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Table A-1. Topics and Associated Codes.  

Topic 
Topic 
Code Topic 

Topic 
Code Topic 

Topic 
Code 

Alternative Analysis ALT Methods METH Resource Concerns RES 

Construction Process CONS 
National Economic 
Efficiency Analysis NEE Safety/Security SAFE 

Consultation 
CONS

U Permitting PRMT Soils SOIL 

Cultural Resources CUL Project Cost COST System Design SYS 

Endangered Species Act ESA Project Benefits BNFT Vegetation/Trees VEG 

Fire  FIRE Property Rights RIGHT Visual VIS 

Fish and Aquatic FISH Property Value PROP Water WAT 

General GEN Public Process PUB Wetlands WETL 

Irrigated Acres IRA Purpose and Need PURP Wildlife WILD 

Maps MAP Recreation REC Wild and Scenic WAS 
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Table A-2. Responses to Comments Received During the Klamath Drainage District Watershed Plan-EA Public Comment 
Period 

Comment ID Topic Code Comment Response 

1.01 FISH While supportive of the concept of the plan, I 
have the following concern. 
Along with 20 others, I am an account holder in 
the Klamath Hills District Improvement Company 
(KHDIC) which is in contract with KDD for 
O&M of the North Canal. The North Canal 
supplies water used for pumped irrigation by 
KHDIC account holders who have pump stations 
spread along the length of said canal. My concern 
is that by connecting the North Canal to the P1 
Lateral and refuge waterways, that this connection 
will allow fish to enter the North Canal from the 
refuge and swim up into the North Canal. If one 
new fish screen is built at the Klamath River input 
into the North Canal, perhaps another fish screen 
ought to be added at the southern terminus of the 
extended North Canal at the refuge waterway 
connection to the P1 Lateral. That way, fish will 
be prevented from entering the North Canal at 
both ends. The North Canal, which was built in 
the last hundred years, is not part of the traditional 
habitat of any fish species. The proposed project 
should make sure that fish in the river and refuge 
waterways are protected and not allowed to swim 
into the North Canal where numerous water 
pumping stations could present dangers to fish. 
Again, I support the proposed plan, but think that 
precautions need to be made to protect fish from 
getting into the North Canal at both ends.  

North Canal is not considered as traditional habitat for suckers, and individuals that are 
entrained by the North Canal from the Klamath River are accounted for in USFWS 
incidental take statement for the Klamath Project in the most recent biological opinion 
(2024). The 2024 biological opinion also included the reintroduced population of suckers 
into Lower Klamath Lake and accounted for entrainment from other Klamath Project 
facilities in USFWS incidental take statement, including the P-1 Lateral. Once individuals 
are accounted for in an incidental take statement with USFWS, those individuals lose 
their protections as they have already been considered to have perished and those 
impacts have been mitigated for. Thus, the current operations of pump stations in the 
North Canal are not impacted by the presence of suckers in the North Canal. The 
extension of the North Canal to the P1 lateral would allow suckers present in LKNWR 
that are entrained into the P-1 lateral to enter into the North Canal. However, suckers in 
the P-1 lateral are already covered by the Klamath Project biological opinion and their 
potential movement into the North Canal would not impact operations of pumps in the 
North Canal as they have already been accounted for in an incidental take statement. 
Thus, irrigation operations, such as diversions and pumping, in the North Canal would 
not be impacted by the presence of suckers with the extension of the North Canal into 
the P-1 lateral. See Appendix D.2.9. 

2.01 SOIL Thank you for the chance to review and comment 
on the Klamath Drainage District Infrastructure 
Modification Project prepared by the Natural 
Resources Conservation Service. Caltrans’ 
hydraulic engineer is concerned that the existing 
Lower Klamath National Wildlife Refuge water 
along Hwy 161 contributes to softening of the 

The following text was added to Section 6.4.2.1: The North Canal Extension may also 
have minor, long-term indirect impacts on soil stability of the CSH 161 fill prism. An 
additional point of delivery into LKNWR would allow for future water deliveries to 
LKNWR if the refuge obtains additional water rights to be delivered through the North 
Canal. Increased water fluctuations may result in softening up of CSH 161 fill prism soils 
and could cause additional burrowing by animals including muskrats (WDFW 2024). If 
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highway fill and provides immediately adjacent 
habitat for animals (possibly muskrats etc.) that 
burrow into the highway fill.  

additional water rights are obtained, the refuge and KDD would work with Caltrans to 
minimize impacts to CSH 161 fill prism stability.   

2.02 WAT Increasing the amount of water to the Lower 
Klamath National Wildlife Refuge may increase 
the cost of maintaining the highway depending on 
proposed water levels and locations of water 
ponding. 

The North Canal would have water in it year round. Water conveyed to the P-1 lateral 
would be based on future water management discussions with the Refuge managers. 

2.03 WAT Their questions are: 1. What would the changes to 
water elevation be adjacent to the highway, 

Evaluation of the canal capacities shows that the future elevations would be no more 
than 2 feet higher than the existing canal bottom (see Structural Table 3B, channel 
elevations 4081 ft msl, water surface elevation 4,083 ft msl).  

2.04 WAT 2.What increase in duration of water ponding 
would occur adjacent to the highway, and where 
would these changes occur. 

The North Canal would have water in it year round. Water conveyed to the P-1 lateral 
would be based on future water management discussions with the Refuge managers. 

2.05 PRMT The State’s permit engineer had these comments: 
1.Culvert placement and any work with the CT 
ROW will require an encroachment permit and 
depending on scope of work may be eligible for 
QMAP process. 

Section 8.4.2 State Permits includes the requirement for an encroachment permit from 
the California Department of Transportation. 

2.06 GEN 2. Maintenance may want to look at who is going 
to be responsible to maintain these culverts, may 
require maintenance agreement. 

The District and Refuge would develop an operations and maintenance plan for the 
North Canal/P-1 connection. They would coordinate with Caltrans during the 
development of this plan. 

2.07 CONS 3. Caltrans preference would be trenchless 
construction method. 

An initial description of construction methods are described in Section 8.2 and 8.6. More 
specific construction means and methods would be determined in future design phases, 
during the design process consideration of any changes to effects would be considered. 
Caltrans would be kept informed throughout the process. 

3.01 GEN On behalf of the City of Klamath Falls, I would 
like to express our appreciation for the 
opportunity to provide comments on the Draft 
Watershed Plan - Environmental Assessment for 
the proposed Klamath Drainage District 
Infrastructure Modernization Project. The City 
supports the preferred alternative, as outlined in 
the Environmental Assessment. 
 
The City recognizes the significant benefits that 
the proposed project offers, including the 

Thank you for your comment. 
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extension of the North Canal and its connection 
to the P1 lateral, the installation of fish screens at 
the North Canal Diversion on the Klamath River, 
modifications to increase flow capacity, upgrades 
to pump stations, and the installation of flow 
monitoring and automated gates throughout the 
district. 
 
We particularly support the project's goals to save 
water by reducing conveyance inefficiencies, 
improving irrigation water management and 
agricultural water supply, enhancing water quality 
in the Klamath River, and increasing critically 
needed wildlife habitat. Additionally, preventing 
fish entrainment in canals and drains is a crucial 
step toward preserving our local aquatic 
ecosystems. 
 
The City believes that these improvements will not 
only benefit the agricultural community but also 
contribute positively to the overall environmental 
health of the region. We are committed to 
supporting initiatives that align with sustainable 
water management and farmland conservation. 
 
Thank you once again for the opportunity to 
comment on this important project. We look 
forward to seeing the positive impacts it will bring 
to our community and the surrounding 
environment. 

4.01 PRMT The Department of State Lands regulates the 
removal and fill of material within waters of this 
state. This includes within wetlands and below the 
ordinary high water line of jurisdictional 
waterways per the Removal-Fill Law (OAR 141-
085-0515). Based on review of the draft 
Environmental Assessment documents, it appears 
that the proposed project involves impacts to 
waters of this state, and a state Removal-Fill 
permit is likely required. As a first step in the 

 The Plan EA recognizes impacts to waters of the state would occur and the appropriate 
permitting process would be followed with DSL as mentioned in the Mitigation, 
Minimization, and Avoidance Measures in the Office of Management and Budget (OMB) Fact 
Sheet and in Appendix E.9. 
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permitting process, a wetland and waters 
delineation by a qualified wetland professional is 
needed for the North Canal extension to P-1 
Lateral (Figure C-12) and the fish screen 
installation/levee break repairs at the North Canal 
intake (Figures C-2 & C-14). A wetland delineation 
report should then be submitted to DSL for 
review and approval. After the boundaries of 
waters of this state are established in these areas, 
please contact Mike Schmeiske 
(michael.schmeiske@dsl.oregon.gov, 541-388-
6162) to discuss avoidance and minimization of 
impacts prior to submitting a Removal-Fill permit 
application. 
Thank you for the opportunity to comment. We 
look forward to working with the District and 
partners in the future 

5.01 CONSUL Water availability for KDD and LKNWR is 
currently governed by the Bureau of Reclamation’s 
Endangered Species Act section 7 consultation for 
ongoing operations of the Klamath Project. 
Reclamation has completed numerous section 7 
consultations over the last three decades on 
Klamath Project operations, with the most recent 
one completed in November 2024, as documented 
in biological opinions issued by the U.S. Fish and 
Wildlife Service (USFWS) and National Marine 
Fisheries Service (NMFS). 
 
Reclamation’s current section 7 consultation is 
based on a hydrologic planning model, referred to 
as the Klamath Basin Planning Model (KBPM), 
which contains formulaic rules for the hydrologic 
circumstances under which water can be diverted 
through the Ady or North canals to either KDD 
or LKNWR (among other points of diversions 
and places of use). 

Thank you for your comment. 

5.02 WAT Table 3-1 correctly specifies that the proposed 
action does not involve any changes to water 
diversion or water rights. Until an alternative 

Please see Sections 2.1.2, 6.6.2.2.2, 6.6.2.2.6, and 6.6.2.5 of the Plan-EA. regarding how 
the Proposed Action would improve efficiency. Regarding the request to discuss how the 
project would alter the timing and disposition of drainage water in the Klamath Straits 
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comes forward to the operations set forth in 
Reclamation’s most recent section 7 consultation, 
water availability for KDD and LKNWR will 
continue to be governed in accordance with the 
KBPM. 
 
Reclamation’s section 7 consultations, beginning 
in the late 1990s and leading up to today, have 
incrementally reduced the amount of water 
available for diversion to agricultural and refuge, 
including KDD and LKNWR. 
  
The draft EA discusses “water shortages” for 
KDD and LKNWR and appears to attribute the 
condition to “severe droughts” (p. 10). As noted 
above, the draft EA does not address how and 
why the proposed action would address this 
problem. 
 
To address this point, discussion should be added 
to the EA (in various sections) explaining how the 
proposed action would provide greater water 
efficiency for KDD, allowing existing water 
supplies to be better managed and utilized. 
Specific information should also be added 
explaining how the proposed action would 
potentially alter the timing and ultimate 
disposition of drainage water in the KSD (i.e., 
through recirculation via KDD’s existing 
recirculation pumps and/or the contemplated 
Center Canal connection). Analysis of recent (e.g., 
past ten years) drainage patterns would likely be 
helpful to this discussion. A broader point should 
also be added, stating that the proposed action 
would help provide operational capacity for 
alternative water management in the Klamath 
Project, which may ultimately result in more water 
being available for KDD and LKNWR than 
currently. 

Drain (KSD): Ultimately, the timing and disposition of drainage water discharged into 
the KSD would depend on allocations and water management decisions. It is anticipated 
that discharges into the KSD would continue to follow current seasonal fluctuations. 
Reductions in discharges would be associated with pumping from the KSD to the Center 
Canal and consumptive use on agricultural lands. 
 
Regarding the request to describe how the proposed action would make more water 
available to the District or the Lower Klamath National Wildlife Refuge: The 
infrastructure improvements would enable more efficient water management but would 
not directly increase the availability of water. 
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5.03 WAT Pages 10, 22: “Donnelly et al. 2020” is identified as 
the source of statement that wetland acres in 
LKNWR have declined by 47% since 2012. That 
article only addresses the Tule Lake Basin (not 
Lower Klamath) and the quoted figure is in 
reference to all wetlands in the study area in 
snowmelt watersheds. The actual reduction in 
wetland acres in LKNWR since 2012 is likely 
greater than 47 percent. 

Information presented in the Plan-EA sourced from Donnelly et al. 2020 was determined 
to be inaccurate per the commentor's comment. However, Donnelly et al. 2020 did 
analyze the Lost Watershed (HUC 18010204) which includes Lower Klamath Lake and 
Tule Lake. No other published documentation for wetland area losses were found for 
LKNWR, Text in Section 2.1.1 of the Plan-EA was edited to state "Declining 
precipitation and drought conditions have resulted in an over 10 percent decline in 
wetland acreage in the region from 2000 to 2018 (Donnelly et al. 2020). Due to limited 
water supply to LKNWR in recent years, wetland acreage in the refuge have likely 
declined at a faster rate than the region." 

5.04 GEN Pages 23-24: Table 4-1: 
All federal land interests (whether fee title, 
easement or otherwise) are owned by the federal 
government. Agencies may have administrative 
jurisdiction over federal lands and land interests, 
but ownership lies with the federal government, 
not a particular agency. 

In Section 4.2.2, we updated the text to read "United States Federal Government" instead 
of "U.S. Agency" 

5.05 GEN Pages 23-24: Table 4-1: The P-1 Canal is a facility 
of the Klamath Project, which was built and is 
currently operated and maintained by the U.S. 
Bureau of Reclamation. Formal assignment (or 
transfer) of operation and maintenance (O&M) of 
this facility from Reclamation to the U.S. Fish and 
Wildlife Service is anticipated but has not yet been 
completed. 

In Section 4.2.2, we changed the management of the P-1 Lateral to Bureau of 
Reclamation and added a table note to Operations and Maintenance Responsible Party 
cell to indicate anticipated future management by USFWS.  

5.06 COST Pages 23-24: Table 4-1: Footnotes 1 and 2 address 
the O&M costs of the Klamath Straits Drain, but 
do not accurately describe how those costs are 
allocated among the various entities. For 
simplicity’s sake, it likely suffices to say that the 
entities that contribute water to the Klamath 
Straits Drain, including KDD, USFWS, 
Reclamation, and Tulelake Irrigation District, 
share in the costs of Klamath Straits Drain in 
proportion to their relative contribution of such 
water to annual drainage pumping. 

On Table 4-1 we replaced the table notes with "The entities that contribute water to the 
Klamath Straits Drain, including KDD, USFWS, Reclamation, and Tulelake Irrigation 
District, share in the costs of Klamath Straits Drain in proportion to their relative 
contribution of water to annual drainage pumping" 

5.07 WAT Page 24: Last sentence of the last full paragraph is 
incorrect, as KDD does not “provide[] drainage 
via the KSD…” Suggest revising the sentence as 
follows: “The refuge receives water from the 

In Section 4.2.3, the sentence was changed to "The LKNWR receives water from the 
Klamath River via the Ady Canal and drainage water released from the refuge is pumped 
back to the river via the Klamath Straits Drain."  
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Klamath River via the Ady Canal and drainage 
water released from the refuge is pumped back to 
the river via the Klamath Straits Drain.” 

5.08 MAP Page 26, Figure 4-2: Suggest revising the title on 
the key to “Land Ownership/Administration”; 
also suggest changing the title of the map to 
something like “Project Area” or “Lower Klamath 
Lake Area” since the map depicts more than just 
“Klamath Drainage District.” 

The title for Figure 4-2 was changed to Land ownership/administration and the subtitle 
was changed to Klamath Drainage District Planning Area" 

5.09 WAT Page 30 (Water Resources): Groundwater may be 
used for irrigation in the planning area at least in 
one known case (Sukraw well) and likely others. 

In Section 4.6, text was revised to read "The District does not have a water right for 
groundwater please see section 4.6.5 for a list of District water rights." 

5.10 WAT Page 31: 
“FCA 2019a” is cited as the source for the 
statement that “Agricultural use of land became 
even more important industry in the area as 
logging activities closed in 1928 due to drought.” 
This is not an accurate description of the logging 
industry in the Klamath Basin. 

The statement was determined to be inaccurate and was removed.  

