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TECHNICAL MEMORANDUM

KYPIPE MODEL OPTIMIZATION FOR

AGRICULTURAL IRRIGATION SYSTEMS

(TM-P-7)

TO: Anders Hauge (HBA)

Robin Cort (Parsons ES)

Pat Collins (HBA)

FROM: Jessamy Zagel Trisler (Parsons ES)

Therese Wooding (Parsons ES)

Lance Houser (Parsons ES)

DATE: 3 August 1995

SUBJ.: Santa Rosa Subregional Long-Term Wastewater Project

                                                                                                                                                    

INTRODUCTION

The irrigation distribution systems for the Santa Rosa project was modeled using KYPIPE
computer modeling to make preliminary determination of pipeline sizes and pump station
horsepower requirements.  The intent in utilizing this model is to provide a minimum residual
pressure of 40 pounds per square inch (psi) at all demand points in the system (nodes).
However, for a given distribution network, the model can be used to create numerous
combinations of diameters and horsepowers which will meet this pressure criteria.  Each
combination has an associated total construction and present worth operating cost.  The piping
systems must be optimized to meet the following initial criteria:

· Minimize the total construction and present worth cost;

· Provide 40 psi at all delivery nodes in the system;

· Limit the maximum pressure to 150 psi and maximum velocity to 7 feet per second
(fps) everywhere in the system to use low pressure class pipe and minimize friction
loss; and

· Locate and size booster pump stations.

Using the Sebastopol irrigation distribution network as an example, this memo describes the
approach used to optimize the irrigation system and set model design criteria.
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APPROACH

Several steps make up the optimization process.  First the irrigation demand for each area of
the distribution system must be determined.  Second, an optimization using KYPIPE computer
modeling based on the criteria stated above must be made.  Finally, the design criteria for
pipeline sizing and pump station location and sizing must be determined based on the results of
the optimization model runs.

Determine Irrigation Demand

When developing the modeling input, three questions were generated.  These questions directly
impact the irrigation demands that the systems, and portions of the systems must be able to
deliver to meet the peak irrigation requirement.  These questions were:

1. What is the expected irrigation rotation schedule for most of the irrigated lands served by

the pipeline network?

2. How are the peak demands related?

3. What is the expected peak demand of the irrigated lands?

The results of each of the questions are addressed in order in this technical memorandum.  The
impacts of these conclusions will be discussed and recommendations for implementation
provided.  The resulting irrigation demand factors are then used to determine the irrigation
demands to be supplied by the distribution system by applying the factor to the irrigation
acreages to calculate a demand at that location.

Rotation Schedule

The rotation schedule is defined as the time it takes for a farmer to irrigate his land and the
down time between irrigation cycles that he will require for maintenance.  An example of this
concept:  a 12 day rotation could consist of 10 days of irrigation and 2 days for rest
maintenance.  Conversations with operations personnel of the City of Santa Rosa indicate that
the rotation schedule for the existing irrigated lands ranges from 5 to 12 days.  It was agreed
that a design rotation cycle of 8 days should be used for the modeling.  Recommendation from
Parsons ES engineers experienced with agricultural operations concur with this assumption.

For the purposes of this preliminary evaluation, it was assumed that the water would be
delivered to sprinkler systems.  Sprinkler systems have efficiencies ranging from 60 percent to
85 percent depending upon the design requirements.  Due to the requirements of “no surface
runoff” and “zero impacts” on the estuaries in the West County area, efficiencies of 80 percent
were assumed for Sebastopol and the South County and 85 percent for West County.  An
irrigation deficit of 10 percent was further assumed for West County.

The demand of an average individual farm with sprinklers is calculated by the following
equation.
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Qd = (Demand x Acreage) x (Rotation / Days Irrigation)/efficiency (equation 1)

Where:

Qd = amount of water to be delivered to the farm (gpm);

Demand = average demand per acre(gpm/acre);

Acres = Total acres of the farm (acres);

Rotation = Length of Rotation (days) (8);

Days Irrigation = Actual irrigation days per rotation (days) (7);

Efficiency = Irrigation Efficiency of the System

For pipes serving multiple farms, a rotation of watering turns between farmers begins to occur
and the term (Rotation/Days Irrigation) is neutralized.  The net total demand requirement that
must be supplied by the reservoirs and treatment plant becomes:

Qd  =  (Demand x Acreage) (equation 2)

To eliminate the challenge of addressing each individual farm, a minimum pipe size of 8 inches
was assumed based upon friction loss in the pipe to serve a 40 acre farm.  This restriction will
also comply with design requirements for the actual physical features on the farm which will
require a minimum diameter of 6 inches for the farm distribution laterals and appurtenances.

