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D.4 Capital Costs 
D.4.1  Modernization Alternative/Preferred Alternative Costs 

This section presents capital costs for the Modernization Alternative, which is identified as the 
Preferred Alternative. Costs shown differ from elsewhere in the Plan-EA because they do not 
include project administration, technical assistance, and permitting costs.  

North Canal Fish Screen 

In 2022, Adkins Engineering developed a Fish Screen Feasibility Analysis and 10 percent designs of 
the District’s preferred screen, the cone screen. Costs associated with this project are detailed below 
in Figure D-2. 
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Figure D-2. Cone Screen Preliminary Cost Estimate. 
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North Canal Improvements 

The North Canal Improvement Project was initially developed in 2009. In 2022, Adkins Engineering 
updated the costs based on changes to the original designs and to adjust for increased construction 
costs and inflation. Figure D-3 demonstrates the preliminary costs for these improvements. 

 
Figure D-3. North Canal Improvement preliminary costs. 

F and FF and E and EE Pump Station Upgrade 

In 2023, Adkins Engineering developed an E/EE and F/FF Pumping Plant Evaluation and 10 
percent design. Costs associated with this upgrade are detailed below in Figure D-4. 
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Figure D-4. E/EE and F/FF Pumping Plant Upgrades Preliminary Costs. 

Installation of Recirculation Pipeline at the E Pumping Station 

In 2023, Adkins Engineering developed a Recirculation Pipeline at the E Pumping Plant Evaluation 
and 10 percent design. A wide variety of materials are available for piping; availability of piping 
materials, prices, and new products change over time. Piping materials that could be used for 
recirculation pipeline include, but are not limited to, polyvinyl chloride, steel, high-density 
polyethylene (HDPE), bar-wrapped concrete cylinder, steel, fiberglass, and ductile iron. The 
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Modernization Alternative was priced using steel pipe, which at the time of this analysis was 
considered to be the District’s preference.  

At the time of project implementation, the specific piping material would be selected based on 
several considerations: the cost of the project would meet NED requirements; meet construction 
requirements; be appropriate based on local conditions and risk factors; and result in minor or no 
changes to project effects described in Section 6 of the Plan-EA, as determined through the tiered 
decision framework approach outlined in Section 1.4. The NRCS State Conservationist and the 
Sponsoring Local Organization would possess the final discretion to select the appropriate piping 
material. 

Costs associated with this recirculation pipeline are detailed below in Figure D-5.  
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Figure D-5. E Pumping Station Recirculation Preliminary Costs. 
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Installation of SCADA and Automated Gates 

A wide variety of SCADA hardware and software are available; availability of SCADA components, 
prices, and new products change over time. Costs associated with the SCADA and Automated 
Gates presented in this Draft Plan-EA are derived from similar irrigation district projects. At the 
time of project implementation, the specific SCADA components would be selected based on 
several considerations: project cost would meet NED requirements; meet construction 
requirements; be appropriate based on local conditions and risk factors; and result in minor or no 
changes to project effects described in Section 6 of the Plan-EA, as determined through the tiered 
decision framework approach outlined in Section 1.4. The NRCS State Conservationist and the 
Sponsoring Local Organization would possess the final discretion to select the appropriate SCADA 
components. 

PG 2 SCADA System Quantity Quantity 
Units2 

Materials and 
Construction Cost 

(2023$)1,3 

Water Measurement Devices  9  EA  $55,000 

Automated Gates  11  EA  $124,000 

VFDs  2  EA  $22,000 

Flow Meters  11  EA  $72,000 

Solar Panel  4  EA  $14,000 

Construction Contingency, CM, Survey Costs N/A N/A $94,000 

Engineering N/A N/A $13,000 

Project Admin4 N/A N/A $54,000 

Permitting N/A N/A $3,000 

PG 2 SCADA System Subtotal N/A N/A $451,000 
Notes:  Prepared July 2024 

1. Engineering, Construction Management, and Survey, Construction Management/General Contractor, and 
Contingency costs range depending on the project components. See above in Figure D-4 for cost distribution 
for each project. 

