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Contact Information 

 
 
Orchard Ranch Ditch Co. president 
Robert Morris 
970 234-3805 
rmr@redmountainranches.com  
 
Orchard Ranch Ditch Co. secretary/treasurer 
Loree Gutierrez 
970 234-3804 
gutierrez646@hotmail.com 
 
Orchard Ranch Ditch Co. vice-president/piping project manager 
Paul Kehmeier 
970 835-3004 (home)   970 779-0723 (cell) 
Paul-Kehmeier@msn.com 
 
Engineering firm for the project 
J-U-B Engineers Inc. 
Tracy Allen P.E. 
801 726-5818 
tla@jub.com 
 
 
Person responsible for preparing this feasibility report 
Paul Kehmeier 
See contact information above 
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BACKGROUND 
Purpose 
     The proposed project will pipe an earthen canal and several laterals in conjunction 
with the U.S. Bureau of Reclamation Salinity Control program. Approximately 90% of 
the cost of will be provided by the U.S. Bureau of Reclamation. The Orchard Ranch 
Ditch Company is requesting a $150,000 loan from the CWCB to complete the funding 
package needed to carry out the project. This project is considered to be rehabilitation of 
existing facilities. The piping project will accomplish two main goals: 
1) Decrease the amount of salt entering into the Colorado River by an estimated 1004 
tons each year over the 50 year lifespan of the project. 
2) Modernize the irrigation delivery system for the shareholders of the Orchard Ranch 
Ditch. The modernization will result in an increased opportunity for shareholders to 
implement water saving irrigation practices such as sprinkling. The project will also 
increase the amount of water available for irrigation because of a decrease in canal transit 
loss. 
 
     The project is needed to keep local agriculture viable as the farmers face pressures 
from increased housing development near to the ditch and increased demand for water 
from other users of water from Colorado River.  
 
Study Area Description 
     The study area is located in Delta County near the town of Eckert. The largest nearby 
town is Delta which is located about 10 miles south of Eckert.  The topography of the 
area is dominated my mesas and valleys.  The piping project is on the Surface Creek 
mesa, a relatively flat mesa which has been farmed for well over 100 years. Currently 
about 350 acres served by the ditch are being farmed. In the past over 400 acres have 
been farmed and some of that land is expected to resume irrigation when new ownership 
takes place. The main crops are hay, pasture, and fruit. Typical alfalfa yields are 4 tons 
per acre per year.  Typical apple yields are 600 bushels per acre. Cattle are the main 
livestock grazed on the pastures. 
 
     The main stream in the study area is Surface Creek which originates about 20 miles to 
the north on the Grand Mesa.  The Gunnison River is located about 8 miles to the south 
of the study area. The Gunnison River drains the entire region. 
 
     The study area is historically an agricultural area with small towns serving the 
agriculture industry.  Coal mining has taken place nearby, but is no longer active. Other 
important employers are education, health care, and government.  No major industry is 
located in the study area. In the last 40 years, the mild climate and beauty of the area has 
made the area a popular location to retire.  Some of the agricultural lands have been 
converted to residential developments which are populated mainly by older citizens.  The 
population of the entire Delta County is currently about 30,000 people. 
 
Appendix A contains maps showing the study area and proposed project.  
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Previous Studies 
     The NRCS conducted reconnaissance level studies in 1989-92 to modernize the 
Orchard Ranch Ditch 1989-92.  Both underground piping and concrete lined ditch were 
considered.  During that period one cost estimate for piping only the main canal was 
$281,000. For various funding reasons both on the part of the NRCS and the ditch 
company the project was not implemented. 
 
    In the U.S. Bureau of Reclamation’s 2012 funding cycle the Orchard Ranch Ditch 
applied for funds to pipe the ditch and several laterals.  The application was not funded 
because the project cost of $1,479,000 was not competitive with other applicants for the 
U.S. Bureau of Reclamation funds. 
 

PROJECT SPONSOR 
     The sponsor of this project is the Orchard Ranch Ditch Company. The Company’s 
ditch was dug in the late 1800’s by a group of early settlers cooperating to get water to 
their new farms. The ditch has been in continuous operation since that time. The Orchard 
Ranch Ditch Company is a mutual ditch company incorporated in the State of Colorado 
on August 8, 1915. A copy of company’s Articles of Incorporation and By-laws are 
found in Appendix B. 
 
     There are 17280 shares of stock in the Orchard Ranch Ditch Company. There are 34 
shareholders, three of which are homeowners’ associations. Natural stream flow water 
from the company’s decrees is divided proportional to the number of shares owned by 
each shareholder. 
 
      Revenue for company comes almost entirely from assessments on shares of stock.  A 
very small portion of the revenue comes from administrative fees charged to the 
shareholders.   
 
     The Orchard Ranch Ditch owns a concrete diversion in Surface Creek.  It also owns, a 
concrete spillway, concrete headgate structure, and 2 Parshall flumes set in concrete.  In 
the canal itself the ditch company owns 9 concrete division boxes for sending water into 
the laterals. The easement for the ditch is prescriptive.  The ditch company does not own 
any rights of way. 
 

WATER RIGHTS 
Water Availability 
      
     The Orchard Ranch Ditch owns 3 decrees for natural stream flow water in Surface 
Creek.  They are listed below: 
Court Action 0038  adjudication of 06/17/1889, absolute, Decree #4         5.70 cfs 
Court Action 0457  adjudication of 09/28/1907, absolute, Decree # 27      6.45 cfs 
Court Action 4808  adjudication of 01/31/1964, absolute, Decree #K46   10.00 cfs 
 
The number 4 decree typically runs April 1 – July 10 
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The number 27 decree typically runs May 1 – June 10 
The number K46 decree typically runs May 10 – May 20, but in years of below normal 
snowpack on the Grand Mesa it may not run at all. 
 
    Many of the shareholders own storage water rights in private reservoirs on the Grand 
Mesa. The ditch delivers water from these reservoirs to the owners of the storage water in 
addition to their proportional rights to the natural stream flow decrees. 
 
     The annual amount of water the Orchard Ranch Ditch carries varies substantially 
depending on the snowpack on the Grand Mesa.  A typical year is 2500-3000 acre feet of 
water with perhaps three quarters of that being natural stream flow water and one quarter 
being storage water. 
 
Water Supply Demands 
     The availability and demand for water in the project area can be characterized as, 
“almost adequate if you do a good job irrigating.” This is typical of the dry mesas of 
Delta County.  A certain amount of the service area of the Orchard Ranch Ditch will 
probably be converted from agriculture to housing and small acreage farming over the 50 
year lifespan of this project. However as the house owners and small acreages become 
owners of ditch company shares they typically use the water as fully as the farmer 
previously did.  Currently about ¼ of the farmland is in conservation easement, so at a 
minimum this much acreage is expected to continue in production agriculture. 
 
     The project will provide a small increase in water availability – probably no more than 
5% - from stopping the seepage out of the bottom of the earthen canal.  However the 
project will go a long ways towards providing water security for the ditch’s service area 
in a situation of increasing population in the service area and increasing demand for 
Colorado River water. 
 

PROJECT DESCRIPTION 
 
Analysis of Alternatives 
     The purpose of the project is to rehabilitate and improve existing facilities. Three 
alternatives were considered: 
1) The no action alternative 
2) Piping the ditch and portions of 4 laterals with Polyvinyl chloride plastic (PVC) pipe  
3) Piping the ditch and portions of 4 laterals with High density polyethylene (HDPE) pipe 
 
The alternatives were compared to each other using the evaluation factors suggested in 
the CWCB Water Project Loan Program Guidelines.  In some cases the evaluation factors 
were applied in a non quantitative manner.  However this technique was sufficient to 
highlight differences and choose a preferred alternative. Appendix C shows the analysis 
of alternatives. 
 
     The evaluation methodology used in choosing a preferred alternative consisted of 
reviewing the evaluation table in Appendix C while guided by the following goals: 
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1) The preferred alternative should modernize water delivery and provide the 
opportunity to shareholders to implement more efficient irrigation practices. 
2) The preferred alternative should provide long term security of water availability to 
shareholders in the face of increased density of local population and increased demand on 
Colorado River water 
3) The preferred alternative should choose a practice that has long term reliability. A 
lifespan of 50 years was considered. 
4) The preferred alternative should have the Shareholders’ portion of the cost not be 
excessive 
5) The preferred alternative should be able to retain a construction grant from the U.S. 
Bureau of Reclamation. The grant focuses on decreasing the salt load in the Colorado 
River  
 
Alternative 1 was ruled out because it did not achieve the ditch company’s goal of 
modernizing the water delivery system.  The alternative was also ruled out because it 
does not achieve the goals of decreasing salt in the Colorado River nor of improving the 
long term ability of the ditch company to deliver water to shareholders. 
 
Alternative 2 was ruled out because our engineering company advised that HDPE would 
be a better material for our project. 
 
Alternative 3 was chosen because it was only slightly more expensive that Alternative 2. 
This made the shareholders portion of the cost acceptable. In addition alternative 3 did 
the best job of achieving the other 4 goals. 
 
Selected Alternative 
 
Narrative Description 
     The project will replace approximately 8260 feet of earthen main canal and 2560 feet 
of earthen laterals with underground pipe.  In some sections multiple pipes lying side by 
side will be used instead of a single pipe. This multiple pipe feature will better manage 
water distribution to shareholders. In all, approximately 16,660 feet of pipe will be laid. 
A new headgate and screening structure will be constructed at the inlet of the piping 
system. The existing diversion in the creek and spillway are functioning well, so no new 
diversion or spillway are planned. 
 
