round bottom buckets 

• Minimize spoils

• Minimize bedding

• Can reduce shoring 

• Thus far there has been only 
once contractor that opted for 
this methodology



Costs

32

• Overall costs including design, 
construction & inspection

• In-house Construction is also 
in-house design

• Highest costs mostly related to 
shorter projects ~<500 feet 

• One high-cost project was large 
diameter, less than 2,000 ft but 
very constrained access and 
work area

• Lowest costs related to smaller 
diameter in unconstrained 
fields

$/in-dia-ft Overall
Eliminating 

High and Low Contractor In-House

Max $31.75 $23.50 $22.61 $23.50

Average $15.09 $14.80 $18.55 $14.62

Min $5.05 $7.06 $15.18 $7.06

Change Order Range: 1.4% to 8.5%
Average: 3.74%



Lessons Learned
• Involving Operations Staff in design ensures operability

• Changed valve locations so that water could flow upstream or downstream

• Only replaced necessary turnouts with properly sized pipe and meters

• Prequalification was worth it

• The amount of working space does affect cost

• Double notice to proceed worked well

• HDD works well for us, but we need to make sure there is adequate space

• Owner supplied materials: focus on the large diameter pieces

• HDPE fittings: understand pressure derating; add 1 foot to each end of fitting

• HDPE thermal expansion & contraction: add weep rings to steel at structures, 
add wall anchors along alignment

• Protect pipe from floating

• Electrofusion requires careful installation; we avoid as much as possible
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