2. LS=Lump Sum; EA=Each; FT=Foot; CY=Cubic Yard  
3. Totals rounded to nearest $1,000 and may not sum. 
4. Includes technical assistance and project administration costs. 
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D.5 Preferred Alternative Memo Regarding Project Groups 3 and 6 
Per DM 9500-013, the PR&G is meant to provide “a process to establish new guidance to 
incorporate a more balanced consideration of economic, social, and environmental objectives.” The 
adoption of the PR&G also instituted the new possibility for projects without a quantified Benefit 
Cost Ratio greater than one to be part of the preferred alternative. Inclusion in the preferred 
alternative is based on the projects’ beneficial effects to ecosystem services and public benefits, 
allowing for a more comprehensive view of benefits beyond what is quantified and monetized to be 
included in the federal investment decision. Per DM 9500-013, “It is recognized that most of the 
activities pursued will require an assessment of tradeoffs by decision makers and in many cases the 
final decision will require judgment that considers the extent of both monetized and non-monetized 
effects.” 

In the Plan-EA four of six proposed project groups have quantified benefits and benefit/cost ratios 
greater than 1 (please see Table D-21). Two projects (PG3 Fish Screen and PG 6 Upgraded 
Turnouts) have public benefits that were not quantifiable or monetized but are expected to be in 
excess of the cost and worth federal investment. In alignment with DM 9500-013, during the 
development of the NED “environmental effects disclosed are monetized and quantified to the 
extent possible.” Provided below is the justification and descriptions of the non-monetized benefits 
that were considered when deciding to include PG 3 and PG 6 as part of the Preferred Alternative.   
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Table D-21. Project Group Benefits. 

Works of  
Improvement1 

Agriculture-related 
Reduced OMR 

Nonagri-
cultural 
Carbon 
Value 

Nonagri-
cultural 
Habitat 
Value 

Average Annual 
Benefits 

Average Annual 
Cost2 

Benefit Cost 
Ratio 

PG1 North Canal 
Improvements3 $10,000 $0 $150,000 $160,000 $160,000 1.0 

PG2 SCADA System3 $40,000 $0 $0 $40,000 $25,000 1.6 

PG4 E and F Pumping 
Plants3 $29,000 $0 $0 $29,000 $15,000 1.9 

PG5 E Pump 
Recirculation3 $77,000 $1,000 $0 $78,000 $43,000 1.8 

Subtotal $260,000 $1,000 $150,000 $307,000 $243,000 1.3 

PG3 Fish Screen4 $0 $0 $0 
Fish abundance 

values2 
(See text) 

$308,000 
Not 

Quantifiable 

PG6 Upgraded 
Turnouts4 $0 $0 $0 Operational benefits2 

(See text) $1,000 Not 
Quantifiable 

Subtotal $0 $0 $0 
Unquantifiable fish 
abundance benefits, 
operational benefits 

$309,000 Not 
Quantifiable 

Total $260,000 $1,000 $150,000 >$307,000 $552,000 Not 
Quantifiable 

Note:  Prepared July 2024 
1 PG=Project Group 
2 Additional ecosystem services benefits of the Project are described in the NED and Plan-EA. Please refer to these resources for further detail and a description of these 

benefits. 
3Projects with quantified benefits. 
4Projects with unquantified benefits.
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Project Group 3 – Fish Screen 

Within the Klamath Basin, four dams are being removed as part of the largest dam removal project 
in U.S. history. The dam removal is intended to help restore the natural flow of the Klamath River 
(which has been disrupted for over 100 years), benefit fish by opening access to previously blocked 
spawning and rearing habitat, as well as improve water quality and restore natural river processes. 
The Modernization Alternative includes PG 3 Fish Screen because it will provide ecological and 
cultural benefits and is an important component of restoring the 420-mile reach of the Klamath 
River, where the dam removal is taking place. A Klamath River restoration plan developed by 
NOAA in 2022 included a prioritization of unscreened diversions on the Klamath River and 
associated tributaries. The North Canal diversion was ranked the second highest of the 91 diversions 
and, as a result, would be most likely to benefit salmonid repopulation and recovery. The proposed 
fish screen would help direct juveniles toward the inundated Keno wetlands to the south which 
provide important refugia to those fish. 

Restoring the Klamath River Basin and its fisheries requires many activities; first and foremost, the 
removal of four hydroelectric dams that have blocked fish passage to the upper basin for over 100 
years. Restoration is aimed at reversing long-term declines in Klamath Basin fisheries. There are 
several fish species in the basin that are protected by the Federal Endangered Species Act such as 
coho salmon, Lost River suckers, and shortnose suckers. These fish species are culturally important 
to Indian Tribes (there are six federally recognized tribes in the Basin) and are also economically and 
socially important to commercial and recreational fishing communities and others. Water scarcity in 
the basin has also contributed to the declining fish populations, and irrigation water withdrawals 
have been severely curtailed in some years to protect fish populations, with effects on the 
agricultural and ranching community as well. 