5.11 WAT The reference to 1906 should be more precise. 
The Klamath Project was authorized in 1905. 
Construction started in 1906, and the first 
irrigation deliveries occurred in 1907. 

See Section 4.6.1: Text was edited to: "Water for irrigation via the Klamath Project was 
one of Reclamation’s first projects, with water deliveries beginning in 1907 and providing 
water for many irrigation districts in the area that support the ecosystem services of 
providing food and crops." 

5.12 WAT The statement that “Water within KDD canal and 
drainage infrastructure influences water quality 
within both the LKNWR and the Klamath River” 
is imprecise and inaccurate to some degree. Water 
quality in the Klamath River is primarily 
influenced by water quality in Upper Klamath 
Lake. Water quality in KDD canals reflects water 
quality in the Klamath River. Water quality in 
LKNWR likewise reflects water quality in the 
Klamath River, to the extent that the river is the 
source of water in LKNWR. KDD’s diversions 
for both agriculture and the refuge do not 
materially alter the thermal regime or water quality 
in the Klamath River because this section of the 
river is managed as an impoundment, through 

Please see Section 4.6.1. Text in the Plan-EA was changed to highlight the role the 
Klamath River has in the water quality within KDD. Internal changes to water quality 
still have influences on water quality in LKNWR and the Klamath River. Text was edited 
to "Water quality within KDD's conveyance infrastructure is a reflection of its source 
water (the Klamath River) and the internal changes to water quality after conveyance and 
application of the water for irrigation. The resulting water that is pumped and discharged 
into the Klamath River via the Klamath Straits Drain influences water quality in LKNWR 
and the Klamath River."  
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operation of Keno Dam. As a result, regardless of 
the rate of diversions at the Ady and North canals 
(along with other points of diversion), water levels 
upstream of Keno Dam by and large remain the 
same. 
 
Water quality in KDD’s drains reflects the water 
quality in KDD’s canals after application of the 
water for agricultural purposes. As such, the 
concentration of constituents in drainage water is 
higher, due to evapotranspiration of water during 
irrigation. Sediment, salts, and other constituents 
may also be added to the water during the 
irrigation process, which is then reflected in the 
water quality in KDD’s drains. To the extent that 
KDD’s drainage water is recycled and delivered to 
the refuge, the water quality within the refuge will 
reflect the water quality of KDD’s drainage 
system. To the extent that KDD’s drainage 
water is pumped and discharged into the Klamath 
River via the Klamath Straits Drain, water quality 
in the Klamath River may be influenced by these 
discharges. 

5.13 GEN Page 31: Replace the term “private landowners” 
with “agricultural producers.”  

See Section 4.6.2.1: "private landowners" was replaced with "private agricultural 
producers" 

5.14 GEN Strike the following language “and retains most 
water rights for LKNWR wildlife management 
activities.” This statement is inaccurate and 
superfluous. 

This statement 'and retains most water rights' has been removed. 

5.15 WAT Last sentence in the second to last paragraph 
revise as follows: “USFWS and KDD have an 
agreement for use of the Ady Canal to deliver 
water to the refuge. KDD and Reclamation have 
an agreement providing that the district will 
provide water delivery and drainage services to 
Area K lands similar to private lands in the 
district. 

Please see Section 4.6.2.1 Language was updated to read “USFWS and KDD have an 
agreement for use of the Ady Canal to deliver water to the LKNWR. Through an 
agreement with Reclamation, KDD provides water delivery and drainage services to Area 
K lands similar to private lands in the District. 

5.16 WAT The first sentence of last paragraph, revise as 
follows: “Drainage water pumped to the Klamath 

See Section 4.6.2.1 Text was revised to the following: "Drainage water pumped to the 
Klamath River via the KSD could originate from several potential sources. In recent 



Klamath Drainage District Final Watershed Plan-Environmental Assessment 

Appendix A: Comments and Responses 

USDA-NRCS A-11  December 2025 

River via the Klamath Straits Drain comes from 
several potential sources. In recent times, the 
predominant source of water is agricultural return 
flows from lands within KDD, particularly in the 
late winter and spring, when landowners drain 
fields irrigated during the fall and winter period. 
During the summer irrigation season, most 
agricultural return flows from KDD lands are 
recycled and reused for irrigation purposes, rather 
than being discharged into the Klamath Straits 
Drain. As a result, the Klamath Straits Drain has 
generally not operated outside of the late winter 
and early spring period. 
 
The Klamath Straits Drain was completed and 
became operable in 1946. During the first seven 
decades of operation, a large amount of the water 
discharged to the river through the Klamath 
Straits Drain came from the refuge and/or from 
Tule Lake Sump 1 in Tule Lake National Wildlife 
Refuge. Since 1942, water from Tule Lake Sump 1 
can be pumped to LKNWR through Pumping 
Plant D and the Tule Lake Tunnel, a 4,000-foot-
long tunnel underneath Sheepy Ridge. At the 
terminus of this tunnel, the water may be 
distributed to and around LKNWR through the P 
Canal system. To the extent that water pumped 
through the Tule Lake Tunnel is in excess of the 
needs of LKNWR, the water may be released into 
and pumped to the river through the Klamath 
Straits Drain. 
 
Beginning in 2010, due to an overall lack of water 
within the refuge, USFWS largely ceased releasing 
water from the refuge into the Klamath Straits 
Drain. Beginning around this time, USFWS also 
started developing infrastructure to allow water to 
be recycled within the refuge, further lessening the 
need to release water into the Klamath Straits 
Drain. 
 

years, the primary source of this water seems to be agricultural return flows from lands 
within KDD, particularly during the late winter and spring, when landowners drain fields 
irrigated during the fall and winter. During the summer irrigation season, much of the 
agricultural return flows from KDD lands are reportedly recycled and reused for 
irrigation. Consequently, the KSD operates primarily during the late winter and early 
spring periods. Historically, the KSD also discharged KID's and TID's tailwater from 
Tule Lake Sump 1 in TLNWR. Since 1942, water from Tule Lake Sump 1 can be 
pumped to LKNWR through Pumping Plant D and the Tule Lake Tunnel, a 4,000-foot-
long tunnel underneath Sheepy Ridge. At the terminus of this tunnel, the water may be 
distributed to and around LKNWR through the P Canal system. However, beginning in 
the early 2010's when less water was available for agricultural purposes from Upper 
Klamath Lake, the amount of water being pumped from Sump 1 began to decline. Since 
2020, no water has been pumped from Sump 1 through the Tule Lake Tunnel unless 
special arrangements are made for this water to be sent to LKNWR." 
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At roughly the same time, due to less water being 
available for agricultural purposes from Upper 
Klamath Lake, the amount of water being pumped 
from Sump 1 began to decline. Since 2020, no 
water has been pumped from Sump 1 through the 
Tule Lake Tunnel unless special arrangements are 
made for this water to be sent to LKNWR. 

5.17 GEN Page 32: Replace the term “superseded” with 
“supplemented.” 

See Section 4.6.2.1  The sentence was replaced with: "KDD initially entered its first 
contract with Reclamation in 1917. This contract authorized the closing of the gates at 
the KSD to drain the land for farming and to develop drainage and conveyance 
infrastructure. In 1921, KDD signed its first contract with Reclamation to provide water 
to 27,500 acres of land with subsequent contracts in 1929, 1940, 1943 and 1947 to 
support continued water delivery (Contract No. I1r-402)." 

5.18 WAT The Klamath Basin Adjudication encompasses 
both water rights established prior to adoption of 
Oregon’s water code and federally-reserved water 
rights (regardless of the date they were 
established). Replace the term “vested” with 
“claimed to have been established.”  

See Section 4.6.2.1 The term “vested” was replaced with “claimed to have been 
established.” 

5.19 GEN Replace the phrase “established through a 
proceeding in Klamath County Circuit Court” 
with “confirmed through a process in accordance 
with state law.” 

See Section 4.6.2.1 The phrase “established through a proceeding in Klamath County 
Circuit Court” was replaced with “confirmed through a process in accordance with state 
law.” 

5.20 GEN Replace “managed” with “administered.” See Section 4.6.2.1 The term "managed" was replaced with "administered". 

5.21 GEN Replace “Final Order of Determination” with 
“Amended and Corrected Findings of Fact and 
Order of Determination (ACFFOD).” The 
Klamath County Circuit Court (not district) is 
responsible for adjudicating exceptions to the 
ACFFOD. The District was awarded certain water 
rights in the ACFFOD. 

See Section 4.6.2.2: The term “Final Order of Determination” was replaced with 
“Amended and Corrected Findings of Fact and Order of Determination (ACFFOD).”  

5.22 GEN Pages 32-33: Lands within KHDIC were at one 
time contemplated for water service through the 
Klamath Project, but no contract was ever 
consummated with the Reclamation for such. 
Instead the district exercises water rights obtained 
in accordance with Oregon law. 

Thank you for your comment. The information provided by the commentor does not 
appreciably change the intent of the section and no text edits were made.   
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5.23 WAT Page 33, Table 4-6: There are specified periods of 
use, maximum diversion rates, and annual 
maximum on-field and point of diversion duties 
for KA-100) and specifically for lands within 
KDD and served through the Ady and North 
Canals. The district’s contracts with Reclamation 
are not a “water right” as indicated in the title to 
the table. 

See Section 4.6.2.1. The District's contract with Reclamation is relevant to water 
management and shall remain in the table. However, the Table 4-6 title was updated to 
"District Water Rights and Contracts Associated with the Plan Area."  

5.24 WAT Pages 33 and 34: USFWS “claims” not “owns” the 
water rights for LKNWR. The description of 
water rights for LKNWR is not accurate. As 
established in the ACFFOD, Claim 312 
encompasses a place of use of 25,881.7 acres, but 
is restricted to irrigation of up to a maximum of 
10,000 acres per year within this place of use. The 
total annual volume available for irrigation under 
Claim 312 is 35,000 acre-feet. The approved 
period of use is February 15 through November 
15, depending on the point of diversion used. 
Claims 313-316 have later priority dates, different 
time and duty restrictions, and are designated for 
different areas within LKNWR. 
 
The water right claims for Tule Lake National 
Wildlife Refuge are separate and distinct from 
Claims 312- 316 for LKNWR. 

See Section 4.6.2.2.  The sentences were revised to read: "The LKNWR receives water 
from the Klamath River and Upper Klamath Lake. USFWS claims the water rights on 
the LKNWR for wildlife use through water rights claims (KA 312 [not year-round] and 
KA 313, 314, 315, and 316As established in the Amended and Corrected Findings of 
Fact Order of Determination (ACFFOD), Claim 312 encompasses a place of use of 
25,881.7 acres, but is restricted to irrigation of up to a maximum of 10,000 acres per year 
within this place of use. The total annual volume available for irrigation under Claim 312 
is 35,000 acre-feet. The approved period of use is February 15 through November 15, 
depending on the point of diversion used. Claims 313-316 have later priority dates, 
different time and duty restrictions, and are designated for different areas within 
LKNWR." 

5.25 GEN Use the acronym ACFFOD instead of FOD. See Section 4.6.2.2.  Text was changed to "ACFFOD" to reflect the current adjudication 
documentation.  

5.26 GEN The ACFFOD is enforceable pending a final 
decree, unless stayed by the circuit court. 

See Section 4.6.2.2. Sentence was edited to add the potential for the staying of the 
ACFFOD by the circuit court. Text was edited to "In the interim, the ACFFOD is 
enforceable until the circuit court issues a final decree or the circuit court stays the 
determination." 

5.27 ESA Strike the last sentence in the first paragraph on 
page 34. There is no current or ongoing work on 
the matter of a “within-Project priority” for 
LKNWR. 

See Section 4.6.2.2. Sentence was edited to more clearly reflect that Endangered Species 
Act compliance of the Kamath Project influences project water delivery. Text was edited 
to "USFWS, NMFS, and Reclamation continue to work toward a common understanding 
of water conveyance timing and allocations that is consistent with Reclamation's water 
delivery contracts and the Klamath Project Operations 2024 Biological Opinions 
(NOAA NMFS 2024, USFWS 2024)." 
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5.28 GEN Replace the phrase “is actively seeking” with “has 
analyzed the impacts of acquiring”.  

Thank you for your comment.  

5.29 GEN Table 4-7: Remove the word “District” from the 
title to the table. 

See Section 4.6.2.2 Text was edited to remove the word "District" from the title of Table 
4-7. These water rights are not the District's but are conveyed to Lower Klamath 
National Wildlife Refuge through KDD infrastructure. 

5.30 GEN Page 37: Second to last paragraph, KDD This was deemed an incomplete comment. When contacted for clarification, the 
commenter stated they had no additional input to provide. 

5.31 WAT Page 39: The statement that “At times, the KSD 
contributes more than half of the Klamath River’s 
flow above Keno Dam” is outdated and no longer 
factually correct. It is physically feasible; however, 
under current flow regime management for 
releases from Link River Dam, coupled with the 
dramatic change in KDD’s drainage practices (i.e., 
recycling water for agricultural and/or refuge use), 
the Klamath Straits Drain rarely (for a few weeks a 
year) reaches up to approximately one-fourth of 
the flow at Keno Dam. 

Text in Sections 2.1.4, 4.6.3.2, and 4.6.4 have been revised to more accurately reflect the 
present flow regime. “Historically, the KSD contributed more than half of the Klamath 
River’s flow above Keno Dam (Hiatt 2019), but recently recirculation of drain water into 
KDD canals has resulted in a reduction of the total drain discharge, including a reduction 
in nutrient loads, into the Klamath River.” 

5.32 WAT Page 39: Strike the sentence “The KSD transports 
nutrient loads into and out of the Klamath River.” 
This statement is inaccurate. 

See Section 4.6.4 The sentence in the Plan-EA was inaccurate as the Klamath Straits 
Drain does not receive inflow from the Klamath River but only discharges water into the 
river. Text was edited to "The KSD transports nutrient loads into the Klamath River." 

5.33 FISH Page 41: Strike the last sentence of the second 
paragraph in section 4.7.2. This statement is 
speculative.  

During coordination with NMFS, they indicated upstream areas of Keno Dam were not 
currently being discussed for designation of essential fish habitat. The sentence that this 
comment refers to has been removed. See Section 4.7.2 

5.34 ESA Page 42, the first full paragraph: 
Revise (or strike) the statement “Endemic fish, 
such as the endangered shortnose sucker and Lost 
River sucker, face critical population decreases 
that threaten the survival of the species.” Long-
term monitoring of suckers by USGS has 
conclusively shown that the fishes’ survival is not 
directly tied to water quantity or quality. See J. 
Krause et al., “Water and Endangered Fish in the 
Klamath River Basin: Do Upper Klamath Lake 
Surface Elevation and Water Quality Affect Adult 
Lost River and Shortnose Sucker Survival?” North 

Thank you for your comment. Krause et al. 2022 showed strong evidence to suggest that 
adult sucker survival was resilient to interannual variation in lake levels and water quality 
from 1999-2021. However, sucker populations are declining due to lack of sufficient 
survival of juveniles as described in the 2023 USFWS Biological Opinion for the Klamath 
Project. Although no empirical evidence has been collected yet to clearly describe the 
link, one prominent hypothesis documented in the 2023 USFWS BO is "that water 
quality is directly responsible for the unnaturally high levels of juvenile mortality."  
Another is that water quality interacts with other sources of mortality by causing chronic 
stress that renders the individuals more susceptible to forms of predation or infection..." 
This hypothesis corresponds with "The declines in captures commonly occur during the 
periods with the most degraded water quality conditions in UKL...". Thus, the language 
commented upon in the Plan EA is consistent with the current understanding of sucker 
biology and no changes were made to the text.  



Klamath Drainage District Final Watershed Plan-Environmental Assessment 

Appendix A: Comments and Responses 

USDA-NRCS A-15  December 2025 

American Journal of Fisheries Management, 
42:1414–1432 (2022). 

5.35 WAT Amend the statement “influenced by climate, 
runoff, and tailwater” to as follows: “primarily 
influenced by water quality conditions in Upper 
Klamath Lake…” 

See Section 4.7.2 Text was edited to "Water quality conditions in the Klamath River and 
District-operated canals are primarily influenced by Upper Klamath Lake in addition to 
climate, runoff, and tailwater, resulting in poor water quality due to impaired waters for 
parameters such as temperature, dissolved oxygen, dissolved solids, sediments, turbidity, 
nutrients (primarily nitrogen and phosphorus), and bacteria (DEQ 2022)." 