      The project will be operated much the same as at present. Namely the water will be 
divided among the shareholders in proportion to the number of shares they own.  The 
ditch company will continue to employ a ditch rider to do this task. 
 
Map 
     Map 3 in Appendix A shows existing and proposed components for the entire project.  
 
Conceptual Plan/Cross-Section 
      A diagram of typical trench excavation, pipe bedding and back fill is found in 
Appendix D. A detailed survey has been done of the project. It is not yet available for 
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inclusion in this feasibility study.  It will show profile and hydraulic gradeline.  
 
Conceptual Design Features 
     The U.S. Bureau of Reclamation grant which the ditch company received for this 
project states that at a minimum all projects must meet NRCS construction standards. A 
sample standards sheet is found in Appendix E 
 
Field Investigations 
   This project is to rehabilitate an existing facility. It is anticipated that minimal field 
investigations will be needed. 
 
Right-of-Way/Land 
    A tabulation of land ownership and easement requirements is found in Appendix F. 
 
Cost estimate 
     A detailed cost estimate for the project is found in Appendix G 
 
Implementation Schedule 
     The project implementation schedule is found in Appendix H 
 
Impacts 
     The terms of the ditch company’s grant from the U.S. Bureau of Reclamation include 
requirements for compliance with NEPA, cultural resource regulations, and 
paleontological protection regulations. An environmental analysis will be conducted. A 
cultural study will be conducted to determine historical and paleontological impacts. A 
wildlife habit replacement plan will be implemented during the same time the piping 
project is being implemented. 
 
     The U.S. Bureau of Reclamation will be the lead Federal agency for NEPA 
compliance and will be responsible for evaluating technical information and ensuring that 
natural, and cultural, and socioeconomic concerns are appropriately addressed. 
 
     Impacts on local and/or regional plans for water resource development, land use, 
recreation, and economic development will likely be minimal since this project 
rehabilitates facilities that are already existing and in use.  The ability to manage water 
quality will be greatly upgraded. The project will cause an estimated decrease of 1004 
tons of salt entering the Colorado River every year for the next 50 years.   
 
     Two of the three decrees for natural stream flow water are pre 1922 decrees.  The 
proposed project should help insure the continued use of those decrees and thus safeguard 
water rights for the state of Colorado. 
 
     Funds to study and mitigate impacts of the project are included in the detailed cost 
estimate shown in Appendix G. 
 
Institutional Feasibility 
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     The U.S. Bureau of Reclamation will oversee obtaining compliance with Federal and 
State agencies. Local permits for such things as road crossings will be obtained by the 
ditch company. 
 

FINANCIAL FEASIBILITY ANALYSIS 
Loan Amount 
      The project is expected to cost $1,430,720. The Orchard Ranch Ditch Company is 
requesting a loan of $150,000 from the CWCB with a 30 year term and a hybrid 
agricultural - municipal interest rate of 1.95%     
 
Financing Sources 
Grant currently being processed by U.S. Bureau of Reclamation  $1,280,720 
Loan from CWCB       $   150,000  
 
Revenue and Expenditure Projections 
  The Orchard Ranch Ditch schedule of revenue and expenditures for the 30 year life of 
the loan is found in Appendix I. The schedule is built on the assumption that when the 
piping project is completed operation, maintenance, and replacement costs will be 
approximately 50% higher than they are a present. 
 
Loan Repayment Sources 
     The funds for loan payment will come from shareholder assessments.  Current 
assessments are $.40 per share plus $75 per shareholder. Increase in assessments for 
servicing the CWCB loan is expected to be approximately $0.39 per share for 30 years.  
 
Financial Impacts 
     Currently the Orchard Ranch Company has no debt. The total assessment for 
operations, maintenance, replacement and debt repayment is expected to be about $1.15 
per share before inflation during the 30 year life of the CWCB loan. It is unknown if any 
financial savings will result from this project. 
 
TABOR 
The Orchard Ranch Ditch is a private mutual ditch corporation. It has tax exempt status 
with the Internal Revenue Service. The Orchard Ranch Ditch Company is not subject to 
the provisions of TABOR 
 
Collateral 
The Orchard Ranch Ditch Company will provide the following collateral: 
1) A pledge of assessment revenues backed by a rate covenant that guarantees the 
assessment rates will be adequate to cover all of debt obligations 
2) A pledge of the company’s water distribution facilities 
 
Sponsor Creditworthiness 
The 2015 assessment is $.40 per share and the administration fee is $75.00 per 
shareholder.  
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Copies of the three most recent annual financial statements are found in Appendix I. 
  

CONCLUSIONS AND RECOMMENDATION 
 
     The Orchard Ranch Ditch piping project is a rehabilitation project that is technically 
feasible. Approximately 90% of the funding for the project is being provided by the U.S. 
Bureau of Reclamation. The funding from the U.S. Bureau of Reclamation makes the 
project financially feasible for the ditch company. 
 
      The project will help protect natural stream flow decrees that predate the 1922 
Colorado River Compact.  
 
 



Water Project Loan Program 

Application Type 

� Prequalification (Attach 3 years of financial statements)  �X Loan Approval (Attach Loan Feasibility Study) 
Agency/Company Information 

Company / Borrower Name: Orchard Ranch Ditch Company  

Authorized Agent &Title: Paul Kehmeier, Vice president and manager of piping project 

Address: 20490 North Road, Eckert CO 81418 

Phone: (970) 835-3004, 779-0723 Email: Paul-Kehmeier@msn.com 

Organization Type:  �X Ditch Co, � District, � Municipality  

 � other:__________________________________ 

Incorporated? �X YES  

 � NO 
County: Delta Number of Shares/Taps: 17280 shares 

Water District: 40 Avg. Water Diverted/Yr__3000___ acre-feet 

Number of Shareholders/Customers Served: Curr Assess per Share $0.40 (+ $75 per shareholder) 

34  Average monthly water bill $ __________ (Municipality) 

Contact Information 

Project Representative: Paul Kehmeier 

Phone:970-835-3004, 779-0723 cel Email: Paul-Kehmeier@msn.com 

Engineer: J-U-B Engineers Inc.,  Tracy Allen 

Phone:801-547-0393, 726-5818 cel Email: tla@jub.com 

Attorney: none at this time 

Phone: (         ) Email: 
Project Information 
Project Name: Orchard Ranch Ditch Pipe Project 

Brief Description of Project: (Attach separate sheets if needed) 

-- Please refer to page 2 of this application -- 

 

 

 

 

General Location: (Attach Map of Area)  -- Please refer to the map on page 3 of this application -- 

 
Estimated Engineering Costs: $143,670 
 

Estimated Construction Costs: $1,197,243 

Other Costs (Describe Above): $89,807 (see pg 2) Estimated Total Project Costs: $1,430,720 
Requested Loan Amount: $150,000 
(Limit 90% of Total Project Costs) 

Project Start Date(s) 
Design: Jan., 2016  Construction: Sept 2016 

 Signature 

___Vice_President______________________11/25/15
Signature / Title                                        Date 

Return to: Finance Section Attn: Anna Mauss 
1313 Sherman St #718 
Denver, CO 80203 
Ph. 303/866.3449     
e-mail:  anna.mauss@state.co.us 

 



Water Project Loan Program 

 
     The Orchard Ranch Ditch is located on the south side of Grand Mesa about 10 miles north of 
Delta Colorado. The ditch has natural stream flow decrees for 22.17 cfs from Surface Creek, a 
tributary of the Gunnison River. The ditch also delivers water which comes from privately 
owned reservoirs on Grand Mesa. The Orchard Ranch Ditch has been in continuous operation for 
approximately 120 years. The ditch currently serves about 400 acres of farmland and 3 
subdivisions.  The proposed project will pipe the 1.6 mile long main earthen canal and portions 
of 4 laterals.  The project will be done in conjunction with the U.S. Bureau of Reclamation 
Salinity Control program. Approximately 90% of the cost of the project will be provided by the 
U.S. Bureau of Reclamation. Of the 30 or more ditches in the Surface Creek area, the Gunnison 
Roundtable has listed the Orchard Ranch Ditch as number 3 in priority for piping.   
 
 
 
Description of Other Costs 
NEPA and Cultural compliance  $23,945 
Implementation of habitat mitigation  $59,862 
Required audits    $ 6,000 
 
                                TOTAL   $89,807 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Water Project Loan Program 

 
General location of the proposed project 
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Appendix A – Maps 
 
Map 1 – General area of project 
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Appendix A – Maps 
 
Map 2 – Land irrigated by the Orchard Ranch Ditch 
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Appendix A – Maps 
 
Map 3 – Proposed Orchard Ranch Ditch Piping Project 
 

 
 
 
 
 
 
 
 
 



Alternative Change in water yield Cost to shareholders
Impacts to man-made 

environment
Impacts to natural 

environment
Economic feasibility

Institutional 
requirements

No action 0%

No change in cost in 
the short term.  
Assessments for 
maintenance of open 
canal may increase 
over time. none none

High in short term, in 
longterm may become 
costly to maintain 
open canal none

Pipe ditch and 
portions of 4 laterals 
with PVC 5% increase

Total project cost is 
about 2.2% less with 
PVC compared to 
HDPE

Approximately 5 acres 
disturbed during 
construction. Few man 
made structures 
impacted. Disturbed 
fences will be rebuilt. 
Bridges across canal 
become unnecessary.