The remainder of the distribution lines were sized using KYPIPE computer model runs based
upon the pressure required at the farm delivery points (40 psi) and the optimization rationale:

Expected Peak Demand

A comparison of the annual water demands currently estimated by Questa Engineering and
previously estimated by CH2M Hill was completed.  Those values are listed below in Table 1.
As the data reflect, Questa suggests that there are three separate micro-climates within the
proposed project area, with large variations in annual water demand.  These variations will also
be reflected in the peak demands within the project area.

Table 1

 Expected Annual Water Demand

Area Questa Estimate CH2M Hill Estimate

West County 20 inches 24 inches

South County 28 inches 24 inches

Sebastopol 17 inches 24 inches
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Comparing peak demands calculated based on annual demands estimated by Questa and the
peak day demands previously estimated by CH2M Hill, the expected peak demand for each
area was estimated.  These results are shown in Table 2.

Table 2

 Expected Peak Demands

Area Questa Estimate CH2M Hill Estimate

West County 5.83 gpm/acre 7 gpm/acre

South County 8.17 gpm/acre 7 gpm/acre

Sebastopol 4.95 gpm/acre 7 gpm/acre

A verification of these values was accomplished using three procedures.  First, the Sebastopol
area is near the lands currently being irrigated by reclaimed water.  The amount of water
currently being applied to these lands, based upon Reclamation Annual Report of 1994
(Utilities Department, Subregional Water Reclamation System, Santa Rosa California), appears
to be approximately 4.85 gpm/acre.  With the expected improvements in irrigation efficiencies,
these values closely correlate to the proposed demand values for Sebastopol and West County.

Second, assumptions were made using a ratio of probable peak demand to annual water
demand.  Peak and average estimates for a similar climate were taken from Keller, Jack and
Ron Bliesner, Sprinkler and Trickle Irrigation, Van Nostrand Reinhold, 1990, page 31.  This
ratio was applied to the CH2M Hill estimated annual average of 24 inches of water per year.
This resulted in an average demand of 6.62 gpm/acre, close to the current estimate for South
County.

Third, estimates of the peak demand based upon Keller and Bliesner were made for the
expected crops (i.e., alfalfa, pasture, grain, grapes, and orchard).  This was expected to provide
an upper limit to the allowable water demands.  Assuming 80 percent irrigation efficiency, the
upper limit is 7.08 gpm/acre.

The final result of these calculations supports the proposed demands in Table 2.  Considering
these results, the demands estimated based upon the current Questa annual water estimates
appear to be an accurate representation of the irrigation demands.

Demand Conclusions

The peak irrigation demands were calculated using projected water requirements and are listed
in Table 2.  These estimates were applied to equation 2 to estimate the demands at the proposed
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irrigation distribution system nodes, as they would be seen by the reservoir and treatment plant
supplies to the system.

In order to address those lands that fall within the realm of equation 1 (i.e., small diameter
pipelines serving individual farms), a minimum pipe size of 8 inches has been assumed.  This
assumption further reflects the requirements of the expected on-farm physical features.  This
procedure reflects the water demands that will be exerted by the entire proposed irrigation
distribution system once completed.

Optimization of Irrigation System

Obtain Relative System Costs

Continuing our use of the proposed Sebastopol irrigation system as an example of these
network analyses, the irrigation system in the Sebastopol area can be characterized as a
branching type network.  At the far end of the system is node no. 142 in the model data.
Model results consistently indicate this node to be the lowest pressure node in the system.
Because it is a branch system, the diameter of the pipes from the pump station to node 142,
(i.e., the trunkline) directly affect the pressure at that node and the horsepower required to
achieve the minimum pressure required at that node.  That is, the larger the trunk pipeline
diameter, the smaller the required horsepower to obtain 40 psi at the node.  Conversely, smaller
diameter pipe along the trunkline would result in a greater pump station horsepower required to
supply 40 psi at the node.

Initially, three scenarios, based on varying the trunkline velocity, were modeled to make a cost

comparison between systems.  These scenarios compared the present worth of the capital and

operating costs.  The three scenarios are as follows:

· No.1: Hold trunkline velocity to 1 to 2 ft/s.  Maintain 40 psi at node 142.  (Results
contained in file SEB.OUT)

· No. 2: Hold trunkline velocity to 3 to 6 ft/s. Maintain 40 psi at node 142.  (Results
contained in file SEB1.OUT)

· No. 3: Hold trunkline velocity to 10 to 13 ft/s. Maintain 40 psi at node 142.  (Results
contained in file SEB2.OUT)

The results of each scenario are attached along with their relative costs.  Pipes on the trunkline
are indicated with arrows.  From the tables it can be seen that the relative least cost system is
produced by Scenario No. 1 with an associated 1,650 horsepower main pump station at Delta
Pond.  Relative total construction and present worth operating costs for each scenario are
presented in Tables 3 through 5.  The file names of the scenario are shown in the upper left
corner of the tables.  The tabulated pipe lengths and diameters are those of the trunkline for
each of the scenarios and were obtained from the model output file.
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Refine Least Cost System Scenario