5.36 FISH Page 44: Strike the last sentence of section 4.7.3.5. 
This statement is speculative. 

During coordination with NMFS, they indicated upstream areas of Keno Dam were not 
currently being discussed for designation of essential fish habitat. The sentence that this 
comment refers to has been removed. See Section 4.7.3.5 

5.37 WAT Page 45, section 4.8.1: As noted above, water 
quality in KDD canals reflects water quality in the 
Klamath River (not visa versa). Water quality in 
KDD’s drains reflects the water quality in KDD’s 
canals after application of the water for 
agricultural purposes. 

Text in the Plan-EA was changed to highlight the role the Klamath River has in the water 
quality within KDD. Internal changes to water quality still have influences on water 
quality in LKNWR and the Klamath River. In Section 4.8.1, text was updated to " Water 
quality within KDD's conveyance infrastructure is a reflection of its source water (the 
Klamath River) and the internal changes to water quality after conveyance and 
application of the water for irrigation. The resulting water quality in KDD's conveyance 
infrastructure influences water quality in LKNWR and the Klamath River."  

5.38 GEN Page 69, section 6.6.2.1.1: The statement does not 
explain how the proposed action would 
“improve” KDD landowners’ “ability to use water 
rights.” Specific reference should be made of the 
additional capacity and flexibility that will be 
created by the project to recycle drainage water for 
agricultural and refuge use (as in section 6.6.2.2.2). 
Also the project addresses conditions (like fish 
entrainment) that may be a constraint on 
landowners’ ability to exercise water rights. 

Fish entrainment is not a constraint on a landowners' ability to exercise water rights as 
entrainment is covered by the Klamath Project Biological Opinion. Text was edited in 
Section 6.6.2.1.1  to state "Under the Modernization Alternative, there would be no 
effect to the District’s water rights, but modernization activities would improve the 
District’s and its patrons’ ability to use water rights. The Modernization Alternative will 
increase the availability of water to meet patrons water rights through improvements to 
recirculation and water management within the District's conveyance network. The 
locations of the District’s points of diversions would not change under this alternative."  

5.39 GEN Page 70, second to last paragraph: Replace the 
word “Irrigating” (before wetlands) with the term 
“Maintaining.” 

See Section 6.6.2.2.2, "irrigating" was replaced with "maintaining". 

5.40 WAT Page 75, sections 6.7.2.2.3 and 6.7.2.2.4: These 
sections should note that any impacts associated 
with any increased storm water runoff from the 
access road on the North Canal not be offset by 
the water quality benefits associated with less KSD 
water being discharged into the Klamath River. 

 In a coordination meeting with NMFS Branch Supervisor for the region after release of 
the Plan-EA for public comment, it was determined that the increases in stormwater 
runoff on roads that would be infrequently used by the District would not significantly 
contribute to impairments in water quality within the Klamath River. Section 6.7.2.2.3 
and 6.7.2.2.4 will be edited to reflect this change in impact determination.  
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5.41 GEN Page 83, section 6.10.3.6: The gates in the railroad 
embankment across the Klamath Straits were first 
closed in 1914. After Reclamation reopened the 
gates the following spring, landowners negotiated 
and finally entered into an agreement with 
Reclamation for their closure in October 1915. 
The November 30, 1917 contract was the first 
contract with the district for the permanent 
closure of the gates in the railroad embankment 
across the Klamath Straits. 

See Section 6.11.3.6 (formerly 6.10.3.6). The sentence was revised to indicate permanent 
closure of gates under the 1917 contract. Sentence was revised to: "This contract 
authorized permanent closure of the gates at the Klamath Straits to drain the land, 
making it possible to farm." 

5.42 GEN KWUA appreciates the opportunity to thoroughly 
review and comment on the Draft Plan-EA. 
Clearly, considerable thought and effort has gone 
into this planning effort so far. KWUA supports 
the proposed action and KDD’s broader efforts to 
modernize its infrastructure and operations in a 
manner that supports and enhances fish and 
wildlife resources. 

Thank you for your comment. 
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Figure B-1. Klamath Drainage District planning area and project area. 
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Figure B-2. Areas benefited by the Klamath Drainage District Project. 
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Figure C-1. District Infrastructure Modernization Alternative.
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Figure C-2. North Canal Diversion fish screen overview design.
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Figure C-3. Isometric view of North Canal fish screen.
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Figure C-4. E and F Pump Station Project overview.
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Figure C-5. Pumping plant evaluation overview. 
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Figure C-6. Pumping Plant E/EE overview. 
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Figure C-7. Pumping Plant F/FF overview. 
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Figure C-8. Overview of proposed E Pumping Plant recirculation pipeline. 
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Figure C-9. Location of Klamath Drainage District North Canal railroad crossing. 
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Figure C-10. Klamath Project Irrigation Districts. 
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Figure C-11. Tax lots associated with the North Canal Fish Screen Project. 
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Figure C-12. Tax lots associated with the North Canal Extension Project. 
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Figure C-13. Klamath Drainage District flow diagram. 
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Figure C-14. Example of break in southern North Canal levee. 
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D.1 National Economic Development Analysis 
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1 Introduction  
This appendix outlines the costs and benefits of the Modernization Alternative (also referred to as 
the Project) and the No Action Alternative. The Modernization Alternative represents future 
conditions with federal funding through Public Law No. (Pub. L. No.) 83-566. The No Action 
Alternative represents the future if Klamath Drainage District (KDD or District) does not receive 
federal funding through Pub. L. No. 83-566 and continues current operation and management. 

This National Economic Development (NED) analysis is divided into six sections. Following this 
introduction, the second section describes key economic analysis parameters. The third section 
describes the costs of the alternatives, while the fourth section presents benefits. The fifth section 
compares benefits and costs of the Modernization Alternative over the No Action Alternative. 
References are presented in the sixth section.  

All economic values are presented in 2023 dollars rounded to the nearest $1,000. Unless otherwise 
noted, all NED values are presented in average annual values (following the approach described in 
the NRCS Water Resources Handbook for Economics) using the 2.5 percent planning rate for 
federal water projects for fiscal year 2023 (U.S. Bureau of Reclamation, 2022). Under this method, 
all costs and benefits are evaluated at the 2023 price level for all applicable years in the study period, 
then converted to a present value over the entire analysis period using the 2.5 percent planning rate 
as the discount rate. Finally, each present value is amortized to average annual values over the 
evaluation period using the 2.5percent rate. 

1.1 Project Overview 
The Klamath Drainage District (KDD or District) Infrastructure Modernization Project is an 
agricultural water conveyance efficiency and habitat improvement project. The Modernization 
Alternative would extend the North Canal to the Lower Klamath National Wildlife Refuge 
(LKNWR), install Supervisory Control and Data Acquisition (SCADA) systems, install a fish screen 
at North Canal diversion point on the Klamath River, replace the E and F pump stations, install 
recirculation piping infrastructure in the E Pumping Plant, and upgrade turnouts. 

1.2 Project Location 
The District is located just south of Midland in Klamath County, Oregon. The District serves 
roughly 27,000 acres of irrigated farmland. KDD diverts natural flow from the Klamath River and 
its tributaries, and also diverts stored water released from Upper Klamath Lake. The planning area is 
defined as the entire District. 
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1.3 Watershed Plan–EA Alternatives 
1.3.1 No Action Alternative 

Under the No Action Alternative, federal funding through Pub. L. No. 83-566 would not be 
available to implement the Project. The District and the Bureau of Reclamation (Reclamation), 
which operates pump plants in KDD, would continue to operate and maintain infrastructure 
consistent with past and current operations. The No Action Alternative assumes that modernization 
of the District’s system to meet the purpose and need of the Project would not be reasonably certain 
to occur. The No Action Alternative is a near-term continuation of the standard operation 
procedures, which maximize the operational efficiency of the district with the current infrastructure. 

1.3.2 Modernization Alternative 

The Modernization Alternative is KDD’s desired alternative. Under this alternative, federal funding 
through Pub. L. No. 83-566 would be available. The District would perform the following actions: 

• Extend North Canal to LKNWR (2,451 feet or 0.46 miles)  

• Install 14 SCADA systems 

• Install a fish screen at the North Canal Diversion  

• Upgrade the E and F Pumping Plants (currently owned and operated by Reclamation) 

• Install recirculation piping infrastructure at the E Pumping Plant 

• Upgrade 76 turnouts 

2 Economic Analysis Parameters 
This NED analysis compares the economic benefits and costs of the Modernization Alternative that 
differ from the No Action Alternative to estimate the net benefits of implementing the 
Modernization Alternative. All economic values are presented in 2023 dollars rounded to the nearest 
$1,000. Unless otherwise noted, all NED values are presented in average annual values (following 
the approach described in the NRCS Water Resources Handbook for Economics) using the 
2.5-percent planning rate for federal water projects for fiscal year 2023 (U.S. Bureau of Reclamation, 
2022). Under this method, all costs and benefits are evaluated at the 2023 price level for all 
applicable years in the study period, then converted to a present value over the entire analysis period 
using the 2.5 percent planning rate as the discount rate. Finally, each present value is amortized to 
average annual values over the evaluation period using the 2.5 percent rate. 

2.1 Evaluation Unit 
The proposed project consists of six project groups, which are the evaluation units for this analysis. 
Each of the project actions noted above under the Modernization is an evaluation unit. These are 
the project groups
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1. Project Group (PG) 1 North Canal Extension 
2. PG2 SCADA System 
3. PG3 Fish Screen 
4. PG4 E and F Pumping Plants 
5. PG5 E Pump Recirculation 
6. PG6 Upgraded Turnouts 

An important note for the incremental analysis is that the costs for constructing any given project 
group would not change if it were the only project group to be constructed. 

2.2 Project Implementation and Analysis Timeline 
District staff predict that, if Pub. L. No. 83-566 funds are made available, construction of the six 
project groups would likely be completed over approximately three years, with some overlap in 
construction timing between project groups. For each project group, this analysis assumes that full 
benefits would be realized the year after construction is completed (e.g., for PG1 North Canal 
Improvements, which would be constructed in Year 0, full benefits would be realized in Year 1). 
This information is summarized in Table D-1. 

2.3 Analysis Period 
The analysis period is defined as 103 years, which includes three years of project 
construction/installation and 100 years of project life, based on the expected life of the North Canal 
Extension (during which time it is expected to bring significant project benefits). Accordingly, the 
study period extends from Year 0 (construction start) to Year 102 (last year of potential useful life 
for the project). The anticipated installation/construction timing, as well as the life of each project 
group, is summarized in Table D-1. 

Table D-1. Construction Timeline and Project Life for the Modernization Alternative, 
Klamath River Watershed, Oregon. 

Works of Improvement 
Construction 

Start Year 
Construction 

End Year 
Project Life 
Start Year 

Project Life 
End Year 

PG1 North Canal Improvements 0 0 1 100 

PG2 SCADA System 0 0 1 100 

PG3 Fish Screen 1 2 3 102 

PG4 E and F Pumping Plants 2 2 3 102 

PG5 E Pump Recirculation 2 2 3 102 

PG6 Upgraded Turnouts 1 1 2 101 
                                                                                                                                                  Prepared July 2024 
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3 NED Costs 
3.1 Costs of the No Action Alternative 
Under the No Action Alternative, federal funding through Pub. L. No. 83-566 would not be 
available to implement the project. The District and Reclamation (which operates the E/EE and 
F/FF pumping plants within the District) would continue to operate and maintain the existing 
system consistent with past and current management, which would include replacing infrastructure 
that reaches the end of its useful life before the end of the period of analysis. Part of this continued 
management under the No Action Alternative would include planned replacement of several 
infrastructure components that would also be replaced under the Modernization Alternative. 
Specifically, under No Action, Reclamation anticipates replacing the E and F pumping plants (which 
would also be replaced in the PG4 under the Modernization Alternative, but in an earlier year) and 
KDD anticipates replacing a temporary pump (that would be rendered unnecessary by PG5 E Pump 
Recirculation in the Modernization Alternative). We present these No Action replacement costs in 
this section, and then compare them against the costs of the Modernization Alternative to estimate 
the NED cost difference between the No Action and Modernization Alternatives. 

In the No Action Alternative, Reclamation plans to replace the 10 pumps that operate the current E, 
EE, F, and FF pumping plants during the period of analysis. Reclamation is currently replacing one 
pump every other year until all pumps are replaced; to date it has replaced two pumps in the EE and 
FF pumping plants (White, 2023). Reclamation would then have to replace these pumps roughly 
every 30 years after their initial replacement. Reclamation estimates that it would cost $1.44 million 
to replace all three E pumps (average cost of $480,000 per pump) and $1.405 million to replace all 
three F pumps (average cost of $468,000 per pump). The F pumps are assumed to be replaced in 
Years 1, 3, and 5, and again in every following 30-year increment based on a 30-year pump life. The 
E pumps are estimated to be replaced in years 7, 9, 11 and again in every following 30-year 
increment.1 Because the timing and costs of replacing the EE and FF pumps would be unaffected 
by the Modernization Alternative, these replacement costs are not included. 

Currently, recirculation on the Klamath Straits Drain is aided by a temporary, mobile pump. Under 
the No Action Alternative, KDD would have to replace this pump in roughly Year 20 at an 
estimated cost of $70,000, and again every 30 years afterwards (White, 2023). Accordingly, our 
analysis models a cost of $70,000 in Years 20, 50, and 80. This cost would be avoided in the 
Modernization Alternative by the PG5 E Pump Recirculation. 

As shown in Table D-2, the annualized replacement costs under the No Action Alternative (that 
would be avoided under the Modernization Alternative) total $124,000.

 
1 Reclamation did not provide information on the order of pump replacement for the 12 pumps. We assume that 
Reclamation would replace the E and F pumping plants first, since those were prioritized for replacement under the 
Modernization Alternative. We model the less expensive F Pumping Plant being replaced before the E Pumping Plant, 
which provides the most conservative estimate of the benefits of the Modernization Alternative (since discounting 
reduces the present value of future avoided costs).  
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Table D-2. Replacement Costs of the No Action Alternative, Klamath River Watershed, 
Oregon, 2023 dollars1 

Works of Improvement 
Cost per 

Replacement 

Remaining Useful 
Life of Current 
Infrastructure 

(years) 

Useful Life of 
Replacement 
Infrastructure 

(years) 

Annualized 
Costs of 

Replacement 
PG1 North Canal 
Improvements N/A N/A N/A $0  

PG2 SCADA System N/A N/A N/A $0  
PG3 Fish Screen N/A N/A N/A $0  
PG4 E and F Pumping 
Plants  $2,845,000  1-11 30  $122,000  

PG5 E Pump Recirculation  $70,000  20 30  $2,000  
PG6 Upgraded Turnouts N/A  N/A $0  
Total N/A N/A N/A $124,000  
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. Prepared July 2024 

3.2 Costs of the Modernization Alternative 
The costs of the Modernization Alternative include the initial construction/installation costs of each 
project group, as well as other costs that are the direct result of project implementation that would 
occur during the analysis period. These costs are referred to as “Other Direct Costs” and include 
costs of operations, maintenance, and replacement (OMR). All costs are presented in 2023 dollars 
and converted to present value in the current year (and not the construction year), so no inflation of 
construction costs was included. 

3.3 Project Installation Costs 
Project installation costs include mobilization and staging of construction or installation equipment, 
delivery of construction materials to project areas, dewatering (where necessary), 
installation/construction of equipment, excavation (where necessary), compaction of backfill that is 
native material, restoration and reseeding of the disturbed areas, and any costs associated with 
obtaining easements or land acquisitions. There are no expected installation costs associated with 
cultural mitigation. In the case of PG2 SCADA System, the project installation costs include the 
equipment, installation (including providing power through solar panels or grid power), and set-up 
of the system. 

The total cost of installation/construction of the Modernization Alternative is estimated at 
$16,524,000 (Farmers Conservation Alliance, 2023). This includes the costs of construction; 
engineering, construction management, survey costs (estimated at 10 to 30 percent of construction 
costs); contractor markup (estimated at 11 to 18 percent of construction costs); contingency costs 
(estimated at 12 to 30 percent of the subtotal of other cost components). 