Approximatley 5 acres 
disturbed during 
construction. 
Disturbed lands will be 
reclaimed. Loss of 
wildlife habitat will be 
mitigated off site.

High due to Bureau of 
Reclamation cost 
share funds already 
allocated

Approximately 5 new 
easements and 3 
adjustments of 
existing easements. 3 
road crossing permits 

Pipe ditch and 
portions of 4 laterals 
with HDPE 5% increase

Total project cost is 
about 2.2% less with 
PVC compared to 
HDPE

Approximately 5 acres 
disturbed during 
construction. Few man 
made structures 
impacted. Disturbed 
fences will be rebuilt. 
Bridges across canal 
become unnecessary.

Approximatley 5 acres 
disturbed during 
construction. 
Disturbed lands will be 
reclaimed. Loss of 
wildlife habitat will be 
mitigated off site.

High due to Bureau of 
Reclamation cost 
share funds already 
allocated

Approximately 5 new 
easements and 3 
adjustments of 
existing easements. 3 
road crossing permits 

Evaluation Factors

Analysis of Alernatives for the Orchard Ranch Ditch Improvement Project

Appendix C - Analysis of alternatives



Appendix D – Conceptual plan and cross section 

 
Trench evacuation and backfill 
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NRCS, CO 
September 2011 

Conservation practice standards are reviewed periodically and updated if needed.  To obtain 
the current version of this standard, contact your Natural Resources Conservation Service 
State Office or visit the Field Office Technical Guide. 

NATURAL RESOURCES CONSERVATION SERVICE 
CONSERVATION PRACTICE STANDARD 

IRRIGATION PIPELINE 
(Ft.) 

CODE 430

DEFINITION 

A pipeline and appurtenances installed to convey 
water for storage or application, as part of an 
irrigation water system. 

PURPOSE 

This practice may be applied as part of a 
resource management system to achieve one or 
more of the following purposes: 

• Conveyance of water from a source of supply 
to an irrigation system or storage reservoir. 

• Reduce energy use. 

• Develop renewable energy systems (i.e., in-
pipe hydropower). 

CONDITIONS WHERE PRACTICE APPLIES 

This standard applies to water conveyance and 
distribution pipelines installed above or below 
ground. 

This standard does not apply to multiple outlet 
irrigation system components (e.g., surface gated 
pipes, sprinkler lines, or micro irrigation tubing). 

CRITERIA 

General Criteria Applicable to All Purposes 

The water supply, quality, and rate of irrigation 
delivery for the area served by the pipeline shall 
be sufficient to make irrigation practical and 
feasible, for the crops to be grown and the 
irrigation water application methods to be used. 

Pipelines shall be placed only in soils and 
environmental conditions suitable for the material 
type being selected. 

Pipelines shall be designed to meet all service 
requirements such that internal pressure, 
including hydraulic transients or static pressure at 
any point is less than the pressure rating of the 
pipe. 

 

Capacity.  Capacity shall be sufficient to convey 
the design delivery flow rate for the planned 
conservation practices. 

Design capacity of the pipeline conveyance or 
distribution system for irrigation systems shall be 
sufficient to meet the requirements for efficient 
application based on one of the following: 

• Adequate to meet the moisture demands of 
all crops to be irrigated in the design area. 

• Sufficient to meet the requirements of 
selected irrigation events during critical crop 
growth periods when less than full irrigation 
is planned. 

• For special-purpose irrigation systems, 
sufficient to apply a specified amount of 
water to the design area in a specified 
operating period. 

In computing the above capacity requirements, 
allowance must be made for reasonable water 
losses during application or use. 

Friction and Other Losses.  For design 
purposes, head loss for hydraulic grade line 
computations shall be computed using one of the 
following equations: Manning’s, Hazen-Williams, 
or Darcy-Weisbach.   

Except where joints, connections, or condition of 
the pipe indicate that a more conservative value 
is required, the following equations and 
roughness coefficient are recommended: 

Material Equation 
Recommended 

Roughness 
Coefficient 

Source 

PVC 

Hazen 
Williams 

“C” 
150 

1 
Manning’s 

“n” 
.009 (clean 
water) 

Aluminum Manning’s 
“n” 0.010 2 

http://www.nrcs.usda.gov/about/organization/regions.html�
http://www.nrcs.usda.gov/technical/efotg�
PaulNK
Text Box
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Concrete Manning’s 
“n” 

0.011 Gasket 
0.012 Mortar 
0.014 Cast in 
Place 

3 

Polyethylene 

Hazen 
Williams 

“C” 
150 Smooth 
wall 4 

Manning’s 
“n” 

0.009   
0.012 Bell 
Ends 

4 

Corrugated/Profile 
Wall Plastic Pipe 

Manning’s 
“n” 

See manufacturer’s 
association 
recommended values; 

Steel, Smooth Manning’s 
“n” 

0.010 Lined  
0.012 Unlined 5 

Steel, Corrugated Manning’s 
“n” 

Varies w/diameter and/or 
shape of corrugation.  
See reference 6 or 7 

Reference Sources: 

1. Unibell. 2001. Handbook of PVC Pipe Design and 
Construction, 4th Ed.. Unibell PVC Pipe Assn. 
Dallas, TX. 

2. SCS. 1972. Practice Standard 430-A 
Underground Irrigation Tubing. 

3. ACPA. 2000. Concrete Pipe Design Manual. 
American Concrete Pipe Association. Irving, TX. 

4. PPI. Handbook of Polyethylene Pipe. Plastic Pipe 
Institute. www.plasticpipe.org 

5. SCS. 1972. Practice Standard 430-F Irrigation 
Pipe, Steel.  (AWWA M-11 recommends n = 
0.011) 

6. Brater, et.al.. 1996. Handbook of Hydraulics, 7th 
Ed.  McGraw-Hill. New York, NY. 

7. AISI. 1999.  Handbook of Steel Drainage & 
Highway Construction Products, 4th ed. American 
Iron and Steel Institute.  Washington, D.C. 

Equation selection shall be based on the given 
flow conditions and the pipe materials used. 
Other head losses (also called minor losses) from 
change in velocity and direction of flow due to 
inlet type, valves, bends, enlargements or 
contractions can be significant and shall be 
evaluated as appropriate. For closed, pressurized 
systems, the hydraulic grade line for all pipelines 
shall be maintained above the top of the pipeline 
at all locations for all flows unless specifically 
designed for negative internal pressures. 

Flexible Conduit Design.  Flexible conduits 
such as plastic pipe, steel pipe, aluminum pipe, 
corrugated metal pipe, or ductile iron pipe, shall 
be designed using NRCS National Engineering 
Handbook (NEH) Part 636, Chapter 52, 
Structural Design of Flexible Conduits, and the 
following criteria: 

Smooth Wall Plastic Pipe.  When operating at 
design capacity, the full-pipe flow velocity should 
not exceed 5 feet per second in pipelines with 
valves or some other flow control appurtenances 
placed within the pipeline or at the downstream 
end.  As a safety factor against surge, the 
working pressure at all locations and under all 
anticipated flow conditions should not exceed 72 
percent of the pressure rating of the pipe.  If 
either of these limits is exceeded, special design 
consideration must be given to the flow 
conditions, and measures must be taken to 
adequately protect the pipeline against transient 
pressures.  In all cases, the effects of surge 
pressures should be considered in the design of 
the pipeline.  Design considerations for PVC pipe 
are contained in the Handbook of PVC Pipe, and 
considerations for polyethylene (PE) and high 
density polyethylene (HDPE) pipe are outlined in 
the Handbook of PE Pipe. 

Corrugated or Profile Wall Plastic Pipe.  When 
operating at design capacity, the full-pipe flow 
velocity should not exceed 5 feet per second in 
pipelines with valves or some other flow control 
appurtenance placed within the pipeline or at the 
downstream end.  As a safety factor against 
surge, the working pressure at any point should 
not exceed 72 percent of the pressure rating of 
the pipe.  If the pipe is not pressure rated, the 
maximum allowable pressure shall be 25 feet of 
head, or the maximum pressure as specified by 
the manufacturer for the pipe and connecting 
joints used. 

Smooth Wall Steel Pipe.  The specified maximum 
allowable pressure shall be determined using the 
hoop stress formula, limiting the allowable tensile 
stress to 50 percent of the yield-point stress for 
the material selected.  The hoop stress formula 
and design stresses for commonly used steel and 
steel pipe are shown in the NEH Part 636, 
Chapter 52. 

The minimum wall thickness for steel pipe shall 
be as follows: 

Nominal Diameter 
(inches) Wall Thickness 

4-12  14 ga. 
14-18 
20-24 
26-36 

12 ga. 
10 ga. 

3/16 inch 
38-48 1/4 inch 

 

PaulNK
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Corrugated Metal Pipe.  Maximum allowable 
pressure for the pipe shall be: 

• 20 feet of head for annular and helical pipe 
with sealed seams and watertight coupling 
bands.  

• 30 feet of head for helical pipe with welded 
seams, annular ends, and watertight 
couplings. 

Smooth Wall Aluminum Pipe.  The maximum 
allowable pressure of the pipe shall be 
determined using the hoop stress formula limiting 
the allowed tensile stress to 7,500 psi.  Refer to 
the procedures shown in NEH Part 636, Chapter 
52. 