After several decades of regulatory, planning, and legal processes, dam removal was completed in 
2024. Although there is uncertainty regarding the effects on fish populations, modeling suggests that 
removal of the dams would increase median Chinook adult production over the next 30 years by 50 
percent to 189 percent. Other species are also expected to benefit, although effects on other species 
are less certain or are more modest (National Marine Fisheries Service, U.S. Department of the 
Interior, March 2013). To realize the full benefits of dam removal, numerous other actions are 
necessary to restore the Basin, including installation of fish screens.  

The Project Group 3 Fish Screen is expected to prevent fish from the Klamath River from entering 
the North Canal Diversion and becoming entrained in KDD’s water conveyance system. The 
Oregon Department of Fish and Wildlife has found that “more than 98 percent of young salmon 
and steelhead survive an encounter with a properly designed fish screen.” (Oregon Department of 
Fish and Wildlife, 2013) Entrained fish are likely to perish in KDD’s conveyance system. 
Consequently, the project would protect fish populations in the Klamath River, including the 
shortnose sucker and Lost River sucker, which are federally listed endangered species (U.S. Fish and 
Wildlife Service, 2023c). The Upper Klamath River is designated Critical Habitat for these species. 

The importance of the fish screen would increase in the near future as salmon (which are protected 
at both state and federal levels) are reintroduced to the Upper Klamath River. Reintroduction is 
planned after the four dams that once blocked salmon passage on the Klamath River are removed, a 
process that is expected to be completed in 2024 (California Trout, 2023). Once salmon repopulate 
the Upper Klamath River, the Project Group 3 Fish Screen would help ensure that KDD’s North 
Canal diversion does not negatively impact their recovery.  
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Reestablishing fish habitat in the Klamath River is a national priority due to the ecological and 
cultural values supported by this habitat. Prior to the dams’ construction, the Klamath River was the 
third-largest salmon-producing river on the West Coast, and it served as an important food source 
for native tribes in the area (National Oceanic and Atmospheric Administration, 2022). The River 
was once home to Chinook salmon, coho salmon, steelhead, Pacific lamprey, bull trout, and 
Redband trout, among other species; all of which have experienced declines in population due to 
various sources of habitat degradation, including the erection of dams (O'Keefe, Pagluico, Scott, 
Cianciolo, & Holycross, 2022). This has changed the lives of native tribes that have relied on the fish 
as a major source of food, cultural practices, and way of life. Removing the dams will reopen access 
to more than 400 miles of habitat for these fish species, including the stretch of river where the PG3 
Fish Screen would be located (National Oceanic and Atmospheric Administration, 2022). 

The PG3 Fish Screen has been designated as an important component in the federal planning 
process to restore the Upper Klamath River. To prioritize the projects most important to 
reestablishing salmon species in the Klamath River, a team of experts comprised of staff at the 
NOAA, the Pacific State Marine Fisheries Commission (PSMFC), and TU ranked the importance of 
potential Klamath habitat restoration and fish screening projects. Among the projects evaluated in 
their 2022 report was the PG3 Fish Screen at the North Canal Diversion. The team assessed 
projects based on their size, the number of fish species affected, and the impact on fish. Out of 91 
diversions that were evaluated for fish screening projects, 26 projects received the highest priority 
ranking. The PG3 Fish Screen was one of these 26 projects receiving the highest priority ranking. 
Only one fish screen received a higher overall priority score than the PG3 Fish Screen (O'Keefe, 
Pagluico, Scott, Cianciolo, & Holycross, 2022).  

The 2022 study prioritizing projects did not directly estimate the number of fish deaths that would 
be avoided by each fish screen, nor were there other sources available for quantifying the ecological 
benefit of the PG 3 Fish Screen. For this reason, we do not attempt to quantify the benefits of the 
PG 3 Fish Screen. However, for context, we note that the people in the Pacific Northwest highly 
value salmon species, even if they do not consume them for food or enjoy them recreationally. One 
recent economic study found that, on average, households in the Pacific Northwest value a one-year 
increase of 1,000 salmon between $0.09 and $0.22 (Lewis, Kling, Dundas, & Lew, 2022).23 Applying 
the average of $0.16 per household to 9.4 million households in the Pacific Northwest (as the 
original study did) results in total value of roughly $1,500 per fish. At this rate, PG 3 Fish Screen 
would have to save approximately 200 salmon per year in order to outweigh its total annual costs of 
$308,000. In addition to the value to the general Pacific Northwest population, enhancing salmon 
restoration provides cultural value of the fish to the tribes, whose traditional way of life depends on 
the species.  