The total costs also include project administration costs for NRCS and KDD (estimated at 7 percent 
of the subtotal of previously mentioned cost components; the project administration total is split 
with 75 percent for NRCS and 25 percent for KDD), and technical assistance from NRCS 
(estimated at 8 percent of the subtotal of previously mentioned cost components). Permitting costs 
are estimated at 1 to 5 percent of construction costs. Easement costs (including associated 
contingency costs) are estimated to total $77,000. The costs of project installation are provided in 
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Table D-3 and Table D-4 (which correspond to NWPM 506.11 Economic Table 1 and NWPM 
506.12 Economic Table 2, respectively). The average annualized cost of installation/construction of 
the Modernization Alternative is $435,000. 
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Table D-3. Estimated Installation Cost, Klamath River Watershed, Oregon, 2023 dollars.1 

Works of 
Improvement Unit 

Federal 
Land – 

Number 

Nonfederal 
Land – 

Number  
Total – 

Number  

Pub. L. No. 
83-566 

Federal Land 
NRCS2 

Pub. L. No. 
83-566 

Nonfederal 
Land NRCS2 

Pub. L. No. 
83-566 

Estimated 
Total 

Other Funds 
Federal Land 

Other Funds 
Nonfederal 

Land 

Other 
Funds 

Estimated 
Total 

Estimated 
Cost – 
Total 

PG1 North 
Canal 
Improvements 

acres 0.0 250.6 250.6 $0 $671,000 $671,000 $0 $256,000 $256,000 $927,000 

PG2 SCADA 
System 

square 
feet 4,055.9 3,822.0 7,877.9 $179,000 $168,000 $347,000 $54,000 $50,000 $104,000 $451,000 

PG3 Fish 
Screen  acres 0.0 16.6 16.6 $0 $8,187,000 $8,187,000 $0 $2,545,000 $2,545,000 $10,732,000 

PG4 E and F 
Pumping Plants acres 0.1 0.0 0.1 $2,886,000 $0 $2,886,000 $865,000 $0 $865,000 $3,751,000 

PG5 E Pump 
Recirculation 

square 
feet 3,933.0 0.0 3,933.0 $489,000 $0 $489,000 $147,000 $0 $147,000 $636,000 

PG6 Upgraded 
Turnouts 

square 
feet 0.0 1,900.0 1,900.0 $0 $22,000 $22,000 $0 $5,000 $5,000 $27,000 

Total project N/A  N/A  N/A  N/A  $3,554,000 $9,048,000 $12,602,000 $1,066,000 $2,856,000 $3,922,000 $16,524,000 
1Price base: 2023 dollars.  Prepared July 2024 
2Federal agency responsible for assisting in installation of works of improvement. 
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Table D-4. Estimated Cost Distribution-Water Resource Project Measures, Klamath River Watershed, Oregon, 2023 dollars.1 

Works of 
Improvement 

Pub. L. No. 
83-566 

Construction 

Pub. L. No. 
83-566 

Engineering 

Pub. L. 
No. 83-

566 
Project 
Admin 

Subtotal 2 

Total Pub. 
L. No. 83-

566 

Other  
Funds - 

Construction 
Other Funds - 
Engineering 

Other 
Funds - 

Real 
Property 
Rights 

Other 
Funds -
Project 
Admin 

Other 
Funds - 

Permitting 
Total 
Other 

Total -
Installation 

costs 
PG1 North Canal 
Improvements $545,000 $22,000 $104,000 $671,000 $181,000 $7,000 $32,000 $6,000 $30,000 $256,000 $927,000 

PG2 SCADA 
System $286,000 $10,000 $51,000 $347,000 $95,000 $3,000 $0 $3,000 $3,000 $104,000 $451,000 

PG3 Fish Screen  $6,758,000 $227,000 $1,202,000 $8,187,000 $2,252,000 $76,000 $45,000 $72,000 $100,000 $2,545,000 $10,732,000 

PG4 E and F 
Pumping Plants $2,382,000 $80,000 $424,000 $2,886,000 $793,000 $27,000 $0 $25,000 $20,000 $865,000 $3,751,000 

PG5 E Pump 
Recirculation  $348,000 $33,000 $108,000 $489,000 $116,000 $11,000 $0 $5,000 $15,000 $147,000 $636,000 

PG6 Upgraded 
Turnouts $17,000 $1,000 $4,000 $22,000 $5,000 $03 $0 $0 $0 $5,000 $27,000 

Total project $10,336,000 $373,000 $1,893,000 $12,602,000 $3,442,000 $124,000 $77,000 $111,000 $168,000 $3,922,000 $16,524,000 
1Price base: 2023 dollars. Prepared July 2024 
2Includes project administration costs and technical assistance costs. 
3Other Funds-Engineering for PG6 is less than $500 and was therefore rounded to $0. 
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3.4 Other Direct Costs 
Other direct costs are costs that result from the project but occur after installation/construction. For 
the Modernization Alternative, other direct costs include additional OMR. In PG1 North Canal 
Improvements, the District estimates that operating and maintaining (O&M) the new infrastructure 
would require roughly $60,000 annually, which includes a new full-time equivalent (FTE) position. 
Furthermore, transporting an additional 1,000 acre-feet (AF) per year of water to LKNWR through 
the North Canal (as is further explained in Section 4.2.1.1.2) would cost roughly $75 per AF in 
additional O&M, or $75,000 per year. In PG2 SCADA System, KDD estimates that staff training 
and system maintenance would require about $10,000 per year. KDD estimates that maintaining the 
fish screen in PG3 Fish Screen will cost approximately $20,000 annually in O&M. Finally, KDD 
estimates that PG5 E Pump Recirculation will incur $10,000 per year in labor to adjust gates and 
$19,000 in annual energy costs (White, 2023).2 

Accounting for timing of costs, (i.e., future costs are discounted) the average annualized cost of 
O&M under the Modernization Alternative is estimated at approximately $192,000, as shown in 
Table D-5.  

Table D-5. O&M Costs Under the Modernization Alternative, Klamath River Watershed, 
Oregon, 2023 dollars.1 

Project Group 
Increase in Average Annual 

O&M Costs Annualized O&M Costs 

PG1 North Canal Improvements $135,000  $135,000  

PG2 SCADA System $10,000  $10,000  

PG3 Fish Screen $20,000  $19,000  

PG4 E and F Pumping Plants $0  $0  

PG5 E Pump Recirculation $29,000  $28,000  

PG6 Upgraded Turnouts $0  $0  

Total $194,000  $192,000  
Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  

In addition to the O&M costs, some of the project components will require replacement prior to the 
end of the project life. SCADA and telemetry equipment has a useful life of roughly 20 years, while 
pumps in PG4 E and F Pumping Plants have a useful life of around 30 years. Accordingly, PG2 

 
2  This assumes equivalent energy use between diesel fuel under the No Action and electricity use under the 
Modernization Alternatives. The conversion uses factors of 3.79 gallons per liter, 30 percent efficiency in diesel’s 
conversion to kinetic energy, and 10 kWh per liter of diesel, for a total of 162,364 kWh equating to 14,280 gallons of 
diesel. The cost of electricity is $0.12 per kWh (Neuman, 2023). 
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SCADA System will require replacement in Years 21, 41, 61, and 81 (20 years after installation and 
every 20 years thereafter); and PG4 E and F Pumping Plants will require pump replacements in 
Years 33, 63, and 93 (30 years after construction and every 30 years thereafter). The replacement 
costs under the Modernization Alternative are summarized in Table D-6.  

Table D-6. Replacement Costs Under the Modernization Alternative, Klamath River 
Watershed, Oregon, 2023 dollars.1 

Works of Improvement 
Cost per 

Replacement Useful Life (years) 
Annualized Costs 
of Replacement 

PG1 North Canal Improvements N/A  N/A $0  

PG2 SCADA System $48,000  20  $2,000  

PG3 Fish Screen N/A  N/A $0  

PG4 E and F Pumping Plants  $1,797,000 2 30  $37,000  

PG5 E Pump Recirculation  N/A  N/A  $0  

PG6 Upgraded Turnouts N/A  N/A $0  

Total N/A N/A $39,000  
1 Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. Prepared July 2024 
2 The cost of replacement is less than the cost of installation under the Modernization Alternative because it only 
includes the cost of pumps, motors, and gearheads, and does not include the design, engineering, and other non-
infrastructure costs included in the Modernization Alternative. 

In total, the other direct costs (including OMR costs) under the Modernization Alternative are 
estimated at $231,000, as shown in Table D-7. 

Table D-7. Other Direct Costs of the Modernization Alternative, Klamath River Watershed, 
Oregon, 2023 dollars.1 

Works of Improvement 
Annualized O&M 

Costs 
Annualized Costs 
of Replacement 

Annualized Other 
Direct Costs 

PG1 North Canal Improvements $135,000  $0  $135,000  

PG2 SCADA System $10,000  $2,000  $12,000  

PG3 Fish Screen $19,000  $0  $19,000  

PG4 E and F Pumping Plants  $0  $37,000  $37,000  

PG5 E Pump Recirculation  $28,000  $0  $28,000  
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Works of Improvement 
Annualized O&M 

Costs 
Annualized Costs 
of Replacement 

Annualized Other 
Direct Costs 

PG6 Upgraded Turnouts $0  $0  $0  

Total $192,000  $39,000  $231,000  
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. Prepared July 2024 

3.5 Summary of Costs under the Modernization Alternative 
The costs of the Modernization Alternative are equal to the estimated average annual 
installation/construction plus the other direct costs outlined above for each project group. In total, 
across all project groups, the average annual project costs are $666,000. These costs are summarized 
in Table D-8. Because there are costs under the No Action Alternative (as described in Section 3.1), 
the costs shown in the table below are not the NED costs (for the NED costs, see Table D-10). 

Table D-8. Estimated Average Annual Costs of the Modernization Alternative, Klamath 
River Watershed, Oregon, 2023 dollars.1 

Project Group 

Project Outlays 
(Amortization of 
Installation Cost) 

Project Outlays 
Operation, 

Maintenance, and 
Replacement Cost 

Total Average 
Annual Costs 

PG1 North Canal Improvements $25,000  $135,000  $160,000  

PG2 SCADA System $12,000  $12,000  $24,000  

PG3 Fish Screen $282,000  $19,000  $301,000  

PG4 E and F Pumping Plants $98,000  $37,000  $135,000  

PG5 E Pump Recirculation $17,000  $28,000  $45,000  

PG6 Upgraded Turnouts $1,000  $0  $1,000  

Total $435,000  $231,000  $666,000  

Note: Totals may not sum due to rounding.  Prepared July 2024 
1 Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  

3.6 Costs of the Modernization Alternative Over the No Action Alternative 
As described in Section 3.1, the No Action Alternative will require replacement costs that would be 
avoided under the Modernization Alternative. To calculate the NED costs, we start by subtracting 
the replacement costs under the No Action Alternative (shown in Table D-2) from the other direct 
costs under the Modernization Alternative, which include the replacement costs of the 
Modernization Alternative (shown in Table D-8). This is shown in Table D-9, where the second 
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column is subtracted from the third column to generate the values in the last column. In the case of 
PG4 E and F Pumping Plants, the value in the last column is negative, indicating that the Other 
Direct Costs of the Modernization Alternative are lower than under the No Action Alternative. 

Table D-9. Other Direct Costs of the Modernization Alternative Over the No Action 
Alternative, Klamath River Watershed, Oregon, 2023 dollars.1 

Works of Improvement 

Annualized Costs 
of Replacement 
under No Action 

Alternative 

Other Direct Costs 
of the 

Modernization 
Alternative 

Other Direct Costs 
the Modernization 

Alternative over 
the No Action 

Alternative 

PG1 North Canal Improvements $0  $135,000  $135,000 

PG2 SCADA System $0  $12,000  $12,000 

PG3 Fish Screen $0  $19,000  $19,000 

PG4 E and F Pumping Plants  $122,000  $37,000  -$85,000 

PG5 E Pump Recirculation  $2,000  $28,000  $26,000 

PG6 Upgraded Turnouts $0  $0  $0 

Total $124,000  $231,000  $107,000 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. Prepared July 2024 

Combining the NED Other Direct Costs in the table above with the annualized installation costs 
(shown in Table D-8) provides the total annualized NED costs of the Modernization Alternative. 
These are shown in Table D-10, which corresponds to NWPM 506.18 Economic Table 4. 

Table D-10. Estimated Average Annual NED Costs, Klamath River Watershed, Oregon, 
2023 dollars.1 

Project Group 

Project Outlays 
(Amortization of 
Installation Cost) 

Other Direct Costs 
of the 

Modernization 
Alternative over the 

No Action 
Alternative 

Total Average 
Annual Costs 

PG1 North Canal Improvements $25,000 $135,000 $160,000 

PG2 SCADA System $12,000 $12,000 $24,000 

PG3 Fish Screen $282,000 $19,000 $301,000 

PG4 E and F Pumping Plants $98,000 -$85,000 $13,000 
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Project Group 

Project Outlays 
(Amortization of 
Installation Cost) 

Other Direct Costs 
of the 

Modernization 
Alternative over the 

No Action 
Alternative 

Total Average 
Annual Costs 

PG5 E Pump Recirculation $17,000 $26,000 $43,000 

PG6 Upgraded Turnouts $1,000 $0 $1,000 

Total $435,000 $107,000 $542,000 
Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  

4 NED Benefits 
4.1 Benefits of the No Action Alternative 
Relative to current conditions, there are no additional benefits of the No Action Alternative. Under 
the No Action Alternative, the District would continue under current management direction and 
management intensity, with no benefits above those currently provided. Consistent with current 
management direction and intensity, the District (and Reclamation, in the case of the E and F 
pumping plants) would replace aging infrastructure such as pumps at the end of their useful life. 

4.2 Benefits of the Modernization Alternative 
This section describes the benefits of the Modernization Alternative. 

4.2.1 Project Benefits 

The benefits of the Modernization Alternative include both on-site benefits (such as avoided District 
O&M costs) and off-site benefits (such as improved wildlife habitat and water quality benefits). The 
following subsections describe both on- and off-site benefits, some of which are quantified and 
included in the analysis (such as O&M savings) and others that are considered but not quantified 
(such as water quality). Of the Modernization Alternative benefits that are included and quantified in 
the analysis, the average annual values are summarized in Table D-11 for each project group (which 
corresponds to NWPM 506.20 Economic Table 5a). 
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Table D-11. Estimated Average Annual Damage Reduction Benefits, Klamath River Watershed, 
Oregon, 2023 dollars.1 

PG1 North Canal Improvement On-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Reduced OMR $10,000  N/A 

On-site Subtotal $10,000  N/A 

PG1 North Canal Improvements Off-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Avoided Carbon Emissions2 N/A $0 

Habitat Value N/A $150,000 

Off-site Quantified Subtotal  N/A $150,000 

PG1 Total Quantified Benefits N/A $160,000  

PG2 SCADA System On-Site Damage Reduction Benefits Agricultural-
related Nonagricultural 

Reduced OMR $40,000  N/A 

On-site Subtotal $40,000  N/A 

PG2 SCADA System Off-Site Damage Reduction Benefits Agricultural-
related Nonagricultural 

Avoided Carbon Emissions2 N/A $0 

Habitat Value N/A $0 

Off-site Quantified Subtotal  N/A $0 

PG2 Total Quantified Benefits  N/A $40,000  

PG3 Fish Screen On-Site Damage Reduction Benefits Agricultural-
related 

Nonagricultural  

On-Site Damage Reduction Benefits  N/A N/A 

Reduced OMR $0  N/A 

On-site Subtotal $0  N/A 
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PG3 Fish Screen Off-Site Damage Reduction Benefits Agricultural-
related Nonagricultural 

Avoided Carbon Emissions2 N/A $0 

Habitat Value N/A $0 

Fish Value 
N/A Positive, 

Unquantified 
Benefits 

Off-site Quantified Subtotal  N/A $0 

PG3 Total Quantified Benefits N/A $0  

PG4 E and F Pumping Plants On-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Reduced OMR $29,000  N/A 

On-site Subtotal $29,000  N/A 

PG4 E and F Pumping Plants Off-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Avoided Carbon Emissions 2 N/A $0 

Habitat Value N/A $0 

Off-site Quantified Subtotal  N/A $0 

PG4 Total Quantified Benefits N/A $29,000  

PG5 E Pump Recirculation On-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Reduced OMR $77,000  N/A 

On-site Subtotal $77,000  N/A 

PG5 E Pump Recirculation Off-Site Damage Reduction 
Benefits 

Agricultural-
related Nonagricultural 

Avoided Carbon Emissions2 N/A $1,000 

Habitat Value N/A $0 

Off-site Quantified Subtotal  N/A $1,000 

PG5 Total Quantified Benefits N/A $78,000  
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PG6 Upgraded Turnouts On-Site Damage Reduction Benefits Agricultural-
related Nonagricultural 

Reduced OMR $0  N/A 

Water Use Transparency 
Positive, 

Unquantified 
Benefits 

N/A 

On-site Subtotal $0  N/A 

PG6 Upgraded Turnouts Off-Site Damage Reduction Benefits Agricultural-
related Nonagricultural 

Avoided Carbon Emissions2 N/A $0 

Habitat Value N/A $0 

Off-site Quantified Subtotal  N/A $0 

PG6 Total Quantified Benefits N/A $0  
Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. 
2This value represents the benefit of avoided carbon emissions as measured by the social cost of carbon. These 
benefits would also accrue to local residents, but the majority of the value would be experienced outside the 
proposed project area. 