Rigid Conduit Design.  Rigid conduits such as 
concrete pipe or plastic mortar pipe shall be 
designed using the following criteria: 

Non-reinforced Concrete Pipe with Mortar Joints.  
The maximum allowable pressure for pipe with 
mortar joints shall not exceed one-fourth of the 
certified hydrostatic test pressure as determined 
by the test procedure described in ASTM C118. 
Nor shall they exceed the following: 

Diameter       
(inches) 

Maximum Allowable 
Pressure (feet) 

6 through 8 40 

10 and greater 35 

Non-reinforced Concrete Pipe with Rubber 
Gasket Joints.  The maximum allowable pressure 
for non-reinforced concrete pipe with rubber 
gasket joints shall not exceed one-third the 
certified hydrostatic test pressure as determined 
by the test procedure described in ASTM C505.  
Nor shall they exceed the following: 

Diameter         
(inches) 

Maximum Allowable 
Pressure (feet) 

6 through 12 50  

15 through 18 40 

21 and greater 30 
Cast-in-Place Concrete Pipe.  Maximum working 
pressure for cast-in-place concrete pipe shall be 
15 feet above the centerline of pipe.  Cast–in-
place concrete pipe shall be used only in stable 
soils that are capable of being used as the 

outside form for approximately the bottom half of 
the conduit. 

Reinforced Concrete Pipe with Gasket Joints.  
The maximum allowable pressure for reinforced 
concrete pipe with rubber gasket joints shall not 
exceed the rated hydrostatic pressure for the 
specified pipe according to appropriate ASTM or 
AWWA standards.  

Reinforced Plastic Mortar Pipe.  The pipeline 
shall be designed to meet all service 
requirements without a static or working pressure 
at any point greater than the maximum allowable 
working pressure of the pipe used.  The static or 
working pressure of pipelines open to the 
atmosphere shall include free board. The 
minimum acceptable pipe pressure rating shall 
be 50 psi. 

Support of Pipe.  Irrigation pipelines both below 
and above ground shall be supported, where 
needed, to provide stability against external and 
internal forces.  Pipe support shall be designed 
using NEH Part 636, Chapter 52. 

Joints and Connections.  All connections shall 
be designed and constructed to withstand the 
pipeline working pressure without leakage and 
leave the inside of the pipeline free of any 
obstruction that would reduce capacity. 

Permissible joint deflection shall be obtained from 
the manufacturer for the joint type and pipe 
material used.  

For sloping steel pipe, expansion joints shall be 
placed adjacent to and downhill from anchors or 
thrust blocks.  

For welded pipe joints, expansion joints shall be 
installed, as needed, to limit pipeline stresses to 
the allowable values. 

For suspended pipelines, joints shall be designed 
for pipe loading including the water in the pipe, 
wind, ice, and the effects of thermal expansion 
and contraction. 

Joints and connections for metal pipes should be 
of similar materials whenever possible.  If 
dissimilar materials are used, the joints or 
connections shall be protected against galvanic 
corrosion.  

Depth of Cover.  Buried pipe shall be installed at 
sufficient depth below the ground surface to 
provide protection from hazards imposed by 
traffic loads, farming operations, freezing 
temperatures, or soil cracking, as applicable. 
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Pipelines shall have sufficient strength to 
withstand all external loads on the pipe for the 
given installation conditions.  Appropriate live 
loads shall be used for the anticipated traffic 
conditions.  Refer to NEH Part 636, Chapter 52 
for procedures to analyze external loads on 
buried pipe. 

Shallow buried or above ground pipe installations 
require special consideration for protection from 
physical and environmental hazards.  Refer to 
NEH Part 636, Chapter 52 for guidance when the 
depth of cover is less than the minimums 
specified below. 

The minimum depth of cover for pipe susceptible 
to any of these hazards shall be: 

Diameter (inches) Depth of Cover 
(inches) 

½ through 2½ 18 
3 through 5 24 
6 or more 30 

All sizes in soils subject to 
cracking 

36 

 
In areas where pipe is not be susceptible to 
freezing,  vehicular, or cultivation hazards, and 
the soils do not crack appreciably when dry, the 
minimum depth of cover may be reduced to: 
 

Diameter (inches) Depth of Cover 
(inches) 

½ through 1½ 6 
2 through 5 12 
4 through 6 18 
6 or more 24 

At low places on the ground surface, extra fill 
may be placed over the pipeline to provide the 
minimum depth of cover.  The top width of the fill 
shall be no less than 10 feet and the side slopes 
no steeper than 6:1. 

Where it is not possible to achieve sufficient 
cover or sufficient strength, a carrier 
(encasement) pipe or other mechanical 
measures shall be used. 

Pressure Reduction.  Pressure reduction shall 
be incorporated in circumstances such as head 
gain exceeding pressure loss by a significant 
amount, excessive line pressures for the type of 
irrigation system supplied, or excessive static 
pressures. 

Inlets.  Inlets shall be of adequate size for the 
type of entrance condition to ensure design flow 
capacity without excessive head losses. 

Provision shall be made to prevent the inflow of 
trash or other materials into the pipeline if these 
materials would be detrimental to the pipe 
capacity or performance of the irrigation 
application system. 

For gravity flow inlets with square-edged or gated 
orifices, the nappe created by inflow at the orifice 
entrance shall be vented. 

Water control structures, stands, Z-pipes and 
dog-legs are all acceptable inlet devices.  Water 
control structures are commonly used for gravity 
flow pipelines, but do not account for removal of 
entrained air.  Therefore, pipelines using these 
inlets must also meet the requirements listed 
under Vents. 

Check Valves and Backflow Prevention.  A 
check valve shall be installed between the pump 
discharge and the pipeline if detrimental backflow 
may occur. Check valves can cause extreme 
internal pressures, due to water hammer; if they 
close too fast as flow reversal occurs.   “Non 
slam” type check valves or solenoid operated 
valves may be required. 

Approved backflow prevention devices 
(chemigation valves) shall be used on all 
pipelines in which fertilizer, liquid manure, waste 
water, pesticides, acids, or other chemicals are 
added to the water supply and where back flow 
may contaminate the source water supply or 
groundwater.  

Valves and Other Appurtenances.  Pressure 
ratings of valves and other appurtenances shall 
equal or exceed the pipeline working pressure.  
When lever operated valves are used, an 
analysis shall be performed to evaluate potential 
surge/water hammer assuming an instantaneous 
valve closure. 

Stands Open to the Atmosphere.  Stands shall 
be used when water enters the pipeline to avoid 
entrapment of air; to prevent surge pressures and 
collapse because of vacuum failure; and to 
prevent pressure from exceeding the design 
working stress of the pipe.  The stand shall be 
designed to: 

• Allow a minimum of 1 foot of freeboard.  The 
maximum height of the stand above the 
centerline of the mainline pipeline must not 
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exceed the maximum working head of the 
pipe. 

• Have the top of each stand at least 4 feet 
above the ground surface except for surface 
gravity inlets or where visibility is not a factor.  
Gravity inlets and stands shall be equipped 
with trash racks and covers. 

• Have a downward water velocity in stands 
not in excess of 2 feet per second.  The 
inside diameter of the stand shall not be less 
than the inside diameter of the pipeline. 

The cross sectional area of stands may be 
reduced above a point 1 foot above the top of the 
upper inlet, but the reduced cross section shall 
not be such that it would produce an average 
velocity of more than 10 feet per second if the 
entire flow were discharging through it. 

If the water velocity of an inlet pipe exceeds three 
times the velocity of the outlet, the centerline of 
the inlet shall have a minimum vertical offset from 
the centerline of the outlet at least equal to the 
sum of the diameters of the inlet and outlet pipes. 

Stands shall be constructed of steel pipe or other 
approved material and be supported on a base 
adequate to support the stand and prevent 
movement or undue stress on the pipeline.   

Sand traps, when combined with a stand, shall 
have a minimum inside dimension of 30 inches 
and shall be constructed so the bottom is at least 
24 inches below the invert of the outlet pipeline.  
The downward velocity of flow of the water in a 
sand trap shall not exceed 0.25 feet per second.  
Suitable provisions shall be made for cleaning 
sand traps. 

The dimensions of gate stands shall be adequate 
to accommodate the gate or gates required, and 
shall be large enough to make the gates 
accessible for repair. 

The size of float valve stands shall be adequate 
to provide accessibility for maintenance. 

Stands must be constructed in a manner to 
insure vibration from the pump discharge pipe is 
not carried to the stand. 

Pressure-relief valves can be used as an 
alternative to stands open to the atmosphere.  A 
pressure-relief valve shall serve the pressure-
relief function of the open stand or vent for which 
it is an alternative.   

Stands Closed to the Atmosphere.  If pressure-
relief valves and air-and-vacuum valves are used 

instead of open stands, all requirements detailed 
in “Stands Open to the Atmosphere” shall apply 
except as modified below. 

The inside diameter of the closed stand shall be 
equal to or greater than that of the pipeline for at 
least 1 foot above the top of the uppermost inlet 
or outlet pipe.  To facilitate attaching the 
pressure-relief valve and the air-and-vacuum 
valve, the stand may be capped at this point, or if 
additional height is required, the stand may be 
extended to the desired elevation by using the 
same inside diameter or a reduced cross section.  
If a reduced section is used, the cross-sectional 
area shall be such that it would produce an 
average velocity of no more than 10 feet per 
second if the entire flow were discharged though 
it.  If no vertical offset is required between the 
pump discharge pipe and the outlet pipeline and 
the discharge pipe is “dog-legged” below ground, 
the stand shall extend at least 1 foot above the 
highest part of the pump discharge pipe. 