The least cost scenario was then refined, decreasing the main pump station horsepower to
produce a maximum pressure of 150 psi at nodes along the trunkline.  Booster pumps are
incorporated as required to supply the minimum required pressure at the extreme node.
Diameters of pipes branching from the trunkline are then varied to produce the minimum
required pressure at the nodes along the branch.  If the minimum required pressure cannot be
achieved while maintaining a minimum velocity of 1.5 fps, a booster pump is added.  This
process is repeated until the system meets all the criteria listed above.  Results of this
refinement are attached in the file SEBOPT.OUT.  Table 6 presents the cost of the system.

Optimization Recommendations

This approach was used to also optimize South County and West County area distribution
systems.  It is considered necessary to perform the evaluation on only one of the reservoirs in
each area.  The pipeline lengths and elevations of each area are of similar magnitude.  Thus it
was concluded that multiple analyses would produce similar results.  It is recommended that
once a project is selected for actual design, additional model runs be performed for the
different irrigation area networks to refine sizing of pipelines and location and sizing of booster
pump stations.  Additional optimization may result in elimination of some pump stations by
tradeoffs between changes in pipe size or system operating pressure.  For preliminary
engineering purposes in support of preparation of the EIR, the current results from the model
runs completed for the proposed irrigation areas are considered satisfactory.

Selected Design Criteria

Based on the optimization analyses performed, the issues related to irrigation demand, and the
irrigation system minimum mechanical requirements, the following design criteria were
selected for use in the KYPIPE modeling:

· Pipeline velocity: 3 to 5 fps;

· Minor system losses:  Losses at bends and tees are insignificant until the final design
process and will be ignored in this analysis;

· Friction losses:  Friction loss per 1,000 feet of pipe to be less than 3 feet per 1,000 feet;

· Minimum pipe diameter:  8 inches;

· Roughness coefficient:  C=140 for pipe diameters 8 through 24 inch, C=130 for pipe
diameters greater than 24 inch;

· Minimum pressure at demand point:  40 psi;

· Maximum pressure:  150 psi;
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· Pressure reducing valves (PRV):  Demand points with pressures greater than 60 psi will
require PRVs;

· Maximum flow from the plant:  Reservoir supply - 26.00 MGD, Irrigation system
supply - 21.00 MGD; and

· Maximum flow from each ASR study area:  5.56 MGD.

CONCLUSIONS AND RECOMMENDATIONS

The demand factors have been analyzed using available data and accepted agricultural
irrigation practices.  The peak demand factors used in the KYPIPE models are :

· West County: 5.83 gpm/acre

· South County: 8.17 gpm/acre; and

· Sebastopol: 4.95 gpm/acre.

An optimization procedure to meet all the requirements stated in the Introduction has been
developed.  From this optimization process system design criteria have been developed.  These
criteria are presented above.  These criteria were used in the KYPIPE modeling of the
following systems:

· Transmission to the following reservoirs:

 Tolay A

 Adobe Road

 Lakeville

 Tolay C

 Sears Point

 Two Rock

 Bloomfield

 Carroll Road

 Valley Ford

 Huntley

· Distribution Systems:

2A - Tolay A to:  all South County / Lakeville & Bay Flats irrigation areas

2B - Adobe & Lakeville to: all South County / Lakeville & Bay Flats

2C - Tolay C to:  all South County / Lakeville & Bay Flats

2D - Sears Point & Lakeville to:  all South County / Lakeville & Bay Flats

2E - Smaller Tolay A and ASR to:  all South County / Lakeville & Bay Flats

3A - Two Rock to:  Stemple Creek / Americano Creek
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3B - Bloomfield to:  Stemple Creek / Americano Creek

3C - Carroll Road to:  Stemple Creek / Americano Creek

3D - Valley Ford to:  Stemple Creek / Americano Creek

3E - Huntley to:  Stemple Creek / Americano Creek

3F - Smaller Two Rock  and ASR to:  Stemple Creek / Americano Creek

The results of all of these irrigation network model analyses for the proposed South County,
West County, and Sebastopol irrigation areas are presented in Tables 7 and 8. Table 7 presents
a summary of the pump and booster stations for each of the systems resulting from the model.
Table 8 presents a summary of the pipelines and associated costs for each of the modeled
systems.  The determination of the diameter for each pipeline and the location and sizing of
each booster pump station is presented.  Again, these are results from this preliminary level of
analyses in support of the preparation of the EIR.  They are considered satisfactory to establish
viable project alternatives and to obtain preliminary cost estimates, but would need to be
refined in detail design for the actual selected project.  Graphical representations of the
irrigation systems are included for information purposes in the appendix.
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