4.2.1.1 Benefits Considered and Included in Analysis 

4.2.1.1.1 O&M Cost Savings 

Relative to the No Action Alternative, the Modernization Alternative would result in O&M cost 
savings for most project groups. In PG1 North Canal Improvements, KDD expects that $10,000 
per year in O&M will be avoided due to reduced pumping in the Klamath Straits Drain. PG2 
SCADA System is expected to save $40,000 per year in labor costs by avoiding the need to manually 
adjust water delivery infrastructure. PG5 E Pump Recirculation would save approximately $10,000 
per year in labor costs needed to operate a temporary pump and avoid $71,000 per year in costs to 
fuel the pump (White, 2023).  

PG4 E and F Pumping Plants will also result in O&M savings to KDD and Reclamation, who 
currently owns and manages the E, EE, F, and FF Pumping Plants.3 These four pumping plants 
share the work of pumping Klamath Straits Drain water. The E and EE plants are colocated, and 
the F and FF pumping plants are colocated. Because these four plants share the total District 
pumping demand on the Klamath Straits Drain, their O&M is interrelated. By replacing the E and F 
pumping plants, the Modernization Alternative will impact O&M of all four pumping plants.  

 
3 KDD has initiated talks to transfer OMR responsibility for the E and F Pumping Plants from Reclamation to KDD, 
and it is assumed KDD would take responsibility for these plants under the Modernization Alternative. 
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Under the Modernization Alternative, KDD would assume control over the E and F pumping 
plants, which are expected to account for 99 percent of the total pumping load for the four plants 
(White, 2023). The four plants currently incur a total of roughly $428,000 per year in O&M costs 
under Reclamation management, including labor and materials (Brown, 2023).4 Reclamation records 
indicate that annual O&M at the plants is proportional to the amount of pumping done at the 
plants.5 Therefore, when the E and F pumping plants assume 99 percent of the total pumping, they 
are expected to assume 99 percent of the total O&M costs, or about $423,000 per year. Due to 
KDD’s proximity to the pumping plants and associated reduce travel costs and lower labor costs of 
KDD personnel, KDD anticipates a 33 percent cost reduction in O&M relative to current 
Reclamation O&M costs (White, 2023). Given that Reclamation costs are an estimated $423,000 
annually for the two primary pumping plants, this would represent a savings of $140,000 per year. 
We adopt this value as the estimated annual O&M savings when KDD has control of the E and F 
pumping plants. Under the No Action Alternative, we assume that KDD would take over the E and 
F pumping plants after Reclamation finished replacing all the E and F pumping plants in Year 11 (as 
explained further in Section 3.1). Therefore, O&M cost savings benefits of PG4 E and F Pumping 
Plants ($140,000 per year) would accrue from Year 3 to Year 11, when KDD would assume control 
over the pumping plants under the Modernization Alternative but not under the No Action 
Alternative. After Year 11, KDD would have control of the plants under both scenarios, so there 
would be no additional benefits of the Modernization Alternative. 

The estimated annual O&M savings are shown Table D-12. In total, the project is expected to 
reduce District O&M costs by $156,000 per year. 

Table D-12. Avoided District OMR Savings Under the Modernization Alternative, Klamath 
River Watershed, Oregon, 2023 dollars.1 

Project Group 
Average Annual 
O&M Savings 

Annualized O&M 
Savings 

PG1 North Canal Improvements $10,000  $10,000  

PG2 SCADA System $40,000  $40,000  

PG3 Fish Screen $0  $0  

PG4 E and F Pumping Plants $140,0002  $29,000  

PG5 E Pump Recirculation $81,000  $77,000  

 
4 This does not include the cost of energy use, which is expected to remain roughly the same under the Modernization 
Alternative (White, 2023). 
5 Reclamation records indicate that E and EE Pumping Plants do 45 percent of the pumping and require 44 percent of 
the O&M (Brown, 2023). 



Klamath Drainage District Final Watershed Plan-Environmental Assessment 

Appendix D: Investigation and Analysis Report 

USDA-NRCS D-19  December 2025 

Project Group 
Average Annual 
O&M Savings 

Annualized O&M 
Savings 

PG6 Upgraded Turnouts $0  $0  

Total $271,000  $156,000  
Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. 
2Benefits accrue only from Years 3 to 11. 

4.2.1.1.2 Habitat Value 

The Modernization Alternative is expected to enhance wetland habitat in LKNWR by (1) increasing 
operational flexibility in the distribution of water throughout LKNWR, and (2) increasing the 
average annual amount of drainage water from KDD available to wetlands in LKNWR. The wetland 
habitat at LKNWR is directly reliant on delivery of water through KDD. Without water deliveries 
from KDD, the amount of wetland habitat at LKNWR declines, and consequently, the wildlife 
population supported at the refuge also declines.   

Currently, LKNWR can only receive tailwater from KDD through the Klamath Straits Drain and 
Ady Canal. The North Canal Extension Project increases operational flexibility by making it possible 
to deliver water directly to eastern areas of LKNWR that currently can only receive water after the 
more western portions of LKNWR have been over-watered. This operational flexibility may increase 
the acreage of wetlands that receive water in a given year. The Modernization Alternative would also 
allow KDD to deliver drain water from North Canal to LKNWR, which would provide LKNWR 
with an estimated 1,000 AF per year of additional water on average (White, 2023). An additional 
1,000 AF per year water delivered to LKNWR would translate into 300 acres of additional wetland 
habitat at the refuge (Austin, 2022). In sum, by providing flexibility in water management and 
potentially increasing water deliveries, the Modernization Alternative would allow LKNWR to 
support a larger area of wetlands, which provide critical habitat to waterfowl and recreational 
opportunities to hunters and wildlife watchers. 

4.2.1.1.3 Background on the Value of LKNWR 

LKNWR was established in 1908 as the Nation’s first waterfowl refuge (U.S. Fish and Wildlife 
Service, 2023a). As part of the Klamath Basin National Wildlife Refuge Complex, LKNWR is one of 
the most important sources of habitat for waterfowl on the West Coast’s Pacific Flyway – a major 
waterfowl migration corridor that connects breeding grounds in the northern North America with 
major wintering grounds in South America (Gilmer, Yee, Mauser, & Hainline, 2004). Approximately 
80 percent of the Flyway’s migrating waterfowl travel through the Klamath Basin during spring and 
fall migrations, and around half of these waterfowl visit LKNWR, with totals reaching as many as 
1.8 million birds (U.S. Fish and Wildlife Service, 2023a). These migrating birds rely on the refuge for 
rest, refueling, breeding, molting, and staging (California Waterfowl Association, 2023).  

The refuge produces between 30,000 and 60,000 waterfowl annually and hosts a panoply of species: 
as many as 100,000 shorebirds, 500 bald eagles, 30,000 tundra swans, 500,000 ducks, 50,000 geese, 
sandhill cranes, white-faced ibis, heron, egret, cormorant, grebe, white pelican, and gulls (U.S. Fish 
and Wildlife Service, 2023a; U.S. Fish & Wildlife Service, 2022). Among the species hosted by 
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LKNWR are 25 species listed as threatened or sensitive by California and Oregon (U.S. Fish and 
Wildlife Service, 2023a; U.S. Fish & Wildlife Service, 2022).  

Historically, the abundance of waterfowl in the Klamath Basin has offered a variety of quality 
recreational opportunities. Ducks are the most hunted species, and average bags range from three to 
four ducks when populations are plentiful (U.S. Fish & Wildlife Service, 2022). The variety and 
profusion of waterfowl also draw many bird watchers to LKNWR. Based on personal observations, 
refuge managers have historically estimated that visitation by birdwatchers and hunters is 
approximately 20,000 people annually (Austin, 2022). However, a recent count based on cell phone 
tracking indicated that there may have been as many as 61,000 non-local people visiting the Refuge 
in a recent year. 

Recent water shortages at LKNWR have led to drastic decreases in the acreage of wetland habitat 
and the number of waterfowl visiting the Refuge. This, in turn, has led to declines in the number of 
recreators. From 1982 to 2012, the refuge averaged approximately 25,000 acres of wetlands; from 
2013 to 2019, wetland acreage fell by nearly half (13,000 acres) (National Wildlife Refuge 
Association, 2022). LKNWR needs approximately 100,000 acre-feet of water per year to maintain 
25,000 acres of wetlands (Trail, 2022). In 2022, there were no water deliveries to the refuge and, as a 
result, no wetlands (Trail, 2022). Spatial imaging suggests that around 95 percent of the Klamath 
Basin’s wetlands have been lost (Trail, 2022).  

The lack of water in LKNWR has a devasting impact on the populations of visiting waterfowl. 
Despite historical records exceeding 1 million birds, LKNWR has not seen more than 0.5 million 
since 2002, and in 2022 the estimate was around 93,000, which was the lowest peak ever recorded 
(Trail, 2022). The lack of birds results in fewer outdoor recreationists visiting the refuge to hunt and 
watch wildlife (National Wildlife Refuge Association, 2022). 

Recent federal funding allocations to support the Klamath Basin waterfowl habitats indicate the 
public importance of restoring the area’s wetlands. For example, the 2021 Infrastructure Investment 
and Jobs Act included $162 million to support restoration of Klamath Basin wildlife habitat (U.S. 
Congress, 2021). In May 2021, the NRCS allocated $3.8 million to enhance habitat for migratory 
waterbirds, fish, and other wildlife in the Klamath Basin (Dennis, 2022). Further, in 2022, the U.S. 
Fish and Wildlife Service announced $2.6 million in grant funding to Ducks Unlimited to improve 
wetland habitats in LKNWR and neighboring Tule Lake National Wildlife Refuge (Ducks 
Unlimited, 2022).  

By increasing the water available for wetland habitats in LKNWR, the Proposed Action is expected 
to support greater numbers of waterfowl and recreation values both at LKNWR and throughout the 
Pacific Flyway, thereby increasing the value of the recreational and habitat benefits provided by 
LKNWR.  

4.2.1.1.4 Estimates of the Economic Value of Wetland Habitat 

Values of wetland habitat from economic literature vary broadly, ranging from a few dollars per acre 
up to hundreds of thousands of dollars per acre. Value varies depending on the type and location of 
the wetland, types of ecosystem services provided, and study methodology. In general, the highest 
values provided by wetlands are associated with the provision of the following ecosystem services: a) 
flood regulation and storm buffering, b) aesthetic views and open space, c) water quality 
enhancement, d) carbon storage, and e) biodiversity and habitat. Depending on the population, 
socioeconomic activities, and land uses near the wetland location, these ecosystem services can 
translate into economic, social, and cultural benefits related to recreation, food provision (e.g., from 
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hunting), scenic amenities, avoided storm damages, climate regulation, and avoided water treatment 
costs. Additionally, many people directly value habitat function and species preservation. The 
following section summarizes the magnitude of these values as estimated in the natural resource 
economics literature. All values have been converted to 2023 dollars using the Gross Domestic 
Product Implicit Price Deflator (GDPIPD), unless noted otherwise.  

Although conducted several decades ago, a particularly pertinent 1991 study estimated the value of 
San Joaquin Valley (SJV) wetlands to California residents. This study is pertinent because SJV is also 
part of the Pacific Flyway and provides habitat to some of the same waterfowl populations as 
LKNWR. The study found California residents’ willingness prevent removal of 58,000 acres of 
wetlands in SJV averaged payments of $331 per household per year and $546 per year to increase 
wetlands by 40,000 acres6 (Loomis, Hanemann, Kanninen, & Wegge, 1991). This translates to a 
value of $0.006 to $0.014 per acre per household per year. In 2021, there were an estimated 50,900 
households in Upper Klamath Basin counties (Klamath, Siskiyou, and Modoc) (U.S. Census Bureau, 
2021). If these households value the wetlands at rates similar to those California holds for SJV 
wetlands, the annual value of LKNWR wetlands to households in the Basin would range from 
approximately $300 to $700 per acre. 

A follow-on 1997 study also examined the effect of distance on willingness to pay, with California 
households outside SJV willing to pay roughly $440 per year to increase SJV wetlands by 40,000 
acres, and Oregon households willing to pay $140 per year (Pate & Loomis, 1997). This translates to 
values of $0.004 (for Oregon) to $0.011 (for California outside the SJV) per household per acre per 
year. The study’s results indicate that the value of wetlands in the Modernization Alternative may 
extend well beyond the Klamath Basin. If we apply these values to the households of California and 
Oregon that lie outside the Klamath Basin counties,7 and conservatively use the Oregon household 
value of $0.004 per household per acre per year, the annual value per acre of LKNWR wetlands 
(including the previously cited values within the three-county area) would be roughly $17,000 per 
acre. 

In addition to the studies specific to wetland areas of the Pacific Flyway, there are numerous studies 
of wetland value in the economics literature. One 2008 review and meta-analysis of U.S. wetland 
valuation studies aimed to use values from the economics literature to quantify the economic 
benefits of U.S. agricultural conservation programs (Randall, Kidder, & Chen, 2008). For wetland 
habitat, the study identified 72 valuations of terrestrial habitat from 34 U.S. studies. This study found 
that the average value per acre per year of all services provided by freshwater wetlands was 
approximately $580 per acre8, including the value for habitat, aesthetics, and general open space 
value. For a Prairie Pothole region wetland (which may be similar to LKNWR wetlands in the sense 
that they are shallow and are particularly important for birds in the Central Flyway), however, the 
estimated average value was approximately $43 per acre per year.9 On the other hand, compared to 
the average Prairie Pothole region wetland, LKNWR wetlands would be expected to have much 
higher recreation and aesthetic benefits as they are open and accessible to the public (in contrast to 

 
6 The study presented values of $154 and $254 in 1988 dollars, which we inflated to 2022 dollars using the GDPIPD. 
7 California households totaled 13,217,586 in 2021, while Oregon households totaled 1,658,091 (U.S. Census Bureau, 
2021). 
8 The study presented this value as $424.46 in 2007 dollars. 
9 The study presented per acre value as $31.30 in 2007 dollars. 
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conservation reserve program lands that are on private land). LKNWR wetland habitat would likely 
also have relatively high habitat benefits given that there are Refuge staff actively managing the 
habitat. 

A 2006 review of 215 wetland value observations obtained from 80 studies found an average 
wetland values per acre of $2,002 annually, but a much lower median value of $107 per acre per year 
(Brander, Raymond, & Vermaat, 2006).10 This same study, however, found that for wetlands 
providing biodiversity services, the biodiversity benefit was valued at $12,200 per acre per year on 
average.11 Finally, a 2001 review of 39 wetland valuation studies estimated average wetland value per 
acre at $1,825 per year (Woodward & Wui, 2001).12 This study also estimated value for single service 
wetlands. This study indicated that the highest valued service provided by wetlands is birdwatching, 
with an average value of $2,417 per acre per year.13 As LKNWR is managed for biodiversity and is 
open and accessible to the public for birdwatching (and hunting), these values may be reasonable for 
LKNWR habitat. 