An acceptable alternative design for stands 
requiring no vertical inlet offset (when inlet 
velocity is less than three times that of the 
outletting pipeline) shall be: 

• Construct the dog-leg section of the pump 
discharge pipe with the same nominal pipe 
diameter as that of the pipeline. 

• Install the pressure-relief valve and the air-
and-vacuum valve on top of the upper 
horizontal section of the dog-leg. 

Pressure-relief and air-and-vacuum valves shall 
be installed on stands with the nominal size pipe 
required to fit the valves’ threaded inlets. 

Surge Tanks and Air Chambers.  If surge tanks 
and/or air chambers are required for control of 
hydraulic transients or water column separation, 
they shall have adequate size to ensure the 
water volume needs of the pipeline are met 
without the tank/chamber being emptied, and that 
the required flow into the pipeline for the 
calculated pressure drop is met. 

Pressure Relief Valves.  A pressure relief (PR) 
valve shall be installed between the pump 
discharge and the pipeline if excessive pressure 
can build up when all valves are closed. If 
needed to protect the pipeline against pressure 
reducing valve malfunction or failure, PR valves 
shall be installed downstream of pressure 
reducing valves.  Pressure relief should be 
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provided upstream from valves and at the 
downstream end of pipeline sections as needed. 

Manufacturers of PR valves marketed for use 
under this standard shall provide capacity tables 
that give the discharge capacities of the valves at 
the maximum permissible pressure and 
differential pressure settings.  These tables shall 
be based on performance tests, and shall be the 
basis for acceptance of these valves and 
selection of the design pressure setting. 

PR valves shall be set to open at a pressure as 
low as practical, but no greater than 5 psi above 
the pressure rating or maximum allowable 
pressure of the pipe.  The valves shall have 
sufficient flow capacity to reduce the excessive 
pressures in the pipeline.  In lieu, of a detailed 
surge/pressure analysis, the minimum size of PR 
valve shall be ¼ inch nominal valve size per inch 
of the nominal pipeline diameter. 

The pressure at which the valves start to open 
shall be marked on each PR valve.  Adjustable 
PR valves shall be sealed or otherwise altered to 
prevent changing the adjustment from that 
marked on the valve. 

Air Release Valves.  Five types of air 
vents/valves commonly used on irrigation 
pipelines are continuous acting air release valves 
(CAV), vacuum-relief valves (VR), air release and 
vacuum relief valves (AVR), combination air 
valves (COMB), and open vents.  Open vents are 
described in the “Vents” section of this standard. 

If accumulation of air during operation may occur 
CAV shall be used to release air from the filled 
pipeline while under pressure. Normal orifice 
venting diameter is 1/16 to 3/8 inch.  

VR valves shall be used for relief of vacuum 
pressures (i.e., negative pressures) due to 
sudden gate or valve closure, pump shutoff, or 
drainage of the pipeline. 

AVR valves may be used for the same 
requirements described for VR valves.  These 
valves shall also be used to release air from the 
pipeline on filling prior to the pipe being 
pressurized.  They shall be used to alleviate flow 
restrictions, air locks, and water surging due to 
the presence of air within pipelines.  

COMB valves have the combined function of all 
three valves (CAV, VR, and AVR) in one body.  
COMB valves may be used for any of the 
conditions in which a CAV, VR, or AVR is 
required.  

If needed to provide positive means for air 
escape during filling and air entry while emptying, 
an AVR, VR, or COMB valve shall be installed at 
all summits, upstream and downstream of all in-
line valves as needed, at the entrance, and at the 
downstream end(s) of the pipelines.  Such valves 
are needed at these locations if the pipeline is 
closed to the atmosphere.  However, they may 
not be needed if other features of the pipe 
system, such as permanently located sprinkler 
nozzles or other unclosed service outlets, 
adequately vent the particular location during 
filling and emptying operations.  The use of these 
system features must be analyzed for air flow 
rate and the proper use of such features 
described in the Operation and Maintenance 
plan.  High points in the pipeline require a CAV 
unless an outlet is located at that point. 

In addition to the locations described above, an 
AVR or COMB valve shall be located at changes 
of grade in downward direction of flow in excess 
of 10 degrees, to ensure adequate air release 
during filling.  On long pipelines, additional AVR 
or COMB valves may be required to adequately 
vent the pipe during filling.  

For air release, the AVR or COMB valve shall be 
sized to exhaust air from the pipeline at the rate 
needed to prevent operational problems with the 
pipeline, while maintaining the proper operation 
of the valve.  For design purposes, the exhaust 
pressure differential shall be limited to 2 psi.  
Long pipelines may require CAV (in addition to 
AVR) or COMB valves spaced in the range of 
1,200 to 3,000 feet.  Without some site specific 
analysis a spacing of ¼ mile is recommended. 

For vacuum relief, the AVR, VR, or COMB valves 
shall be sized for air entry into the pipeline, 
ensuring the pipeline does not collapse due to 
vacuum created during drainage of the pipeline.  
For design purposes, the vacuum pressure 
differential shall be limited to the computed pipe 
collapse pressure or 5 psi, whichever is smaller. 

If the required vacuum relief orifice diameter is 
significantly larger than the required air release 
orifice diameter, separate valves may be required 
to help eliminate excessive water hammer 
caused when the air is released too fast from the 
pipeline.  

CAV or COMB valves shall be used as needed to 
permit air to escape while the line is at working 
pressure.  Small orifices of these valve types 
shall be sized according to the design working 
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pressure and venting requirements 
recommended by the valve manufacturer. 

The location of the CAV or COMB valves shall be 
sufficient distance downstream from the 
introduction of air into the system (under 
pressure conditions) to allow the air to be 
collected at the top of the pipe.  Under some 
circumstances (e.g., pumped system with low 
pressure or velocity) consideration should be 
given to installing vent chambers for CAV or 
COMB valves.  The vent chamber should be 
constructed according to the requirements under 
the second criterion in the “Vents” section of this 
standard. 

Air vent size shall be based on pipeline size, pipe 
slope towards drains, and filling requirements.  
For pipeline size up to 3-inch diameter, 1/2-inch 
valves are generally adequate for filling 
operations, or preventing a vacuum from forming 
during emptying.  For other pipe sizes, guidance 
for sizing air valves may be found in various 
valve manufacturers’ literature (e.g., Val-Matic 
Valve Corp. or Crispin Valve) or in Appendix B of 
the AgPipe User Manual. 

In lieu of a detailed design, for the corresponding 
pipe material below, the following size air valves 
shall be used: 

• For Plastic ≤ 50 psi - 0.22 x pipe diameter 

• For Plastic > 50 psi - 0.10 x pipe diameter 

• For Metal - 0.125 x pipe diameter 

• For Concrete - 0.125 x pipe diameter 

• For Aluminum:  < 6” Dia. Pipe -  2-inch dia. 
                           8” to 10” -  3-inch dia. 

                               12” -  4-inch dia. 

Manufacturers of air valves marketed for use 
under this standard shall provide dimensional 
data or a capacity table based on performance 
tests, which shall be the basis for selection and 
acceptance of these valves. 

Vents.  Venting must be designed into systems 
open to the atmosphere to provide for the 
removal and entry of air and protection from 
surge.  The following criteria shall apply: 

• Vents shall have a minimum freeboard of 1 
foot above the hydraulic gradeline at design 
capacity.  The maximum height of the vent 
above the centerline of the pipeline must not 
exceed the maximum allowable working 
pressure of the pipe. 

• A vent chamber shall be constructed to 
intercept and/or capture air within the 
pipeline.  The chamber shall intercept the 
circumference arc of 75 degrees at the top of 
the pipe (i.e., a vent chamber diameter of 2/3 
the diameter of the pipeline).  The chamber 
shall extend vertically at least one pipeline 
diameter up from the centerline of the 
pipeline.  Above this elevation, the vent 
chamber may be reduced to minimum 
diameter of 2 inches. 

• When an AVR or COMB valve is used 
instead of a vent, the above requirements 
shall apply except that the reduced section 
shall be sized to meet the nominal pipe size 
required to fit the valve’s threaded inlet.  An 
acceptable alternative is to install the valve(s) 
in the side of a service outlet, provided that 
the service outlet riser is properly located and 
adequately sized.  If both AVR and PR 
valves are required at the location, the 10 
feet per second velocity criteria given under 
the “Stands Open to the Atmosphere” section 
of this standard, shall apply to the reduced 
section. 

• Vent chambers shall be installed on all open 
vents and closed vents with air valves, when 
the normal operating pressure of the pipe is 
10 psi or less.  

• A vent shall be located at the downstream 
end of laterals, at summits in the line, and at 
points where the grade changes more than 
10 degrees in a downward direction of flow.  

• A study of irrigation pipeline venting 
observed that individual bubbles, in general, 
rise to the top of the pipe and are carried by 
flowing water until released by a vent.  The 
distance for the bubbles to rise to the surface 
is a function of pipeline velocity and 
diameter.  The following equation gives 
general guidance regarding the distance from 
a pipeline inlet to an air vent:  

L = 1.76 V D 

Where: L = Distance from inlet to vent (ft) 
V = Average velocity (ft/sec)  
D = Inside diameter of pipe (ft) 

Outlets.  Appurtenances to deliver water from 
the pipe system to the field, ditch, reservoir, or 
surface pipe system, are known as outlets.  
Outlets shall have adequate capacity and 
pressure rating to deliver the required flow to: 
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• The hydraulic gradeline of a pipe or ditch, 

• A point at least 6 inches above the field 
surface, 

• The design surface elevation in a reservoir, 
or 

• An individual sprinkler, lateral line, hydrant, 
or other device at the required operating 
pressure. 