Project Group 6 – Upgraded Turnouts 

The Modernization Alternative includes PG 6 Upgraded Turnouts because it will provide water 
management benefits in the Klamath Basin where transparency in water-use is regionally important.   

PG 6 Upgraded Turnouts would install new monitoring equipment at 76 patron turnouts that would 
allow KDD to measure the amount of water going to each patron. This would provide the District 
and its patrons with a variety of benefits. First, KDD would be able to ensure that the correct 
allocation of water goes to each patron, ensuring fairness and compliance with water right quantity 

 
23 We adjusted the original values of $0.08 and $0.19 from 2017 dollars to 2023 dollars using the GDPIPD. 
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and seniority. The upgraded turnouts would also help avoid and resolve conflicts over water, since 
accurate measurements would enhance accountability and help ensure use of water in accordance 
with allotment. This would help to foster cooperation and trust within the District. It would also 
provide patrons with the ability to monitor their own water use, which may help them better manage 
their allotted water and optimize their crop yields. The likelihood of any change in on-farm 
production and the magnitude of any change is not known, nor are there known case studies to 
draw from to make an educated estimate, so this potential benefit is not quantified. While the social 
benefits of monitoring and measuring water use are also not quantifiable, they are expected to be 
valuable to the community. In sum, while PG 6 Upgraded Turnouts does not have any quantified 
benefits in this analysis, it is included in the Modernization Alternative because the qualitative 
benefits are believed to outweigh its small, annualized cost ($1,000). 
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D.6 Structural Table 3b – Channel Work  
Table D-22. Structural Data – Channel Work (Klamath Basin) (OR). 

Notes: 
1Drain area is not applicable, North Canal only receives controlled flows from an irrigation diversion. 
2Design discharge corresponds to the maximum design flow that will be diverted into the North Canal, the channel will not receive drainage flows. 
3Excavation Volumes were estimated by Adkins (2022) in the KDD North Canal Extension Technical Memo. 
4None of the flow categories listed in footnote 4 of Figure 506-B7 in the National Watershed Program Manual are applicable. The flows are controlled from an 
irrigation diversion. 
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North Canal - 
from Fugate 
Road to 1,200 
feet 
downstream 
(Station 0+00 to 
12+00) 

12+00 N/A 100 
ft3/s 

4,084.08 
ft msl 

0.00097 
ft/ft 

0.0008 
ft/ft 20.00 ft 4082 

ft msl 2 to 1 0.030 0.025 2.28 
ft/s 

2.74 
ft/s 

4,804   
yd3 II M N/A 

North Canal - 
1,200 feet 
downstream of 
Fugate Road to 
California State 
Highway 161 
(Station 12+00 
to 24+00) 

24+00 N/A 100 
ft3/s 

4,083.00 
ft msl 

0.00090 
ft/ft 

0.0008 
ft/ft 15.00 ft 4081 

ft msl 2 to 1 0.030 0.025 2.21 
ft/s 

2.65 
ft/s 

4,034   
yd3 II M N/A 
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E.1 Intensity Threshold Table 
This section presents the intensity threshold table used to quantify effects to resources of concern 
because of the proposed action.  

Table E-1. Intensity Threshold Table for the KDD Infrastructure Modernization Project.1 

Negligible 
Changes in the resource or resource related values would be below or at the 
level of detection. If detected, the effects on the resource or environment 
would be considered slight with no perceptible impacts.  

Minor Changes in resource or resource related values would be measurable but 
small. The effects on the resource or the environment would be localized.  

Moderate 
Changes in the resource or resource related values would be measurable and 
apparent. The effects on the resource or the environment would be 
relatively local.  

Major 
Changes in resource or resource related values would be measurable and 
substantial. The effects on the resource or the environment would be 
regional.  

1Impact duration definitions: 
Temporary: Transitory effects, which only occur over a period of days or months. 
Short-term effect: Resource or resource related values recover in fewer than 5 years 
Long-term effect: Resource or resource related values take greater than 5 years to recover 

E.2 Supporting Information for Cultural Resources 
An excerpt of the Cultural Resources Assessment for the Klamath Drainage District, Klamath 
County, Oregon is included below.  
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E.2.1 Cultural Resources Consultation Letters 
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