As another approach, we review the value per acre that the NRCS is paying for wetlands as part of 
the Wetland Reserve Easement (WRE) program. As part of its Agricultural Conservation Easement 
Program, NRCS purchases WRE on private farmland. The easement value is based on the lowest of 
the following three values: an appraisal, a Geographic Area Rate Cap (GARC), or a landowner offer. 
In Modoc and Siskiyou counties for the Fiscal Year 2023, the GARC for WRE payment for a 
permanent easement on irrigated pasture and wet meadow is $4,640 per acre; payment for a 
permanent easement on wild rice or cropland with a marginal water supply is $3,000 per acre; and 
payment for a permanent easement on wild rice or cropland with 100 percent water supply is $5,325 
per acre (Natural Resources Conservation Service, 2022). Over 100 years using a 2.5 percent 
discount rate this equates to approximately $145 per acre per year that NRCS is willing to pay for an 
acre of wetland in Siskiyou and Modoc counties. This payment is based on the agricultural value of 
the land but indicates that NRCS expects that the ecosystem service value of wetlands on farms is at 
least $145 per acre. 

WRE payments are intended to compensate landowners for the value of their land in exchange for 
restoring habitat areas; by enrolling the WRP, landowners sell most of their use rights with the 
exception of hunting, fishing, and other recreational use. In other words, WRE payments do not 
represent the value of the wetland habitat, but rather the difference in the market value of the land 
with and without the easement. However, the WRE payments nonetheless indicate government 
agencies’ willingness to pay for the habitat and other benefits provided by wetlands.  

As another approach, we review the price of credits in regional wetland mitigation banks. Wetland 
mitigation banks are wetlands that have been created or restored to offset the loss of wetlands 
elsewhere in the region due to development or other causes. The price of wetland mitigation 
banking provides a useful reference point because it indicates the cost of providing the wetland 
benefits of PG1 North Canal Improvements through alternative means. Because wetland mitigation 

 
10 Values reported in the study were $2,800 and $155 per hectare in 1995 dollars, which we inflated to 2023 dollars and 
converted to per acre values. 
11 Value reported in the study was $17,000 per hectare in 1995 dollars, which we inflated to 2023 dollars and converted 
to per acre values. 
12 Value reported in the study was $915 per acre in 1990 dollars, which we inflated to 2023 dollars. 
13 Values in the study were reported as $1,212 in 1990 dollars, which we inflated to 2023 dollars. 
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is typically required by law to ensure continued provision of ecosystem services, the public policy of 
requiring mitigation indicates that the perceived value of benefits of ecosystem services provided by 
mitigated wetlands outweigh the costs of mitigation.  

The Oregon Department of State Lands (DSL) administers the State’s wetland mitigation program 
and provides a calculator to compute the costs of DSL-provided wetland mitigation. According to 
this calculator, the cost of wetland mitigation banking in the Klamath River Basin ranges from 
roughly $59,000 to $206,000 per acre depending on the number of mitigation credits generated per 
acre (Oregon Department of State Lands, 2021).14 Amortizing over 100 years at a 2.5-percent 
discount rate, this equates to approximately $1,610 per acre per year to $5,600 per acre per year. 

Table D-13 summarizes the values described above from the literature. As noted above, wetlands 
differ in type and quality, and both ecological and economic benefits from their protection vary by 
location. In addition, wetland benefits are not constant for every acre, but vary depending on size 
and configuration. As noted by authors of one of the wetland meta-analysis studies, “The use of 
benefits transfer to estimate wetland values faces substantial challenges. From our analysis it is clear 
that the prediction of a wetland’s value based on previous studies is, at best, an imprecise science” 
(Woodward & Wui, 2001). So, while the benefit estimates from previous studies relate to the 
conservation of wetlands, it is difficult to know how the average value from these studies would 
compare to the value per acre of wetlands in the LKNWR.  

Table D-13. Wetland Values from Scientific Literature, 2023 dollars.1 

Study or Source 

Value per 
acre per 

year (2023$) Description of Value 

Loomis, Hanemann, 
Kanninen, and Wegge 
(1991)2 

$56,200  Willingness to pay of California households to prevent loss of 
wetlands in the San Joaquin Valley 

Loomis, Hanemann, 
Kanninen, and Wegge 
(1991)2 

$134,300  Willingness to pay of California households to increase 
wetlands in the San Joaquin Valley 

Pate and Loomis (1997)2 $121,900  Willingness to pay of California households outside the San 
Joaquin Valley to increase wetlands in the San Joaquin Valley 

Pate and Loomis (1997)2 $4,200  Willingness to pay of Oregon households to increase wetlands 
in the San Joaquin Valley 

Randle, Kidder, and Chen 
(2008) 

$600  Average value of wetlands from 34 U.S. studies 

 
14  This calculation is based on a real market value of land set at $1,899 per acre, which is the most common assessed 
value of land for a sample of parcels in Klamath County that lie within LKNWR boundaries (Klamath County, 2023). 
The restoration cost in the Klamath Basin ($35,899 in 2021 dollars) was adjusted for inflation to $39,710 in 2023 dollars 
using the GDPIPD. 
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Study or Source 

Value per 
acre per 

year (2023$) Description of Value 

Randle, Kidder, and Chen 
(2008) 

$40  Average value of wetlands in the Prairie Pothole region 

Brander, Raymond, 
Vermaat (2006) 

$2,000  Average value of wetlands from 80 studies 

Brander, Raymond, 
Vermaat (2006) 

$100  Median value of wetlands from 80 studies 

Brander, Raymond, 
Vermaat (2006) 

$12,200  Average value of wetlands providing biodiversity benefits 

Woodward and Wui 
(2001) 

$2,400  Value of wetland that provides bird watching opportunities 

Natural Resources 
Conservation Service 
(2022) 

$145  GARC for WRE payment for a permanent easement on wild 
rice or cropland with a 100% water supply in Modoc and 
Siskiyou Counties, amortized to an annual payment. 

Oregon Department of 
State Lands (2021) 

$1,610 Estimated cost of wetland mitigation banking when each acre 
is worth 1 mitigation credit, amortized to an annual payment. 

Oregon Department of 
State Lands (2021) 

$5,600 Estimated cost of wetland mitigation banking when each acre 
is worth 3.5 mitigation credits, amortized to an annual 
payment. 

1All values in the original studies were converted to 2023 dollars per acre per year. Prepared July 2024 
2Values were derived by multiplying per-household values by the number of households in the original study and 
dividing by the acreage change. 

However, as noted above, relative to other wetlands, LKNWR wetlands would be expected to have 
relatively high habitat value based on their location in the Pacific Flyway and their use by a diverse 
range of waterfowl, including many special status species. It is also expected to have relatively high 
recreation and aesthetic value given it is a public refuge. To be conservative, we apply the 
approximate midpoint of the range of values (about $300 to $700 per acre per year) estimated for 
the value of SJV wetlands,15 which support the same migratory waterfowl as the LKNWR: $500 per 
acre per year. We expect that this is a conservative or minimum per acre value of LKNWR wetlands. 
Accordingly, when presenting this value in the NED, we indicate a + sign after this value to indicate 
that it is likely an underestimate of total value. 

KDD expects to supply the LKNWR with an additional 1,000 AF of water on average each year 
(White, 2023). This water is expected to support 300 acres of additional wetland habitat (Austin, 

 
15 This per acre value reflects only the estimated value of LKNWR wetlands to Upper Klamath Basin households (based 
on per household values per acre for wetlands derived in the San Joaquin Valley), and thus, is a conservative estimate of 
value. 
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2022). At a value of $500 per acre per year, the additional 300 acres of wetland would provide 
benefits of $150,000 per year. Because PG1 North Canal Improvements would contribute all the 
additional water, it would generate all the additional benefits, as shown in Table D-14. 

Table D-14. Annual Average Wetland Habitat Benefits of Modernization Alternative, 
Klamath River Watershed, Oregon, 2023 dollars.1 

Project Group 

Annual 
Additional Water 

Deliveries to 
LKNWR (AF/yr) 

Additional Wetland 
Habitat Supported 

(acres) 

Average Annual 
Net Benefit of 

Wetland Habitat 

PG1 North Canal Improvements 1,000 300 $150,000+ 

PG2 SCADA System 0 0 $0 

PG3 Fish Screen 0 0 $0 

PG4 E and F Pumping Plants 0 0 $0 

PG5 E Pump Recirculation 0 0 $0 

PG6 Upgraded Turnouts 0 0 $0 

Total 1,000 300 $150,000+ 

Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  

4.2.1.1.5 Recreation Value of Habitat 

Another method of assessing the benefits of PG1 North Canal Improvements is to estimate the 
value of increased recreation due to the additional wetland habitat. LKNWR hosts tens of thousands 
of visitors each year who birdwatch, hunt, explore the Refuge by vehicle and by foot, take 
photographs, and visit the visitor center (U.S. Fish and Wildlife Service , 2023b). Because the 
amount of wetland habitat is a key determinant in the size of bird populations migrating through the 
Refuge, and because the birds are the primary attraction for visitors (whether hunting or observing), 
the amount of wetland habitat has an indirect but important impact on visitation levels at the 
LKNWR (Austin, 2022). By increasing the amount of wetland habitat, PG1 North Canal 
Improvements could positively impact recreation levels at the LKNWR. However, we do not 
estimate this value due to the inadequacy of available data, as explained further below. 

Data on visitation at the LKNWR comes from U.S. Fish and Wildlife Service’s National Wildlife 
Refuge System's Annual Performance Reports from Fiscal Years (FY) 2013–2014 and 2022–2023 
(U.S. Fish and Wildlife Service , 2023b). This data is shown in Figure D-1. The chart shows a drastic 
increase in visitors to the LKNWR in FY 2021–2022, which is unexpected given it was a dry year 
with little to no water deliveries. We would expect visitation to be much higher in 2017, given that 
water deliveries in this year were over eight times higher than in 2022 and peak fall duck counts were 
at their highest level since 2014 (White, 2023; Vradenburg, 2023).  
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This unexpected pattern is due to a change the Refuge made in the method of visitor counting. Prior 
to 2022, the Refuge used professional judgement to estimate visitation levels, but starting in 2022, 
they began using a service that tracked cell phone locations. The service counted any cell phone that 
was turned on and had location tracking enabled, stopped for 15 minutes or more at one of the 
Refuge’s main lots, and had a billing address farther than 50 miles distant. In this way, the service 
counts a portion of the non-local visitors to Refuge parking lots; it does not count local visitors, 
visitors without cell phones, or any visitor who did not have their cell phone turned on with tracking 
enabled during their visit. Because of this, the Klamath National Wildlife Refuge Complex’s Visitor 
Services Manager considers the more recent counts “an accurate minimum” of the Refuge’s actual 
visitation (Fitzroy, 2022). 

 
Source: (U.S. Fish and Wildlife Service , 2023b) 

Figure D-1. Total Visitation to the LKNWR, FY 2013–2014 to 2022–2023. 

The drastic difference in visitor counts between the previous method and the new method make it 
difficult to ascertain what the actual level of visitation is at the LKNWR, and how it varies 
depending on water deliveries. Because of a lack of water deliveries in 2022, the Refuge had the 
lowest peak population count of waterfowl ever recorded, and the 2022/2023 hunting season was 
closed (U.S. Fish & Wildlife Service, n.d.; Trail, 2022). Accordingly, we would expect that visitation 
would be lower than normal in 2022. Because the data shows a drastic increase, it is likely that the 
counts prior to 2022 were inaccurately low. However, it is also unclear why so many people visited 
the Klamath Basin Complex Refuges when there were so few birds and no hunting opportunities, 
although it is possible the COVID-19 pandemic played a role in people’s outdoor recreation 
decisions. 

Given the issues with the data, we are not able to reliably estimate the change in visitor levels that 
are likely to result from an increase in wetland habitat under the Modernization Alternative. It is 
possible, and even likely, that the change in visitation would be small given the small relative increase 
in wetland acreage. The 300-acre increase that is expected to occur under the Modernization 
Alternative represents less than one percent of the roughly 33,000 acres of wetland habitat provided 
at the LKNWR over the last decade (U.S. Fish and Wildlife Service , 2023b). Given the small relative 
increase, it is possible that visitation response may be small under the Modernization Alternative. 
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However, even if visitation response or value per visit effects at the LKNWR are small, total 
recreation value of enhanced habitat and waterfowl productivity could still be large as wildlife-related 
recreation throughout the entire Pacific Flyway may be enhanced by increased bird populations.  
Recreation value is also just one portion of the value provided by the Refuge, as it does not include 
benefits to people who value the existence of the Refuge’s habitat and the ability to maintain the 
habitat for future generations, or values related to other ecosystem services provided by wetlands. In 
summary, because of a lack of reliable visitor data, and because recreation would only represent a 
fraction of the total value of increasing wetland habitat, this analysis does not estimate the value to 
recreation of increased wetland habitat at LKNWR. 

4.2.1.1.6 Carbon Emission Reductions 

The Modernization Alternative is expected to reduce carbon dioxide (CO2) emissions by switching 
the fuel used to recirculate drain water. Specifically, PG5 E Pump Recirculation will replace a 
temporary, diesel-powered, mobile pump with permanent electric pumps in the E Pumping Plant. 
The switch from diesel fuel to electricity is expected to reduce CO2 emissions. The current diesel 
pump uses approximately 14,280 gallons of diesel per year.16 At 22.45 pounds of CO2 per gallon of 
diesel, the annual fuel use generates approximately 145 metric tons (Mt) of CO2 (U.S. Energy 
Information Administration, 2023). Every megawatt-hour (MWh) of energy used by electric pumps 
is estimated to translate into approximately 0.7525 Mt of carbon emissions.17 By assuming the new 
pump will require an equivalent amount of energy to the old pump, we estimate the electric 
pumping will require approximately 162 MWh per year.18 The associated CO2 emissions would be 
approximately 121 Mt per year. Accordingly, the Modernization Alternative would result in an 
estimated reduction of 23 Mt of CO2 each year.19 

To value the potential decrease in carbon emissions, this analysis uses the social cost of carbon 
(SCC) per ton of carbon dioxide, which is the estimated incremental additional cost to society per 
unit of carbon emitted based on the expected damages associated with climate change. There are 
many estimates of the SCC, and the estimates vary based on what types of damages are included, the 
discount rate chosen, the geographic area under consideration (such as global damages versus U.S. 
domestic damages), and the projected level of global warming and associated damages. The Office 

 
16 Estimate based on KDD’s total fuel cost of $71,400 in Fiscal Year 2021-2022 and a fuel cost of $5.00 per gallon 
(White, 2023).  
17  This assumes that marginal changes in energy demand are met with fossil fuel-based production, such that 100 
percent of District hydro energy production results in reduced fossil fuel powered generation. This is reasonable since 
PacifiCorp's baseload power is almost entirely fossil fuel-based, and the hydropower generated under the Modernization 
Alternative is expected to displace PacifiCorp's baseload power (Perkins, 2022). Furthermore, this estimate assumes 
0.7521 metric tons of carbon emitted from one MWh of fossil fuel powered electricity generation based on 1) the 
current proportion of fuel sources—oil, natural gas, and coal—for fossil fuel powered electrical power generation in the 
West, and 2) the associated metric tons of CO2 produced per MWh powered by each fossil fuel source, as reported by 
the Energy Information Administration. 
18  Using a conversion factor of one liter of diesel equating to 10 kWh of electricity and 30 percent energy conversion 
efficiency. 
19  While some construction activities under the Modernization Alternative would increase carbon emissions through the 
use of vehicles and heavy machinery, the amount of emissions from these sources is relatively small and temporary. 
These emissions would also likely be offset by the annual vehicle emissions avoided when the need to inspect and 
maintain canals is reduced (as described in the Operations and Maintenance Cost Savings section). For these reasons, we 
do not include vehicle emissions in the analysis of carbon. 
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of Management and Budget convened an Interagency Working Group (IWG) on the Social Costs of 
Greenhouse Gases, which in 2013 developed a set of SCC estimates that could be used across 
federal agencies (Interagency Working Group on Social Cost of Greenhouse Gases, 2013). In 
February 2021, the IWG updated its estimates of the SCC. They estimated that in the year 2020, at a 
3 percent discount rate, the SCC value was $59 per Mt (Interagency Working Group on Social Cost 
of Greenhouse Gases, 2021).20 We apply this value to the net change in carbon emissions each year 
throughout the project life to estimate the change in carbon emissions from the Modernization 
Alternative. 

At an SCC value of $59 per Mt, the 23 Mt of annual avoided carbon emissions would have a value 
of roughly $1,000 (as shown in Table D-15). 