Outlets shall be designed to minimize erosion, 
physical damage, or deterioration due to 
exposure. 

Filling.  The pipe system shall have a means of 
controlling the filling of the pipeline to prevent 
entrapped air and excessive transient pressures. 

Filling velocities greater than 1 foot per second in 
a closed-to-the-atmosphere pipe system (i.e., all 
outlets closed) requires special evaluation and 
provisions to remove entrapped air and prevent 
transient pressures. 

If filling at a low flow rate is not possible, the 
system shall be open to the atmosphere (outlets 
open) prior to pressurizing.  The valves to 
supplied irrigation system components (gated 
pipe, wheel line, pivot, etc.) should be opened to 
release entrapped air and minimize transient 
pressures in the system. The system shall be 
designed for air removal and excessive transient 
pressures that may develop at higher filling rates. 

Flushing.  If the sediment load in the water is 
significant, the pipeline shall have adequate 
velocity to ensure that sediment is moved 
through and flushed out of the pipeline. 

If provisions are needed for flushing sediment or 
other foreign material, a suitable valve shall be 
installed at the downstream end(s) or low point(s) 
of the pipeline. 

Draining.  Provisions shall be made for the 
complete removal of water from the pipeline by 
gravity or other means when:  

• Freezing temperatures are a hazard. 

• Draining is required by the pipe 
manufacturer. 

• Draining of the pipeline is otherwise 
specified. 

The water drained from pipelines shall not cause 
water quality, soil erosion, or safety problems 
upon release. 

Safe Discharge of Water.  Provisions shall be 
made for water being discharged from valves, 
especially air valves and pressure relief valves.  
Such valves shall be located such that flows are 
directed away from system operators, livestock, 
electrical equipment, and other control valves or 
hook-ups.  

Thrust Control.  Abrupt changes in pipeline 
grade, horizontal alignment, tees, or reduction in 
pipe size, normally require an anchor or thrust 
blocks to absorb pipeline axial thrust.  Thrust 
control is typically needed at the end of the 
pipeline, at in-line control valves, at reducers, and 
at wyes, tees, and elbows. 

The pipe manufacturer’s recommendations for 
thrust control shall be followed.  In absence of 
manufacturer’s data, thrust blocks shall be 
designed using NEH Part 636, Chapter 52. 

Longitudinal Bending and Joint Deflection.  
For plastic pipe, the allowable longitudinal 
bending for the pipeline shall be based on 
material type and the pressure rating, and shall 
be in accordance with industry standards, or as 
described in NEH Part 636 Chapter 52. 

Industry standards for PVC pipe generally 
recommend a maximum joint deflection of one 
degree for gasketed pipe joints only.  For a 20 
foot piece of pipe, this is a four inch offset per 
joint. The minimum radius of curvature for 20’ 
joints is 1,146 feet.  The following equation can 
be used to determine joint deflection angles or 
curve radii for various lengths of pipe. 

      Joint Deflection Angle (degrees) = 
















×
L

R π
180

Where:                                                                   
R = Curve Radius in ft.   
π = 3.1416       
L = Pipe Length in ft. 

Thermal Effects.  For plastic pipe, thermal 
effects must be properly factored into system 
design.  Pressure ratings for pipes are normally 
based on a pipe temperature of 73.4ºF. When 
operating temperature is higher the effective 
pressure rating of the pipe shall be reduced 
accordingly. 

Values and procedures for pressure rating 
reduction shall follow information described in the 
NEH Part 636, Chapter 52. 
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The pipe pressure rating shall be reduced where 
the pipe environment or fluid temperatures 
exceed 73.4o F using the factors in the following 
table, or factors obtained from the manufacturer.   

 
Strength Reduction Factors for High 

Temperatures 

Temperature, ºF Buried 
PVC Pipe PE Pipe 

< 73.4 1.0 1.0 
80 0.88 0.92 
90 0.75 0.81 
100 0.62 0.72 
110 0.50 0.63 
120 0.40 0.60 
130 0.30 0.55 
140 0.22 0.50 

 

Physical Protection.  Steel pipe installed above 
ground shall be galvanized or shall be protected 
with a suitable protective paint coating, including 
a primer coat and a minimum of two final coats. 

Plastic pipe installed above ground shall be 
resistant to ultraviolet light throughout the 
intended life of the pipe or measures taken to 
protect the pipe from damage due to ultraviolet 
light.  PVC pipe and fittings installed above 
ground shall be protected from ultraviolet 
oxidation by painting with a heavy pigmented, 
exterior water-based latex paint. 

All pipes shall be protected from hazards 
presented by traffic loads, farm operations, 
freezing temperatures, fire, thermal expansion 
and contraction.  Reasonable measures shall be 
taken to protect the pipe from potential 
vandalism. 

Corrosion Protection.  All metal to metal fittings, 
such as risers, bends, tees, and reducers, should 
be of similar metals.  If dissimilar metals are 
used, the fittings shall be protected against 
galvanic corrosion (e.g., separate dissimilar 
metals with rubber or plastic insulator). 

Bolts used to join galvanized steel shall be 
galvanized; plastic coated, stainless steel, or 
otherwise protected to prevent galvanic 
corrosion.  Bolts used to join aluminum, other 
than aluminum alloy bolts, must be plastic coated 
or otherwise protected to prevent galvanic 
corrosion. 

Interior Linings.  Interior protective lining shall be 
provided when the pH of the water falls outside 
the ranges shown in the following table. 

Material  
 

Water pH 
 

Aluminized Steel Less than 5 or 
greater than 9 

Galvanized Steel Less than 6 or 
greater than 10 

Aluminum Alloy Less than 4 or 
greater than 10 

Unlined steel pipelines can experience corrosion 
from very pure water (e.g., snow melt).  If the 
Langelier Saturation Index (LSI) is less than -1.0, 
interior corrosion protection shall be provided.  
LSI values less than 0 indicate corrosive 
conditions.  An LSI number equal to zero 
indicates a balanced condition.  Calcium 
Carbonate will tend to form with LSI numbers 
greater than 0.  

To calculate the LSI, it is necessary to know the 
alkalinity (mg/l as CaCO3), the calcium hardness 
(mg/l Ca+2 as CaCO3), the total dissolved solids 
(mg/l TDS), the actual pH, and the temperature of 
the water (°C). These values are used in the 
following equations: 

LSI = pH - pHs 

pHs = (9.3 + A + B) - (C + D) 

Where:  

A = (Log10 [TDS] - 1) / 10 

B = -13.12 x Log10 (°C + 273) + 34.55 

C = Log10 [Ca+2 as CaCO3] - 0.4 

D = Log10 [alkalinity as CaCO3] 

Interior pipe coatings can be selected from one of 
the following methods if the applied coating 
meets the requirements of the applicable 
reference specification: 

Accepted Interior Coating Reference Specification 

Coal Tar Enamel Coating AWWA C203 

Cement Mortar Lining AWWA C205 

Liquid Epoxy AWWA C210 
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Exterior Protective Coatings.  All buried steel 
pipelines shall have a Class A or Class B Coating 
as follows:  (1).  A Class A coating shall be 
provided if the Resistivity Survey shows that 
either (a) 20 percent or more of the total surface 
area of the pipeline will be in soil having a 
resistivity of 1,500 ohm-cm or less or (b) 10 
percent or more of the total surface area of the 
pipeline will be in soil having a resistivity of 750 
ohm-cm or less; (2)  A Class B coating shall be 
provided for pipe to be installed in uniform soils 
having a resistivity greater than 1,500 ohm-cm. 

A Class A coating method shall be selected 
based on consideration of the on-site physical, 
chemical, and biological conditions that may 
contribute to exterior corrosion of the pipeline, 
using procedures described in one or more of the 
design references listed in the Reference Section 
of this standard. 

A Class A Coating can be selected from one of 
the following methods if the applied coating 
meets the requirements of the applicable 
reference specification: 

Accepted Type A Coating Reference Specification 

Coal Tar Enamel Coating    
(Including asbestos felt or 
inert outer wrap) 

AWWA C203 

Tape Coating System                 
(80 mil min. thickness) 

AWWA C214 

Polyurethane Coating     
(25 mil min. thickness) 

AWWA C222 

 

 A Class B Coating can be selected from one of 
the following methods if the applied coating 
meets the requirements of the applicable 
reference specification:  (Note: Class A coatings 
are also acceptable for Class B) 

Accepted Type B Coating Reference Specification 

Coal Tar Enamel Coating   
(Excluding asbestos felt 
or inert outer wrap) 

AWWA C203 

Epoxy Coating                    
(16 mil min. thickness) 

AWWA C210 or 213 

Tape Coating System                   
(50 mil min. thickness) 

AWWA C214 

Prefabricated Tape 
Coating, 20 mil min. 

AWWA C209 

Coatings on all fittings shall provide equal 
protection to the specified coating. 

Supplementary cathodic protection shall be 
provided if the soil resistivity survey shows that 
any part of the pipeline will be in soil whose 
resistivity is less than 10,000 ohm-cm unless 
galvanized pipe is used.  Pipe to soil potential 
shall be not less than 0.85 V negative, referred to 
as a copper/copper sulfate reference electrode, 
with the cathodic protection installed.  The initial 
anode installation shall be sufficient to provide 
protection for a minimum of 15 years. 

Galvanized steel pipe may be used when the soil 
resistivity is greater than 4000 ohm-cm. 

Hot-dipped asphalt or polymeric-coated, 
galvanized steel pipe shall be provided if the soil 
resistivity along any part of the pipeline is 
between 3000 and 4000 ohm-cm. In addition to 
the above coatings, cathodic protection shall be 
provided for galvanized steel pipe if the soil 
resistivity is less than 3000 ohm-cm. 

Aluminized steel pipe may be used when the soil 
resistivity is greater than 1500 ohm-cm and the 
soil pH is between 5 and 9. 

Aluminum alloy pipe may be used when the soil 
resistivity is greater than 500 ohm-cm and the 
soil pH is between 4 and 10. 

When cathodic protection is required, joints and 
connecting bands shall be electrically bridged to 
ensure continuous flow of current. A dielectric 
connection shall be placed between the pump 
and the pipeline and between pipes with different 
coatings. 

The total current required, kind and number of 
anodes needed, and life expectancy for the 
cathodic protection shall be designed in 
accordance with NRCS Design Note 12, Control 
of Underground Corrosion. 

Resistivity Measurement Requirements for 
Metal Pipe.  If risk of corrosion is “high” based on 
the Cooperative Soil Survey’s Soil Features 
Report, soil-resistivity measurements shall be 
conducted to determine corrosion protection 
requirements. For this purpose, field resistivity 
measurements shall be made or samples for 
laboratory analysis shall be taken at least every 
400 feet along the proposed pipeline and at 
points where a visible change in soil 
characteristics occurs.  If adjacent readings differ 
markedly, additional measurements shall be 
taken to locate the point of change.  Resistivity 
determinations shall be made at two or more 
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depths in the soil profile at each sampling station; 
with the lowest depth at the stratum in which the 
pipe will be laid.  The lowest value of soil 
resistivity found at each sampling station shall be 
used as the design value for that station. 

After the pipe trench is excavated, a detailed soil 
resistivity survey shall be made as a verification 
of the final required cathodic protection. At this 
time, resistivity measurements shall be made in 
each exposed soil horizon at intervals not 
exceeding 200 feet.  The lowest value of soil 
resistivity found at each sampling station shall be 
used as the design value for that station.  If 
design values for adjacent stations differ 
significantly, additional intermediate 
measurements shall be made. 

Electric Fields.  An electric field can develop 
where a metal pipeline is installed adjacent to an 
existing metal pipeline. This situation can 
adversely affect the new pipeline.  The new 
pipeline shall be adequately protected from this 
condition. 

Environmental Constraints for Aluminum 
Pipe.  Water quality shall be considered for 
aluminum pipeline installations.  A copper content 
in excess of 0.02 ppm produces nodular pitting 
and rapid deterioration of the pipe if water is 
allowed to become stagnant.  When the copper 
content exceeds this limit, the pipeline shall be 
designed to allow draining after each use.  

Protection from corrosion shall be provided for 
aluminum pipe installed in contact with concrete. 

Environmental Constraints for Concrete Pipe.  
Concrete pipelines shall not be installed on sites 
where the sulfate-salt concentration in the soil or 
soil water exceeds 1.0 percent.  On sites where 
the sulfate concentration is more than 0.1 percent 
but not more than 1.0 percent, concrete pipe may 
be used only if the pipe is made with Type V or 
Type II cement, with tricalcium aluminate content 
not exceeding 5.5 percent. 

Additional Criteria Applicable to Reduce 
Energy Use 

Provide analysis to demonstrate reduction of 
energy use from practice implementation. 

Reduction of energy use is calculated as average 
annual or seasonal energy reduction compared 
to previous operating conditions. 

Additional Criteria Applicable to Develop 
Renewable Energy Systems 

Renewable energy systems shall meet applicable 
design criteria in NRCS and/or industry 
standards, and shall be in accordance with 
manufacturer’s recommendations.  Hydropower 
systems shall be designed, operated, and 
maintained in accordance with the 
Microhydropower Handbook, Sections 4 and 5, 
as appropriate. 

CONSIDERATIONS 

General.  Limiting the working pressure of 
pipelines to 72% of the pressure rating of the 
pipe or limiting the velocity to 5 feet per second 
does not necessarily eliminate the need to 
evaluate the effects of surge pressure.  The 
effects of surge pressure on the pipeline should 
be evaluated in all situations. 

Careful consideration should be given to 
determining the “working pressure” of pipelines.  
For example, for pipelines with downstream 
controls or in-line valves, consider the working 
pressure to be the static head on the pipeline at 
that point, rather than the pressure in the pipe 
under flowing conditions.  Consider, also, the 
possibility of in-line valves being installed in 
open-flow pipelines in the future.  For gravity 
flow, static head could be defined as the pressure 
in the pipeline based on the distance between 
the static water level and the pipe centerline.  For 
pumped systems, the static head could be 
determined by the distance between the 
centerline of the pipe and the hydraulic grade line 
created by the pump “shutoff head”. 

Pump shutoff head data can be obtained from the 
pump manufacturer.  If this data is not available, 
the shutoff head for centrifugal pumps can be 
estimated by using the formula: 

              PS = (d n /1840)2 

Where:   
PS = shutoff head in feet of water 
d = pump impeller diameter in inches 
n = speed of impeller, rpm 

Hydraulic transients (surge pressures) due to 
valve closures can be minimized by closing the 
valve slowly.  Consider the following: 

• Avoid the use of quick closing, quarter-turn 
valves such as lever-operated butterfly 
valves, if possible.   
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• Specify slow closing valves, geared valve 
operators, “anti-slam” air valves, or other 
similar devices. 

Safety.  Pipelines may present a threat to the 
safety of people and property, during both 
installation and operation.  Consider safety as 
follows: 

• Address trench safety in design and during 
construction. 

• Provide protection for people from inlets of 
pipelines and open stands. 

• Provide protection for people from water 
blowing from pressure-relief, air-release, and 
other valves. 

• Determine the existence or non-existence of 
underground utilities prior to construction. 

Protection of Pipeline and Appurtenances.  
Consider protection of the pipeline and all 
appurtenances from potential damage: 

• Locate the pipeline and above-ground 
appurtenances and control structures to 
minimize potential damage from equipment 
and tillage practices. 

Protect all above-ground appurtenances and 
control structures from possible damage by 
livestock and wildlife. 

Economic.  Economics can be a major factor in 
pipeline design, as follows: 

• Select pipe based on lifetime energy 
requirements, as well as initial costs of 
materials. 

• Select pipe material based upon expected 
life of practice. 

• Consider hydropower applications as 
alternatives to use of pressure reduction 
valves or reduced pipe diameter to induce 
friction loss. 

Water Quality and Quantity.  The effects of an 
irrigation pipeline on water quality and quantity 
should be considered when designing an 
irrigation pipeline. Consider the effects: 

• On the water budget, especially on infiltration 
and evaporation, 

• On downstream flows or aquifers that would 
affect other water uses or users, 

• On potential use for irrigation management, 

• Of installing a pipeline in vegetation that may 
have been located next to the original 
conveyance, 

• Of installing the pipeline (replacing other 
types of conveyance) on channel erosion or 
the movement of sediment and soluble and 
sediment-attached substances carried by 
water, 

• On the movement of dissolved substances 
into the soil and on percolation below the root 
zone or to ground water recharge, 

• Of controlled water delivery on the 
temperatures of water resources that could 
cause undesirable effects on aquatic and 
wildlife communities, 

• On wetlands or water-related wildlife 
habitats, and 

• On the visual quality of water resources. 

Environment.  Base pipe material selection on 
exposure considerations (such as soil resistivity, 
pH, sunlight, and traffic). Soil texture, resistivity, 
pH, moisture content, redox potential and depth 
are important soil properties to be aware of for 
pipelines and in reducing soil limitations related 
to corrosivity, or packing of soil material. Refer to 
soil survey information of the area and on-site 
soil investigations should be considered during 
planning and design processes. 

The Langelier Saturation Index and related 
indices may be a factor in determining type of 
material to use for a pipeline. 

Pipelines installed below the ground surface 
should have a soil plan describing soil 
reconstruction of disturbed soil during and after 
pipeline installation so original soil productivity is 
restored after pipeline installation.  Appropriate 
vegetation should be established to stabilize 
disturbed areas that will not be cropped. 

Follow State and Federal laws and regulations 
regarding cultural resources. 

PLANS AND SPECIFICATIONS 

Prepare plans and specifications for irrigation 
pipelines that describe the requirements for 
applying the practice according to this standard.  
As a minimum the plans and specifications shall 
include: 

• A plan view of the layout of the pipeline. 

• Profile of the irrigation pipeline. 
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• Pipe material and sizes. 

• Pipe joint requirements. 

• Locations and details for all appurtenances 
and control structures. 

• Locations and specifications for all thrust 
blocks. 

• Site specific construction specifications that 
describe in writing the installation of the 
irrigation pipeline. Include the specification 
for pressure testing of the irrigation pipeline. 

• Depth of cover and backfill requirements. 

• Disposal requirements for excess soil 
material. 

• Vegetative establishment requirements. 