Table D-15. Annual Average Reduction in Carbon Costs of Modernization Alternative, 
Hood River Watershed, Oregon, 2023 dollars.1 

Project Group 

Annual Carbon 
Emissions Under 

No Action 
Alternative 

(Mt/yr) 

Annual Carbon 
Emissions Under 

Modernization 
Alternative 

(Mt/yr) 

Annual 
Carbon 

Emissions 
Avoided 
(Mt/yr) 

Average 
Annual Net 
Benefit of 
Avoided 

Carbon Costs 

PG1 North Canal 
Improvements 0 0 0 $0 

PG2 SCADA System 0 0 0 $0 

PG3 Fish Screen 0 0 0 $0 

PG4 E and F Pumping Plants 0 0 0 $0 

PG5 E Pump Recirculation 145 121 23 $1,000 

PG6 Upgraded Turnouts 0 0 0 $0 

Total 145 121 23 $1,000 

Note: Totals may not sum due to rounding. Prepared July 2024 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  

4.2.1.2 Benefits Considered but Not Included in Analysis 

This section describes potential benefits of the Modernization Alternative that are not quantified in 
the analysis. 

4.2.1.2.1 Fish Value 

The PG3 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 

 
20  This value has been adjusted for inflation to 2023 dollars using the GDP Implicit Price Deflator. 
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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. The project will 
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 now that the four dams that once blocked salmon passage on the Klamath River have been 
removed(California Trout, 2023). Once salmon repopulate the Upper Klamath River, the PG3 Fish 
Screen would help ensure that KDD’s North Canal diversion does not negatively impact their 
recovery.  

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 
National Oceanic and Atmospheric Administration (NOAA), the Pacific State Marine Fisheries 
Commission (PSMFC), and Trout Unlimited (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 PG3 Fish Screen. For this reason, we do not attempt to quantify the benefits of the 
PG3 Fish Screen. However, for context, we note that 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).21 Applying 
the average of $0.16 per household to 9.4 million households in the Pacific Northwest (as the 

 
21  We adjusted the original values of $0.08 and $0.19 from 2017 dollars to 2023 dollars using the GDPIPD. 
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original study did) results in total value of roughly $1,500 per fish. At this rate, PG3 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.  

The Modernization Alternative includes PG3 Fish Screen because it will provide ecological and 
cultural benefits and is an important component of restoring the Upper Klamath River, a federal 
priority. This fish screen was chosen as the Modernization Alternative for PG3 Fish Screen because 
it represents the least expensive alternative that still met the efficacy standards for the fish screen. A 
discussion of the alternatives, their associated costs, and efficacy is provided in Section 5 of the 
Plan-EA. 

4.2.1.2.2 Water Use Transparency and Control 

PG6 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 the correct allocation 
of water for each patron, ensuring fairness and compliance with water right quantity 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 PG6 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). 

In addition to reducing O&M costs, PG2 SCADA System will generate agricultural water 
management benefits. The system will allow the District to deliver water with more precision, 
providing the desired amount of water when it is needed to the areas that require it. This will 
increase water management efficiencies, which has the potential to reduce water waste and improve 
patron yields. Because these benefits to water management are difficult to predict and quantify, we 
do not include them in this analysis. However, they are expected to be positive. 

4.2.1.2.3 Instream Flow Quantity and Quality 

PG5 E Pump Recirculation would allow KDD to increase their reuse of water drained off District 
fields, which would effectively increase the total amount of usable water available to the District and 
reduce pollutants entering the Klamath River. This could help alleviate some of the water quantity 
and quality problems in the Klamath River. In dry water years, the Klamath River suffers from low 
flows (Neumann, 2022). The river typically has poor water quality in the summer as a result of 
natural processes and man-made pollution, including agricultural runoff from KDD’s system 
(Sullivan, Sogutlugil, Deas, & Rounds, 2014).  

Reusing the drain water could result in more water staying in the Klamath River. If KDD extracts 
less than its full water rights in a given year, the amount of water recirculated by PG5 E Pump 
Recirculation would offset water KDD would otherwise extract from the Klamath River (White, 
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2023).22 In this way, PG5 E Pump Recirculation could allow for more water to remain instream. 
Additionally, when drain water is reused rather than flowing into the Klamath River, it reduces the 
amount of agricultural runoff into the river. A 2014 study by the U.S. Geological Survey found that 
recirculating water in the Klamath Straits Drain (as PG5 E Pump Recirculation would do) could 
reduce pollutant loads in the Klamath River (Sullivan, Sogutlugil, Deas, & Rounds, 2014). 

If PG5 E Pump Recirculation improves instream flow, it could have beneficial effects on wildlife. 
Multiple protected species rely on the river, including the shortnose sucker, Lost River sucker, coho 
salmon, and Southern Resident Killer Whales (through their reliance on Chinook salmon as food) 
(Neumann, 2022). If the improved flows benefited these species, it would likely generate economic 
benefits. Numerous scientific studies have demonstrated that people derive value from protecting 
and supporting endangered species and salmon specifically (Bell, Huppert, & Johnson, 2003; Loomis 
J. , 1996; Layton, Brown, & Plummer, 2001; Olsen, Richards, & Scott, 1991; Richardson & Loomis, 
2009). Consequently, PG5 E Pump Recirculation could generate economic benefits by enhancing 
instream flow conditions.  

While improved instream flow (water quantity and quality) is a potential benefit of the 
Modernization Alternative, we do not quantify it due to the uncertainty surrounding the magnitude 
of the water improvements (i.e., how much additional water and the improvement to water quality) 
and the degree to which those improvements would improve species populations. 

4.2.1.3 Benefits of the Modernization Alternative over the No Action Alternative 

Because the No Action Alternative provides no benefit above current conditions, the NED benefits 
of the Modernization Alternative over the No Action are equal to the NED benefits of the 
Modernization Alterative. These are summarized above in Table D-11. 

5 NED Benefits Compared to Costs 
Across all project groups, the Modernization Alternative would provide quantified net average 
annual NED benefits of -$235,000. The NED costs and benefits are summarized in Table D-16 
(which corresponds to NWPM 506.21 Economic Table 6). Overall, in addition to the quantified 
benefits, the Modernization Alternative would provide benefits by protecting wildlife, providing 
water use transparency, improving water quality, and bolstering the reliability and efficiency of 
KDD. The Project also helps to increase the overall reliability of water necessary to sustain the rural 
way of life and the Klamath Basin community identity rooted in historic agricultural land uses. 

 
22 If KDD uses its full water rights in addition to the water reused with PG5 E Pump Recirculation, the reused water 
would not be offsetting extractions from the Klamath River, it would simply be augmenting the District’s water supply 
and helping to alleviate agricultural damages. These potential benefits are described in Section 4. 
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Table D-16. Comparison of NED Costs and Benefits of the Modernization Alternative, 
Klamath River Watershed, Oregon, 2023 dollars.1 

Works of 
Improvement 

Agriculture-
related 

Reduced 
OMR 

Nonagri-
cultural 
Carbon 
Value 

Nonagri-
cultural 
Habitat 
Value 

Average 
Annual 
Benefits 

Average 
Annual 
Cost2 

Benefit 
Cost 
Ratio 

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

PG2 SCADA System $40,000  $0  $0  $40,000  $24,000 1.7 

PG3 Fish Screen $0  $0  $0  $0  $301,000 0.0 

PG4 E and F 
Pumping Plants  $29,000  $0  $0  $29,000  $13,000 2.2 

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

PG6 Upgraded 
Turnouts $0  $0  $0  $0  $1,000 0.0 

Total $156,000  $1,000  $150,000  $307,000  $542,000  0.6 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent.  Prepared July 2024 
2From Table D-10. 

5.1 Incremental Analysis 
The Modernization Alternative is evaluated using an incremental analysis, which identifies how total 
costs and benefits change as project groups are added (or removed). The design of each project 
group is independent of the number of project groups included and the order of installation. 
Table D-17 presents the incremental costs and benefits of the Modernization Alternative.  

Table D-17. Incremental Analysis of Annual NED Costs and Benefits Under the 
Modernization Alternative, Klamath River Watershed, Oregon, 2023 dollars.1 

Project 
Groups Total Costs 

Incremental 
Costs Total Benefits 

Incremental 
Benefits Net Benefits 

5 $43,000 N/A  $78,000 N/A $35,000 

5, 2 $67,000 $24,000 $118,000 $40,000 $51,000 

5, 2, 4 $80,000 $13,000 $147,000 $29,000 $67,000 

5, 2, 4, 1 $240,000 $160,000 $307,000 $160,000 $67,000 

5, 2, 4, 1, 6 $241,000 $1,000 $307,000 $0 $66,000 
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5, 2, 4, 1, 6, 3 $542,000 $301,000 $307,000 $0 -$235,000 
1Price base: 2023 dollars amortized over 100 years at a discount rate of 2.5 percent. Prepared July 2024 

5.2 Modernization Alternative 
The No Action Alternative provides no benefits relative to current conditions. As the 
Modernization Alternative would provide net quantified NED benefits of -$235,000, plus potential 
other unquantified values, the Modernization Alternative is the Preferred Alternative.      
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D.2 Project Formulation – Alternatives Considered 
This appendix section presents the alternatives considered in the formulation phase.  

During the formulation phase, alternatives were evaluated based on meeting both National 
Environmental Policy Act (NEPA) and environmental review requirements specific to NRCS 
federal investments in water resources projects (PR&G). According to NEPA, “agencies shall 
rigorously explore and objectively evaluate all reasonable alternatives” (40 CFR 1502.14). According 
to PR&G DM9500-013, alternatives should reflect a range of scales and management measures and 
be evaluated against the Federal Objective and Guiding Principles; against the extent to which they 
address the problems and opportunities identified in the purpose and need; and against the criteria 
of completeness, effectiveness, efficiency, and acceptability: 

1. Completeness is the extent to which an alternative provides and accounts for all features, 
investments, and/or other actions necessary to realize the planned effects, including any 
necessary actions by others. It does not necessarily mean that alternative actions need to be 
large in scope or scale. 

2. Effectiveness is the extent to which an alternative alleviates the specified problems and 
achieves the specified opportunities. 

3. Efficiency is the extent to which an alternative alleviates the specified problems and realizes 
the specified opportunities at the least cost. 

4. Acceptability is the viability and appropriateness of an alternative from the perspective of the 
Nation’s general public and consistency with existing federal laws, authorities, and public 
policies. It does not include local or regional preferences for particular solutions or political 
expediency.  

Alternatives eliminated during formulation are shown in Table D-18 and discussed. Alternatives 
selected for further evaluation are discussed in the Plan-EA. 

Table D-18. Alternatives Considered During the Formulation Phase and Criteria in PR&G 
Achieved. 

Alternative Completeness Effectiveness Efficiency Acceptability 
Selected 

for Further 
Evaluation 

Canal Lining Yes No Yes Yes Yes 

Treated Wastewater 
Reuse Yes Yes No Yes No 

On-District Storage Yes Yes No No No 

North Canal Piping No No No Yes No 

Re-routing the Klamath 
Straits Drain No Yes Yes Yes No 

Pumped Storage via the 
Klamath Straits Drain No Yes No No No 
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Alternative Completeness Effectiveness Efficiency Acceptability 
Selected 

for Further 
Evaluation 

Improving Water Supply 
to the Ady Canal Via the 
F and FF Pumping 
Plants 

No Yes Yes Yes No 

Klamath River Ady 
Diversion Fish Screen  No Yes Yes Yes No 

East Side State Line 
Drain Recirculation 
Pump 

Yes No No Yes No 

P-1 Lateral Fish Screen Yes Yes No Yes No 

No Action (Future 
without Federal 
Investment)  

No No Yes Yes Yes 

Modernization 
Alternative Yes Yes Yes Yes Yes 

 

D.2.1  Treated Wastewater Reuse 

This project would increase water supply to the District and eliminate the discharge of treated 
wastewater to the Klamath River by building a pipeline between the Klamath Falls wastewater 
treatment plant and North Canal. The 6-mile-long pipeline would supply approximately 1,344 acre-
feet of class A treated wastewater to KDD each year, bolstering water supply and potentially 
reducing diversions from the Klamath River. The City of Klamath Falls and the South Suburban 
Sanitary District (SSSD) both support this initiative. The infrastructure to treat and convey the 
wastewater would cost an estimated $47.4 million. In addition to high costs, this alternative would 
require coordination with two entities, the City of Klamath Falls and SSSD, that were not included 
in the Scoping Process. This alternative would not meet the purpose and need. Additional high costs 
and logistics complexities of this project would not make it inefficient; therefore it was eliminated 
from detailed study. 

D.2.2  On-District Storage 

To increase water supply, reduce tailwater, and decrease pumping costs, the District would like to 
construct re-regulation reservoirs at key locations in its conveyance system. However, acquiring and 
excavating land to build re-regulation reservoirs may be costly or reduce irrigable acreage within the 
District. This alternative would be consistent with existing federal laws; however because it would 
require the conversion of existing agricultural land to storage, which would not be viable or 
appropriate from the perspective of the general public, this alternative would not be acceptable. This 
alternative was eliminated due to lack of acceptability and efficiency. 
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D.2.3  North Canal Piping 

Piping the North Canal would address water supply issues by reducing evaporation and transpiration 
from open canals. Several factors precluded this project from reaching further evaluation: the size 
and topography over which North Canal flows would require large diameter pipe that is costly to 
manufacture, deliver and install; low water velocities could allow sediment to fall out of suspension 
in the pipeline, creating maintenance issues; and the shallow groundwater table in the former 
lakebed could cause a pipeline to float when empty, requiring special construction to secure the 
pipeline to the underlying area. This project was eliminated due to lack of completeness, 
effectiveness, and efficiency. 

D.2.4  Re-routing the Klamath Straits Drain 

This project would increase water supply to LKNWR by re-routing the Klamath Straits Drain south 
across the Oregon-California border and into the refuge rather than north via the E/EE and F/FF 
pumping plants. Energy consumption at the pump stations would also decrease. Functional changes 
to the Klamath Straits Drain may be required to overcome the topography of the area to allow water 
deliveries by gravity or pumping. Also, KDD currently relies on drainage water from the Klamath 
Straits Drain to supply re-use water for irrigation to lands in the southwest corner of the District. 
This project was excluded from further discussion due to lack of completeness. 

D.2.5  Pumped Storage via the Klamath Straits Drain 

This project aims to create renewable electricity by simulating a pumped storage scenario river 
between LKNWR and the Klamath River via the Klamath Straits Drain. This alternative would 
generate revenue through electricity sales that would offset the high pumping costs the District 
currently faces. The environmental effects of drawing water to and from the Klamath River are 
potentially large. As a result of the Klamath Dam Removal efforts, salmonoids will be returning to 
the Klamath River as far as Keno Dam in the coming years. While this alternative would be 
consistent with existing federal laws, the environmental effects of drawing water to and from the 
Klamath River in a reach that provides salmonoid habitat would not be viable or appropriate from 
the perspective of the general public. As a result, this alternative would not be acceptable. 
Furthermore, the available head between the Klamath River and LKNWR is low, limiting the 
potential for developing financially-feasible low-head hydropower in the Klamath Straits Drain. This 
alternative was eliminated from further study due to lack of completeness, efficiency, and 
acceptability. 

D.2.6  Improving Water Supply to the Ady Canal via the F and FF Pump Stations 

This project would allow the F and FF pump plants to supply drainage water from Klamath Straits 
Drain to Ady Canal near its head to re-use for irrigation purposes. Currently, the FF Pumping Plant 
pumps water through a siphon to the Klamath River. The F Pumping Plant is mostly idle. By 
enabling Reclamation to move water from Klamath Straits Drain to Ady Canal rather than the 
Klamath River, water quality could improve in the Klamath River and water supply could increase 
for KDD patrons served off KDD Canal. Additionally, the District already functions in this manner 
by pumping water from Klamath Straits Drain into Ady Canal via the Township Pumps. This 
alternative was eliminated from further study due to lack of completeness. 

D.2.7 Klamath River Ady Diversion Fish Screen 

Screening the Ady Diversion would keep anadromous and residential fish from entering Ady Canal. 
However, Reclamation owns the Ady Diversion, therefore installing the Ady Diversion fish screen is 
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outside of the scope of this Plan-EA and could not be funded using Pub. L. No. 83-566. This 
alternative was eliminated from further study due to lack of completeness. 