OPERATION AND MAINTENANCE 

An Operation and Maintenance (O&M) Plan shall 
be developed for each pipeline system installed.  
The plan should document needed actions to 
ensure that practices perform adequately 
throughout their expected life. 

O&M requirements shall be included as an 
identifiable part of the design.  Depending on the 
scope of the project, this may be accomplished 
by brief statements in the plans and 
specifications, the conservation plan narrative, or 
as a separate O&M Plan. 

Other aspects of O&M, such as draining 
procedures for the pipeline and all valves and 
appurtenances, marking crossing locations, valve 
operation to prevent pipe or appurtenant 
damage, appurtenance or pipe maintenance, and 
recommended operating procedures, should be 
described as needed within the O&M Plan. 

Monitoring of any cathodic protection systems 
shall be performed as specified in the O&M Plan. 

A filling procedure shall be developed, which 
details allowable flow rates and appurtenance 
operation at the various phases of the filling 
process, required to assure safe filling of the 
pipeline.  Flow measuring appurtenances such as 
flow meters or weirs, or other means (e.g., 
number of turns of a gate valve) should be used 
to determine the rate of flow into the pipeline 
system.  This information shall be provided to the 

operator, and shall be incorporated into the 
Operation and Management Plan as appropriate. 

REFERENCES 

AgPipe Serial Pipeline Design Program – User 
Manual 

ANSI/ASAE Standard S376.2, Design, 
Installation and Performance of Underground, 
Thermoplastic Irrigation Pipelines. American 
Society of Agricultural and Biological Engineers, 
St. Joseph, MI, 2004. (http://www.asabe.org/ [as 
of 2/22/2010]) 

ASTM C118, Standard Specification for Irrigation 
Pipe for Irrigation or Drainage. 

ASTM C505, Standard Specification for 
Nonreinforced Concrete Irrigation Pipe with 
Rubber Gasket Joints. 

Crispin Valve, 
http://www.crispinvalve.com/Home.htm 

Handbook of PE Pipe, Second Edition, Plastics 
Pipe Institute, Irving, TX 75062. 
(http://www.plasticpipe.org/publications/pe_hand
book.html [as of 2/22/2010]) 

Handbook of PVC Pipe: Design and 
Construction, Fourth Edition. Uni-Bell PVC Pipe 
Association, Dallas, TX  75234. 
(http://www.watermainbreakclock.com/handbook/ 
[as of 2/22/2010]). 
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Department of Energy, Idaho Operations Office. 

Seipt, W.R. 1974. Waterhammer Considerations 
for PVC Pipeline in Irrigation Systems. 
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Appendix G – Cost estimate 

Units Number 
of Units  Cost  Number of Units * 

Cost 
Salinity Program 
Funding Other Funding Basis of Cost Estimates

PROJECT DESIGN  $           95,779.53  $           95,779.53 8% of Construction 

NEPA COMPLIANCE AND 
CULTURAL RESOURCES  $           23,944.88  $           23,944.88 2% of Construction 

OWNER ADMINISTRATION  $                       -    $                       -   Basis = Eden Valley Irrigation & Drainage District - 2012 Lower 
West Side Piping Project (R09AP40880)

SUBTOTAL  $         119,724.41  $         119,724.41  $                   -   

Mobilization LS 1  $  50,000.00  $           50,000.00  $           50,000.00 6% of Construction -  Basis = Eden Valley Irrigation & Drainage 
District - 2012 Lower West Side Piping Project (R09AP40880)

Screening Structure LS 1  $100,000.00  $         100,000.00  $         100,000.00 Average Bid - 2014 Forked Tongue Piping Project + Inflation 3% to 
2017

24" HDPE DR 41 PIPE LF 4220  $         51.45  $         217,138.69  $         217,138.69 Average Bid - Sheep Creek South Valley Piping Project 
(R13AC40015) + Inflation 3% to 2017

18" HDPE DR 32.5 PIPE LF 2100  $         41.96  $           88,105.92  $           88,105.92 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Slack Piping Project (R13AC40003) + Inflation 3% to 2017

16" HDPE DR 32.5 PIPE LF 5020  $         40.11  $         201,338.14  $         201,338.14 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Patterson Piping Project (R13AC40003) + Inflation 3% to 2017

14" HDPE DR 32.5 PIPE LF 1860  $         32.99  $           61,354.21  $           61,354.21 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Patterson Piping Project (R13AC40003) + Inflation 3% to 2017

12" HDPE DR 32.5 PIPE LF 1820  $         28.34  $           51,576.13  $           51,576.13 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Slack Piping Project (R13AC40003) + Inflation 3% to 2017

6" HDPE DR 32.5 PIPE LF 1350  $         14.86  $           20,061.00  $           20,061.00 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Slack Piping Project (R13AC40003) + Inflation 3% to 2017

Fittings LS 1  $  60,000.00  $           60,000.00  $           60,000.00 10% of Pipe Costs

Meters EA 11  $    7,000.00  $           77,000.00  $           77,000.00 Average Bid - 2014 Forked Tongue Piping Project + Inflation 3% to 
2017

Turnouts EA 11  $  12,000.00  $         132,000.00  $         132,000.00 Average Bid - 2014 Forked Tongue Piping Project + Inflation 3% to 
2017

Easements LS 1  $  10,000.00  $           10,000.00  $           10,000.00 Average Bid - 2012 Sheep Creek Cedar Hollow Piping Project + 
Inflation 3% to 2017

Fill Ditch LF 16370  $           2.00  $           32,740.00  $           32,740.00 Average Bid - 2012 Sheep Creek Cedar Hollow Piping Project + 
Inflation 3% to 2017

Remove and Replace 
Fencing LF 200  $           7.00  $             1,400.00  $             1,400.00 Average Bid - 2012 Sheep Creek Cedar Hollow Piping Project + 

Inflation 3% to 2017

Imported Fill CY 4900  $         15.00  $           73,500.00  $           44,781.97  $        28,718.03 Average Bid - 2014 Roger's Mesa Water Distribution Association - 
Patterson Piping Project (R13AC40003) + Inflation 3% to 2017

Reseeding LF 13530  $           1.00  $           13,530.00  $        13,530.00 Average Bid - 2012 Sheep Creek Cedar Hollow Piping Project + 
Inflation 3% to 2017

Road Crossings LF 150  $         50.00  $             7,500.00  $             7,500.00 Average Bid - 2012 Sheep Creek Cedar Hollow Piping Project + 
Inflation 3% to 2017

SUBTOTAL  $       1,197,244.09  $       1,154,996.06  $        42,248.03 

CONSTRUCTION 
MANAGEMENT  $           47,889.76  $        47,889.76 4% of Construction 

SUBTOTAL  $           47,889.76  $                       -    $        47,889.76 

HABITAT REPLACEMENT  $           59,862.20  $        59,862.20 5% of Construction 
A-133 AUDIT EA 3  $    2,000.00  $             6,000.00  $             6,000.00 Eden Valley Irrigation & Drainage District - (R09AP40880)

SUBTOTAL  $           65,862.20  $             6,000.00  $        59,862.20 
TOTAL  $  1,430,720.47  $  1,280,720.47  $  150,000.00 

DETAILED COST ESTIMATE 
Orchard Ranch Ditch Piping Project 

Notes: 
1) This cost estimate was submitted to the U.S. Bureau of Reclamation in the ditch company’s successful grant 
application. 
2) The “other funding” column currently shows where the $150,000 CWCB loan will be used, however in practice 
the loan may be used to pay a percentage (10.5%) of each line item. 
3) The cost of financing is estimated to be $1,500  (1% of $150,000) loan. This cost is not included in the document 
above.  
4) The line for 6” HDPE pipe is no longer current and should include an additional 290 feet.  The affect of this 
addition on the overall budget is considered negligible.  
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Appendix H – Orchard Ranch Ditch piping project Implementation Schedule 

 
 

 
 
 



DIV WD ID Water Right Name Water Source Q10 Q40 Q160

4 40 774 ORCHARD RANCH DITCH SURFACE CREEK NE SE SW
4 40 774 ORCHARD RANCH DITCH SURFACE CREEK NE SE SW
4 40 774 ORCHARD RANCH DITCH SURFACE CREEK NE SE SW
4 40 774 ORCHARD RANCH DITCH SURFACE CREEK NE SE SW
4 40 774 ORCHARD RANCH DITCH SURFACE CREEK NE SE SW



Sect Twshp Range PM County Adj Date Padj Date Appr Date Admin No Priority # 
(decree?)

12 14S 95W S DEL 6/17/1889 5/9/1883 12182.00000 4
12 14S 95W S DEL 9/28/1907 2/17/1906 6/17/1889 20501.14413 27
12 14S 95W S DEL 1/31/1964 3/20/1954 6/1/1920 38064.25719 K46
12 14S 95W S DEL 6/17/1889 5/9/1883 12182.00000 4
12 14S 95W S DEL 6/17/1889 5/9/1883 12182.00000 4



Rate 
Amount 
(CFS)

Volume 
Amount 
(ACFT)

Case No Action Comment Action Update

5.7 CA0038 P30 1/1/1986 1
6.45 CA0457 NO LOC IN DECREE      P582 1/1/1986 2
10 CA4808 SEE STIP IN DECREE. P2571 11/15/1989 3

19.3 CA0038 P30 1/1/1986
19.3 75CW0059 19.30CFS ABANDONED BY CW \74'59 03/05/ 1/1/1986
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