D.2.8 East Side State Line Drain Recirculation Pump 

Installing a new District recirculation pump and motor along the East Side State Line Drain would 
improve the District’s capacity to recirculate water and deliver water to LKNWR and would reduce 
the amount of tailwater discharge to the Klamath River. However, this project has been funded by 
U.S. Fish and Wildlife Service and managed by Ducks Unlimited and, therefore, eliminated from 
further study. 

D.2.9 P-1 Lateral Fish Screen 

Screening the connection between the North Canal and the P-1 Lateral would keep fish from 
entering the District from the Lower Klamath National Wildlife Refuge. There are low numbers of 
suckers in LKNWR and thus the risk of entrainment is low. However, there is a chance some 
suckers entrained into the P-1 lateral may move into the North Canal. The 2024 Biological Opinion 
on Klamath Project Operations included the reintroduced population of suckers in Lower Klamath 
Lake and accounted for entrainment from other Klamath Project facilities in USFWS incidental take 
statement. This included the P-1 Lateral. Once individuals are accounted for in an incidental take 
statement with USFWS, those individuals lose their protections as they have already been considered 
to have perished and those impacts have been mitigated for. This alternative was eliminated from 
further study due to the lack of efficiency.  

D.3 Engineering  
The Klamath Drainage District System Improvement Plan, a summary of engineering analyses 
completed to date for KDD proposed projects, is included below. 
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Technical Memorandum 
To: Klamath Drainage District 

From: Daniel B. Scalas, 
P.E. & C.W.R.E. Date: 
August 25, 2022 
Re: Cost Estimate 

 
Executive Summary 
This technical memorandum provides the existing conditions, proposed solutions, design 
assumptions, and approximate construction costs as originally proposed by the permit 
application drawings, as prepared by MWH and received by Klamath Drainage District 
(KDD) on September 4, 2009. The proposed project includes the construction of 
approximately 2,400 linear feet of irrigation canal, the implementation of two paved 
roadway crossings, a canal-mounted flow measurement device, and three additional rural 
unpaved road crossings. The purpose of the project is to increase the total flow through 
the canal and connect the North Canal to the existing P-1 Lateral. This increase in flow 
rate will allow for additional water to be provided to the refuge without disrupting KDD 
water delivery operations. The design flow rate to the P-1 Lateral, based on the proposed 
construction documents, is 92 cubic feet per second (cfs). KDD has requested that the 
provided cost estimate reflect a 100 cubic feet per second allowable throughput. The 
technical memo, as provided by MWH on February 10, 2009, indicated that replacing the 
48” corrugated metal pipe (CMP) culverts indicated on the construction documents with 
4’x5’ concrete box culverts would increase the total throughout from 92cfs to 100cfs. The 
associated cost estimate follows the AACE Class 4 methodology, which is expected to be 
accurate to the -30% to +50% range. 

 
Due to the lack of existing topography data, some assumptions and/or approximations 
were made regarding the cross-section data and approximate quantities derived 
throughout construction. Additional assumptions are included in Cost Estimate 
Assumptions below. 

 
Existing Conditions 

MWH identified fifteen crossings along the existing North Canal. Three (3) crossings 
must be upgraded to allow for the design flow rate to be achieved. Each crossing has an 
existing culvert with various diameters, variable roadway width, paving material, design 
flow volume. Two paved crossings, Fugate Road and California State Highway 161 
(CSH161) will need to be modified to achieve the design flow volume. Fugate Road 
currently has one (1) 48” diameter culvert installed. This allows for some irrigation to 
pass beyond the roadway until it encounters an existing terminal embankment, 
approximately Station 1+25 of the construction documents. Highway 161 does not allow 
for any flow to pass under the roadway. 

 
Crossing 12 currently utilizes two (2) culverts of size 42” and 48” diameter. Crossings 
13 and 14 have a single culvert of diameter 42” and 36”, respectively. Full crossing 
details, including culvert diameter and approximate location can be found in Table 1 of 
the North Canal Hydraulic Evaluation Memo prepared on February 10, 2009 by MWH. 
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Proposed Conditions 

MWH has proposed the removal and reconstruction of the previously mentioned 
crossings, a flow measurement device, and a canal extension between Fugate Road and 
CSH161. Canal construction is expected to remove existing material from center 
alignment and construct embankments along either side of the centerline of the canal. It is 
anticipated that the project will require more embankment material than can be removed 
from the center alignment. Additional fill material may be collected from the surrounding 
areas or provided from another location. Transportation costs associated with soil infill 
from an off-site location have not been included within the cost estimate. 

Per the North Canal Hydraulic Evaluation Memo, Crossing 12, Fugate Road and CSH 
161 will require the implementation of two (2) additional 48” culverts to meet the 92cfs 
design flow volume. Crossings 13 & 14 require three (3) 48” culverts to meet the 92cfs 
design flow volume. To achieve 100cfs flow, the 4’x5’ box culverts will need to be 
implemented instead of the 48” culverts for the Fugate Road and CSH 161 crossing 
locations. Excavation and removal costs for existing drainage systems have been added to 
the cost estimate. An inlet structure at CSH161 and the flow measurement device are 
proposed. Structures were estimated as unit and construction placement costs. Fixed and 
variable items were adjusted for installation costs. 

 
Installation of a bridge crossing instead of culverts is a possibility but was not evaluated 
within the scope of this memo. The original design, as proposed by MWH, incorporated 
a series of culverts and design flow values were based on these assumptions. Further 
evaluation of bridges could be pursued within the pre-design phase at KDD’s direction. 

 
Alternatively, implementing a gaging station rather than the proposed flow meter is a 
possibility. Proposed design and cost estimate was based on flow meter installation in a 
similar fashion to the culverts. Alternative design could be pursued in pre-design 
phases. Some implementation of intelligent infrastructure could be included, but has 
not been included at this time. 

 
Cost Estimate Assumptions 

Submitted drawings were reviewed for unit and quantity values required for construction. 
Unit prices were derived from past and current projects with similar project scopes and 
service. Past project numbers were adjusted for inflation and other construction costs. 

 
Due to the lack of existing topography, some inference and estimation was applied to the 
provided plan and profile drawings. Earthworks quantities were calculated using provided 
cross-sections and a series of linear interpolation between stations to determine total 
cut/fill quantities. It is assumed that cross-sectional volumes are approximate and may be 
subject to change as additional data is available. 

 
Conclusion 

Presented within the previously mentioned memo, there are multiple potential solutions 
based on different design flow volumes. This cost estimate is primarily based on the 
construction drawings as submitted for permit, with the substitution of box culverts for the 
Fugate Road and CSH 161 crossings. As previously mentioned, this equates to 100 cubic 
feet per second of water delivered to the P-1 Lateral. It does not account for variations 
relating to alternative flow volume rates. 
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Please feel free to contact us if you have any questions, comments, or concerns 
about what has been presented in this memo. 

 
Sincerely, 

 
 

Daniel B. Scalas, 

P.E. & C.W.R.E.  

Attached: Cost 

Estimate 
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Estimate of Probable Construction Costs 
Project: North Canal Extension Project 

 
 
 

Prepared by: T. Lundsten 
Reviewed by: D. Scalas 

Date: August 24, 2022 

DRAFT 

BID ITEM 
NO. 

DESCRIPTION UNIT QUANTITY UNIT PRICE TOTAL 
 

1 Mobilization (5% of construction cost) LS 1 $25,000 $25,000 

2 Temporary Work Zone Traffic Control, Complete-In-Place LS 1 $15,000 $15,000 

3 Temporary Water Management Practices LS 1 $10,000 $10,000 

4 Earthworks CY 8838 $10 $88,378 

5 Crossing 12 Improvements LS 1 $38,734 $38,734 

6 Crossing 13 Improvements LS 1 $57,887 $57,887 

7 Crossing 14 Improvements LS 1 $37,183 $37,183 

8 Fugate Road Crossing LS 1 $78,456 $78,456 

9 Highway 161 Crossing LS 1 $154,093 $154,093 

1
0 

Outlet Headwall Structure LS 1 $53,120 $53,120 

1
1 

Water Flow Meter Weir LS 1 $19,750 $19,750 

SUM OF ESTIMATED CONSTRUCTION COST $577,602 
CONSTRUCTION CONTINGENCY (15%) $86,640 

SUBTOTAL OF ESTIMATED CONSTRUCTION COSTS $664,243 
ENGINEERING/SURVEYING (10%) $66,424 

CONSTRUCTION ADMINISTRATION (10%) $66,424 
ENVIRONMENTAL/PERMITTING $30,000 

TOTAL ESTIMATED PROJECT COST (YEAR 2022 PRICES) $827,091 
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TO: Greg Austin - KBNWRC 
Monique King - EN 

DATE: February 10, 2009 

FROM: Bill Cutting / Dave Whitbeck - MWH REFERENCE: 1520894 

SUBJECT: North Canal Hydraulic Evaluation Memo   
 

Klamath Drainage District's North Canal presently terminates at an earthen embankment approximately 
100 feet east of Fugate Road. The Lower Klamath NWR would like to extend the North Canal approximately 
0.5 miles to the southeast and connect it with the P-1 Lateral located on the south side of California State 
Highway 161. This extension would provide means to deliver water from the Klamath River to the Refuge 
through the North Canal. The Service has set a delivery target of 100 cfs as its ultimate objective. Both KDD 
and the Service believe that there are mutual benefits to extending  the North Canal in this manner. This 
memo summarizes the preliminary results of an analysis of the improvements necessary to the North Canal 
to allow efficient delivery of 100 cfs through to the  P-1 Lateral. An analysis of the requirements to deliver 
lesser amounts, 30, 50, and 80 cfs, is also included. 

 
Existing Conditions 

 
The North Canal has 15 crossings along its length. See Figure 1 for the structure locations.  The  capacity  
of the crossings decreases progressively  along the canal's length.  See Table 1 for a description of the 
structures. Flow capacity in the upper reaches of the canal has been estimated to be 250 cfs. Due to 
hydraulic restrictions created by the structures, capacity in the lower reaches is significantly less. See 
Figures 2 through 5 for typical crossing structures. 

 

Table 1  Description of Existing Crossings along the North Canal

 
Crossing 

KDD 
Structure 
Number(s) 

Approx. 
Canal 
Mile 

 
Structure Description 

 
Location Notes 

1 1, 2, 3 0.00 Pipe Culvert with Triple 54"-Dia Barrels BNSF Railroad 
2 4, 5, 6 0.04 Pipe Culvert with Triple 54"-Dia Barrels Highway 97 
3 N/A 0.56 Box Culvert with Triple 5'x6' Barrels  

4 N/A 1.07 Box Culvert with Triple 5'x6' Barrels  
5 N/A 2.38 Box Culvert with Triple 5'x6' Barrels  

6 N/A 3.47 Box Culvert with Triple 5'x6' Barrels  
7 N/A 4.51 Box Culvert with Triple 5'x6' Barrels  

8 457 5.75 3 x 48"-Dia CPE Pipes  
9 483 7.44 3 x 48"-Dia CPE Pipes Township Road 

10 564 8.44 3 x 48"-Dia CPE Pipes  
11 569,638 8.91 2 x 48"- and 1 x 36"-Dia CPE Pipes  
12 577,639 9.66 1 x 48"- and 1 x 36"-Dia CPE Pipes  
13 583 10.34 1 x 42"-Dia CPE Pipe  

14 588 11.30 1 x 36"-Dia CPE Pipe  
15 641 12.49 1 x 36"-Dia CPE Pipe Fugate Road 
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North Canal Extension 

 
As a separate effort, MWH is evaluating the construction measures necessary to extend the North Canal 
from Fugate Road, across California State Highway 161, and to connect it with the P-1 Lateral. The 
proposed alternative resulting from that evaluation involves the following upgrades. First, the existing 36-
inch diameter culvert beneath Fugate Road will be removed and replaced by two 48-inch diameter culverts. 
Second, the existing embankment at the terminus of the North Canal, located just downstream of Fugate  
Road, will be removed. The existing drainage ditch running to the southeast towards Highway 161 will be 
expanded and its embankments will be raised. Finally, beneath Highway  161 new conveyance in the form 
of a two 48-inch diameter culverts will be constructed. The design capacity of these improvements is 100 
cfs, although the existing North Canal is not currently capable of delivering that flow to the end of the canal. 

 
System Hydraulic Analysis 

 
A hydraulic analysis of the system was performed to assess which crossing structures will need to be 
modified in order to deliver a steady-state flow of 100 cfs through the North Canal to the P-1 Lateral. 
Friction losses in each reach between structures was estimated using physical data obtained during an 
October 2008, survey of the canal and Manning's Equation. Losses through the structures were 
estimated by using the orifice equation and coefficients determined  by empirical equations  developed 
by Yarnell et al ('1926). Culvert equations were compared to values determined by the Manning 
Equation. 

 

Existing Structures, 
If no modifications are made to existing structures with the exception of adding new culverts beneath 
Highway 161, a maximum of approximately 39 cfs can be delivered through the system, assuming no 
other diversions in the North Canal are operating. Any additional withdrawals from the upper reaches 
will increase energy losses in the system and reduce the potential to deliver water to the P-1 Lateral. 

 

Fugate Road Modifications 
If the existing culvert beneath Fugate Road is removed and replaced by two 48-inch diameter culverts, 
as described previously, the potential maximum flow that can be delivered to the P-1 Lateral will 
increase to approximately 47 cfs. Again, any additional withdrawals from the upper reaches  of the 
canal will reduce the potential to deliver water to the P-1 Lateral. 

 

50 cfs Capacity 
Deliveries of 50 cfs can be achieved in the canal by upgrading the Fugate Road and Highway 161 
crossings as described in the North Canal extension efforts, plus adding one additional 48-inch 
diameter culvert beneath crossing 14. 

 

80 cfs Capacity 
Deliveries of 80 cfs can be achieved in the canal by upgrading the Fugate Road and Highway 161 
crossings as described previously, plus replacing the structures at crossings 13 and 14 with two 48-inch 
diameters each. 

 

100 cfs Capacity 
In order to be able to deliver up to 100 cfs through the North Canal at times when no other diversions   
are operating, additional structural modifications will need to be performed at Crossings 12, 13, and 14. 
At Crossing 12, the 36-inch pipe will need to be removed and replaced with two 48-inch diameter
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culverts, for a total of three 48-inch culverts at the crossing. Similarly, the existing culverts at Crossings 
13 and 14 will need to be removed and replaced by three 48-inch diameter culverts each. 

 
If modifications to crossing 12, 13, and 14 are performed and the Fugate Road and Highway 161 
crossings are constructed as described previously (2 x 48"-Dia CPE pipes each), the maximum 
capacity of the system to deliver water to the P-1 Lateral will be approximately 92 cfs. In order to 
increase delivery potential to 100 cfs, the modifications at Fugate Road and Highway 161 need to be 
changed to ffx4' box culverts, as opposed to 48"-dia CPE pipes. Box culverts would be necessary to 
provide sufficient capacity to reduce energy losses such that 100 cfs can be delivered. 

 
Impacts 

 
Water delivered to the Refuge through the North Canal will cause drawdown of the canal below current 
normal operating levels. The extent of this drawdown will increase as more flow is delivered and may 
cause a notable change in delivery potential to some North Canal customers near the downstream end 
of the system. To better estimate the  impacts of this drawdown, it is recommended that anticipated 
timing of deliveries to the Refuge be determined and the hydraulic model used in the evaluation refined. 
The seasonal timing of deliveries will greatly impact the number of crossing modifications that will be 
necessary to deliver the desired water. For example, if the Refuge anticipates needing water during the 
height of summer, when irrigation diversion in the North Canal are high, significant increases in 
capacity will be necessary at most of the downstream crossings. Conversely, if the Refuge only 
anticipates needing water during times when irrigation diversions in the North Canal are low, fewer 
modifications will be required. Refinement of the model and a better understanding of the current 
operations of the North Canal will allow the extent of the modifications to be determined based on 
typical canal operating conditions. 

 
 
References 
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Figure 2 – Triple 54" Culverts at Crossing 1 (BNSF Railroad) 
 

Figure 3 -Typical Triple Box Culvert Crossing 
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Figure 4 – Typical Triple Culvert Crossing 

 
 

 

Figure 5 - 36" Culvert Crossing (Fugate Road) 
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